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Agreements 

R1-2106071	Summary of CSI enhancements for MTRP and FDD (Round 1)	Huawei, HiSilicon (Moderator)
Agreement
For Rel-17 port selection codebook, the maximal value of CSI-RS port number P as Pmax is 32.

Conclusion
At least for rank 1, no further restriction or condition is applied for polarization-common based free-selection and combinatorial coefficient based port selection for W1.

Working Assumption
At least for rank 1, FD bases used for Wf quantization are limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1 
· FFS: Further dependence/restriction, e.g. conditioned on N3 or the number of CSI-RS ports, can be applied to above design. If does, how to support a non-consecutive FD bases used for Wf quantization 
· FFS: Whether to introduce thresholds for N3 and/or P

Agreement
A polarization-specific bitmap for indication non-zero coefficients should be supported for W2.

Agreement
For the quantization of W2 coefficient, reusing following Rel-16 quantization mechanism for Rank1 at least:
· Two polarization-specific reference amplitudes:
· for the polarization associated with the strongest coefficient, the reference amplitude is not reported
· for the other polarization, reference amplitude is quantized to 4 bits
· The alphabet is{1, 1/2)^(1/4), (1/4)^(1/4), (1/8)^(1/4), …, (1/2^14)^(1/4), [Reserved]} (-1.5dB step size)
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· The alphabet is {1, 1/sqrt(2), 1/2, 1/(2*sqrt(2)), 1/4, 1/(4*sqrt(2)), 1/8, 1/(8*sqrt(2))} (-3dB step size)
· phase is quantized to 16PSK
· For the reserved state for reference amplitude, down-select one Alt 
· Alt 1: it is kept to be reserved
· Alt 2: it is replaced as (1/2)^(15/4)
· Alt 3: it is replaced as (1/2)^(3/8)
Note: whether/how SCI is supported for R17 codebook will be discussed separately

Agreement
Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis:
· It is feasible in both FR1 and FR2 but subject to UE capability for FR2. If a UE supports and the sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, otherwise they cannot.

Conclusion
Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM
Alt 2: No, it is not supported

Email Approval 
Agreement
For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP CSI-RS resource pairs configured for NCJT measurement hypotheses, study following default value of Ks, max,
· Alt 1: Ks, max = 4
· Alt 2: Ks, max = 2
· Alt 3: Ks, max = 4 for FR2, and Ks, max = 2 for FR1
· Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE support this feature.

Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study whether/how to support following dynamic updating on, e.g. by MAC-CE
· Alt 1: CMR pairs for NCJT measurement hypotheses
· Alt 2: CMRs for Single-TRP measurement hypotheses
· Alt 3: TCI states in CMRs
· Alt 4: the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report

Conclusion:
There is no consensus to go with either of the following options in RAN1 #105e:
· Option 1: Confirm the Working Assumption from RAN1 103e
· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT

Agreement
For Rel-17 Multi-TRP CSI enhancement, companies are encouraged to study following potential specification impact: 
· CRI codepoint mapping order with CMRs and CMR pairs
· Whether/how to configure RI restriction/CBSR configuration for NCJT CSI measurement
· Whether/how to enhance the CSI updating rule to address CPU overbooking
· Whether/how to introduce new CSI computation delay requirement for NCJT CSI calculation
· Whether/how to support wideband CSI report

Agreement
At least for rank 1 and for Mv>1, Minit for the single window with size N is fixed to be 0
Conclusion
For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, there is no consensus of further enhancement for CSI-RS configurations associated with Rel-17 PS codebook. 
R1-2106072	Summary of CSI enhancements for MTRP and FDD (Round 2)	Huawei, HiSilicon (Moderator)
Agreement
At least for rank 1, candidate values of K1 for port selection matrix W1 in NP*K1 are {2, 4, 8, 12, 16, 24, 32}. 
· Note: for polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2 ports for both polarizations

Agreement
Further reduction for possible parameter combinations among codebook parameters of Rel-17 port selection codebook, e.g. {K1, Mv, Beta}, will be discussed jointly once candidate values are determined
· based on trade-off among UPT performance, feedback overhead, and complexity
· based on all supported ranks
· Limit total number of parameter combinations comparable to Rel-16 eType II
· Exact parameters (e.g. with 2 or 3 parameters) within each combination are FFS
· Other parameterizations of codebook parameter (e.g. alpha with K1= Alpha*# of CSI-RS ports and Alpha <=1) are not excluded

Agreement
At least for rank 1 and 2, for the compression coefficient Beta for non-zero coefficients of W2, values of Beta are {[1/4], 1/2, 3/4, 1} 
· Note: [1/4] means that 1/4 is also a candidate value for the discussion on reduction of parameter combinations, but has a lower priority compared to other beta values

Agreement
For Wf in CN3*Mv, Mv=2 is supported for R17 PS codebook 
· FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be applied to Mv=2
· FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

Agreement
Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b) configured for NCJT measurement hypotheses
· Alt 1: It is feasible for FR1 but not for FR2.

Agreement
A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis:  
· One-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for single-TRP measurement hypothesis and N NZP CSI-RS resource pairs for NCJT measurement hypothesis configured in a CSI-RS resource set.
· FFS the value/definition of M 
Note: it is possible to configure the same value of CSI-IM resource ID for both NCJT and Single-TRP measurement hypotheses in FR1 and FR2, subject to QCL-Type D consistency between measurement hypotheses of the shared CMR in FR2

Summary of CSI enhancement for FDD 

Proposal 6:  At least for rank 1 and 2 and Mv > 1, for relationship between N and Mv, study and down-select one Alternative from following in RAN1 106
· Alt 1: N= Mv always, no UE reporting of Wf
· Alt 2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv.
· Alt 2-2: N >= Mv, Wf is layer-specific and reported by UE for N>Mv.
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.


Proposal 9: For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1 106e:
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed
· Alt 2: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar. Wf as an all-one vector of length N3 is not needed.
· Alt 3: Keep both Wf OFF and Wf ON with Mv=1.
· If PMI format is SB, Wf  is an all-one vector of length N3 
· Informative note: this case is considered as “Wf ON with Mv=1” in the agreement in RAN1 104e 
· If PMI format is WB, Wf is an all-one vector of length 1, i.e., a scalar 
· Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104e
· Note: N3 = NCQISubband*R. 
· FFS: the case when no SB size is configured. 


Proposal 11: Study whether/how the bitmap for indicating non-zero coefficients for W2 can be absent for CSI reporting
· FFS: applicable conditions of being absent, .e.g. Mv=1 and Beta =1 for rank 1 or higher ranks
· FFS: additional impact for reporting mechanism when/how the bitmap is absent
· Note: The principle of UE determining the real number of NZC (same as Rel-15 and Rel-16) is unchanged in Rel-17
· based on trade-off among UPT performance, feedback overhead and complexity

Proposal 13: Study following alternatives for reporting the strongest coefficient indication (SCI) for Rel-17 port selection codebook in W2
· Alt 0 : Reporting of the position, [il*, fl*], of the strongest coefficient of layer l using ceil(log2(K0)) bits, where K0=Beta*K1*Mv
· Alt 1-1: Reporting of the position, [il*, fl*], of the strongest coefficient of layer l, using ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits
· Alt 1-2: Reporting of the position, [il*, fl*], of the strongest coefficient of layer l, using ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits, and shifting of the strongest coefficient to position fl*=0
· Alt 2: shifting the strongest coefficient to fl* = 0, and using ceil(log2(N)) bits to indicate the shift quantity for l-th layer. The strongest coefficient is indicated by il*, using ceil (log2 (K1)) for l-th layer.
· Alt 3: SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization indicator (1 bit) 
· Considering further impact of UCI design for above Alternatives 

Summary of CSI enhancement for MTRP
Proposal 16-2: For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or more Alts in RAN1#106-e:
· Alt 2: additional RRC signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if not allowed), or select any from the set for single-TRP measurement hypotheses. 
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses. 
· Alt 4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair.
· Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.
Note that above examples are only for the purpose of illustrating/discussing Alternatives. 

Proposal 21: For Option 1 CSI reporting associated with NCJT and X single-TRP measurement hypotheses, study whether to support following PMI/RI sharing mechanisms between NCJT CSI and single-TRP CSI(s):
· Enabling/Disabling PMI, RI sharing via higher-layer configuration
· Dynamic indication of PMI, RI sharing in the CSI report
· FFS: other details
· FFS: applicable conditions/restrictions of CMR sharing among Single-TRP and NCJT hypotheses, if above PMI/RI sharing mechanism can be applied 

Proposal 22: For a CSI report setting with Option 1 and X=1 or 2, For a CSI reporting associated with NCJT and single-TRP measurement hypotheses, study prioritizing CSI associated with reported CSI hypotheses within a CSI Reporting Setting
· FFS potential impact for UCI payload generation
· FFS whether/how to update CSI priority formula, and additional specification impact due to updated formula
· FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI
· FFS: whether the X+1 CSI hypotheses per CSI Reporting Setting are mapped to a single CSI report or X+1 CSI reports
· Companies are encouraged to discuss and justify purposes of prioritizing CSI associated with reported CSI hypotheses. 
RAN1-105-e-NWM-NR-feMIMO-05-MTRP-Round_1-v0.0.0.pdf
RAN1-105-e-NWM-NR-feMIMO-05-MTRP-Round 1 - Version 0.0.0
RAN1

1 Instruction

In RAN1 105e, companies have shared their consideration/preference for further detailed design for both FDD
CSI and Multi-TRP CSI.

For FDD CSI, we may strive to finalize ALL codebook details for Rank 1 as much as possible, by concluding
those remaining issues agreed within RAN1 104bis-e. The majority of proposals, therefore, is the leftover of
previous meeting and continuous discussion.

Prioritize decisions, if they can help reducing RAN1 simulation efforts during summer, e.g. to study higher
rank codebook design.

For MTRP CSI, we may strive to finalize some decisions with alternatives/FFS, which were agreed within
RANI1 104e-bis or earlier. The majority of proposals, therefore, is the leftover and continuous discussion.

Prioritize decisions, if they may have more RAN2 impact, e.g. to assist Multi-TRP CSI related RAN2

2 Proposals for Multi-TRP CSI Enhancements

Proposal 15: For a CSI-RS resource set with Ky NZP CSI-RS resources configured for CMR and N NZP
CSI-RS resource pairs configured for NCJT measurement hypotheses:

->the default value of N 4y is 1
->the default value of K, ax, down select one from following alternatives
>>Alt 1 K gy = 4

Al D K — 2
T2~

X

->->Alt 3: Ky max = 4 for FR2, and K, g = 2 for FRI

->Note that default value means the minimal supported value for Ks in UE capability reporting, if UE support
this feature.

Alt 1 (9): ZTE, Vivo, Ericsson, DOCOMO, LGE, CMCC, Nokia/NSB, NEC, Fraunhofer IS, Fraunhofer HHI
Alt 2:
Alt 3 (4): ZTE, Oppo, Lenovo/Mot, Fraunhofer 11S, Fraunhofer HHI

Feedback Form 1: Proposal 15





1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] From FL perspective, as commented by QC/MTK/Intel, we may need to align the meaning of Note
roughly. Here is my understanding in the note. Alt 2 is removed temporarily given current the feedback.

2 — Motorola Mobility UK Ltd.

Support Alt3. As mentioned, the minimum number of CMRs is related to whether a CMR can be reused
for more than one hypothesis. Since this is allowed in FRI without restriction but not in FR2, it seems
reasonable to have different Ks,max for FR1 and FR2

3 — Qualcomm CDMA Technologies

Based on the clarification from moderator, we support Alt2. We think Alt2 is the only logical choice. mTRP
CSI works with Ks=2, and there is no need to exclude this case from Rel. 17 mTRP CSI design.

For FR2, it is not clear why sTRP and mTRP hypos should be both mandatorily included in the same report
config. Then, what is the meaning of Option 1 with X=0?

This can be also discussed as part of UE capability discussions if consensus is not possible at this time.

4 — Guangdong OPPO Mobile Telecom.

Based on the definition of the default value, we are fine with either Alt2 or Alt3. It is not reasonable to
mandate UE to support Ks, max = 4 in FRI.

5 — Guangdong OPPO Mobile Telecom.

Furthermore, we also suggest to discuss it in UE feature.

6 — Samsung Electronics Co.

We support Alt.1 or Alt.2 but prefer to discuss this after deciding proposal 18.

7 — Futurewei

We support Alt. 1.

8 — Spreadtrum Communications

Either Alt.2 or Alt.3 is fine to us. In light of the new added note, it is not necessary to set Ksmax =4 for
FRI. In LTE, only up to 2 CMR resources for NCJT assumption is supported. We have not seen any issue
for supporting Ksmax =2 in FRI.

9 — MediaTek Inc.

Given FLs note, we support Alt 2. We share the same views as QC, OPPO, and Spreadtrum.

10 — vivo Mobile Communication Co.

Alt 2 according to the FL's note.

11 — Intel Corporation SAS

In our view there is no strong need to support Ks = 4 as default, thus we support Alt 2 since it covers the
main use-case with 2 TRPs






12 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Thanks for the feedback. However, based on the feedback so far, it seems that the view are too
diverse for this meeting and the decision is less critical for this meeting. 1 will revise it to be studied later,
for the confirmation by Round 2.

Alt 1 (12): ZTE, Ericsson, DOCOMO, LGE, CMCC, Nokia/NSB, NEC, Fraunhofer IIS, Fraunhofer HHI,
Samsung, Futurewei

Alt 2 (7): Qualcomm, Oppo, Samsung, Spreadtrum, MTK, Vivo, Intel
Alt 3 (7): ZTE, Oppo, Lenovo/Mot, Fraunhofer 11S, Fraunhofer HHI, Spreadtrum

13 — Nokia Germany

One comment on the note, should it be the minimal supported value for K,s max instead?

->Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE
support this feature.

with this understanding a UE would support Ks=2 and Ks=4 as default

Proposal 16: For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select zero, one or
more alternatives in RANI #105-e:

->Alt 1: support dynamic updating on, e.g. by MAC-CE,

->->Alt I-1: CMR pairs for NCJT measurement hypotheses

->->Alt 1-2: CMRs for Single-TRP measurement hypotheses (Nokia/NSB)

->->Alt 1-3: TCI states in CMRs (Vivo)

->->Alt 1-4: the number of single-TRP CSlIs (i.e. X=0/1/2) in a NCJT CSI report (Nokia/NSB)

->Alt 2: additional RRC signalling is needed to configure M (M< Ks) CMRs from the CSI-RS resource set for
CMR for Single-TRP measurement hypotheses

->Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable
single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement
hypothesis

Alt 1-1: Ericsson, Nokia/NSB, InterDigital

Alt 1-2: Nokia/NSB

Alt 1-3: Vivo

Alt 1-4: Nokia/NSB

Alt 2: ZTE, DOCOMO, CMCC, NEC, Intel

Alt 3: QC, OPPO, MTK, Ericsson, Intel





Feedback Form 2: Proposal 16

1—- HUAWEI TECHNOLOGIES Co. Ltd.

Mod: Alt 1 is divided into more detailed solutions with corresponding supporting companies.

From FL perspective, based on the review so far, it seems that there are quite some objection (generally
companies prefer Alt 2/3) for whole Alt 1 mechanism, given that flexible CSI framework available. Also
there are multiple sub-Alt available in Alt 1. Please note that be default, all alternatives in Proposal 16 are
further enhancement on top of existing agreements. If RANI has certain difficult to make a final decision
this meeting, at least we may need to strive to converge into limited solutions (e.g. up to 2), for further
decision.

Current recommendation is to go for Alt 2 and Alt 3, which have slightly better support and clear descrip-
tions. More discussion is required.

2 — Apple GmbH

Do not see the need for any of those enhancement

3 — Qualcomm CDMA Technologies

Suggest to at least agree to Alt3, which is minimum needed to address the configurability based on UE
capability discussed below. For other Alts, we do not see enough motivation at this stage (can be discussed
after the basic / essential enhancements are finalized).

4 - NTT DOCOMO INC.

We think Alt1-1 and Alt1-2 are somehow related, especially for FR2. For example, if the updated CMR
pairs for NCJT include the CMRs for single-TRP measurement, the CMRs for single-TRP measurement
may be also updated to avoid collision.

Do not understand the use case and benefit of Alt1-3.
For Altl-4, it seems to be beneficial and we can further study it.
Regarding Alt-2 and Alt-3, we think Alt-2 is more flexible.

5 — Samsung Electronics Co.

Support Alt.3.

6 — Guangdong OPPO Mobile Telecom.

Alt 2 and Alt 3 solve the same problem. We donnot needed to support both. Alt 3 is needed and simpler
since it seems whether CMR reusing is feasible in FR2 is up to UE capability as in proposal 18.

7 — Ericsson-LG Co.

[Ericsson] We have similar understanding as OPPO that both Alt2 and Alt3 are not needed (only one of
them is needed). It is a good point that Alt 3 may be needed in the end given the way the Proposal 18 is
going below. If we agree Alt 3 in proposal 18, then CMR sharing between S-TRP and NCJT hypotheses
will be up to UE capability in FR2. Then an RRC parameter as proposed in Alt 3 of this proposal will be






needed anyway to enable/disable sharing of CMR(s) between S-TRP and NCJT hypotheses. So we support
Alt 3.

In addition, we think Alt 1-1 is beneficial for updating NC-JT CMR pairs dynamically. Otherwise, the
NC-JT CMR pair will be RRC configured and changing the NC-JT CMR pair (e.g., as a result of updated
group based beam report) would require RRC reconfiguration which is infexible.

8 — Futurewei

Support Alt. 3.

9 — Spreadtrum Communications

Fine with Alt.2 or Alt.3. Alt.2 is slightly preferred. Alt.2 is more flexible, and the overhead can be accepted
considering limited Ks.

10 — vivo Mobile Communication Co.

Alt.2 and Alt.3 can be realized in other ways, not necessarily using any RRC signaling.

We think Alt. 1-3 is useful for MTRP as it may not be feasible to configure all possible CMR pairs in advance.
If could, a waste of configuration overhead will occur. For example, if a UE possibly uses 4 beams from
one TRP, and another 4 beams from the other TRP for NCJT, totally 4*4=16 possible beam pairs may be
used for NCJT CSI measurement. Supposing N=2 is configured for the UE, there will be 120 CMR pair
combinations. It is infeasible to configure so many resource settings/reporting settings. TCI state updating
by MAC CE is a good way to solve the problem.

11 — Intel Corporation SAS
Support Alt 1-1, Alt 2 and Alt 3

12 — ZTE Corporation
Support Alt 2. Alt 2 is more flexible than Alt 3 especially in FRI

13 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion are required in Round 2. Again, if we can 't agree with alternatives, we shall strive
to limit the possibilities. Companies seem to have relative strong positions, for none, specific one, only one
of two, etc. From FL perspective, it is difficult to force the group to compromise to support too much in

Proposal 16.

Alt 1-1 (5): Ericsson, Nokia/NSB, InterDigital, Intel

Alt 1-2: Nokia/NSB

Alt 1-3: Vivo

Alt 1-4: Nokia/NSB, Docomo(FFS)

Alt 2 (7): ZTE, DOCOMO, CMCC, NEC, Intel, Docomo, Spreadtrum
Alt 3 (7): QC, OPPO, MTK, Ericsson, Intel, Samsung, Futurewei

None of above: Apple





14 — Nokia Germany

Support Alt 2.
The first M<=Ks CMR resources in the set are configured for single-TRP measurement

In Alt 3 it’s not clear how what is the value of M. If a CMR resource of the set does not appear in an NCJT
pair, is it measured for single-TRP or not? It seems a complicated way to achieve less or the same flexibility
as as simple M rule above

15 — Qualcomm CDMA Technologies

@Nokia: The answer to your question is yes. If a CMR does not appear in any NCJT pair, it is a valid
STRP hypothesis. Otherwise, why would gNB configure that CMR? Not sure what is complicated about
Alt3. It seems to be the simplest solution to the issue, which is anyway needed due to Proposal 18. The
additional flexibility of Alt2 is not very useful. Why would gNB configure more CMRs just to enable some
of them for sTRP hypotheses beyond those that are shared with NCJT pairs?

Proposal 17: Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b)
configured for NCJT measurement hypotheses, down-select one Alternative in RANI#105¢:

->Alt 1: It is feasible for FRI but not for FR2.

->Alt 2: It is feasible for both FRI and FR2 but subject to further UE capability for FR2.

Alt 1 (6): ZTE, MTK, DOCOMO, Spreadtrum, LG, CMCC

Alt 2 (12): Vivo, QC, OPPO, Ericsson, Nokia/NSB, Lenovo/Mot, NEC, Intel, Fraunhofer I1S,Fraunhofer HHI

Feedback Form 3: Proposal 17

1—- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required, i.e. whether supporting sharing in P17 demands 3 Rx beams supported
by the UE, although Alt 2 seems to have certain majority.

2 — Apple GmbH
Alt2 is preferred

3 — Qualcomm CDMA Technologies

Based on the comments in the previous round, we would be fine with either Alt1 or Alt2. For accurate inter-
panel interference measurements for the case of SDM, we see the point that CMR m needs to be measured
with 3 beams (not the case for FDM/TDM if these are also supported in the future). However, it is possible
to allow for non-perfect inter-panel interference measurement in Alt2.

4—- NTT DOCOMO INC.
still prefer Alt.1 considering the required 3 Rx beams to measure two beam pairs. In addition, if it is
supported, we need to add more restrictions to make the case clear.

For example, now it just discussed whether m can be referred by two CMR pairs (m, a) and (m, b) . We
need to further restrict that whether a can be referred by two CMR pairs (m, a) and (n, a), as well as b.






1t means that, for beam pairs with a common beam (e.g., m), the other beams in the two beam pairs (e.g.,
a, b) can not be referred by two CMR pairs anymore.

5 — Guangdong OPPO Mobile Telecom.

Fine with either alternative.

6 — Motorola Mobility UK Ltd.
Support Alt2

7 — Futurewei

Support Alt 2.

8 — Spreadtrum Communications
Prefer Alt. 1.

According to the main bullet and Alt.2, the linked chain beam pairs could be configured by gNB. For exam-
ple, the four beam pairs (m,a), (m,b),(a,c),(b,d) or the five beam pairs (m,a), (m,b),(a,c),(b,d),(d,e) could
be configured, which are beyond original UE capability. Then, in order to support Alt.2, and achieve the
common understanding between UE and gNB, the UE signalling would be too complex. It is not preferred
for us.

9 — MediaTek Inc.

Support Alt 1.

10 — Samsung Electronics Co.

Support Alt.2.

11 — vivo Mobile Communication Co.

OK with Alt.2. We agree with QC's comment, supporting Alt.2 means either the CMR m measured by 3 Rx
beams, or imperfect inter-beam interference measurement.

12 — ZTE Corporation

Support Alt 1.

Alt 2 is not the case in Rel-17, either 3 beams or imperfect inter-beam interference measurement are not
the motivation in this Rel-17 agenda. If there is no consensus, Alt 1 should be adopted by default.

13 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems to me that companies may start to change positions. Let us continue discussing this in

Round 2. From FL perspective, i tends to prefer to make a decision this way or another, during the come
back session.

Alt 1 (8): ZTE, MTK, DOCOMO, Spreadtrum, LG, CMCC, QC, OPPO,

Alt 2 (15): Vivo, QC, OPPO, Ericsson, Nokia/NSB, Lenovo/Mot, NEC, Intel, Fraunhofer IIS,Fraunhofer
HHI, Apple, Futurewei, Samsung

Proposal 18: Whether a NZP CSI-RS resource can be referred by both a CMR pair configured for NCJT





measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis, down-select one
Alternative in RANI#105e:

->Alt 2: It is feasible for FRI but it is not for FR2. For FR2, the UE is expected to have different NZP CSI-RS
resources configured for all CMRs of Single-TRP and NCJT measurement hypotheses respectively.

->Alt 3: It is feasible in both FRI and FR2 but subject to UE capability for FR2. If a UE supports and the
sharing is also enabled by gNB, two CMRs from a CMR pair configured for a NCJT measurement hypothesis
can be used for Single-TRP measurement hypotheses, otherwise they cannot.

Alt 2 (1): ZTE

Alt 3 (17): Vivo, QC, OPPO, MTK, Ericson, DOCOMO, LG, CMCC, Nokia/NSB, InterDigital, Lenovo/Mot,
NEC, Intel, Fraunhofer II, Fraunhofer HHI

Feedback Form 4: Proposal 18

1—- HUAWEI TECHNOLOGIES Co. Ltd.
[Mod] @ZTE: given the majority view, could you please accept Alt 3? Thanks.

2 — Apple GmbH
Alt3 is okay

3 — Samsung Electronics Co.

Support Alt.3.

4 — Motorola Mobility UK Ltd.

Support Alt3

5 — Ericsson-LG Co.
Alt 3

6 — Futurewei

Support Alt 3.

7 — Spreadtrum Communications

Fine with the majority view

8 — vivo Mobile Communication Co.

Support Alt3

9 — ZTE Corporation

We can go for majoirty for progress.






10 - HUAWEI TECHNOLOGIES Co. Ltd.
[Mod] @ZTE thank you very much. Let us confirm Alt 3 in GTW then.

Proposal 19: Study whether a CSI-IM can be referred by both NCJT and Single-TRP measurement
hypotheses with following Alternatives:

Alt 1: CSI-IM resources can be shared by both NCJT and Single-TRP measurement hypotheses.

Alt 2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement
hypothesis or a CMR pair for NCJT measurement hypothesis, e.g., one-to-one mapping between Ks+N
CSI-IM resources versus Ks NZP CSI-RS resources and N NZP CSI-RS resource pairs configured in a
CSI-RS resource set

Alt 1 (5): Vivo, MTK, Ericsson, Lenovo/Mot

Alt 2 (11): ZTE, OPPO. DOCOMO, Spreadtrum, LG, CMCC, Nokia/NSB, InterDigital, NEC, Intel

Feedback Form 5: Proposal 19

1—- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] As commented by QC and other companies, some updating based on my understanding for Alt2.
My general understanding for Alt2 is that Alt 2 is the most flexible as Rel-16, at the expense of signalling
overhead. Similarly, Alt 1 may need to be updated. Any updates required for Alt 1?

More discussion is required to polish Alt 1 or Alt 2 to ensure that we are in the same page, at least for better
preparation of RANI 106.

2 — Apple GmbH
Alt2 is preferred

3 — Qualcomm CDMA Technologies
We support Alt2 at least for the case that CMR sharing (between sTRP and NCJT) is enabled.

1t is not clear how Altl can work in general (if Altl means that the max size of CSI-IM resource set is Ks
irrespective of CMR sharing).

4 - NTT DOCOMO INC.

We support Alt2. But it may be not accurate to say 'Ks NZP CSI-RS resources’ since we have not decided
the configuration of CMR for single-TRP measurement. Hence, I suggest following revision for the ’e.g.’
part.

e.g., one-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for single-
TRP measurement hypothesis and N NZP CSI-RS resource pairs for NCJT measurement hypothesis
configured in a CSI-RS resource set.

5 — Samsung Electronics Co.

Support Alt.2.






6 — Guangdong OPPO Mobile Telecom.

We are fine with the updated wording from NTT DOCOMO. If CMR reusing is enabled, M=Ks while
M=Ks-2N if CMR reusing is disabled. In this case, we dont need Ks+N CSI-IM resources if CMR reusing
is disabled.

7 — Futurewei

Support Alt 1.

8 — Spreadtrum Communications

Fine with Alt.2

9 — vivo Mobile Communication Co.

We can go with the adding following notes (given by LG and Samsung) to merge Altl to Alt2 (Docomo's
version), meaning that it is up to gNB s configuration. We think Altl is useful for DPS depending on gNB s
scheduling.

A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypoth-
esis or a CMR pair for NCJT measurement hypothesis, e.g., one-to-one mapping between M+N CSI-IM
resources versus M NZP CSI-RS resources for single-TRP measurement hypothesis and N NZP CSI-RS
resource pairs for NCJT measurement hypothesis configured in a CSI-RS resource set.

Note: it is possible to configure the same CSI-IM resource ID for both NCJT and Single-TRP measure-
ment hypotheses.

10 — MediaTek Inc.

One way to implement Alt 1 assuming CMR sharing is the following: For a CSI-IM resource referred
by an NCJT measurement hypothesis with CMR pair (a, b), the CSI-IM resource is also referred by the
corresponding single-TRP measurement hypotheses with CMR a and CMR b, respectively. If N is the
number of NCJT measurement hypotheses and M’ is the number of single-TRP measurement hypotheses
whose CMR is not in any of the NCJT measurement hypotheses, then only N+M’ CSI-IM resources need
to be configured, instead of N+2N+M’. Note that M’+2N is total number of single-TRP measurement
hypotheses.

11 - HUAWEI TECHNOLOGIES Co. Ltd.
[Mod] More discussion is required in Round 2. Here is update based on the comments from DOCOMO
and Vivo, for next Round.

Proposal 19: Study whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hy-
potheses with following Alternatives:

Alt 1: CSI-IM resources can be shared by both NCJT and Single-TRP measurement hypotheses.

Alt 2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measure-
ment hypothesis or a CMR pair for NCJT measurement hypothesis:
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one-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for single-
TRP measurement hypothesis and N NZP CSI-RS resource pairs for NCJT measurement hypoth-
esis configured in a CSI-RS resource set.

Note: it is possible to configure the same CSI-IM resource ID for both NCJT and Single-TRP
measurement hypotheses.

12 — Ericsson-LG Co.

[Ericsson] The issue with Alt 2 is that when CMRs are not shared between NC-JT CSI hypotheses and
single-TRP CSI hypotheses, then we don 't need Ks + N CSI-IMs. Ks CSI-IMs should be sufficient in this
case. 1o move forward, we can start with the version from vivo with the following modifications (shown in
underlined/italic font):

A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypoth-
esis or a CMR pair for NCJT measurement hypothesis, e.g., one-to-one mapping between M+N CSI-IM
resources versus M NZP CSI-RS resources for single-TRP measurement hypothesis and N NZP CSI-RS
resource pairs for NCJT measurement hypothesis configured in a CSI-RS resource set.

Note: it is possible to configure the same CSI-IM resource ID for both NCJT and Single-TRP measure-
ment hypotheses.

Note2: When CMRs are not shared between NC-JT CSI measurement hypothesis and single-TRP CSI mea-
surement hypotheses, M = Ks-N.

13 — Nokia Germany

We support Alt 2 in the latest FL's revision.

Proposal 20: Whether to support interference measurement based on NZP CSI-RS outside the CMR pair
configured for NCJT measurement hypothesis, in addition to CSI-IM

Alt 1: Yes, it is supported, subject to limitations, e.g. N=1 CMR pair and Ks=2 CMR resources

Alt 2: No, it is not supported

Alt 1 (6): ZTE, Docomo, CMCC, InterDigital, Fraunhofer IIS, Fraunhofer HHI

Alt 2 (13): Vivo, QC, OPPO, MediaTek, Ericsson, Spreadtrum, LG, Nokia/NSB, Lenovo/Mot, NEC, Intel

Feedback Form 6: Proposal 20

1-Apple GmbH
Alt2 is preferred

2 — Guangdong OPPO Mobile Telecom.

Alt 2 is sufficient even when NZP CSI-RS is used to measure inter-TRP interference since the NZP CSI-RS
should be inside the CMR pair.
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3 — Motorola Mobility UK Ltd.
Support Alt2

4 — Futurewei

Support Alt 2.

5 — Spreadtrum Communications

Alt2

6 — vivo Mobile Communication Co.

Prefer Alt2 to reduce UE complexity

7 — ZTE Corporation
Alt 1

8 — HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Given potential RAN2 impact, I would hope that we can make a decision, this way or another,
during income GTW session.
Alt 1 (6): ZTE, Docomo, CMCC, InterDigital, Fraunhofer IS, Fraunhofer HHI

Alt 2 (15): Vivo, QC, OPPO, Medialek, Ericsson, Spreadtrum, LG, Nokia/NSB, Lenovo/Mot, NEC, Intel,
Apple, Futurewei

Proposal 21: For a CSI reporting associated with NCJT and single-TRP measurement hypotheses, i.e. Option
1 with X =[1 or ] 2, study following PMI sharing mechanisms between NCJT CSI and single-TRP CSlI(s)
within CSI part 2:

->[Further elaboration of sharing mechanism and to be updated after more companies’ feedback]

Yes (5): Vivo, Ericsson, Lenovo/Mot, Intel

No or low priority at this moment (11): ZTE, QC, OPPO, MTK, DOCOMO, LG, CMCC, Nokia/NSB,
InterDigital, NEC

Feedback Form 7: Proposal 21

1—- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there are quite some objections about Proposal 21. For the sake of supporting com-
panies (at least 5 here), I have converted it into it to be studied. However, it does mean that we may need
some general design descriptions, at high level, which shall be simple enough to motivate another camp to
change views next meeting, as much as possible. Would you (Vivo/Ericsson/Lenovo/Intel) come with some
text by offline?

2 — ZTE Corporation
Ok to further study
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3 — HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Let us continue discussing further in Round 2.

4 — Ericsson-LG Co.

[Ericsson] We are preparing a joint contribution with the supporting companies to give a high level de-
scription of RI/PMI sharing. TDoc details to be shared shortly.

5 — Motorola Mobility UK Ltd.

@Moderator: We appreciate your understanding of the situation. As per your request, we have prepared
a co-sourced document by Lenovo/MotM, Ericsson, Intel and vivo that further describes PMI/RI sharing
approach. The document is uploaded to 8.1.4 sub-folder in the drafis. Of course, we are open to further
discussion/suggestions from other companies on the design details

6 — HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @EFEricsson @Mot: Thanks for your document. It is encouraged to check your document under
8.1.4. folder in the draft. With regarding to the proposal itself, here are some updates based on your input,
which will be discussed in Round 2. 1 think that companies may ask more clarification questions in Round
2 and then we can work on more updates. Then during the summer, I do hope that companies can be more
open and motivated by the discussion.

Proposal 21: For a CSI reporting associated with NCJT and single-TRP measurement hypotheses, i.e.
Option I with X =1 or 2, study following PMI/RI sharing mechanisms between NCJT CSI and single-TRP
CSI(s):

Enabling/Disabling PMI, RI sharing via higher-layer configuration

Dynamic indication of PMI, RI sharing in the CSI report

FFS: other details

Proposal 22[Revised]: For a CSI reporting associated with NCJT and single-TRP measurement hypotheses,
support prioritizing CSI associated with different measurement hypotheses within a CSI report

-> FFS whether/how to update CSI priority formula, and additional specification impact due to updated
formula

-> FFS another methods (if any)

Feedback Form 8: Proposal 22

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Based on my understanding, it seems to have enough interest to support prioritizing different mea-
surement hypothese, although detailed solutions can be different. So the proposal is revised. Vivo, Erics-
son,OPPO, Spreadtrum, InterDigital also comment that priority formula itself shall be per CSI report.

For specific changes of formula, we can discuss later in RANI 106. Moreover, if there is another way to
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do without updating formulas, please do share. More discussion is required. Hopefully, we can agree with
some high level design mechanism firstly.

2 — Apple GmbH

CSlI prioritization in 38.214 is used for the CSI dropping for example, during UCI multiplexing, it can also
be used for CSI processing dropping.

We prefer not to further prioritize CSI processing within CSI-ReportConfig, this will force UE to have
certain implementation, for example, process mTRP first or sTRP first.

If we drop, we drop the complete CSI reporting since gNB configures something exceeding what UE can
handle.

3 — Qualcomm CDMA Technologies

From our understanding, the case of Option 1 with X=2 results in three different CSI reports (even though
they are all within one CSI report setting). Also, the formula is not for CSI hypotheses (it is for CSI repots
same as Rel. 15). For example, we may have 10 different hypotheses but only three of them are actually
reported.

In the absence of defining priority, separate tables are needed in 38.212 to describe UCI generation. In
Rel. 15, multiple CSI reports can be included in the same UL channel, and the priority rule is used for the
purpose of UCI payload generation as well as for UCI omission rules across N different CSI reports. For
both of these purposes, we need to treat the three CSIs with three different priorities, and then reuse the
existing spec.

For the case of dropping UCI due to PUCCH overlap, we think the formula does not change anything.
In current spec, a PUCCH resource is selected based on CSI with highest priority. The formula does not

change the priority across different PUCCH resources since the priority of the three CSls in a given PUCCH
resource are consecutive (same result irrespective the priority of which of the three CSls are assumed).

@Apple: Since the number of CPU is based on all hypotheses (irrespective of how many hypos are
reported), for N CPUNn), n should correspond to CSI report setting. With this, there is no partial CPU
dropping (dropping is not within N_CPU\(n)).

4 — Motorola Mobility UK Ltd.

We agree with QC. The CSI priority function needs to be updated, given the assumption that CSI reporting
with Option I and X>0 generates X+1 CSI reports via a single CSI report configuration. Alternative
interpretations which consider CSI report quantities belonging to one report configuration as one super
report would lead to significant spec impact

5 —vivo Mobile Communication Co.

@QC: We are not quite sure whether the reported different CSI hypos of a CSI-reportConfig corresponding
to different CSI reports. If yes, does it mean three PUCCH resources are used for the case of Option 1 with
X=2 results in three different CSI reports?

Besides, as current 213 spec, for a specific case, if a UE is configured with multiple PUCCH resources in
a slot to transmit CSI reports

- if the UE is not provided multi-CSI-PUCCH-ResourcelList or if PUCCH resources for transmissions of
CSI reports do not overlap in the slot, the UE determines a first resource corresponding to a CSI report
with the highest priority,...
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If reported different CSI hypos of a CSI-reportConfig corresponding to different CSI reports, for Option
1 with X=2, does it mean only one CSI hypo with the highest priority is transmitted on the first PUCCH
resource?

We think regarding all reported CSI hypos of one CSI-reportConfig as a CSI report is a clearer solution.

We can agree on this proposal for CSI omission, in addition, we also need to have an agreement on the
priority for enhanced MTRP CSI reports rather than reported CSI hypos.

6 — HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Let us continue discussing further in Round 2. I will study comments further to see whether I can
improve proposal text further. Thanks.

7 — Qualcomm CDMA Technologies

@vivo: The text from 213 spec is exactly what we were referring to above. As you can see, the priority is
used to select "’first resource” not to select CSI report. For this purpose (selecting resource), it does not
matter priority of which of the three CSI reports in that PUCCH resource is selected because the priorities
are consecutive. This rule is among different PUCCH resources (corresponding to different CSI report
setting), and hence, the modified priority formula does not change that rule.

Proposal 23: For CSI measurement for multi-DCI based NCJT, down select one of following two options in
RANI #105e:

->Option 1: Confirm the Working Assumption from RANI 103e

->Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs,
for Multi-DCI based NCJT

Option 1 (2):Vivo, CMCC
Option 2 (7): QC, DOCOMO (2"%), MTK, Spreadtrum, LG, Lenovo/Mot, Intel
Neither (6): OPPO, Ericsson, DOCOMO (I*'), Nokia/NSB, NEC

Feedback Form 9: Proposal 23

1—- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] From FL perspective, it is preferred to make a decision at least. If there is no consensus this meeting,
1 prefer no further discussion in Rel-17 for related matter, at least by GTW or NWM. More discussion is
required.

2 — Apple GmbH

Option? is preferred, but we need to agree one the assumption of PDSCH overlapping condition

3 — Qualcomm CDMA Technologies

We prefer to also discuss the resource/port occupation rule for multi-DCI if Option 1 or 2 is agreed.
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4 - NTT DOCOMO INC.

We can go with ‘Option2’ or 'neither’.

5 — Guangdong OPPO Mobile Telecom.

We suggest to make a conclusion that CSI measurement for multi-DCI based NCJT is not supported in
Rel-17.

6 — Spreadtrum Communications

Fine with option 2.

In Rel-16, M-DCI based M-TRP operation also could be applied for ideal backhaul case other than non-
ideal backhaul. That’s why we define joint HARQ-ACK feedback mode in Rel-16. Thus, we think CSI
measurement for M-DCI based NCJT should be supported in Rel-17, where 2 CQIs could be reported to
effectively reflect channel condition per TRP.

7 —vivo Mobile Communication Co.

As we have commented many times, CSI enhancement for M-DCI is mainly for non-ideal backhaul sce-
narios. Our preference is Option 1, as shown in our simulation results, we observe obvious performance
gain with Cat2 over Catl.

If companies are not OK to confirm the working assumption in this meeting, we are fine to have the following
conclusion:

There is no consensus to go with either of the following options in RANI #105e:
->Option 1: Confirm the Working Assumption from RANI 103e

->Option 2: The UE can be expected to report one R, one PMI, one LI and one CQI per TRP, up to 2
TRPs, for Multi-DCI based NCJT

8 — HUAWEI TECHNOLOGIES Co. Ltd.
[Mod] Let us continue discussing further in Round 2. Please note that given that no companies have
changed positions in Round 1, I would expect that Vivo s comment seems to be likely outcome.

What it really means that, from FL perspective, I may not use GTW/NWM further discussion. But of cause
companies are still completely free to propose whatever you like.

Option 1 (3):Vivo, CMCC, QC (the resource/port occupation)

Option 2 (9): QC (the resource/port occupation), DOCOMO (2nd), MTK, Spreadtrum, LG, Lenovo/Mot,
Intel, Apple

Neither (6): OPPO, Ericsson, DOCOMO (Ist), Nokia/NSB, NEC

9 — Qualcomm CDMA Technologies

Just to clarify, we do not support Option 1. Our comment was that resource/port occupation requires
discussion anyway.

Proposal 24: For Rel-17 Multi-TRP CSI enhancement, companies are encouraged to study following potential
specification impact:

->How to associate each CRI codepoint with each CMR and each CMR pair
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->Whether/how to configure Rl restriction/CBSR configuration for NCJT CSI measurement
->Whether/how to enhance the CSI updating rule to address CPU overbooking
->Whether/how to introduce new CSI computation delay requirement for NCJT CSI calculation

Feedback Form 10: Proposal 24

1—- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] The proposal is a placeholder for remaining issues, which may be needed (or not needed). Given
limited company input, at least we can strive to formulate questions for the sake of further discussion
in August meeting. From FL perspective, i am trying to keep questions open and high level enough to
categorize existing inputs.

2-NTT DOCOMO INC.

Regarding "How to associate each CRI codepoint with each CMR and each CMR pair ’, I think we have
agreed one-to-one mapping between a CRI codepoint and a CMR for single-TRP or a CMR pair for NCJT.
Hence, we just need to decide the mapping order, e.g., CRI codepoint mapping to single-TRP measurement
hypothesis first, starting from CRI index 0, then mapping to NCJT measurement hypothesis.

3 — vivo Mobile Communication Co.

We think wideband CSI report of part 1/part 2 for enhanced MTRP CSI should be considered.
-> whether/how to support wideband CSI report

4 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Let us continue discussing further in Round 2. Minor updates based on DOCOMO and Vivo com-
ments.

Proposal 24: For Rel-17 Multi-TRP CSI enhancement, companies are encouraged to study following po-
tential specification impact:

CRI codepoint mapping order with CMRs and CMR pairs

Whether/how to configure RI restriction/CBSR configuration for NCJT CSI measurement

Whether/how to enhance the CSI updating rule to address CPU overbooking

Whether/how to introduce new CSI computation delay requirement for NCJT CSI calculation

Whether/how to support wideband CSI report

3 Conclusions
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RAN1

1 Instruction

For FDD CSI, we may strive to finalize ALL codebook details for Rank 1 as much as possible, by concluding
those remaining issues agreed within RAN1 104bis-e. The majority of proposals, therefore, is the leftover of
previous meeting and continuous discussion.

Prioritize decisions, if they can help reducing RANT1 simulation efforts during summer, e.g. to study higher
rank codebook design.

2 Proposals for Rel-17 PS CB Enhancements

Proposal 2: At least for rank 1, values of K1 for port selection matrix W1 in N*(P*K1) are {2, 4, 8, 12, 16,
24,32},

Proposal 2-1: Further reduction for possible parameter combinations among codebook parameters of Rel-17
port selection codebook, e.g. {K1, Mv, Beta}, will be discussed jointly once candidate values are determined

-> based on tradeoff among UPT performance and complexity
->shall consider high rank, if high rank is supported
->total number of parameter combinations shall not exceed 8

Feedback Form 1: Proposal 2 and Proposal 2-1

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Based on online discussion, it seems to be more efficient to split the note out as a new proposal, for
the sake of discussion

The note is added as Proposal 2-1 which shall be agreed in a way or another, in order to address some
companies’ concerns. Also I keep 7e.g.”, at least for a certain clarification.

2 — Motorola Mobility UK Ltd.

We are OK with either Proposal 2 or Proposal 2-1 for the sake of progress. We have a request to the
moderator, if some companies prefer a third variant of the proposal, then it should be discussed in NWM
first. In our understanding, the purpose of email/NWM discussion is to reduce conflict in GTW session.
We have concerns that the efforts made in NWM session are wasted when some companies improvise new
proposal versions in GTW session

3-CATT

If proposal#2 is agreed, we have at least seven candidate values for K1. If the maximum number of code-
book parameter combinations is set to 8, we have very limited flexibility in selecting the 8 combinations.
At this stage, we should leave the maximum number of combinations open. It should be decided together
with the combinations.






4 — Qualcomm Incorporated

For P2, Can we remove 2" from the set or add a bracket? Do the group believe it is essentially needed in
the 8 para-combos? Support P2-1, limiting the number of para-combs is important for UE implementation.

5 — Spreadtrum Communications

For P2, in order to address CATT’s concern, we suggest to add a note,

—> Note that all or subset of the K1 values will be introduced into parameter combinations

6 — ZTE Corporation

We are fine with the two proposals.

7 — LG Electronics Inc.

We are fine with the two proposals. And one minor comment is that it is better to add the note in Proposal
2 for the clarification based on the last agreement as follows.

”Note: for Polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2
ports for both polarizations.”

8 —NTT DOCOMO INC.

Okay with the two proposals.

9 — Qualcomm Incorporated

Agree with Spreadtrum wording to address CATT’s concern.

10 — Ericsson LM

For P2, can we say At least for rank 1, candidate values of K1 for port selection matrix W1 in N*(P*K1)
are {2,4, 8,12, 16, 24, 32}. Also, the value 2 can be removed. We agree withg QC that we shall limit the
number of combinations.

11 — Ericsson LM

For P2-1 ,I don’t see the need to discuss a limit on the number of combinations, isn’t it better to discuss
which combinations should be included one by one, i.e. start from the bottom, and only add those combi-
nations that may provide benefit. So I suggest the last subbullet is removed. On the note related to "high
rank”, what is the relevance here? So far we only discuss rank 1. Do Samsung means we should consider
higher rank also when discussing rank 1? If so, isn’t it better to discuss parameter combinations for all
ranks at the same time?

12 — vivo Mobile Communication Co.

We are fine with both proposals.

13 — Nokia Germany

On P2, we agree with Ericsson’s comments, adding candidate clarifies Spreadtrum’s concern without need
of extra note. Also agree that value 2 can be removed (in Rel16 PS the minimum value of 2L is 4)






14 — Nokia Germany

On P2-1, we are ok although we don’t think all these details about how the discussion will be done need
to be captured. Our understanding is that the parameter combinations will be discussed together for all
supported ranks.

A suggestion to improve wording in the first 2 bullet points:

-> based on tradeoff among UPT performance, feedback overhead and complexity

->based on all supported ranks shall censider-highrank;if-highrankissupperted

15 — Intel Corporation SAS

Ok with proposals.
Support changes proposed by Nokia

16 — Apple GmbH

In principle, we are okay with the proposal

17— CATT

Re Spreadtrum and Qualcomm: If only subset of K1 is included in the parameter combinations, what is the
point to have Proposal#2? The value of K1 is to be decided during the parameter combination discussion.
The candidate list was already agreed in previous meeting

18 — Samsung R&D Institute UK

MoM: your comment is noted :)

P2: We would like to keep K1=2 that is relevant for small #ports such as 2,4. We think R17 CB should be
supported for 2 CSI-RS ports (just like Class B K=1 codebook in LTE). The use case is ideal reciprocity,
including TDD.

P2-1:

We prefer to remove the e.g. {K1,Mv,beta}, since that gives an impression that the para combos has
to be in the form of triple {K1,Mv,beta}. We can agree to something simpler e.g. a pair of para
combos, e.g. parameterize some of them differently (as mentioned by E/// and Fraunhofer if I am not
mistaken)

Re E///: re high rank, yes, we prefer to discuss this issue for all ranks like in R16, wherein we evaluated
performance-tradeoft for rank 1, rank 2 and even rank 3-4 and then agreed to 8 para combos; So, we
will be fine with delaying this effort after some discussion and agreements on high rank

Ok w/ Nokia edits on note though

BTW, we have an agreement that from RAN1#104-e (copied below), which means K1 values should include
all supported #CSI-RS ports, which are already 7.






W1 is a free selection matrix, with identity matrix as special configuration

19 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @Mot: well receive. I will try my best to encourage more discussion in NWM. Thanks.

For proposal 2, I temporally cross 2 here but I do know that Samsung may prefer it. Let us discuss further.
Also LG’s note is added for better clarification.

Proposal 2: At least for rank 1, candidate values of K1 for port selection matrix W1 in N*(P*K1) are {2,
4,8,12, 16,24, 32}.

Note: for Polarization-common based free-selection, it means to select the same L=K1/2 ports out of
P/2 ports for both polarizations

For Proposal 2-1, the main controversial issue seems to be related to the last sub-bullet, for example CAT-
T/Ericsson think that it is not needed but QC prefers to agree with it explicitly. My suggestion, as a com-
promise, is to keep the sub bullet but relax number a little bit.

Proposal 2-1: Further reduction for possible parameter combinations among codebook parameters of Rel-
17 port selection codebook, e.g. {KI1, Mv, Beta}, will be discussed jointly once candidate values are
determined

based on tradeoff among UPT performance, feedback overhead, and complexity

based on all supported ranks

Limit total number of parameter combinations, e.g. no more than 8

20 — Qualcomm Incorporated

Re CATT: yes, candidate values already agreed in last meeting, we think P2-1 is much more important, we
are fine without P2. The issue in P2 is that it include too many values, and they are too fractional. We used
to propose limiting upto two K1 values per P, but it seems not preferred by the group, so we think adding
limit to total number of para-combos is needed to address our concern.

Re SS, In rel-16, 2L is upto 12, and since CSI-RS is precoded by SD basis, selecting 12 ports means
selecting 12 SD basis. However, in rel-17, CSI-RS is precoded via SD-FD basis, selection a port means

selecting a SD-FD basis, so even 12 seems a bit small, no need to say the additional FD basis provided by
Wft'is smaller than rel-16 CB.

Re SS, if {K1, beta, M} is not your preference, could you provide your proposal for parameter combination?
We think this is straightforwad because R17 CB largely reuse Rel-16 structure.

Ok with Nokia’s edits.

21 — Sony Corporation

We are fine with both proposals and support Nokia’s amendments to the notes. In our view, it also makes
sense to discuss supported parameter combinations for all ranks, simultaneously.






22 — Samsung R&D Institute UK

Mod: yes, please include 2, no need to start reducing now
QCM:

we have 7 candidate values for K1 and 4 for beta; so (k1,beta) should be included in para combo
reduction since we have 7x4=28 in total that is too many.

Sorry, I didn’t quite understand your comment ”Re SS, In rel-16, 2L is upto 12, and since CSI-RS is
precoded by SD basis, selecting 12 ports means selecting 12 SD basis. However, in rel-17, CSI-RS
is precoded via SD-FD basis, selection a port means selecting a SD-FD basis, so even 12 seems a bit
small, no need to say the additional FD basis provided by Wf is smaller than rel-16 CB. ”

23 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Thanks for the feedback.

With regarding to the value of 2, my suggestion is to keep it to make SS slightly happier. The value of 2
may be useful for 2 or 4 CSI-RS ports whilst propagation channel is LOS dominant. Normally for MU-
MIMO, we tend to focus on a larger ports like 16 or 32. For FDD reciprocity, under certain assumptions
and channel conditions, it is recommended to check whether a small # of ports can be beneficial as well for
SU-MIMO or MU-MIMO as well.

As return, please keep the last bullet of 2-1 and e.g. {K1, Mv, Beta}” at least to address QC’s concern
since more and more candidate values are feasible now. Even if we may end up a parameter comb different
from Rel-16 at the end, at least everyone is on the same page for now, i.e. we shall only keep the most
useful CB parameter configurations.

Please also note that it is feasible that some values in Proposal 2 (and others as well) can be skipped in final
para combinations, based on my experience of Rel-16.

Proposal 2: At least for rank 1, candidate values of K1 for port selection matrix W1 in NA(P*K1) are {2,
4,8,12, 16,24, 32}.

Note: for Polarization-common based free-selection, it means to select the same L=K1/2 ports out of
P/2 ports for both polarizations

Proposal 2-1: Further reduction for possible parameter combinations among codebook parameters of Rel-
17 port selection codebook, e.g. {K1, Mv, Beta}, will be discussed jointly once candidate values are
determined

based on tradeoff among UPT performance, feedback overhead, and complexity

based on all supported ranks

Limit total number of parameter combinations, e.g. no more than 8

24 — Samsung R&D Institute UK

If we keep “e.g...”, then we would like to another bullet






details such as number of parameters (e.g. 2 or 3) in each parameter combination, and other parame-
terization of any parameter (e.g. K1=yxP_CSIRS) are within the scope of this agreement

25 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Based on Samsung’ comments,which I think that they are reasonable, just update the following
slightly.
Proposal 2: At least for rank 1, candidate values of K1 for port selection matrix W1 in NN(P*K1) are {2,
4,8,12, 16,24, 32}.
Note: for Polarization-common based free-selection, it means to select the same L=K1/2 ports out of
P/2 ports for both polarizations

Proposal 2-1: Further reduction for possible parameter combinations among codebook parameters of Rel-
17 port selection codebook, e.g. {K1, Mv, Beta}, will be discussed jointly once candidate values are
determined

based on tradeoff among UPT performance, feedback overhead, and complexity

based on all supported ranks

Limit total number of parameter combinations, e.g. no more than 8

Exact parameters (e.g. with 2 or 3 parameters) within each combination are FFS

Other parameterizations of codebook parameter (e.g. alpha with K1= alpha*# of CSI-RS ports
and alpha <=1) are not excluded

26 — Qualcomm Incorporated

Our concern is the total number of parameter combinations. If beta=1/2 slide in, we prefer P10 to be agreed
together with P2 and P2-1, and a wording change to the following bullet (same comment made to P10):

Limit total number of parameter combinations comparable to Rel-16 eType I, e.g. no more than 8

27 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] OK with QC suggestion. We can combine P10 together for GTW discussion. Following one will
go to GTW.

Proposal 2: At least for rank 1, candidate values of K1 for port selection matrix W1 in NN(P*K1) are {2,
4,8,12, 16,24, 32}.

Note: for Polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2
ports for both polarizations






Proposal 2-1: Further reduction for possible parameter combinations among codebook parameters of Rel-
17 port selection codebook, e.g. {KI1, Mv, Beta}, will be discussed jointly once candidate values are
determined

based on tradeoff among UPT performance, feedback overhead, and complexity

based on all supported ranks

Limit total number of parameter combinations comparable to Rel-16 eType 11, e.g. no more than 8

Exact parameters (e.g. with 2 or 3 parameters) within each combination are FFS

Other parameterizations of codebook parameter (e.g. alpha with K1= alpha*# of CSI-RS ports and
alpha <=1) are not excluded

28 — CATT

We still think it is too early to limit the number of possible codebook parameters when we don’t even know

what the parameters are. As a compromise we can live with the previous version ’Limit total number of
parameter combinations, e.g. no more than 8’, but not the latest one with ’comparable to Rel-16 eType
Ir.

29 — Qualcomm Incorporated

”Comparable to Rel-16” is our compromise given that beta=1/2 slides in. We can accept CATT wording
only if beta=1/2 is in bracket. So, P10 should be discussed with these two proposals jointly.

Proposal 3: For Wfin C*(N3*Mv), Mv =2 is supported for R17 PS codebook

->FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be
applied to Mv=2

->FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

Yes (14): OPPO, Ericsson, MTK, DOCOMO, CATT, Nokia/NSB, Lenovo/Mot. Intel, Fraunhofer
[IS/Fraunhofer HHI, Apple, Sony

No (3): vivo (Mv=4), ZTE (up to 24 ports), Samsung (up to 16 ports)

Feedback Form 2: Proposal 3

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] The original note is removed since it is Proposal 2-1 now. Let us see whether current update of
proposal is sufficient enough.

2 — Motorola Mobility UK Ltd.






Support

3 —ZTE Corporation

We still think it is needed to discuss this issue more taking the evaluation results into account. We should
strive to minimize the number of parameter combinations at the beginning when there is sufficient simu-
lation results. We can agree on at least for <= 16 ports, Mv=2 is supported and keep the larger number of
ports open.

4 — LG Electronics Inc.

Support the proposal

5-NTT DOCOMO INC.

Support

6 — Qualcomm Incorporated

It seems that whether M=2 is supported for larger number of (selected) ports can be discussed in parameter
combination.

7 — Ericsson LM

Support but the value of this agreement is minimal. Shouldn’t we try to agree that Mv=2 is agreed and no
larger values, to end that discussion. There seem to be supermajority.

8 — Spreadtrum Communications

Similar observation as Qualcomm and Ericsson, maybe we can try,

Myv =2 is supported for at least one parameter combination, FFS on the details on the parameter
combination.

9 — vivo Mobile Communication Co.

We are fine with the proposal.

10 — Intel Corporation SAS

Support the proposal

11 — Nokia Germany

Support. We are also ok to remove the second bullet point, if possible, as there seems only one company
proposing M=4.

12 — Fraunhofer IIS

Support.

13 — Apple GmbH

Fine with the proposal






14 — Samsung R&D Institute UK

Same view as ZTE, we can support Mv=2 for up to 16 ports due to the reasons explained several times.

Re QCM comment, we prefer not to mix two issues together; otherwise it will be even harder to progress
on either

15 — Samsung R&D Institute UK

BTW, 16 already is compromise, since we are not seeing any benefits for > 12 ports, but we can compromise
and include 16, I hope companies can accept this.

16 — Sony Corporation

We support the proposal.

17 — MediaTek Inc.

We are ok to support Mv = 2 as one value of Mv other than Mv = 1. However, in RAN1 104bis, Mv
> 1 being a UE optional feature was agreed to be a working assumption. So we assume there will be
some discussion later regarding UE capability signaling on supporting Mv > 1 with respect to codebook
parameters, which includes P, the number of CSI-RS ports, and K1, the number of UE selected ports. If
not, we also prefer to restrict the number of CSI-RS ports for which Mv = 2 is supported to 16.

18 —- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] From FL perspective, Mv=2 is indeed the super majority and the minimal value of agreement, as
Ericsson comment. Whether RAN1 will limit the usage to certain conditions, rank or # of port or beta, etc,
it is subject to different discussion. Spreadtrum’s suggestion seems to be a good starting point.

For Mv=4, it is just FFS, as a compromise for Vivo.

Proposal 3: For Wfin CN(N3*Mv), Mv =2 is supported for R17 PS codebook, atleast by one parameter
combination

FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be
applied to Mv=2

FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

19 — Samsung R&D Institute UK

We prefer not to mix two issues (Mv value and parameter combination reduction) together. These two
issue are unrelated.

20 - HUAWEI TECHNOLOGIES Co. Ltd.
[Mod]

@Samsung: From FL perspective, I don’t want to mix either. For each # of CSI-RS ports, we may have
certain limited choices for certain CB parameters or certain parameter combinations. Up to now, my guess






is that FFS is the only choice to cover different views, since there is no consensus to restrict it to 16 or 24
ports. If need, we will come back next meeting as FFS.

Proposal 3: For Wt in CN(N3*Mv), Mv =2 is supported for R17 PS codebook

FFS: whether further dependence/restriction shall be applied to Mv=2, i.e. less than or equal to the
number of CSI-RS ports as Y

FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

21 — Samsung R&D Institute UK

Sorry, we still have concern. A UE which can support Mv=2 will not report such capability just because
NW can configure large #CSI-RS ports to the UE, which the UE doesn’t want to support due to high
complexity (without any benefits).

22 — Nokia Germany

@ Samsung: as commented many times before, UE complexity depends on K1*Mv if W1 is layer common
(SVD is after port selection), whereas it depends on P*Mv if W1 is layer specific (SVD is before port
selection), so limiting the number of ports for Mv=2 now, based on complexity is premature.

We already have P2-1 about joint discussion and restriction of parameter combinations, based on perfor-
mance, overhead and complexity.

So, I think we can agree to the FL’s proposal before the last:

Proposal 3: For Wfin CN(N3*Mv), Mv =2 is supported for R17 PS codebook, atleast by one parameter
combination

FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be
applied to Mv=2

FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

23 — Samsung R&D Institute UK

Nokia: UE complexity is just one aspect, the other aspects (UPT gain none or small, and CSI overhead
large) doesn’t justify supporting Mv=2 for large #CSI-RS ports, as commented many time before.

Re P2-1, are we going to consider everything (K1, My, beta, rank, #ports) for param combo reduction? In
our understanding P2-1 is mainly about parameters (K1,Mv,beta) similar to R16. So, we don’t think we
should include #CSI-RS ports in that study.

24 — Nokia Germany

Samsung: regarding throughput-overhead performance, we also commented many times before. I copy-
paste below our latest comment from round 1.

In the results reported in out paper (Fig.1 to 6) we have observed gain for Mv=2 also for P=32. One
important use case is for gNB implementations with lower delay resolution, due for example to limited

10






SRS bandwidth. The gain in this case is very significant, across the range of parameter combinations of
K1 and , when the SRS bandwidth is half that of CSI-RS. We also observed gain for large SRS bandwidth
(same as CSI-RS) due to increased robustness against non-ideal reciprocity of delays, for some parameter
combinations. This gain also increases for rank>1. So we don’t think we should restrict the number of
ports for Mv=2.

FL’s proposal already clearly addresses the issue of restrictions/dependency w.r.t the number of ports in
the first FFS bullet, which can be discussed jointly with parameter combinations. So we don’t see any new
arguments emerging and think we should agree this proposal

Proposal 3: For Wfin CN(N3*Myv), Mv =2 is supported for R17 PS codebook, at least by one parameter
combination

FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be
applied to Mv=2

FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

25 — MediaTek Inc.

Support Nokia’s edit to have Mv = 2 at least by one parameter combination, and FFS on the restriction
conditioned on number of CSI-RS ports.

26 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Based on comments from Nokia and MTK, following proposal will go to GTW. Thanks.

Proposal 3: For Wf in C*(N3*Myv), Mv =2 is supported for R17 PS codebook, at least by one parameter
combination

FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be
applied to Mv=2

FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

27 — Samsung R&D Institute UK
Nokia:

Thanks, but there is no new arguments.

Re small SRS BW, it is up to gNB what SRS BW to configure. It may or may not align the SRS and
CSI-RS BWs. Ifit aligns, we don’t need Mv=2 for large #ports. If it doesn’t align, hence need Mv=2
for large #ports, but the UE should be capable to do so, rather than forcing the UE to do so. If the
spec forces, then UE will under-report, i.e., will not report that it is capable of supporting Mv>1

11






To summarize, we can OK with a proposal if both gNB and UE perspectives are considered at equal footing
in the proposal. For example:

Proposal 3: For Wf in CA(N3*Mv), Mv =2 is supported for R17 PS codebook, atleastby-one-parameter
combination;- for P<=x

A UE capable of supporting Mv>1 shall report a value x=max #CSI-RS ports

FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

28 — Nokia Germany

I don’t see why we have to agree now to a new UE capability, after agreeing already that Mv>1 is op-
tional, and before even knowing if we support any parameter combination for which the new capability is
applicable.

In our view the FFS is more reasonable. For example, if, during the discussion on parameter combinations,
we agree to support one or more combinations with K1>x and Mv=2, we can then decide to make them
optional with separate capability signalling or using the same capability as for Mv=2.

Proposal 5: At least for rank 1, with regarding to M_init for the single window with size N
->Alt 1: M_init can be configured by RRC signalling

>Alt 2: M _init is fixed to be 0

Altl (2): ZTE, CATT

Alt2 (14): QC, OPPO, Ericsson, MTK, LG, Spreadtrum, Nokia/NSB, Samsung, Intel, Fraunhofer
[IS/Fraunhofer, Apple, vivo

Feedback Form 3: Proposal 5

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Can we go to the majority? Alternatively, proponents can still take this opportunity to explain more
motivations of Altl.

2 — ZTE Corporation

We are okay to follow majority view.

3—-NTT DOCOMO INC.
Okay with Alt.2

12






4 — Ericsson LM

Support Alt.2

5 — vivo Mobile Communication Co.

We are OK with majority view.

6 — Intel Corporation SAS
Support Alt 2

7 — Fraunhofer IIS

Supporting Alt2 for the second time :-)

8 — Apple GmbH
Prefer Alt2

9 — Samsung R&D Institute UK

OK, but the window applied to Mv>1, so we suggest to add "Mv>1"

Proposal 5: At least for rank 1 and for Mv>1, with regarding to M_init for the single window with size N

10 —- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Slightly update based on SS suggestion and also re-write the proposal as Alt 2 given current majority
view.

Proposal 5: At least for rank 1 and for Mv>1, M _init for the single window with size N is fixed to be 0
@CATT: could you please accept the majority? Thank you very much!

11 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there is no more comment. Following one is subject to Email approval.
CATT is ok with that as well. Thank you very much for your compromise.

Proposal 5: At least for rank 1 and for Mv>1, M_init for the single window with size N is fixed to be 0

Proposal 6: At least for rank 1, for relationship between N and Mv, down-select one Alternative from
following

Alt 1: N=Myv always, no UE reporting of Wf

Alt 2: N >=Mv , Wf is reported by UE

FFS whether the window/set size N is layer-common or layer-specific for higher rank
Alt 1 (5): QC, MTK, LG, Spreadtrum, Samsung

Alt 2 (13): Vivo, ZTE, Ericsson, DOCOMO, CATT, Nokia/NSB, Lenovo/Mot (Alt 2 for Mv > 1), Intel,
Fraunhofer I1IS/Fraunhofer HHI, Sony

13





Feedback Form 4: Proposal 6

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required. Thanks.

2 — Motorola Mobility UK Ltd.
In Round 1, multiple companies agreed to that N>M should only apply to the case with M=1. Can we at
least consider that as FFS under Alt2, as follows

Proposal 6: At least for rank 1, for relationship between N and Mv, down-select one Alternative from
following

Alt 1: N=Mv always, no UE reporting of Wf
Alt 2: N >=Mv , Wfis reported by UE. FFS: whether Alt2 only applies to Mv>1

FFS whether the window/set size N is layer-common or layer-specific for higher rank

3 — Qualcomm Incorporated

We are confused at why N is layer-common or layer-specific? We already agreed that a single window is
configured to UE. Our comment in Round 0 is about WT, i.e., Alt2-1: Wf is reported and layer-common;
Alt2-2: Wt'is reported and layer-specific. So, we suggest the following:

Proposal 6: Atleastforrankt;for relationship between N and Mv, down-select one Alternative from
following

Alt 1: N= My always, no UE reporting of Wt
Alt 2-1: N >=Mv , Wfis reported by UE and W is layer-common
Alt 2-2: N >= Mv , Wf is reported by UE and WT is layer-specific

FFS: whether Alt2 only applies to Mv>1

4 — ZTE Corporation
We support Alt 2.

5 — Ericsson LM

Support Alt 2-1 in Qualcomm’s classification

6 — vivo Mobile Communication Co.

We are fine with Alt 2 of the original P6 or Alt 2-1 of QC’s updated P6.

7 — Guangdong OPPO Mobile Telecom.

we support Alt 1.

8 — Intel Corporation SAS
Support Alt 2-1 in the proposal provided by Qualcomm for M > 1, for M = 1 support Alt 1

14






9 — Nokia Germany

Support after correction, because in Alt 2 Wf does not need reporting for N=Mv
Alt 2: N >=Mv , Wfis reported by UE for N>Mv
Also support Alt 2-1:
Alt 2-1: N>=Mv, Wfis reported by UE for N>Mv and Wf is layer-common

10 — MediaTek Inc.

Support the revised wording from Qualcomm for further study and downselection in next meeting.

11 — Apple GmbH

The bare minimum for us is that window needs to be layer common.

We do not understand why UE needs to handle the case when window is layer specific and different on
each layers.

12 - CATT

Support Alt2 and Alt2-2 proposed by Qualcomm.

13 — Samsung R&D Institute UK

Same comment as P5, the window applied to Mv>1, so we suggest to add "Mv>1"

Support Altl

We prefer to remove high rank text since we have not discussed high rank yet

Proposal 6: At least for rank 1 and for Mv>1, for relationship between N and Mv, down-select one
Alternative from following

Alt 1: N=Myv always, no UE reporting of Wf
Alt 2: N >=Mv , Wfis reported by UE

14 — Sony Corporation
We support Alt 2.

15 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] My general thought that companies prefer to have layer-specific is for higher rank, e.g. rank 2, so
that a larger window may be beneficial so that Wf is layer specific. From FL perspective, it seems to be
unlikely to make a decision this meeting. So let us try to do that In August, after more study.

15






@SS: for this one, it is slightly different from Proposal 5. At least my current understanding is that a few
companies may prefer to keep ”Alt 2 only for Mv>1" as FFS for now. Of cause, I am more than happy to
confirm FFS, if no further comments.

Proposal 6: At least for rank 1 and 2 , for relationship between N and My, study and down-select one
Alternative from following in RAN1 106

Alt 1: N=Myv always, no UE reporting of Wf

Alt 2-1: N>= Mv, Wfis reported by UE and Wf is layer-common

Alt 2-2: N >=Myv, Wfis reported by UE and Wf is layer-specific

FFS: whether Alt2 only applies to Mv>1

16 — Samsung R&D Institute UK

Mod: P5 and 6 both are about window, so how are they different?

17 — Nokia Germany

As noted earlier, one clarification is needed in our view.

The case N=Mv seems to be treated differently in Alt 1 and 2. If this is a typo we suggest correcting it as
follows:

Alt 1: N= Mv always, no UE reporting of Wf

Alt 2-1: N>=Mv , Wfis reported by UE for N>Mv and Wf is layer-common

Alt 2-2: N >= Mv , Wt is reported by UE for N>Mv and WT is layer-specific

However, another interpretation is that Wf may be reported also for N=Myv, for example by considering the
shift reported in Alt 2 in P13 as part of Wf reporting. In this case, we suggest to leave this option open for
both alternatives

Alt 1: N= Mv always;-no-UE-reporting-of W

Alt 2-1: N >=Mv , Wisreported-byUE-and Wf is layer-common

Alt 2-2: N >= Mv , Wiisrepoerted-by UE-and-Wf is layer-specific
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18 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] My personal understanding is that companies may prefer with, e.g. N=4 and Mv=1 but the window
of N is fixed to 0. Whether we agree with this kind of CB setting is a different story/debate, I assume.

Anyway, | don’t mind to agree with FFS in Proposal 6 right now, as long as there is no objection.

19 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @Nokia, I will go with above interpretation

Proposal 6: At least for rank 1 and 2 , for relationship between N and My, study and down-select one
Alternative from following in RAN1 106

Alt 1: N= Mv always, no UE reporting of Wf

Alt 2-1: N >=Mv, Wfis reported by UE for N>Mv. Wf is layer-common

Alt 2-2: N >= Mv , Wfis reported by UE for N>Mv. WHf is layer-specific

FFS: whether Alt2 only applies to Mv>1

20 — Samsung R&D Institute UK

We still think this proposal is for the case when Mv>1, so suggest add "Mv>1" in the beginning (similar
to P5), and remove the FFS

21 — Nokia Germany
Support this proposal

22 — Qualcomm Incorporated

Agree with SS assessment that P6 is for M > 1 only, so prefer the following

Proposal 6: At least for rank 1 and 2 and Mv > 1, for relationship between N and Myv, study and
down-select one Alternative from following in RAN1 106

Alt 1: N= Mv always, no UE reporting of Wf

Alt 2-1: N>= Mv, Wfis reported by UE for N>Mv. Wf is layer-common

Alt 2-2: N >=Mv, Wfis reported by UE for N>Mv. Wf is layer-specific
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23 — MediaTek Inc.

Support Qualcomm’s edit

24 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there is no more comments. We will double confirm this during the last round of
NWM discussion. Following proposals will be transferred to new NWM file after GTW. Thanks.

Proposal 6: At least for rank 1 and 2 and Mv > 1, for relationship between N and Mv, study and
down-select one Alternative from following in RAN1 106

Alt 1: N= My always, no UE reporting of Wf

Alt 2-1: N >=Mv, Wfis reported by UE for N>Mv. Wf is layer-common

Alt 2-2: N >= Mv, Wfis reported by UE for N>Mv. Wf is layer-specific

Proposal 7: If N >= My is agreed, Support N = 2 and 4 for Mv=2.
FFS supported value(s) of N when Mv=1

Yes (14) (assuming Alt 2 in P6 is agreeable): vivo, ZTE, DOCOMO, Nokia/NSB, Lenovo/Mot, Intel,
Fraunhofer IIS/Fraunhofer HHI, Apple, OPPO, Spreadtrum, Sony

Samsung: not for rank 1
Ericsson/CATT: also for Mv=1
QC: after P6

Feedback Form 5: Proposal 7

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required. Companies supporting Proposal 7, are you also OK with Alt 2 in
Proposal 6? Or do I miss something in P6?

2 — ZTE Corporation

We are okay with this proposal.

3 — Ericsson LM

Support. And for Mv=1, we suggest N=1 or 2. We can also add that N is part of RRC configuration.

4 — Spreadtrum Communications

We prefer to wait for the outcome of Proposal 6. Please remove *Spreadtrum’ from the supporters, thanks.

18






5 — vivo Mobile Communication Co.

Support.

6 — Nokia Germany
Support

7 — Apple GmbH

Okay with the proposal

8 — Samsung R&D Institute UK

Since we are discussing rank 1 only, we don’t think we need this proposal. We are open to discuss this for
high rank when the discussion starts

9 — Sony Corporation

We can support this proposal.

10 — MediaTek Inc.

Prefer to have this discussion after deciding Proposal 6

11 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that we may need to sort out P6 at first. So P7 will be postponed. Whilst we are discussing
P6, I am sure that companies have some values in mind.

Proposal 8: For Rel-17 PS codebook enhancement, following values of R are supported:
>R=1

->Choose at least one value from a set of R={1/4, 2, 4, min{ D* N_PRB"SB,8}, D* N_PRB"SB} in RAN1
106

->->D is the density of CSI-RS in frequency domain and N_PRB”SB is the CQI subband size in PRBs
->->Note that this R is optional

Feedback Form 6: Proposal 8

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required. In my understanding R=1 is by default, if there is no further agreement.
What really matter is whether we need one or more, either <1 or >1.

2 — Motorola Mobility UK Ltd.

Support proposal
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3 — Qualcomm Incorporated

We think we should only choose one value for R other than 1.

4 — ZTE Corporation

We are fine.

5—-NTT DOCOMO INC.

Supoort

6 — Qualcomm Incorporated

Just to clarify our comment above, it means the following:

Choose atleast one value from a set of R={1/4, 2, 4, min{ D* N_PRB”SB,8}, D* N_ PRB"SB} in RAN1
106

7 — Ericsson LM

We want to avoid unneccessary RRC parameter. IF R=1 is majority view, we can live with a single R
value, R=1.

8 — Ericsson LM

Also, we want to avoid UE capabilities and optional parameters, so if a larger D value is optional, then we
prefer not to support larger R value at all

9 — vivo Mobile Communication Co.

We are fine.

10 — MediaTek Inc.

Same view as Ericsson and Qualcomm, we prefer R=1 or at most one more value of R which is optional.

11 — Fraunhofer IIS

Same view as Ericsson, if R=1 is majority view, a single R value is sufficient, that is R=1.

12 — Apple GmbH

Okay with proposal as long as anything other than R=1 is optional

13 — Nokia Germany

We are also fine with replacing “at least” with ”at most” in the second bullet point

14 — Samsung R&D Institute UK

We can accept R=1 for progress now, or three values (one each <1, 1, >1) with optionality note, but not
two values
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15 — Sony Corporation

We are okay with this proposal.

16 —- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] From FL perspective, views are too strong and diverse, only 1 value versus at most 2 verus at least
3, being optional versus being mandatory, <1 versus >1. However if there is no further agreement in RAN1
106, R=1 is by default in my view without further specification impact.

Proposal 8: For Rel-17 PS codebook enhancement,

Choose at most one value from a set of R={1/4, 2, 4, min{ D* NPRB"SB,8}, D* NPRB"SB} in
RANI1 106

o

D is the density of CSI-RS in frequency domain and N PRBSB is the CQI subband size in PRBs

Note that R=1 is supported by default, if there is no further agreement.

17 — Qualcomm Incorporated

Support

18 — Qualcomm Incorporated

After taking another look at the current version, I think it is quite different from previous version. It sounds
like only one R value will be supported. Given the comment from chipest vendors (including us), it seems
that any value other than 1 can be only accepted if it is optional. Given the situation, we suggest to make
the conclusion now for R=1.

19 — Samsung R&D Institute UK

Same view as QCM, we can agree to R=1 as mandatory, and at most one additional value as optional.

20 — Qualcomm Incorporated

Just to clarify our previous comment: My assessment is that chipset vendors think R=1 is needed, while
infra vendors think at most support one value of R, so seems the only consensus can be made is R=1 only.
I don’t think the situation would change in next meeting.

21 — MediaTek Inc.

Same view as Samsung. Support R=1 as mandatory and at most one additional value as optional.

22 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that QC/SS/MTK prefer original style of proposal. We will double confirm this during
the last round of NWM discussion. Following proposals will be transferred to new NWM file after GTW.
Thanks.

Proposal 8: For Rel-17 PS codebook enhancement, following values of R are supported:
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Choose at most one value from a set of R={1/4, 2, 4, min{ D* NPRB"SB,8}, D* NPRB"SB} in
RANI1 106

[e]

D is the density of CSI-RS in frequency domain and N_PRB”SB is the CQI subband size in PRBs

Note that this R is [optional]

23 — Qualcomm Incorporated

My point is that we might agree on R=1 only based on the comments made so far, and no more discussion
is needed. This is because infra vendors want only one value, and chipset vendors can only accpet R=1 if
one value. We actually slightly perfer the version before (R=1 is supported if no consensus made for other
values). We can live with the version above if the bracket in the last bullet is removed, i.e., keep optional”.

24 — Ericsson LM

I prefer a single value, R=1, no additional and optional values are needed, it just adds complexity, UE
capability discussions etc, with just a small benefit.

Proposal 9 : For Rel-17 port selection codebook, study following Alternatives:

->Alt 1: If Wfis an all-one vector of length N3, it is considered as “Wf OFF”. Wt as an all-one vector of
length 1 is not needed

->Alt 2: If Wfis an all-one vector of length 1, i.e. a scaler, it is considered as "W{ OFF”” . Wf as an all-one
vector of length N3 is not needed.

->Alt 3: If Wfis an all-one vector of length 1, i.e. a scaler, it is considered as "W OFF””. Wf as an all-one
vector of length N3 is considered as "Wf ON”

->FFS how to ON/OFF Wf implicitly or explicitly for each Alternative

Alt 1 (14): QC, Ericsson, MTK, Spreadtrum, Lenovo/Mot, Intel, Fraunhofer IIS, Fraunhofer HHI,
Nokia/NSB, OPPO, Spreadtrum, Sony

Alt 2(4): QC, ZTE, OPPO, Sony
Alt 3(1): CATT

Feedback Form 7: Proposal 9

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] With regarding to comments raised by Samsung/ZTE/CATT, one possible compromise, also con-
sidering the majority view of Altl, what I can suggest is that:
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For a BWP>=24PRB, we can assume Alt 1 so that basically Wfis an all-one vector of length N3. As
Rel-16 CB, we may not need WB or SB PMI reporting to be configured in pmi-FormatIndicator for
R17 CB for a large BWP.

For a BWP<24PRB, we can assume Alt 2 so that basically Wf is an all-one vector of length 1. In
other words, we can extend Rell7 CB to support a small BWP.

Of cause, if there is any other possible compromise, please be free to suggest for further discussion.

2 — Motorola Mobility UK Ltd.

We are still convinced Altl and Alt2 are essentially the same thing. In our understanding, Altl is the
outcome of a robust design with arbitrary M>=1, whereas Alt2 appears to represent a solution with two
separate codebook designs for M=1 and M>1 by hard-coding the value of M in each design. We thereby
believe Altl provides a more robust representation of the codebook

3-CATT

Thanks for the discussion. As we agreed in RAN1#104e meeting, W can be turned ON/OFF by gNB.
I think it is better to discuss what is Wf when WT is turned ON/OFF. WT is likely to be selected by UE.
It is strange that the functionality is turned ON/OFF based what UE selects. So we suggest to change the
wording in Alt1-3 to: When Wfis turned OFF, Wt is an all-one vector of...

4 — ZTE Corporation
Support Alt 2. We still cannot understand why an FD vector has to be introduced if the real FD vector UE
uses is based on its own implementation.

On the compromised solution from FL, we appreciate FL’s effort, but this is not a compromise in our view.
It is just Alt 1 as for BWP<24, there is only one subband.

We agree with some companies’ previous comments on the benefit of WB reporting, where the UE com-
plexity is lower. Hence we think a better compromise is

When PMI format is configured as WB, it is Wf off where Wf is a scalar 1. In this case, this is WB
PMI reporting as there is no subband component.

When PMI format is configured as SB, it is Wf on where Wf is a length-N3 DFT vector.

5—-NTT DOCOMO INC.
Okay with Alt.1 or Alt.2

6 — LG Electronics Inc.
Support Altl

7 — Ericsson LM

Support Alt.1
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8 — vivo Mobile Communication Co.

Slightly prefer Alt.1 whose codebook structure is more consistent with Rel-16 codebook structure and
extension to Mv>1 in Rel-17.

9 — Intel Corporation SAS

Support Alt 1. Or, we can skip this proposal. According to our understanding Alt 1 is already considered
by default

10 — Fraunhofer IIS
Support Altl.

11 — Apple GmbH

Honestly speaking, we do not fully know why there is no much discussion.

In the end, we need to agree whether both cases are essentially wideband reporting (1) Wf off (2)Mv=I. In
our view, it is.

12 — Nokia Germany

Support Alt 1.

@ZTE: in Rell6 too, we used the same codebook description for Mv>1 and Mv=1 (which can happen also
in Rell6), we did not introduce a different description with a special value of N3 for Mv=1 just because
Wf is not reported.

13 — Samsung R&D Institute UK

In our view, there is no need for this discussion since we already have an agreement (copied below). The
agreement has two bullets:

Ist bullet is about Wf ON —> there is Wf component — SB SPMI

2nd bullet is about Wf OFF —> there is no Wf component, i.e., the codebook is W=W1W2 —> WB
PMI

Companies should remember this already was a compromise between W1W2 and WIW2Wf H camps.
We suggest please don’t try to mix the two into one solution based on your preference.

Having said that, we even said we can compromise further, if the WB and SB PMI functionalities are kept
clean and separate, but not mixed into one. So, something along the lines of ZTE proposal is also OK to
us.

Agreement

For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, support codebook
structure W=W1W2 W{H where

W1 is a free selection matrix, with identity matrix as special configuration

o FFS polarization-common/specific selection
Wi is a DFT based compression matrix in which N3 = NCQISubband*R and Mv>=1
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o At least one value of Mv>1 is supported
§ Decide on the value(s) of Mv, e.g. Mv=2, in RAN1# 104bis-e

o Working assumption: Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook
enhancement, taking into account UE complexity related to codebook parameters

o FFS candidate value(s) of R, mechanism for configuring/indicating to the UE and/or mechanism for
selecting/reporting by UE for Wf

WI can be turned off by gNB. When turned off, Wf is an all-one vector (FFS; the length of all-one
vector)

14 — Sony Corporation

We can support Alt 1 or Alt 2, but we do not see the need to support both.
In our view, "Wf OFF” = WB, and "Wf ON” = SB.

If explicit WB/SB signaling is agreed, then one could have WB => Wf=1 (and thus N3=N=1, Minit=0);
this is Alt 2. If SB is signaled, then N3, N, Minit can take values as per the other agreements.

If implicit WB/SB signaling is agreed, then, in our understanding, Wf an all ones vector or scalar means
WB, and SB otherwise. Note that selecting Alt 2 in Proposal 5 and Alt 1 in Proposal 6 means Mv=1 =>
WB.

15 — MediaTek Inc.

Support Alt 1 (for BWP > 24 PRBs). Alt 2 can be a sub bullet of Alt 1 to enable R17 CB for BWP < 24
PRBs as suggested by some companies.

16 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] From FL perspective, I am trying to summarize current status as accurate as possible and at the
meantime [ would encourage companies to study firstly and strive to reach a consensus if possible. It is
also encouraged to look at from UE perspective (eventually from specification point of view) , whether
those variations can be useful to differentiate performance gain, UE complexity and payload.

Alt 2 is revised based on ZTE’s comments.
Alt 3 is revised based on CATT’s comments.

Proposal 9 : For Rel-17 port selection codebook, study following Alternatives:

Alt 1: If Wfis an all-one vector of length N3, it is considered as “Wf OFF”. Wf as an all-one vector
of length 1 is not needed

Alt 2: When PMI format is configured as WB, it is considered as "Wf OFF” whereas Wf is a scalar
of 1. When PMI format is configured as SB, it is considered as "Wf ON” where Wf is a length-N3
DFT vector/matrix.

Alt 3: When Wf'is turned OFF, Wf is an all-one vector of length 1, i.e. a scaler. When Wf is turned
ON, Wf is all-one vector of length N3 when Mv=1.
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based on tradeoff among UPT performance, feedback overhead and complexity

17 — Qualcomm Incorporated

Thanks for the discussion and Moderator’s hard work. Alt2 seems give a condition to keep both in the
spec, but alt 3 is lack of justification. So, we suggest to remove Alt3.

18 — Intel Corporation SAS

In our understanding Alt 2 is the correct interpretation. Seems that if WB PMI is configured then N3 = 1
and Alt 1 and Alt 2 are the same. So, we support Alt 2 or Alt 1.

19 — Qualcomm Incorporated

(Copy reply on the email offline discussion)

From UE perspective, we think Wf=1 or Wf=ones(1,N3) achieve exactly same functionality, and UE is
free to apply same implementation to both of them. So, the key issue here is that whether we want to keep
both of them in the spec, or just one. If keep both, what is the justification/addition between them. If the
trend is to provide high-level proposal for further consideration, we prefer the following:

Proposal 9 : For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1
106e:

Alt 1: Wf OFF and Wf ON w/ M=1 are same, and Wf is an all-one vector of length N3. Wf as
an all-one vector of length 1 is not needed

Alt 2: Wf OFF and Wf ON w/ M=1 are same, and Wf is an all-one vector of length 1, i.e., a
scalar. Wf as an all-one vector of length N3 is not needed.

Alt 3: Keep both Wf OFF and Wf ON w/ M=1.

[e]

If PMI format is SB, Wf is an all-one vector of length N3 (informative note: it considered
as “Wf ON w/ M=1” in the agreement made 104e, whether to be captured as “Wf ON w/
M=1" is upto the editor);

If PMI format is WB, Wf is an all-one vector of length 1, i.e., a scalar (informative note:
considered as “Wf OFF” in the agreement made 104e, whether to be captured as “Wf OFF”
is upto the editor).

Here, I remove sub-bullets for Altl and Alt2 as it introduce nothing but confusion. Whether the signalling
is via M value or Wf OFF can be FFS anyway. The sub-bullets to Alt3 are essential because they give
justification to keeping both. For WB-PMI, it can be considered as there is only one PMI, so it is equivalent
to N3=1, which bridges the two cases. But, Alt3 keeping both are indeed redundant from functionality
perspective.
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20 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] There is no further comments. We will double confirm this during the last round of NWM discus-
sion. Following proposals will be transferred to new NWM file after GTW. Thanks.

Just minor update for clearer wording based on QC latest suggestion. I temporarily remove “up to editor”
parts which can be discussed later next meeting. The basic question, for this meeting, is that how many
kinds of understanding of ON/OFF could be, even though we may disagree with each other in RAN1 105e.

Proposal 9 : For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1
106e:

Alt 1: WfOFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an
all-one vector of length 1 is not needed

Alt 2: W OFF and Wf ON with Mv=1 are same, and WT'is an all-one vector of length 1, i.e., a scalar.
Wt as an all-one vector of length N3 is not needed.

Alt 3: Keep both Wf OFF and Wf ON with Mv=1.

o

If PMI format is SB, Wf'is an all-one vector of length N3

Informative note: this case is considered as “Wf ON with Mv=1" in the agreement in RAN1
104e

If PMI format is WB, Wt is an all-one vector of length 1, i.e., a scalar

Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104¢

21 — Samsung R&D Institute UK
OK w/ QCM version.

One comment about Altl:

What is the value N3 when N_{CQLSB} = 1 or when there is no SB size configured?

Proposal 10: For the compression coefficient Beta for non-zero coefficients of W2, values of Beta are {[1/4],
[1/2], 3/4, 1}

Feedback Form 8: Proposal 10

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] the original note now is included in proposal 2-1. 1/4 and 1/2 are in brackets due to the request of
Ericsson and QC. In my understanding, it means that RAN1 is still free to simulate/study those values in
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brackets if you prefer, with relatively lower priority than others, as a compromise.

2 — ZTE Corporation

We are fine with this proposal.

3 — Qualcomm Incorporated

ok

4 — LG Electronics Inc.

We are fine with the proposal.

5 — Ericsson LM

Support with brackets

6 — MediaTek Inc.

Support

7 — Spreadtrum Communications

Support the Proposal.

8 — vivo Mobile Communication Co.

Fine with the proposal.

9 — Apple GmbH
Okay

10 — Samsung R&D Institute UK

We still prefer to remove brackets, companies can prioritize some values if they want to, no need to
discourage others

11 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Thank you very much for your comments. Let us see whether there are more input.

12 - NTT DOCOMO INC.

support

13 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there is no more comment. Following one is subject to Email approval.

@Samsung: although you may prefer to remove brackets, it seems that this is what [ can do at the most, to
keep them in the bracket. Thanks a lot.

Proposal 10: For the compression coefficient Beta for non-zero coefficients of W2, values of Beta are
{[1/4], [1/2], 3/4, 1}
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14 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Given the feedback from Samsung, who prefer to remove brackets for all values, let us continue
discussing this by NWM until tomorrow GTW session, assuming that we may need smaller values when
the UE report rank 3 or 4 PMI (I assume).

Proposal 10: At least for rank 1 and 2, for the compression coefficient Beta for non-zero coefficients of
W2, values of Beta are {[1/4], [1/2], 3/4, 1}

15 — Samsung R&D Institute UK

Following up the discussion in the reflector:

We at least would like to have 1/2 without bracket, i.e., the same priority as 3/4 and 1.

Also, would like to add a note clarifying the meaning of bracket, i.e.

o

Note: [1/4] means that 1/4 is also a candidate value for the discussion on reduction of parameter
combinations, but has a lower priority compared to other beta values

16 — Qualcomm Incorporated

Our concern is the total number of parameter combinations, 3 values are too many for implementation and

desting. Since beta=3/4 is a super-majority view, we don’think 1/2 would give a clear benefit. If majority
view is that beta=1/2 could slide in, we prefer P10 to be agreed together with P2 and P2-1, and a wording
change to the following bullet of P2-1:

Limit total number of parameter combinations comparable to Rel-16 eType 11, e.g. no more than 8

17— HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] For P10, I doubt that Ericsson is OK to remove brackets right now since with values in brackets are
sufficient as a compromise. As QC has requested, P10 will jointly discuss with P2-1 as well. Therefore for
this matter, I has written down two possible outcomes to be discussed directly in GTW.

Proposal 10: At least for rank 1 and 2, for the compression coefficient Beta for non-zero coefficients of
W2, values of Beta are {[1/4], [1/2], 3/4, 1}

Possible way forwards:

WF1: No change.

WF2: remove bracket over 1/2 and with following note:

o

Note: [1/4] means that 1/4 is also a candidate value for the discussion on reduction of parameter
combinations, but has a lower priority compared to other beta values
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Proposal 11 : Studying whether/how the bitmap for indicating non-zero coefficients for W2 can be absent for
CSI reporting

->FFS: applicable conditions of being absent, .e.g. M,=1 and Beta =1 for rank 1 or higher ranks

->FFS: additional impact for reporting mechanism when the bitmap is absent, e.g. whether reporting the
number of NZC

Feedback Form 9: Proposal 11

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Let us strive confirming the text of to be studied.

@ZTE: In my understanding, if the bitmap is absent, the number of NZC is by default to be the maximum
so that it is not reported.

2 — Motorola Mobility UK Ltd.

Support

3 — Spreadtrum Communications

When beta value =1, the functionality of bitmap can be replaced by reporting all of the coefficient ampli-
tudes. In addition, if only the none-zero coefficient phases will be reported for the sake of low overhead,
then the number of NZC maybe needed.

4 — ZTE Corporation
@Mod,

It is still confused to us. We think it should be discussed what is the basic concept in this whole logic
chain of omitting bitmap. Our view is the basic concept should be the parameters determined from RRC
configuration (e.g., K1, My, ...) just indicate the maximum number of NZ coefficients, whereas the real
number of NZ coefficients always depends on UE’s calculation of NZ coefficients, i.e., the real number
of NZ coefficients can always be smaller than the maximum number of NZ coefficients. So if nubmer of
NZC is not reported, it indicates for a certain RRC parameter combination, the number of real NZC always
equals to the maximum number of NZC, which breaks the basic concept in our view. Hence even if the
bitmap can be absent, there shouldn’t be any case causing the absence of number of NZC.

5 — Qualcomm Incorporated

Having said before, setting bitmap off shut the door of two things:

1. UE reporting of actual number of NZCs —> this is supported in Rel-15/16 CB. Without it, UE will
quantize zeros to the smallest value in the alphabet.

2. Rank-4 having similar payload as rank-2 —> this is supported in Rel-15/16.

With that, we don’t think this proposal is essentially needed without clear view of NNZC and high rank.
we can revisit it later on.

6 — LG Electronics Inc.

We have similar view with ZTE. Without the bitmap, all coefficients should always be reported even if
some of them are close to zero power. So, the benefit from the proposal is unclear to us.
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7 — vivo Mobile Communication Co.

Fine for study.

8 — Fraunhofer IIS

The actual number of reported NZCs should be up to the UE even when beta=1. Therefore, in our view a
bitmap is still required when beta=1.

9 — Apple GmbH

Okay to study. But clearly, we will agree beta=1 and beta<l, so bitmap may not may not be in the CSI
report

10 — Nokia Germany

We are ok with the study.

11 — Samsung R&D Institute UK

This proposal has some merit only for beta=1, i.e., NW allows the UE to report all of KI1Mv coefficients. In
this case, the UE may report all K1Mv or <K 1Mv coefficients. When the UE reports all K1Myv coefficients,
then the bitmap is not needed, and overhead can be saved. This overhead saving can be large. In our view,
this is related UCI design, and hence can be discussed when we discuss that.

12 — Sony Corporation

Support to study.

13 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] From FL perspective, I am trying to summarize open questions for proponents who shall address
concerns raised by this discussion next meeting. If there is no consensus with regarding to potential benefits
for being absent, by default the bitmap can not be absent in my view. The same note from P2-1 is added.

Proposal 11 : Studying whether/how the bitmap for indicating non-zero coefficients for W2 can be absent
for CSI reporting

FFS: applicable conditions of being absent, .e.g. Mv=1 and Beta =1 for rank 1 or higher ranks

FFS: additional impact for reporting mechanism when the bitmap is absent, e.g. whether reporting
the number of NZC

based on tradeoff among UPT performance, feedback overhead and complexity

14 — ZTE Corporation

We agree with Samsung about the following point.

’the UE may report all KIMv or <K1Myv coefficients. When the UE reports all K1Mv coefficients, then
the bitmap is not needed, and overhead can be saved.”
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Hence gNB needs to know whether bitmap is omitted based on the real number of coefficients. If the
real number of coefficients equals to the maximum number of coefficients, there may be some benefit to
omit the bitmap. In any case, there would require the report of NNZC to let gNB know whether bitmap
is absent or not. Otherwise, there seems to be too restrictive if bitmap is always absent for a certain RRC
configuration.

So we think the second FFS point should be removed. NNZC shouldn’t be absent even if bitmap is absent
to reduce overhead.

15 - HUAWEI TECHNOLOGIES Co. Ltd.
[Mod]

@ZTE: understand. However, i don’t know whether RAN1 has common understanding whether number
of NZC shall be always reported so that it is up to UE to determine whether bitmap shall be absent or not, or
whether it is always configurable by gNB. We can discuss further so ”e.g.” is removed, to be more neutral.
It sounds like an interesting point.

Proposal 11 : Studying whether/how the bitmap for indicating non-zero coefficients for W2 can be absent
for CSI reporting

FFS: applicable conditions of being absent, .e.g. Mv=1 and Beta =1 for rank 1 or higher ranks

FFS: additional impact for reporting mechanism when/how the bitmap is absent;-e-g—whetherreport-
ng-the-numberof NZC

based on tradeoff among UPT performance, feedback overhead and complexity

16 — ZTE Corporation

We thank the FL for the update. Removing the example is okay to us. Further, we would like to add a note
to clarify the general principle of UE dertermining the real number of NZ coefficients (as we have since
Rel-15 and Rel-16) is unchanged. The update looks like following.

Proposal 11 : Studying whether/how the bitmap for indicating non-zero coefficients for W2 can be absent
for CSI reporting

FFS: applicable conditions of being absent, .e.g. Mv=1 and Beta =1 for rank 1 or higher ranks

FFS: additional impact for reporting mechanism when/how the bitmap is absent;-e-g—whetherreport-
ing-the numberof NZC

Note: The principle of UE determining the real number of NZC (same as Rel-15 and Rel-16) is un-
changed in Rel-17

based on tradeoff among UPT performance, feedback overhead and complexity
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17 — Qualcomm Incorporated

We support ZTE’s change or nothing. We fail to see the rationale why this issue is discussed extensively
without discussing NNZC reporting. Question to proponents of bitmap absent: If the actual number of
non-zero coefficient is smaller than the configured K0, what do you expect UE to report? Quantize zero to
the lowest amplitude? Does it impact the performance? Please note that NNZC reporting is supported in
both Rel-15 and Rel-16, if it is questionable in Rel-17, at least we should study it. Without the clarification
of NNZC reporting, we don’t see the need to discuss bitmap absent.

18 — Nokia Germany
Still support this proposal with ZTE edits

Proposal 13: Study following alternatives for reporting the strongest coefficient indication (SCI) for Rel-17
port selection codebook in W2

->Alt 0: Reporting of the position, [il*, f1*], of the strongest coefficient of layer 1 using ceil(log2(KO0)) bits,
where KO=Beta*K1*Myv

->Alt 1: Reporting of the position, [il*, {I*], of the strongest coefficient of layer 1, for-Mv=>1, using
ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits

->->FFS whether shifting the strongest coefficient to f1* = 0 is needed

->Alt 2: Shifting the strongest coefficient to f1* = 0, and using ceil(log2(N)) bits to indicate the phase shift
quantity for I-th layer. The strongest coefficient is indicated by il* =8, using ceil (log2 (K1,1)) for I-th layer.

->Alt 3: SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization indicator
(1 bit) in Rel-17 PS codebook.

Feedback Form 10: Proposal 13

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required. Above is my updates based on comments from Nokia and FH:

2 — Motorola Mobility UK Ltd.

Support proposal for study

3 — Qualcomm Incorporated

In alt2, we are still unclear why UE needs to indicate the phase fhit quantity.

4 — ZTE Corporation
OK to further study this.

5 — vivo Mobile Communication Co.

Fine for further study.

33






6 — Fraunhofer IIS

In our understanding, the bitmap is needed in ALT-0 to know the position of the strongest coefficient. This

means the bitmap needs to be placed in the same CSI group as the SCI for UCI omission. Alternatively,
if the ceil(log2(K1Mv)) bit indicator is used, a bitmap is not needed to know the position of the strongest
coefficient, similar to R16. So, in our view for ALT-0 a new design for UCI omission is needed.

7 — Apple GmbH

Okay to study. Alt2 is the preference which we believe is the same as Rel-16

8 — Samsung R&D Institute UK

Fraunhofer: AltO has lower overhead right? and unlike R16, bitmap size is much smaller in R17. So, it
can be placed together with SCI. But, this is related to UCI discussion, which we will do later.

9 — Samsung R&D Institute UK

BTW, I don’t agree that bitmap has to be in GO together with SCI. It can be G1 or partitioned into (G1,G2)
like in R16

10 — Nokia Germany

Support for study.
On Alt 2 we suggest to use “phase-shift” for clarity as it refers to the shift of an index fI*

On Alt 3. Could the proponents clarify how this design works after the agreement on quantisation? One
possibility would be to report the strongest coefficient in amplitude and phase as part of the NZC, so the SCI
is not needed and a bit is needed to identify the polarisation corresponding to second reference amplitude.
But we agreed that the amplitude of the strongest coefficient is not reported.

On Alt 0, we agree with Fraunhofer on the need to revisit the omission rules because the strongest coefficient
cannot be shifted to the first column of W2 as in Alt 1 and 2. This is because the value of fI* can only be
obtain from ceil(log2(KO0)) by using the bitmap.

11 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Thank you very much for your comments. Let us see whether there are more input.

From FL perspective, it can be more beneficial to elaborate each Alt by proponents, e.g. to address QC’s
question or explain further by Fraunhofer. This is a objective of study so if we can discuss more technically,
proponents may get more supports thereafter.

12 — Samsung R&D Institute UK

Same via as QCM, why the shift is needed, and why the UE need to report it. Unlike R16, we have a much
small W2 matrix with only 1 or 2 columns for example. Then, why making the spec and UE operations
complicated without any benefits, by introducing the shift operations.

Nokia: we don’t need any shifting operation in Alt0. We can have a much cleaner UCI design without
complicated shifting and permutation operations. We don’t even need to paritition the bitmap
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13 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Just minor update according to Nokia’s suggestion and some comments. Further suggestions to
improve clarification are highly welcome.

Proposal 13: Study following alternatives for reporting the strongest coefficient indication (SCI) for Rel-
17 port selection codebook in W2

Alt 0: Reporting of the position, [il*, fI*], of the strongest coefficient of layer 1 using ceil(log2(K0))
bits, where KO=Beta*K[*Mv

o

FFS further impact UCI design

Alt 1: Reporting of the position, [il*, fI*], of the strongest coefficient of layer |, using ceil(log2(K1*Mv)
or ceil(log2(K1))+ceil(log2(Mv)) bits

o

FFS whether phase shifting the strongest coefficient to f1* = 0 is needed

Alt 2: phase shifting the strongest coefficient to fI* = 0, and using ceil(log2(N)) bits to indicate the
phase shift quantity for I-th layer. The strongest coefficient is indicated by il* , using ceil (log2 (K1,1))
for I-th layer.

Alt 3: SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization
indicator (1 bit)

14 — Samsung R&D Institute UK

Mod: we don’t need FFS on UCI design. If we want keep it, then it applied to all Alts

15 — Nokia Germany

Re Samsung: if we support only Mv=2 in Rell7 and reuse Rell6 UCI mapping, there is no permutation
of the columns of W2 because (f)=f for f=0,1. So we don’t see a need to change or simplify Rel16 UCI
mapping.

However, with Alt 0 there are two issues:

1) the SCI is not enough to locate the strongest coefficient because the bitmap is needed. So if the SCI is
in group 0 but the bitmap is in group 1 and 2, if group 1 and/or 2 are omitted, the gNB cannot locate the
strongest port and FD component.

This problem is there in Rell6 too, but only for rank 1, so it was considered a corner case because it’s
unlikely that omission occurs for reported rank 1. However, Alt 0 extends that designs to any supported
rank, so with Alt 0 bitmap and SCI should be in the same priority group.

1) the FD component of the strongest coefficient in Rell6 is always 0 and is statistically the most significant,
so it’s encoded first in the UCI. With Alt 0, we abandon this design and let this component be mapped first
or last in the UCI, so there is higher chance that it is omitted.
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16 — Nokia Germany

Re QC: in our understanding Alt 2 is equivalent to Alt 1 for N=Myv, but is slightly different for N>Mv.

For N>Myv, when Wf needs reporting, Alt 2 reuses both cyclic shifts of Rell6, the shift on Wf (modulo
N3) and that on W2 (modulo Mv), so Wf is reported with respect to the FD component of the strongest
coefficient as in Rel16 and the SCI just indicates the port index. However, because the components of Wf
may end up outside the window of size N after the shift modulo N3, this shift has to be reported for each
layer.

Conversely, in Alt 1, only the shift on W2 is applied (modulo Mv), but the shift on W{'is not, but this means
that the components of Wf are reported with respect to the first component rather than the component of
the strongest coefficient.

17— HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] OK to remove UCI part.

Proposal 13: Study following alternatives for reporting the strongest coefficient indication (SCI) for Rel-
17 port selection codebook in W2

Alt 0: Reporting of the position, [il*, fI*], of the strongest coefficient of layer 1 using ceil(log2(K0))
bits, where KO=Beta*K[*Mv

Alt 1: Reporting of the position, [il*, fI*], of the strongest coefficient of layer 1, using ceil(log2(K1*Mv)
or ceil(log2(K1))+ceil(log2(Mv)) bits

[e]

FFS whether phase shifting the strongest coefficient to f1* = 0 is needed

Alt 2: phase shifting the strongest coefficient to fl = 0, and using ceil(log2(N)) bits to indicate the
phase shift quantity for [-th layer. The strongest coefficient is indicated by il , using ceil (log2 (K1,1))
for 1-th layer.

Alt 3: SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization
indicator (1 bit)

18 — Samsung R&D Institute UK

Nokia: my response to the two issues are as follows.

You agree that if SCI and bitmap are together in GO, so there is no issue.

o

Now, even if SCI and bitmap are not in the same group, there won’t be any significant perfor-
mance impact due to (a) the chance of UCI omission is small and (b) gNB can still estimate the
location of the strongest coefficient
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No, I disagree. If SCI and bitmap are GO, then we can still encode according to the stronger FD
component in G1 and G2.

19 — Nokia Germany

@ Samsung: some more comments on two issues for Alt 0

moving the bitmap to group 0 requires changing the omission rules of Rel16, as pointed out by Fraun-
hofer earlier. Besides, group 0 was designed to contain just W1 and SCI, which is enough for a basic
PMI, so adding a bitmap just for the sake of locating the SCI is unnecessary because with Alt 2 or 3
you can locate the SCI without need of the bitmap.

can you please elaborate on how to encode the stronger FD component first with Alt 0? It sounds the
same as moving the stronger column of W2 to the first column, which is exactly the purpose of the
shift in Alt 2

20 — Nokia Germany

@FL: I'm not sure the term phase shift is clear in the context of Altl. Can I suggest to call it just shift
and/or add a note to Alt 1?

note that this shift consists in a circular shift of the columns of W2, e.g., for Mv=2, the two
columns are swapped if f1*=1.

21 — Qualcomm Incorporated

Re Nokia, in Altl, why W2 is shifted. In my understanding, the position of the strongest coefficient is
whatever it is, because both the port index and FD basis index are reported.

To Moderator, we suggest to remove the FFS under Altl, it is uncelar why the shift is needed given the
information expressed in Altl.

22 — Samsung R&D Institute UK

Reply to Nokia:

reply to 1st bullet:

[e]

we will discuss UCI omission for R17, right? what is the point of mentioning “’changing the
omission rules of Rell16”, are we discussing R16 maintenance here :)?

coming to the technical point, in R17, the bitmap size is going to be much smaller than R16 (since
we will only have 1 or 2 columns), so, the bitmap can be placed in GO.
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one advantage with placing bitmap in GO is that we can provide a higher resolution CSI in case
of omission of G1 or (G1,G2).

finally, adding bitmap in GO is not for the sake of locating the SCI, it provides additional infor-
mation about the NZ coefs, which NW can still use (based on NW implementation).

reply to 2nd bullet

[e]

moving/shifting is just one example, there are other ways of encoding

BTW, we agree with QCM, why do need to specify the shift operation if the both SD and FD
indices of the strongest coef are reported? This seems unnecessary.

23 — Nokia Germany

@ replies to Samsung:

replies to 1st bullet:

o

we think with Alt 1 or Alt 2 there is no need to re-discuss omissions for Rell7, Rell16 procedure
can be reused

the bitmap size in Rell7 is comparable to that of Rel16 in the worst case, because for K1=32, it’s
32 bits per layer for Mv=1. In Rell6 PS, for L=4, Mv=9, it’s 36 bits per layer.

as discussed in Rel16 there is no advantage in having the bitmap in GO because if G2 is omitted,
it makes no difference. If (G1,G2) are omitted, no NZC is reported so the bitmap is not needed

we had this discussion in Rell6 and concluded that GO is for W1 and SCI, G1 and G2 are for
W2. We don’t think reopening this discussion in Rell7 is needed

replies to 2nd bullet:

o

I don’t think you addressed my question. You said: ”If SCI and bitmap are GO, then we can still
encode according to the stronger FD component in G1 and G2”. Can you please elaborate on
how to encode the stronger FD component first with Alt 0?

38






24 — Nokia Germany
@ QC: in both Alt 1 and Alt 2 the columns of W2 are swapped if f1*=1 to ensure that the FD component
of the strongest coefficient is always 0, following Rell6 design.

This ensures that the FD component of the strongest coefficient, which is statistically the most significant,
is encoded first in the UCI. Without this shift, e.g. in Alt 0, we abandon this design and let this component
be mapped first or last in the UCI, so there is higher chance that it is omitted.

25 — Nokia Germany

On Alt 3, as commented before, it is not clear what scheme we should study. Could the proponents clarify
how this design works after the agreement on quantisation? Otherwise, we suggest removing Alt 3.

One possibility would be to report the strongest coefficient in amplitude and phase as part of the NZC, so
the SCI is not needed and a bit is used instead to identify the polarisation corresponding to second reference
amplitude. But we already agreed that the amplitude of the strongest coefficient is not reported.

26 — Qualcomm Incorporated

@ Nokia, Altl, as it stands, says reporting the position [il*, fI*], not i1*, right? and the fI* is reported via
log2(Mv) or jointly with log2(K1Mv). I fail to see how ” W2 are swapped if fl=1 to ensure that the FD
component of the strongest coefficient is always 0 is interpreted from Altl. I understand your preference
is to keep Rel-16 design, but the SCI design and UCI omission are still open.

27 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems to me that the decision of different Alternatives may have more or less impact of UCI
omission discussion, which can be open for now. But companies do have different preference in mind
when reusing or not-reusing something from Rel-16.

Given that this is study, please allow different preferences at the moment and be gentle to FFS/note etc. Of
cause, it is encouraged to check technical details of each Alternative. Therefore all comments are welcome.

We will double confirm this during the last round of NWM discussion. Following proposal will be trans-
ferred to new NWM file after GTW. Thanks.

Proposal 13: Study following alternatives for reporting the strongest coefficient indication (SCI) for Rel-
17 port selection codebook in W2

Alt 0: Reporting of the position, [il*, fI*], of the strongest coefficient of layer 1 using ceil(log2(KO0))
bits, where KO=Beta*KI*Mv

Alt 1: Reporting of the position, [il*, fI*], of the strongest coefficient of layer 1, using ceil(log2(K1*Mv)
or ceil(log2(K1))+ceil(log2(Mv)) bits

o

FFS whether phase shifting the strongest coefficient to f1* = 0 is needed

Alt 2: phase shifting the strongest coefficient to fl = 0, and using ceil(log2(N)) bits to indicate the
phase shift quantity for [-th layer. The strongest coefficient is indicated by il , using ceil (log2 (K1,1))
for 1-th layer.
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Alt 3: SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization
indicator (1 bit)

Considering further impact of UCI design for above Alternatives

28 — Samsung R&D Institute UK

Nokia: thanks for the comments. Let us not digress from the proposal. This proposal is about SCI, not
UCI omission. As QCM mentioned, UCI omission is open issue for R17. Please find my reply below.

replies to 1st bullet:

[e]

we think with Alt 1 or Alt 2 there is no need to re-discuss omissions for Rell17, Rel16 procedure
can be reused

SS

: we don’t have to reuse R16, but this is valid proposal.

the bitmap size in Rell7 is comparable to that of Rell16 in the worst case, because for K1=32, it’s
32 bits per layer for Mv=1. In Rel16 PS, for L=4, Mv=9, it’s 36 bits per layer.

SS

: Yes, in the ”worst case”, which corresponds to small bitmap size. In general, the bitmap
size is large in R16, which is why bitmap partitioning and placing them G1 and G2 makes
more sense. This is not the case in R17.

as discussed in Rel16 there is no advantage in having the bitmap in GO because if G2 is omitted,
it makes no difference. If (G1,G2) are omitted, no NZC is reported so the bitmap is not needed

SS

: I disagree, bitmap conveys some information about the NZC even when G1 and G2 are
omitted.

we had this discussion in Rell6 and concluded that GO is for W1 and SCI, G1 and G2 are for
W2. We don’t think reopening this discussion in Rell7 is needed

SS

: Again, the UCI omission for R17 is open, we have R16 based design (which is your pref-
erence), but the R16 UCI omission is an over-design for R17 in our view, which can be
simplified a lot, e.g. no need for shifting, no need for permutation, no need for bitmap par-
tition, etc. Also, UCI omission is a rare event, more so in R17, so, there is no need for
specifying a complicated scheme for a rare event”.

replies to 2nd bullet:
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I don’t think you addressed my question. You said: "’If SCI and bitmap are GO, then we can still
encode according to the stronger FD component in G1 and G2”. Can you please elaborate on
how to encode the stronger FD component first with Alt 0?

SS

: We will when we will discuss UCI, this is no relevant for this proposal

29 — Samsung R&D Institute UK

Nokia: re Alt3, please note that there is a note in the agreement we made on quantization scheme. Please
read that note.

Conclusion 2: For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, there is no
consensus of further enhancement for CSI-RS configurations associated with Rel-17 PS codebook.

->0K to make a conclusion as it is: QC, vivo, OPPO, MTK, DOCOMO, LG, Spreadtrum, Lenovo/Mot,
Fraunhofer IIS/Fraunhofer HHI

->QOption 3: ZTE, Ericsson, CATT, Nokia/NSB, Samsung, Intel
->Option 1: Nokia/NSB, Intel

Feedback Form 11: Conclusion 2

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Not sure how much we can do by NWM, given that there is any change of companies’ position.

2 — Motorola Mobility UK Ltd.

Support conclusion

3 — Qualcomm Incorporated

Support conclusion

4 — Spreadtrum Communications

Support conclusion

5 — MediaTek Inc.

Support Conclusion

6 — vivo Mobile Communication Co.

Support the conclusion

7 — Fraunhofer IIS

Supporting for the second time :-)
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8 — Apple GmbH

Support no further enhancement

9 — HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Thank you very much for your comments. Let us see whether there are more input.

10 - NTT DOCOMO INC.

Support conclusion

11 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there is no more comment. Following one is subject to Email approval.

Conclusion 2: For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, there is
no consensus of further enhancement for CSI-RS configurations associated with Rel-17 PS codebook.

3 Conclusions
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RAN1

1 Instruction

In RAN1 105e, companies have shared their consideration/preference for further detailed design for both FDD
CSI and Multi-TRP CSI.

For FDD CSI, we may strive to finalize ALL codebook details for Rank 1 as much as possible, by concluding
those remaining issues agreed within RAN1 104bis-e. The majority of proposals, therefore, is the leftover of
previous meeting and continuous discussion.

Prioritize decisions, if they can help reducing RAN1 simulation efforts during summer, e.g. to study higher
rank codebook design.

For MTRP CSI, we may strive to finalize some decisions with alternatives/FFS, which were agreed within
RANI1 104e-bis or earlier. The majority of proposals, therefore, is the leftover and continuous discussion.

Prioritize decisions, if they may have more RAN2 impact, e.g. to assist Multi-TRP CSI related RAN2
discussion.

2 Proposals for Rel-17 PS CB Enhancements

Proposal 1: For Rel-17 port selection codebook, the maximal value of CSI-RS port number P as P,y is 32.

Yes (14): vivo, OPPO, ZTE, MTK, DOCOMO, LG, Nokia/NSB, Lenovo/Mot, [Samsung] (Suggest to discuss
after conclusion 2), Intel, Fraunhofer 1IS/Fraunhofer HHI

No (2): Ericsson (No 32 ports), CATT (48 ports)

Feedback Form 1: Proposal 1

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @Ericsson, could we leave potential restrictions of CB parameter combinations (including Mv),
e.g. by Proposal 2? Assuming that for the camp preferring Mv=1, they may prefer to have opportunities
using 32 CSI-RS ports. @CATT: could you please accept the majority view?

2 — Apple GmbH

Okay with FL proposal

3 - ZTE Corporation

OK with the proposal.

4 - NTT DOCOMO INC.

Support the proposal






5 — Motorola Mobility UK Ltd.

Support

6 — MediaTek Inc.

Support

7 — Spreadtrum Communications

Similar with Proposal 2 and 3, we suggest to add a note:

Note that further reduction of the maximal value of CSI-RS port number for each possible parameter com-
bination among codebook parameters of Rel-17 port selection codebook, e.g. {KI, Mv, Beta}, will be
discussed jointly

8 — CATT

For sake of progress we can accept the proposal.

9 — Intel Corporation SAS

Support

10 — vivo Mobile Communication Co.

Support

11 — Sony Corporation

We can support this proposal.

12 — Ericsson LM

Support as long as 16 is possible to configure from gNB side since 32 doesn’t provide benefit. (the pain is
on the UE side that must be prepare implementation to be configured with 32 ports)

13 — Qualcomm Incorporated

Support

14 — Fraunhofer IIS

Support.

15 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Thanks for the feedback and support. I just use the same note for a few proposals.

Proposal 1: For Rel-17 port selection codebook, the maximal value of CSI-RS port number P as Pmax is
32.

Note: further reduction of the maximal value of CSI-RS port number for each possible parameter
combination among codebook parameters of Rel-17 port selection codebook, e.g. {KI, Mv, Beta},
will be discussed jointly






Note that total number of parameter combinations (including # of CSI-RS ports) shall not exceed 8

16 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Minor update to minic Rel-16 design to avoid confusing.

Proposal 1: For Rel-17 port selection codebook, the maximal value of CSI-RS port number P as Pmax is
32.

Note: further reduction of the maximal value of CSI-RS port number for each possible parameter
combination among codebook parameters of Rel-17 port selection codebook, e.g. {KI, Mv, Beta},
will be discussed jointly

Note that total number of parameter combinations (for all # of CSI-RS ports) shall not exceed 8

Proposal 2: At least for rank 1, values of K for port selection matrix W in NYP*K ) are {2, 4, 8, 12, 16, 24,
32

->Note that further reduction for possible parameter combinations among codebook parameters of Rel-17
port selection codebook, e.g. {K;, M,, Beta}, will be discussed jointly once candidate values are determined.

->Note that total number of parameter combinations per # of CSI-RS ports shall not exceed [8]

Yes (12): vivo, ZTE, QC (Need further restrictions), Ericsson (2 K; values per port), MTK (small values of K;
not considered), Nokia/NSB, Lenovo/Mot, Samsung, Fraunhofer IIS/Fraunhofer HHI

No (1): CATT

Feedback Form 2: Proposal 2

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Some updates based on companies’ comments. Can we go to the majority?

It seems that companies wish to have more specific # of parameter combinations. @CATT I think that P11
can address the design when non-zero coefficients indication is absent. The proposal is to reduce possible
combinations or values, as much as possible, configured by gNB. For reporting a value less than KO by
UE, it is subject to different discussion.

2 — Samsung R&D Institute UK

The text ”per # of CSI-RS ports” in the note can be confusing. Are we going to have up to 8 combinations
for each #CSI-RS ports, or just one set of 8 combinations (like in R16) for all #CSI-RS ports?

3 — Apple GmbH

In principle, okay






4 — Guangdong OPPO Mobile Telecom.

support

5 —ZTE Corporation

We are okay.

6 — Motorola Mobility UK Ltd.

Support. Down selection expected with parameter combination decision

7 — Spreadtrum Communications

Our understanding on the 2nd note is that the total number of parameter combinations for all # of CSI-RS
ports shall not exceed [8]. Therefore we suggest the following modification,

->Note that total number of parameter combinations (including # of CSI-RS ports) shall not exceed [8]

8 — CATT

For sake of progress we can accept the proposal wihtout the notes. Anyway, codebook parameter combi-
nation will be discussed once we finish the design. The notes do not provide any information or guidance.

9 — Intel Corporation SAS

Support. Downselection of parameter combination can be considered further

10 — vivo Mobile Communication Co.

Support. Parameter combinations can be FFS.

11 — Sony Corporation

We are okay with this proposal.

12 — Ericsson LM

Support since gNB is in control of K1 configuration and the pain is not on network side. We prefer to limit
to two K1 values per P to simplify UE implementation.

13 — Qualcomm Incorporated

Agree with Ericsson and Spreadtrum assessment. The note should be for all # CSI-RS ports, or limit to
upto two K1 values per P.

14 — Fraunhofer IIS

Support and agree with revision of the note as proposed by Spreadtrum.






15 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @SS: my general though is that companies may wish to limit a certain parameter combinations for
given # of ports. So RAN1 may have slightly different choices later. But it may subject to later design and
at the moment we may assume that total is 8, probably only 1/2/3/4 per ports later.

@CATT: I am afraid that some companies may wish to have a note to ensure that we don’t support all
possible combinations in order to limit configurability at certain point.

Proposal 2: At least for rank 1, values of K1 for port selection matrix W1 in NN(P*K1) are {2, 4, 8, 12, 16,
24, 32).

Note that further reduction for possible parameter combinations among codebook parameters of Rel-
17 port selection codebook, e.g. {KI1, Mv, Beta}, will be discussed jointly once candidate values are
determined.

Note that total number of parameter combinations (including # of CSI-RS ports) shall not exceed 8

16 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Minor update to minic Rel-16 design to avoid confusing.

Proposal 2: At least for rank 1, values of K1 for port selection matrix W1 in NYP*K1) are {2, 4, 8, 12, 16,
24, 32).

Note that further reduction for possible parameter combinations among codebook parameters of Rel-
17 port selection codebook, e.g. {KI, Mv, Beta}, will be discussed jointly once candidate values are
determined.

Note that total number of parameter combinations (for all # of CSI-RS ports) shall not exceed 8

Conclusion 1: At least for rank 1, no further restriction or condition is applied for polarization-common
based free-selection and combinatorial coefficient based port selection for W .

Yes: vivo, ZTE, Ericsson, MTK, CATT, LG, Nokia/NSB, Lenovo/Mot, Samsung, Intel, Fraunhofer
11S/Fraunhofer HHI

No:

Feedback Form 3: Conclusion 1

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that we are on the same page.

2 — Apple GmbH
Okay






3 — Guangdong OPPO Mobile Telecom.

support

4 — ZTE Corporation

Support

5—-NTT DOCOMO INC.

Support

6 — Motorola Mobility UK Ltd.

Support

7 — Spreadtrum Communications

Support

8 — CATT

Support

9 — Intel Corporation SAS

Support

10 — vivo Mobile Communication Co.

Support

11 — Sony Corporation

Support.

12 — Ericsson LM

Support

13 — Fraunhofer IIS

Support.

14 - HUAWEI TECHNOLOGIES Co. Ltd.
[Mod] Thanks for all supports and feedback

Proposal 3: For Wyin CN(N3*M,), M,, =2 is supported for R17 PS codebook

->Note that further reduction for possible parameter combinations among codebook parameters of Rel-17
port selection codebook, e.g. {KI, Mv, Beta}, will be discussed jointly once candidate values are determined.

->Note that the total number of parameter combinations per # of CSI-RS ports shall not exceed [8]





Yes (12): OPPO, Ericsson, MTK, DOCOMO, CATT, Nokia/NSB, Lenovo/Mot. Intel, Fraunhofer
1IS/Fraunhofer HHI

No (3): vivo (Mv=4), ZTE (up to 24 ports), Samsung (up to 12 ports)

Feedback Form 4: Proposal 3

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @ ZTE @Samsung: Could we address reduction of parameter combinations including Mv, as
Proposal 2, in relationship to # of CSI-RS ports later? @Vivo: could you please accept the majority view
since there is no other company preferring Mv=4?

2 — Samsung R&D Institute UK

Mod: thanks, but the reduction in para combinations is not linked with this issue. Based on simulation
results from two meetings now, we are not seeing any gain with supporting large #ports. As a compromise,
we can accept up to 16 ports (as proposed by E///).

3 — Apple GmbH
Okay

4 - NTT DOCOMO INC.

Support

5 — ZTE Corporation

We think it is hard to discuss all the possible parameter combinations if the total candidates are too many
later. For some parameter combinations, if there is sufficient results showing no gain, we can exclude them
in the current stage to facilitate further progress and parameter combination discussion. In this case, it is
obvious there is no gain for large number of ports, for which there is no need to support Mv=2. For the
threshold, we are open to consider either 16 or 24.

6 — Motorola Mobility UK Ltd.

Support

7 — MediaTek Inc.

To support one value of Mv other than Mv = 1, we are fine with the proposal. However, we agree with
Samsung that the performance gain for large number of ports with Mv = 2 is not justified for the UE
complexity and feedback overhead associated with it. It is for this reason that Mv > 1 was agreed as
UE optional feature in the last meeting. Given that Mv > 1 is a UE optional feature, we prefer to have
UE capability signaling in terms of number of CSI-RS ports supported for Mv = 2. This will be a good
compromise in our view, if acceptable by companies.

8 — Spreadtrum Communications

Same as for Proposal 2, we suggest the following modification,

->Note that total number of parameter combinations (including # of CSI-RS ports) shall not exceed [8]






9 — CATT

Ok with the proposal but not the notes. The notes are not necessary.

10 — Intel Corporation SAS

We support this proposal. Given that separate UE capability is supported for M > 1 and for M = 2 PMI
search complexity is still lower comparing to the Rel. 16 codebook we don’t see an issue to support M = 2.

11 — Nokia Germany

We support this proposal.

In the results reported in out paper (Fig.1 to 6) we have observed gain for Mv=2 also for P=32. One
important use case is for gNB implementations with lower delay resolution, due for example to limited
SRS bandwidth. The gain in this case is very significant, across the range of parameter combinations of
K1 and , when the SRS bandwidth is half that of CSI-RS. We also observed gain for large SRS bandwidth
(same as CSI-RS) due to increased robustness against non-ideal reciprocity of delays, for some parameter
combinations. This gain also increases for rank>1. So we don’t think we should restrict the number of
ports for Mv=2.

UE complexity, as noted before, is not a valid argument either to restrict P in our view, at least at this stage,
because: 1) we already agreed on the optionality anyways; and 2) we haven’t yet decided if port selection
is layer common or specific for rank >1. If port selection is layer common, the SVD complexity depends
on K1*Mv rather then P, whereas for layer-specific port selection SVD complexity depends on P*Mv

12 — vivo Mobile Communication Co.

We also think the number of My is related to the number of ports. Our concern is when smaller number of
ports e.g., P=4. As Mv can be 4 with 4 SD bases in R16, we still think Mv can be 4 when the number of
ports is small, e.g., P=4.

We suggest to restrict the Mv=2 when P>X, and Mv=4 when P<=X. X can be 4, or [8].

13 — Sony Corporation

Support.

14 — Ericsson LM

Support. Also, we dont need more than 2 for the Mv value

15 — Fraunhofer IIS

Support.

16 —- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required in Round 2. So here are my updates for next Round.

Proposal 3: For Wfin CNN3*Mv), Mv =2 is supported for R17 PS codebook

Note that further reduction for possible parameter combinations among codebook parameters of Rel-
17 port selection codebook, e.g. {KI, Mv, Beta}, will be discussed jointly once candidate values are
determined.






Note that total number of parameter combinations (for all # of CSI-RS ports) shall not exceed 8

FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be
applied to Mv=2

FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8

Yes (14): OPPO, Ericsson, MTK, DOCOMO, CATT, Nokia/NSB, Lenovo/Mot. Intel, Fraunhofer I1S/Fraun-
hofer HHI, Apple, Sony

No (3): vivo (Mv=4), ZTE (up to 24 ports), Samsung (up to 16 ports)

Proposal 4: At least for rank 1, FD bases used for Wf quantization are limited within a single window with
size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT
matrix, i.e. Alt 1.

->FFS: whether further dependence/restriction, e.g. conditioned on N3 or the number of CSI-RS ports, can be
applied to above design. If does, how to support a non-consecutive FD bases used for Wf quantization

Yes (14): OPPO, ZTE, Ericsson, DOCOMO, CATT, Spreadtrum, Nokia/NSB, Lenovo/Mot, [Samsung]
(Larger value of N3), Intel, Fraunhofer IIS/Fraunhofer HHI

No (3): vivo, MTK, LG (Alt 2). [Samsung](Smaller value of N3)

Feedback Form 5: Proposal 4

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Given the majority, as FL, I would suggest to have a certain study/FFS for now as a compromise,
for example vivo simulations seems to focus on small CSI-RS ports and the channel is rich enough so
that non-consecutive set configured by gNB may be more beneficial or depend on N3 as commented by
Samsung.

2 — Samsung R&D Institute UK

Could we clarify the FFS? Does it mean we are agreeing to the proposal for N3>t or #CSI-RS ports>p,
where t and p are FFS?

3 — Apple GmbH
Okay

4 — ZTE Corporation

Support the current FL proposal.

5 — Motorola Mobility UK Ltd.

Support






6 — Spreadtrum Communications

Support. For Samsung’s suggestion on ’free selection when N3 <=t’, we are not clear how delay reciprocity
is used here.

7 - CATT

Support the proposal.

8 — Intel Corporation SAS

Support

9 — MediaTek Inc.

For the sake of progress, we are OK to compromise for further study about dependence on N3 and number
of CSI-RS ports

10 — vivo Mobile Communication Co.

We are OK with the FFS.

11 — Nokia Germany

We support the proposal and are ok with the FFS as a compromise.

However, our preference is for a single design, for all values of N3. The complication of supporting two
different solutions in our view is not justified. Besides, the window size in Rel-17 is much smaller than in
Rel-16 where it was only used for N3>19 to reduce the overhead of reporting Wf, and it serves a different
purpose, i.e., robustness against non ideal reciprocity of delays. So we don’t see why its use in Rel17 should
be restricted for large values of N3.

12 — Sony Corporation

We support the FL's proposal. We are also okay to study further dependence/restriction conditioned on
N3 or the number of CSI-RS ports. For example, the support non-consecutive FD bases used for Wf
quantization for small values of N3.

13 — Ericsson LM

Support.

14 — Fraunhofer IIS

We prefer a simple and unified solution for all N3 values and suggest to remove the FFS.

15 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @Samsung Yes. That is my understanding. We can study conditions like specific thresholds related
to N3 or # of ports.

From FL perspective, I do understand the preference of simple design without too many conditions or
dependence. FFS, as a compromise, is to allow other companies to provide additional justifications, at the
meantime that we can make a certain progress in RAN1.
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Proposal 4: At least for rank 1, FD bases used for Wf quantization are limited within a single window
with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal
DFT matrix, i.e. Alt 1.

FFS: whether further dependence/restriction, e.g. conditioned on N3 or the number of CSI-RS ports,
can be applied to above design. If does, how to support a non-consecutive FD bases used for Wt
quantization

Proposal 5: At least for rank 1, with regarding to M_init for the single window with size N
->Alt 1: M _init can be configured by RRC signalling

->Alt 2: M _init is fixed to be 0

Altl (3): vivo, ZTE, CATT

Alt2 (12): QC, OPPO, Ericsson, MTK, LG, Spreadtrum, Nokia/NSB, Samsung, Intel, Fraunhofer
IIS/Fraunhofer

Feedback Form 6: Proposal 5

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required, with regarding to motivations of being configurable or fixed. From
FL perspective, I would suggest to go with the majority. At least, please proponents for Alt 1 may elaborate
more benefits if it is configurable.

2 — Apple GmbH

Alt2 is fine for us. For Altl, need to understand the motivation

3 — Guangdong OPPO Mobile Telecom.

support Alt 2.

Also, we think this proposal is not needed. In our view, Minit=0 is UCI design relate to FD indicator/SCI
(if needed)

4 — Intel Corporation SAS

Depending on the PMI search implementation Alt 1 and Alt 2 can have similar performance. So, we
support Alt 2 since it doesn’t require additional configuration.

5 — vivo Mobile Communication Co.

We can go with the majority for progress.

6 — Ericsson LM
Support Alt.2

11






7 — Qualcomm Incorporated

Support Alt2.

8 — Fraunhofer IIS
Support Alt2.

9 — HUAWEI TECHNOLOGIES Co. Ltd.
[Mod] More discussion is required in Round 2. No further update for the proposal based on the latest

comments.

Altl (2): ZTE, CATT

Alt2 (14): QC, OPPO, Ericsson, MTK, LG, Spreadtrum, Nokia/NSB, Samsung, Intel, Fraunhofer IIS/Fraun-
hofer, Apple, vivo

10 — HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Vivo: Thank you very much for your compromise

Proposal 6: At least for rank 1, for relationship between N and M, down-select one Alternative from
following

->Alt 1: N= M, always, no UE reporting of Wy

->Alt2: N>= M, Wyis reported by UE,

->->FFS whether Wy is layer-common or layer-specific for higher rank
Alt 1 (5): QC, MTK, LG, Spreadtrum, Samsung

Alt 2 (12): vivo, ZTE, Ericsson, DOCOMO, CATT, Nokia/NSB, Lenovo/Mot (Alt 2 for Mv > 1), Intel,
Fraunhofer 1IS/Fraunhofer HHI

Feedback Form 7: Proposal 6

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Some updated wording based on QC suggestions for Alt2. More discussion is required.

A possible compromise, from FL perspective, is to consider Lenovo suggestion to support N>Mv only
when Mv>1. It is linked with Proposal 7 as well. In other words, if P6 can conclude that N>Myv is useful,
we can discuss further in P7 to be more specific for applicable conditions as a compromise.

2 — Samsung R&D Institute UK
Re FFS: shouldn’t Wfbe replaced with the set/window of size N? In our view, the set/window is configured
layer-common. Then, whether WT requires reporting or not is what we are discussing here.

Now, we still think there is no need for reporting for rank 1. For high rank, if the set/window is layer-
common, some reporting may be needed, so, we are OK to study that.

12






3-NTT DOCOMO INC.

Okay with the proposal and support Alt.2.

4 — ZTE Corporation

We support Alt 2. We also agree with FL that Alt 2 is necessary at least when Mv>1. Perhaps we can agree
on Alt 1 for Mv>1 now.

For the FFS, we think W{ should be layer-specific when Mv>1 given the study in Rel-16.

5 - ZTE Corporation

To correct a typo in our previous reply:

We support Alt 2. We also agree with FL that Alt 2 is necessary at least when Mv>1. Perhaps we can agree
on Alt 2 for Mv>1 now.

For the FFS, we think WT should be layer-specific when Mv>1 given the study in Rel-16.

6 — Motorola Mobility UK Ltd.

Support proposal and FL. comment

7 — MediaTek Inc.
N=Myv for rank 1, and OK to study N>Myv for higher ranks

8 — CATT
Ok with the proposal and support Alt2.

9 — Intel Corporation SAS

We support Alt 2 for M > 1.
For M =1 Alt 1 is enough.

10 — vivo Mobile Communication Co.

OK with Alt2.

11 — Nokia Germany

We support Alt 2 and are ok with FL’s compromise proposal

12 — Sony Corporation
Support Alt 2.

13 — Ericsson LM

Support Alt.2 for both Mv=1,2. It provides robustness in both cases

13






14 — Qualcomm Incorporated

Support Altl, we don’t see the benefit of further reporting Wt for Rel-17 Type II CSI. Besides, we are
discussing whether WT is reported or not, so the discussion here is irrelevant for M=1, as W is obviously
not reported.

15 — Fraunhofer IIS

Support.

16 — Samsung R&D Institute UK

Same view as QCM, this proposal is irrelevant for Mv=1; so, we suggest to focus on the case Mv=2 only

17— HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required in Round 2. Here is my updates based on Samsung’ comment.

Proposal 6: At least for rank 1, for relationship between N and My, down-select one Alternative from
following

Alt 1: N= Mv always, no UE reporting of Wf

Alt 2: N>= Mv, Wf'is reported by UE

[e]

FFS whether the window/set size N is layer-common or layer-specific for higher rank

Alt 1 (5): QC, MTK, LG, Spreadtrum, Samsung

Alt 2 (13): Vivo, ZTE, Ericsson, DOCOMO, CATT, Nokia/NSB, Lenovo/Mot (Alt 2 for Mv > 1), Intel,
Fraunhofer IIS/Fraunhofer HHI, Sony

Proposal 7: Support N =2 or 4 for M ,=2.

Yes (11) (assuming Alt 2 in P6 is agreeable): vivo, ZTE, Ericsson, DOCOMO, Nokia/NSB, Lenovo/Mot,
Intel, Fraunhofer IIS/Fraunhofer HHI

No (2): CATT, Samsung (not for rank 1)

Feedback Form 8: Proposal 7

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required. It seems that Proposal 7 may depend on the outcome of Proposal 6.

@CATT when Mv=1, it may be more controversial for supporting N>1 ~-" let us see any comment for this
case.

2 — Samsung R&D Institute UK
We are OK study this for high rank.
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3 — Apple GmbH

Okay with the proposal

4 — Guangdong OPPO Mobile Telecom.

support

5-NTT DOCOMO INC.

Support

6 — ZTE Corporation

Some clarification is needed. 2 or 4”” means both values are supported with a RRC parameter to configure,
or we need to do further down-selection?

7 — Motorola Mobility UK Ltd.

Support

8 — Spreadtrum Communications
The proposal itself is not clear. We suggets the following change,
If N >= Mv is agreed, support N = 4 for Mv=2.
—>Note that for N= My, it'’s natural that N = 2 for Mv=2

9 - CATT

Myv =1 is needed in this proposal. In our view, Mv=1 is reported to gNB rather than configured by gNB.
When N=2 or 4 UE can choose between Mv = 1 and Mv = 2 according to the distribution of non-zero
coefficients. Especially, if WT is layer-specific for high rank, it is more likely that Mv = 1 for some layer
due to limitation on the total number of non-zero coefficients across layers. It is beneficial in reducing CSI
reporting overhead if Mv = 1 is allowed when N = 2/4.

10 — Intel Corporation SAS

Support

11 — vivo Mobile Communication Co.

Support

12 — Nokia Germany

It may be worth clarifying as per ZTE comment, as follows, otherwise it may be read as a repeat of the
alternatives of P6:

Proposal 7: Support N = 2 and ex 4 for Mv=2

13 — Sony Corporation

Support the FL’s proposal.

15






14 — Ericsson LM

Support, plus that 2 or 4 is RRC configured. For Mv=1, the values are N=1,2 which is RRC configured as
well

15 — Qualcomm Incorporated

Don’t think we need this proposal, it should be discussed after P6. Also, as mentioned in P6, the discussion
is irrelevant for M=1 because P7 is about the candidate set for Wf reporting. When M=1, there is no Wf
reporting.

16 — Fraunhofer IIS

Support.

17 — Samsung R&D Institute UK

Same via as QCM, we don’t need to discuss this proposal when Wf is OFF (or Mv=1) is configured.

If we understand correctly, CATT proposal is UE can report a lower Mv (i.e. Mv=1) when configured with
Mv=2.

18 —- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required in Round 2. Here is my updates
Proposal 7: If N >= My is agreed, Support N = 2 and 4 for Mv=2.

FFS supported value(s) of N when Mv=1

Yes (14) (assuming Alt 2 in P6 is agreeable): vivo, ZTE, DOCOMO, Nokia/NSB, Lenovo/Mot, Intel,
Fraunhofer IIS/Fraunhofer HHI, Apple, OPPO, Spreadtrum, Sony

Samsung: not for rank 1
Ericsson/CATT: also for Mv=1
OC: after P6

Proposal 8: For Rel-17 PS codebook enhancement, two values of R are supported:

->Choose one value from a set of R={1/4, 1} in RANI 106

->Choose one value from a set of R={2, min{ D* N PRB"SB,8}, D* N_PRB”"SB} in RAN1 106
-» D is the density of CSI-RS in frequency domain and N_PRB"SB is the CQI subband size in PRBs
->->Note that R>1 is optional

Yes: vivo, [ZTE], CATT, Spreadtrum(R>1 optional), Fraunhofer 1IS/Fraunhofer HHI, Intel

No: Ericsson (only need D¥*N_PRB”SB), MTK/QC/Lenovo/Mot (only need 1), LG (R =1 and 2),
Nokia/NSB(R = min{ D* N_PRB"SB,8}), Samsung (R<1 or R<=1)

16





Feedback Form 9: Proposal 8

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required. From FL perspective, it is very unlikely to choose only one value
given diverse values so far. But we limit to only 2 values, for the sake of progress, and then decide which
one is next meeting.

2 —HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] The values in the set may be updated based on the feedback, e.g. to address the issue of 2 PRB
granularity of PRG raised by QC and other companies. Also for a small value like 1/4 preferred by Samsung,
it may be a compromise that companies may have a look next meeting.

3 — Samsung R&D Institute UK

We are not sure there is consensus to support any number of R values. From our side, we prefer R values
<=1 whether we support 1 or >1 R values.

4 — Apple GmbH

In principle, we are fine with down-selection

5 - ZTE Corporation

We are okay to further study this.

6 — Motorola Mobility UK Ltd.

We are a bit confused with the updated proposal. Is there any significance of configured R value when
M=N=1? Also what is the motivation for R<1 and what are the use cases? We believe only R=1 should be
supported if no consensus is reached

7 — MediaTek Inc.

We are also a little confused with this proposal. The second bullet and fourth bullet are contradictory, since
the second bullet will almost always result in R>1. In our view, R=1 should be supported as default value,
and one value of R<1 or R>1 can be downselected in RAN1 106.

8 — Spreadtrum Communications

Support R=1. We are not against larger R values if significant gain can be observed, as long as it’s UE
optional.

9 - CATT

Ok with the proposal.

10 — Intel Corporation SAS

In our view In our view there is a minor impact on UE complexity for higher R for PMI calculation.
There is some impact on the complexity for CQI calculation, but since CQI has coarse quantization R can
be reduced by the UE without impact on the performance. So, we support R = D* N_PRB"SB
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11 — vivo Mobile Communication Co.

Fine with the proposal.

12 — Sony Corporation

We are okay with this proposal.

13 — Ericsson LM

Fine with the proposal, although our preference is to have a single R value to avoid RRC configuration
and keep it simple.

14 — Nokia Germany

Ok with the proposal, however we suggest to change the last note to an FFS: weather R>1 is optional.

The reason for the FFS is that it is still not clear if there is increased UE complexity for R>1 when Mv=1. In
this case Wfdoes not need reporting, i.e. a single precoder is calculated at the UE for all subbands regardless
of the value of R. The calculation of W2, however, may depend on N3, but this is a UE implementation
issue. When Mv=2, this is already optional so the complexity issue has been already addressed.

Our preference is also to have a single value for R, such as D* N PRB"SB or min{ D* N_PRB"SB,§},
and our simulations show a clear benefit in allowing R>2

15 — Qualcomm Incorporated

We think R > 1 being optional is needed. R value here impacts PMI construction for RI and CQI calculation,
i.e., construct N3 precoders per layer per rank. We think R=1 is important for the possibility of turning M=2
on. As mentioned before, most of performance gap can be narrowed down by UE and gNB implementation,
the benefit of supporting large R values needs justification. For evaluation purpose, we suggest to add 4 in
the setof R>1.

16 — Samsung R&D Institute UK

MoM/Lenovo: re R<I, please read our Tdoc wherein we provide some analysis. As mentioned earlier, if

gNB does its job properly (i.e. to beamform at highest resolution, which is per PRB), not according to R
value and move its burden to the UE, the beamformed channel measured at the UE is likely to have little
frequency selectivity, hence the PMI SB size can be coarse. The extreme case would be WB PMI. So,
R<1 is kind of in between WB PMI and SB PMI with R=1. An important use would be strong” DL-UL
reciprocity, e.g. TDD.

Re the proposal, we are not fine with agreeing to 2 R values. If we want to progress, we prefer to downselect
from only one value (R=1) or 3 values (one R<1, R=1, one R>1) .

Re the note, we have the same as QCM, we prefer to keep it.

17 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required in Round 2. Here is my updates based on comments so far:

Proposal 8: For Rel-17 PS codebook enhancement, two values of R are supported.:
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Choose one value from a set of R={1/4, 2, 4, min{ D* N _PRB”"SB,8}, D*N PRB”"SB} in RAN1 106

o

D is the density of CSI-RS in frequency domain and N_PRB"SB is the CQI subband size in PRBs

Note that this R is optional

Proposal 9 (Revised): For Rel-17 port selection codebook, study following Alternatives:

->Alt 1: If Wyis an all-one vector of length N3, it is considered as “WyOFF”. Wy as an all-one vector of
length 1 is not needed

->Alt 2: If Weis an all-one vector of length 1, i.e. a scaler, it is considered as "Wy OFF”” . Wy as an all-one
vector of length N3 is not needed.

->Alt 3: If Wyis an all-one vector of length 1, i.e. a scaler, it is considered as "Wy OFF””. Wras an all-one
vector of length N3 is considered as "Wy ON”

->FFS how to ON/OFF W implicitly or explicitly for each Alternative

Alt 1: QC, ZTE, Ericsson, MTK, Spreadtrum, Lenovo/Mot, Intel, Fraunhofer IIS, Fraunhofer HHI,
Nokia/NSB,

Alt2: QC, ZTE
Alt3: CATT

Feedback Form 10: Proposal 9

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Proposal 9 is revised based on companies’ comment. It is encouraged to check whether updates
are sufficiently accurate. Therefore more discussion is required. Also we may need to find a possible
compromise to represent the agreement

2 — Samsung R&D Institute UK

As mentioned earlier, we think this is related to CSI format (WB, SB). We think both should be supported.
We are willing to compromise if both WB and SB CSI can be supported for R17 codebook.

3 — Apple GmbH

Fine to study, For us mv=1 is the same as wf not configured, i.e., wideband PMI reporting, or the frequency
basis is all one in every entry

4 — Guangdong OPPO Mobile Telecom.
Altl or Alt2
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5 —ZTE Corporation

We support Alt 2 but do not support Alt 1. We think Mv=1 and Wf off are same in terms of the precoding
matrix acquired by gNB. In this case, there is no need to specify an "all-one” DFT vector to restrict UE
implementation. Which FD vector used by UE to calculate W2 should be up to UE implementation. Further,
we share similar view with Apple and Samsung that Wf off means WB PMI reporting which can bring lower
complexity for UE, while Wf on mean SB PMI reporting with higher complexity.

6 — Motorola Mobility UK Ltd.

Altl, which provides consistent codebook formula for all M values

7 — MediaTek Inc.

Support Alt 1, and implicit signaling to turn Wf ON or OFF depending on Mv > 1 or Mv = 1 respectively.

8 — Spreadtrum Communications

Support Alt 1. Wf being turned OFF means WT related parameters are not reported. It doesn’t mean Wt
does not exist (or fallback to a scaler) in codebook structure.

9 - CATT
Support Alt 3.

In our view, Mv = 1 is possible when Wf'is turned on, especially for high rank.

10 — Intel Corporation SAS

To be honest we are not sure if this discussion is needed. Altl with implicit ”disabling” of Wf is straight-
forward approach which was assumption for all our previous evaluation results.

11 — vivo Mobile Communication Co.

We are fine with the proposal.

12 — Sony Corporation

We can support Alt 1 or Alt 2.

In our view, "Wf OFF” = WB, and ”"Wf ON” = SB. If explicit WB/SB signaling is agreed, then one could
have WB => Wf=1 (and thus N3=N=1, Minit=0); this is Alt 2. If SB is signaled, then N3, N, Minit can
take values as per the other agreements.

If implicit WB/SB signaling is agreed, then, in our understanding, W{ an all ones vector or scalar means
WB; and SB otherwise. Note that selecting Alt 2 in Proposal 5 and Alt 1 in Proposal 6 would imply Mv=1
=> WB.

13 — Ericsson LM
Support to study. Alt.1
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14 — Nokia Germany
Support Altl.

In our view Alt 1 was already agreed previously:
Wf is a DFT based compression matrix in which N3 = NCQISubband*R and Mv>=1
0 At least one value of Mv>1 is supported
Alt 2 reverses this previous agreement
Alt 3 is redundant as a UE would report the same PMI in both configurations

@ZTE: the all-one vector defines W, i.e. same precoder is applied to all subbands, i.e. Wf does not need
reporting, but it does not restrict the calculation of W2: a UE can calculate W2 with any other FD vector,
that’s implementational.

15 — Fraunhofer IIS

Support Alt 1

16 — Qualcomm Incorporated

Support

17 — Samsung R&D Institute UK

Nokia: let us not go backward and discuss what was agreed. I am afraid the discussion will not be fruitful
if we go that route. We all remember what happened when agreement was made. Please check again: the
bullet on Wf ON/OFF is a separate bullet under the main bullet, it is not a sub-sub-bullet under what you
copied-pasted.

18 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required in Round 2.

Proposal 9 (Revised): For Rel-17 port selection codebook, study following Alternatives:

Alt 1: If Wf'is an all-one vector of length N3, it is considered as “Wf OFF”. Wf as an all-one vector
of length 1 is not needed

Alt 2: If Wtis an all-one vector of length 1, i.e. a scaler, it is considered as "W OFF”” . Wt as an
all-one vector of length N3 is not needed.

Alt 3: If Wf'is an all-one vector of length 1, i.e. a scaler, it is considered as "Wf OFF””. Wfas an
all-one vector of length N3 is considered as "Wf ON”

[e]

FFES how to ON/OFF Wfimplicitly or explicitly for each Alternative

Alt 1 (14): QC, Ericsson, MTK, Spreadtrum, Lenovo/Mot, Intel, Fraunhofer IIS, Fraunhofer HHI, Noki-
a/NSB, OPPO, Spreadtrum, Sony

Alt 2(4): QC, ZTE, OPPO, Sony
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Alt 3(1): CATT

With regarding to comments raised by Samsung/ZTE/CATT, one possible compromise, also considering
the majority view of Altl, what I can suggest is that:

For a BWP>=24PRB, we can assume Alt 1 so that basically Wfis an all-one vector of length N3. As
Rel-16 CB, we may not need WB or SB PMI reporting to be configured in pmi-FormatIndicator for
R17 CB for a large BWP.

For a BWP<24PRB, we can assume Alt 2 so that basically Wf is an all-one vector of length 1. In
other words, we can extend Rell7 CB to support a small BWP.

Of cause, if there is any other possible compromise, please be free to suggest for further discussion.

19 — CATT

Thanks for the discussion. As we agreed in RAN1#104e meeting, W can be turned ON/OFF by gNB.
I think it is better to discuss what is Wf when Wf is turned ON/OFF. Wt is likely to be selected by UE.
It is strange that the functionality is turned ON/OFF based what UE selects. So we suggest to change the
wording in Alt1-3 to: When Wfis turned OFF, Wf is an all-one vector of...

Proposal 10: For the compression coefficient Beta for non-zero coefficients of W 5, values of Beta are {{4+/8]-
[1/4], [1/2], 3/4, 1}

->Note that further reduction for possible parameter combinations among codebook parameters of Rel-17 port
selection codebook, e.g. {K;, My, Beta}, will be discussed jointly once candidate values are determined.

->Note that total number of parameter combinations per # of CSI-RS ports shall not exceed [8]

Yes: vivo, ZTE, Ericsson (No small values), MTK (No 1/8), DOCOMO, CATT, Spreadtrum [Support larger
values first and FFS smaller values], Nokia/NSB, Lenovo/Mot, Intel, Fraunhofer I1IS/Fraunhofer HHI

No: [Samsung](No 1/8)

Feedback Form 11: Proposal 10

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Please note that the values in brackets will be removed, if there is no strong preference. So far 1/8
is not needed based on the feedback. So how about 1/4 and 2? Any preference for particular reasons?

2 — Samsung R&D Institute UK

We prefer to keep the four values, 1/4,1/2,3/4,1, since we will anyway discuss reducing #para combs

3 — Apple GmbH

Fine with proposal
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4 - NTT DOCOMO INC.
Ok

5 - ZTE Corporation

We are fine with this proposal.

6 — Motorola Mobility UK Ltd.

Support

7 — Spreadtrum Communications

Same as for Proposal 2, we suggest the following modification,

->Note that total number of parameter combinations (including # of CSI-RS ports) shall not exceed [8]

8 — CATT

Ok with the proposal without the notes.

9 — Intel Corporation SAS
OK

10 — vivo Mobile Communication Co.

Fine with the proposal. We think 1/4, 1/2 is valuable.

11 — Sony Corporation

We are okay with this proposal.

12 — Ericsson LM

Support. The simulations show 1 and 3/4 is needed but not smaller values. For example, with beta=1/2,
then it it is instead better to configure P/2 ports, it gives better performance. Keep in mind that this is
UE specific precoding/precomensation, so it doesn’t make sense to only use a small number of ports as in
Rel.16,Rel.15 PS codebook.

13 — Nokia Germany

ok to agree with majority view

14 — Qualcomm Incorporated

We think the note shall be parameter combinations for all # CSI-RS ports not greater than §.

15 — Fraunhofer 1IS

support
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16 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Given that Samsung and Vivo prefer to keep 1/4 and 1/2, let us keep them at the moment. As QC
commented, the note will act a upper bound to limit total combinations later.

Proposal 10: For the compression coefficient Beta for non-zero coefficients of W2, values of Beta are {1/4,
172, 3/4, 1}

Note that further reduction for possible parameter combinations among codebook parameters of Rel-
17 port selection codebook, e.g. {KI1, Mv, Beta}, will be discussed jointly once candidate values are
determined.

Note that total number of parameter combinations (for all # of CSI-RS ports) shall not exceed 8

Proposal 11 (Revised): Studying whether/how the bitmap for indicating non-zero coefficients for W2 can be
absent for CSI reporting,

->FFS: applicable conditions of being absent, .e.g. M, =1 and Beta =1 for rank 1 or higher ranks

->FFS: additional impact for reporting mechanism when the bitmap is absent, e.g. whether reporting the
number of NZC

Feedback Form 12: Proposal 11

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Based on the feedback so far, it seems to be premature to make a decision. I have modified it to be
open but strive to clarify the proposal itself as much as possible, for related conditions and FFS

2 — Samsung R&D Institute UK

Support to study, and would like to add e.g. UCI design” in 2nd FFS

3 — Apple GmbH

Fine to study.

4 — Guangdong OPPO Mobile Telecom.

support for further study. In our Tdoc, we observed performance loss for large KO since ue can not quantize
zero coefficients.

5—-NTT DOCOMO INC.
Ok for further study.

6 — ZTE Corporation

We have concern on the second FFS. Our understanding on the parameters like Mv, beta, K1, etc, is these
parameters can only give the maximum number of NZ coefficients, but the real number of NZ coefficients
can always be smaller than the maximum number in whatever parameter combinations. Hence we are not
clear in what case number of NZC can be absent.
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7 — Motorola Mobility UK Ltd.

Support

8 — CATT

Support the proposal.

9 — Intel Corporation SAS
OK to study

10 — vivo Mobile Communication Co.

Fine to study

11 — Sony Corporation

Support to study.

12 — Ericsson LM

Support to study

13 — Nokia Germany

support to study

14 — Fraunhofer 1IS

support

Proposal 12: A polarization-specific bitmap for indication non-zero coefficients should be supported for W ,.

Yes: vivo, OPPO, ZTE, Ericsson, MTK, LG, Spreadtrum, Nokia/NSB, Lenovo/Mot, Samsung, Intel,
Fraunhofer IIS/Fraunhofer HHI

No: CATT

Feedback Form 13: Proposal 12

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @CATT could you please accept the majority view? Thanks.

2 — Apple GmbH

Support

3 — ZTE Corporation

We are fine with this proposal.
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4 — Motorola Mobility UK Ltd.

Support

5 — Spreadtrum Communications

Support.

6 — CATT

We can accept the proposal.

7 — vivo Mobile Communication Co.

Support

8 — Sony Corporation

Support.

9 — Ericsson LM

Support

10 — Qualcomm Incorporated

Support

11 — Fraunhofer IIS

support

12 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @CATT Thank you very much for your compromise. Now P12 will go to incoming GTW to
confirm. Thanks.

Proposal 13 (Revised): Study following alternatives for reporting the strongest coefficient indication (SCI) for
Rel-17 port selection codebook in W,

->Alt 0: Reporting of the position, [i;*, f1*], of the strongest coefficient of layer [ using ceil(log2(K)) bits,
where K g=Beta*K ; *M,

->Alt 1: Reporting of the position, [1|*, {i*], of the strongest coefficient of layer , for M,> 1, using
ceil(log2(K ;*M,)) bits

->->FFS whether shifting the strongest coefficient to f|* = 0 is needed

->Alt 2: Shifting the strongest coefficient to f|* = 0, and using ceil(log2(N)) bits to indicate the phase shift
quantity. The strongest coefficient is indicated by i1* = 0, using ceil (log2 (K 1)) for I-th layer.

->Alt 3: SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization indicator
(1 bit) in Rel-17 PS codebook.
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Feedback Form 14: Proposal 13

1 — Samsung R&D Institute UK

Ok to study, but one question about the shifting operation. Why do we need shifting operation since it is
anyway reported (e.g. as in Alt2)?

2 — Apple GmbH
Fine to study. But we think Alt2 is the rel-16 design

3 —ZTE Corporation

We are okay to further study this.

4 — Motorola Mobility UK Ltd.

OK to study. Can the proponents of Alt2 explain how Alt2 works, given that the shift logN is layer
common?

5- CATT

We are fine to sudy and support Alt 2.

6 — Fraunhofer IIS

For clarity, we suggest splitting the joint indicator in ALT 1 into two.

If WF is OFF, the SCI is indicated using ceil(log2(Ko)) bits, whereas if Wf is ON, the SCI is indicated
using ceil(log2(Ko)) + ceil(log2(Mv)). So that the first indicator (ceil(log2(Ko))) can be commonly used
regardless of Wf and Mv and the second indicator (ceil(log2(Mv))) can be used only if Wfis ON and Mv
> 1.

7 — vivo Mobile Communication Co.

Fine to study.

8 — Ericsson LM

Ok to study these

9 — Qualcomm Incorporated

Ok, but Alt2 is unclear, why the phase shifting quantity is needed.

10 — Nokia Germany

ok to study. There are a couple of typos and also we suggest a modification to Alt 1 to keep the signalling
a bit more open as per Fraunhofer suggestion and a change to Alt 2 as noted by Motorola to clarify that the
indicator in Alt 2 has to be layer common.

->Alt 1: Reporting of the position, [i1*, f1*], of the strongest coefficient of layer I, for Mv>1, using
ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits

->->FFS whether shifting the strongest coefficient to fI* = 0 is needed
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->Alt 2: Shifting the strongest coefficient to f1* = 0, and using ceil(log2(N)) bits to indicate the phase shift
quantity for I-th layer. The strongest coefficient is indicated by 11* =8, using ceil (log2 (K1,1)) for I-th
layer.

11 — Nokia Germany

@Samsung: the shift in Altl and Alt 2 is simply applied to the the columns of W2 (the two columns
are swapped if f1¥*0). One benefit is when applying omission, the first column of W2 always gets higher
priority than the second.

12 — Samsung R&D Institute UK

Confused with Fraunhofer and Nokia comments: Fraonhofer uses KO and Nokia K1

Nokia: re shifting, I is OK to study, but in our view, since there are only up to 2 columns in WT, there is no
need to complicate the spec and UE operations by using shift operations for UCI omission

13 —- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required in Round 2. Here is my updates based on comments from Nokia and
FH:

Proposal 13 (Revised): Study following alternatives for reporting the strongest coefficient indication (SCI)
for Rel-17 port selection codebook in W2

Alt 0: Reporting of the position, [il*, fl*], of the strongest coefficient of layer [ using ceil(log2(K0))
bits, where KO=Beta*K1*Mv

Alt 1: Reporting of the position, [il*, fl*], of the strongest coefficient of layer I, for-My>1l, using
ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits

o

FFS whether shifting the strongest coefficient to fl* = 0 is needed

Alt 2: Shifting the strongest coefficient to fl* = 0, and using ceil(log2(N)) bits to indicate the phase
shift quantity for I-th layer. The strongest coefficient is indicated by il* =8, using ceil (log2 (K1,1))
for [-th layer.

Alt 3: SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization
indicator (1 bit) in Rel-17 PS codebook.

Proposal 14: For the quantization of W, coefficient, reusing following Rel-16 quantization mechanism for
Rankl at least:

->Two polarization-specific reference amplitudes:
->->for the polarization associated with the strongest coefficient, the reference amplitude is not reported

->->for the other polarization, reference amplitude is quantized to 4 bits
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->->->The alphabet is{1, (1/2)™(1/4),(1/4)(1/4),(1/8)\(1/4),...,(1/2"14)"(1/4),[ Reserved ] }(-1.5dB step size)
->For coefficients other than the strongest coefficient

->->differential amplitude is calculated relative to the associated polarization-specific reference amplitude
and quantized to 3 bits

->->->The alphabet is{1,1/sqrt(2),1/2, 1/(2*sqrt(2)),1/4, 1/(4*sqrt(2)), 1/8, 1/(8*sqrt(2))} (-3dB step size)
->->phase is quantized to 16PSK

->For the reserved state for reference amplitude, down-select one Alt from following

->->Alt 1: it is kept to be reserved

>->Alt 2: it is replaced as (1/2)N(15/4),

>->Alt 3: it is replaced as (1/2)(3/8)

Altl (14): vivo, OPPO, Ericsson, MTK, CATT, LG, Spreadtrum, Nokia/NSB, Lenovo/Mot (FFS differential
amplitude values), Intel, Fraunhofer IIS/Fraunhofer HHI

Alt 2 or Alt 3 (2): ZTE, Samsung

Feedback Form 15: Proposal 14

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @Samsung: could we discuss the new indicator, e.g. the strongest polarization indicator in Proposal
13 instead? Alt3 is added in Proposal 13 and it seems to be a better place to be discussed.

@ Lenovo/Mot: could you please accept the majority for differential amplitude values?

@ZTE@Samsung: could we accept Altl based on the majority for reference amplitude?

2 — Samsung R&D Institute UK

Re the SCI, we prefer to add a note:
Note: whether SCI is supported for R17 codebook will be discussed separately

Re the reserved state, we prefer to keep it for now. In our view, we are wasting one value, we just want to
replace it with a value, and are open to any other value other than Alt 2 and 3.

3 — Apple GmbH

Okay for us

4 — ZTE Corporation

We suppor this proposal. For the reserved state, we are okay to keep the three alternative now for further
evaluation.
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5 — Motorola Mobility UK Ltd.

We are OK with the main structure (pol. amplitude, differential amp., phase values and SCI), so we are
not blocking the progress. We just prefer to hold on to differential amp. codebook values since it is related
to presence/absence of bitmap which is part of another proposal

6 — vivo Mobile Communication Co.

Prefer Altl.

7 — Ericsson LM
Ok

8 — Fraunhofer IIS
prefer Alt 1

9 — Qualcomm Incorporated

ok, and support Altl. We don’t think a further small ref power will make a difference, and we should save
effort in simulation.

10 - HUAWEI TECHNOLOGIES Co. Ltd.

[Min] For reserved state, let us have some discussion online. A note is added.

Proposal 14: For the quantization of W2 coefficient, reusing following Rel-16 quantization mechanism for
Rankl at least:

Two polarization-specific reference amplitudes:

[e]

for the polarization associated with the strongest coefficient, the reference amplitude is not re-
ported

[¢]

for the other polarization, reference amplitude is quantized to 4 bits

The alphabet is{1, 1/2)N(1/4), (1/4)~1/4), (1/8)(1/4), ..., (1/2°14)(1/4), [Reserved]} (-
1.5dB step size)

For coefficients other than the strongest coefficient

[e]

differential amplitude is calculated relative to the associated polarization-specific reference am-
plitude and quantized to 3 bits

The alphabet is{1,1/sqrt(2),1/2, 1/(2sqrt(2)),1/4, 1/(4sqrt(2)), 1/8, 1/(8*sqrt(2))} (-3dB step
size)
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phase is quantized to 16PSK

For the reserved state for reference amplitude, down-select one Alt

[e]

Alt 1: it is kept to be reserved

Alt 2: it is replaced as (1/2)™(15/4),

Alt 3: it is replaced as (1/2)(3/8)

Note: whether/how SCI is supported for R17 codebook will be discussed separately

Altl (17): vivo, OPPO, Ericsson, MTK, CATT, LG, Spreadtrum, Nokia/NSB, Intel, Fraunhofer IIS/Fraun-
hofer HHI, Apple, QC, Lenovo/Mot

Alt 2 or Alt 3 (2): ZTE, Samsung
Lenovo/Mot: FFS differential amplitude values

Conclusion 2: For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, there is no
consensus of further enhancement for CSI-RS configurations associated with Rel-17 PS codebook.

OK to make a conclusion as it is: QC, vivo, OPPO, MTK, DOCOMO, LG, Spreadtrum, Lenovo/Mot,
Fraunhofer IIS/Fraunhofer HHI

Option 3: ZTE, Ericsson, CATT, Nokia/NSB, Samsung, Intel
Option 1: Nokia/NSB, Intel

Feedback Form 16: Conclusion 2

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] From FL perspective, companies’ preference are almost the same as the last time. Unless companies
can be more flexible for about preferred options to have a supermajority, Option O is by default if there is
no consensus in RAN1 105e. This will the last round of feedback. Thanks.

2 — Apple GmbH

Support conclusion

3 — Motorola Mobility UK Ltd.

Support

4 — Spreadtrum Communications

Support.
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5 — vivo Mobile Communication Co.

Fine with the conclusion.

6 — Fraunhofer IIS

Support

7 — Qualcomm Incorporated

ok

8 — HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Thanks for your feedback. Let us conclude this one during incoming GTW.

OK to make a conclusion as it is: QC, vivo, OPPO, MTK, DOCOMO, LG, Spreadtrum, Lenovo/Mot,
Fraunhofer 1IS/Fraunhofer HHI, Apple, Lenovo/Mot, Spreadtrum

Option 3: ZTE, Ericsson, CATT, Nokia/NSB, Samsung, Intel
Option 1: Nokia/NSB, Intel

3 Conclusions
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RAN1

1 Instruction

For MTRP CSI, we may strive to finalize some decisions with alternatives/FFS, which were agreed within
RANT1 104e-bis or earlier. The majority of proposals, therefore, is the leftover and continuous discussion.

Prioritize decisions, if they may have more RAN2 impact, e.g. to assist Multi-TRP CSI related RAN2

2 Proposals for Rel-17 PS CB Enhancements
Proposal 6: The proposal comes from #24 in Round 2. Let us strive to confirm exact texts to be studied.

Feedback Form 1: Proposal 6

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Proposal 6: At least for rank 1 and 2 and Mv > 1, for relationship between N and My, study
and down-select one Alternative from following in RAN1 106

Alt 1: N= My always, no UE reporting of Wt

Alt 2-1: N >=Mv, Wfis reported by UE for N>Mv. Wf is layer-common

Alt 2-2: N >= Mv, Wfis reported by UE for N>Mv. Wfis layer-specific

2 — Qualcomm Incorporated

Support

3 — LG Electronics Inc.

Support

4 — vivo Mobile Communication Co.

Support

5 — Apple GmbH

Support

6 — Guangdong OPPO Mobile Telecom.

Support






7 —ZTE Corporation

We are okay to further study this. One question for clarification is whether Alt 1 means W{ matrix is layer
common. If so, we suggest the following change

Alt 1: N= My always, no UE reporting of W{, where Wf is layer-common

8 — Qualcomm Incorporated

Ok with ZTE’s change.

9 —NTT DOCOMO INC.
Support. Ok with ZTE’s change.

10 — Qualcomm Incorporated

it seems that in Alt2-2, Wf is also layer-common if N=M? If so, suggest the following wording

Alt 2-2: N>= Mv, Wfis reported by UE for N>Mv. Wf is layer-specific for N > Mv and Wf is
layer-common for N=Myv.

11 — Motorola Mobility UK Ltd.

Support. OK with QC’s update

12 — Intel Corporation SAS
Support. Both QCMM and ZTE updates are OK

13 — Spreadtrum Communications

For QC’s update, is it necessary to say Wf is layer-common/specific when Wf is not reported (N=Mv)?

14 — Fraunhofer IIS

Support

15 — Samsung R&D Institute UK

For N=Mv case, I think ZTE’s intention is that the size N set/window is configured as layer-common.
Also, N=Myv is common for all Alts, so we can just have a note common to all alts.

Proposal 6: At least for rank 1 and 2 and Mv > 1, for relationship between N and Mv, study and
down-select one Alternative from following in RAN1 106

Alt 1: N=Myv always, no UE reporting of Wf






Alt 2-1: N >=Mv, Wfis reported by UE for N>Mv. Wf is layer-common

Alt 2-2: N>= Mv, Wfis reported by UE for N>Mv. Wf is layer-specific

Note: when N=My, the size N set/window is configured as layer-common

16 — Qualcomm Incorporated

@ spreadtrum, i thought it is clearer if clarify Wf common for N=Mv. if we clarify in Alt1, it should apply
to Alt2-2 as well. I don’t mind keeping the original wording if the group is ok.

@ Samsung, | think ZTE’s intention is to clarify whether Wfis is layer-common or layer-specific, because
these three alts are trying to elaborate Wf designs. Besides, if we take the note to clarify the window when
N=Myv, how about N > Mv? So, we prefer the original wording or the wording edited by ZTE and us :)

17 — Sony Corporation

Support this proposal for study.

18 — Nokia Germany
Support the proposal with ZTE and QC’s clarifications. Another equivalent wording, more similar to
Samsung’s edits is as follows:

Proposal 6: At least for rank 1 and 2 and Mv > 1, for relationship between N and Myv, study and down-
select one Alternative from following in RAN1 106

Alt 1: N= My always, no UE reporting of Wt

Alt 2-1: N >= Mv , Wf is layer-common and reported by UE for N>Mv.

Alt 2-2: N >=Mv , Wf'is layer-specific and reported by UE for N>Myv.

Note: Wf is layer-common for N=Mv

19 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Assuming that what the group really means that only Alt 2-2 can be layer-specific and only if
N>Myv. So I think Nokia’s suggestion looks good. Could we agree with following:

Proposal 6: At least for rank 1 and 2 and Mv > 1, for relationship between N and Myv, study and down-
select one Alternative from following in RANI1 106

Alt 1: N=Myv always, no UE reporting of Wf






Alt 2-1: N >= Mv , Wf is layer-common and reported by UE for N>Mv.

Alt 2-2: N >=Mv , Wf'is layer-specific and reported by UE for N>Myv.

Note: Wf is layer-common for N=Mv

20 — MediaTek Inc.

For clarity, unless the group wants to study a layer-specific configuration of window/set for Alt 1 and Alt
2-2, we prefer to either add or replace the existing note with:

Note: For all alternatives, a layer-common window/set of size N is configured.

21 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @all, any view for MTK’s comments? It seems to be reasonable, at least for rank 1 and 2, unless
companies may prefer different window/set for different layers for rank 2. If does, Alt 2-2 may need to be
updated a little. Let us wait and see for

more comments.

22 — Samsung R&D Institute UK

We are fine with the note from MTK. We think it will be good to agree to a layer-common window/set

23 — Nokia Germany

We also agree with MediaTek note

24 — Qualcomm Incorporated

Support MTK’s note

25 - CATT

We support the proposal changed in #19 and fine with the note from MTK.

26 — Guangdong OPPO Mobile Telecom.
Support the note from MTK

27 — Ericsson LM
Support MTK

28 — Spreadtrum Communications

Support. MTK’s update is more clear.






29 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there is no more comments and everyone is fine with the new note suggested by MTK..
Therefore following Proposal 6 (same as #19) with new note is recommended to GTW.

Proposal 6: At least for rank 1 and 2 and Mv > 1, for relationship between N and Myv, study and down-
select one Alternative from following in RAN1 106

Alt 1: N=Mv always, no UE reporting of Wf

Alt 2-1: N >=Mv , Wfis layer-common and reported by UE for N>Mv.

Alt 2-2: N >= Mv , Wf'is layer-specific and reported by UE for N>Mv.

Note: Wf is layer-common for N=Mv

Note: For all alternatives, a layer-common window/set of size N is configured.

Proposal 9: The Proposal comes from #20 in Round 2. Let us strive to confirm exact texts to be studied.

Feedback Form 2:

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Proposal 9 : For Rel-17 port selection codebook, study following Alternatives and down-select in
RANT1 106e:

Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an
all-one vector of length 1 is not needed

Alt 2: WfOFF and W ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar.
Wt as an all-one vector of length N3 is not needed.

Alt 3: Keep both Wf OFF and Wf ON with Mv=1.

o

If PMI format is SB, Wf'is an all-one vector of length N3

Informative note: this case is considered as “Wf ON with Mv=1" in the agreement in RAN1
104e

If PMI format is WB, Wt is an all-one vector of length 1, i.e., a scalar






Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104¢

2 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Also SS question for Alt 1: "What is the value N3 when N_{CQI,SB} = 1 or when there is no SB
size configured?”

3 — Qualcomm Incorporated

To answer SS question. If N _{CQLSB}=1, N3 = N{CQI,SB}*R. No SB size configured only applies to
BWP < 24, it will be discussed separately.

4 — LG Electronics Inc.

Support the proposal

5 — Apple GmbH

We are fine with the proposal. Honestly speaking, it is very hard for us to see the difference between
different alternatives.

For the answer to SS, we agree with QC

6 — vivo Mobile Communication Co.

Support

7 — ZTE Corporation

We are okay to further study this.

8 — Fraunhofer IIS

We share the same understanding that there is no difference from UE perspective between the three alter-
natives. However, Alt3 it is not clear to us why the PMI format is SB when Mv=1 and Wf is ON. When
Mv=1, the same precoder is applied to all subbands, and there is no subband component.

9 —NTT DOCOMO INC.

Support

10 — Motorola Mobility UK Ltd.

We agree all alternatives correspond to the same implementation, with the impact being specification
related. If no consensus us reached, this should be handled by the editor, since it is an editorial issue in our
opinion

11 — Intel Corporation SAS

Agree with Fraunhofer and Motorola that the alternatives are similar. All alternatives have the same
overhead. If the UE implementation is the same (which is possible for all the alternatives) then they all
have same performance and complexity.






12 — Samsung R&D Institute UK

Thanks QCM for the answer, could we capture this clarification as a note?

Note: N3 =N_{CQILSB}*R. For the case when no SB size is configured (e.g. WB CSI or BWP size <
24), N3 will be discussed separately

13 — Qualcomm Incorporated

We share the same view as Motrola, Fraunhofer and Intel that UE implementation will be same under all
three alternatives.

Re Samsung, we think whether supporting BWP < 24 should be discussed before clarifying N3. So, to
address your concern, we suggest the following:

For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1 106e (for
BWP >=24 RBs): ....

14 — Sony Corporation

Support the proposal.

15 — Nokia Germany

Ok with the proposal. We share the same view as Motorola, Fraunhofer, Intel, Qualcomm, that UE imple-
mentation is the same under all 3 alternatives. It follows that Alt 3 is redundant from network configuration
perspective and perhaps we can already remove itfrom the alternatives if companies agree. With Alt 3 it’s
also not clear if the PMI format indicator should be used when Wf is on only for Mv=1 or also for Mv>1

16 — Nokia Germany

Regarding support for BWP<24 we also agree with QC and Apple that this is a separate issue and can be
handled in a separate discussion

17 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Let us leave the decision next meeting. From FL perspective, the main intention of Proposal 9 is
to keep Alts as clear as possible in order to be further studied. Therefore for proponents of Alt1/2/3, please
keep in mind for those questions, which certainly will be raised again in August.

It seems to be difficult to add a new note due to concerns raised by QC/Apple/Nokia. Also QC’s change in
#13 may not be ok for SS either. Let us keep it neutral as #1 as it is.

Could we agree with the proposal at #1?

18 — MediaTek Inc.

Agree with Nokia that Alt 3 is somewhat redundant. Also, since Rel-17 CB is mostly derived from Rel-16
eType II CB, our view is that PMI format indicator should not be configured. WB and SB PMI can be
implicitly distinguished by Mv=1 and Mv>1 respectively. We are also OK to remove Alt 3.






19 — Samsung R&D Institute UK

Thanks, can we at least add the following: note is from previous agreement, prefer to keep it just for
reference, and ffs so that companies think about it when they prepare for this issue next meeting?

Note: N3 =N_{CQLSB}*R.

FFS: the case when no SB size is configured

20 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Alt3 comes from CATT. I would like wait and see whether CATT is ok to remove Alt 3. A note
and FFS are added as preferred by SS.

[Mod] Proposal 9 : For Rel-17 port selection codebook, study following Alternatives and down-select in
RANT1 106e:

Alt 1: Wf OFF and Wf ON with Mv=1 are same, and WT is an all-one vector of length N3. Wf as an
all-one vector of length 1 is not needed

Alt 2: WfOFF and W ON with Mv=1 are same, and Wfis an all-one vector of length 1, i.e., a scalar.
Wt as an all-one vector of length N3 is not needed.

Alt 3: Keep both Wf OFF and Wf ON with Mv=1.

o

If PMI format is SB, Wf'is an all-one vector of length N3

Informative note: this case is considered as “Wf ON with Mv=1" in the agreement in RAN1
104e

If PMI format is WB, WT'is an all-one vector of length 1, i.e., a scalar

Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104e

Note: N3=N_{CQI, SB}*R.

FFS: the case when no SB size is configured.

21 — ZTE Corporation

As for now, we would like to keep Alt 3 since it is one way to resolve the different views on Wf OFF vs
Mv=1. Although PMI format did not matter in Rel-16, we don’t need to follow this in Rel-17 as to have Wf
OFF as WB PMI is useful in terms of having good performance with low UE complexity from WB PMI.






22 - HUAWEI TECHNOLOGIES Co. Ltd.
[Mod] My mistake. Alt 3 is from ZTE. My suggestion is to keep it for now, as a little favor for ZTE. A"

23 — Nokia Germany
@FL: we are ok with both #1 and #20

24 — CATT

We are fine with the proposal changed in #20.

25 — MediaTek Inc.

Support the revised proposal #20

26 — Ericsson LM
ok

27 — Spreadtrum Communications

Support the latest version.

28 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there is no more comments. Therefore following Proposal 9 (same as #20) is recom-
mended to GTW.

Min
Proposal 9 : For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1
106e:

Alt 1: WfOFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an
all-one vector of length 1 is not needed

Alt2: WfOFF and Wf ON with Mv=1 are same, and Wf'is an all-one vector of length 1, i.e., a scalar.
Wt as an all-one vector of length N3 is not needed.

Alt 3: Keep both Wf OFF and Wf ON with Mv=1.

o

If PMI format is SB, Wf'is an all-one vector of length N3

Informative note: this case is considered as “W{ ON with Mv=1" in the agreement in RAN1
104e

If PMI format is WB, Wt is an all-one vector of length 1, i.e., a scalar






Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104¢

Note: N3=N_{CQI, SB}*R.

FFS: the case when no SB size is configured.

Proposal 11: The Proposal comes from #16 in Round 2 based on ZTE’ comment. Let us strive to confirm
exact texts to be studied.

Feedback Form 3: Proposal 11

1 - HUAWEI TECHNOLOGIES Co. Ltd.

Proposal 11 : Studying whether/how the bitmap for indicating non-zero coefficients for W2 can be absent
for CSI reporting

FFS: applicable conditions of being absent, .e.g. Mv=1 and Beta =1 for rank 1 or higher ranks

FFS: additional impact for reporting mechanism when/how the bitmap is absent

Note: The principle of UE determining the real number of NZC (same as Rel-15 and Rel-16) is
unchanged in Rel-17

based on tradeoff among UPT performance, feedback overhead and complexity

2 — Qualcomm Incorporated

Support

3 — LG Electronics Inc.

Support

4 — Apple GmbH

Support

5 — vivo Mobile Communication Co.

Support

6 — ZTE Corporation
Okay to study this.
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7-NTT DOCOMO INC.

Support

8 — Motorola Mobility UK Ltd.

Support

9 — Fraunhofer IIS

Support

10 — Sony Corporation

Support.

11 — Nokia Germany
Support

12 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there is no more comments - Let us wait a little more.

13 — MediaTek Inc.

Support

14 - CATT

Support.

15 — Ericsson LM
ok

16 — Spreadtrum Communications

Support

17 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there is no more comments. Therefore following Proposal 11 (same as #1) is recom-
mended to GTW.

Min
Proposal 11 : Studying whether/how the bitmap for indicating non-zero coefficients for W2 can be absent
for CSI reporting

FFS: applicable conditions of being absent, .e.g. Mv=1 and Beta =1 for rank 1 or higher ranks

FFS: additional impact for reporting mechanism when/how the bitmap is absent

11






Note: The principle of UE determining the real number of NZC (same as Rel-15 and Rel-16) is
unchanged in Rel-17

based on tradeoff among UPT performance, feedback overhead and complexity

Proposal 13: The Proposal comes from #27 in Round 2. Let us strive to confirm exact texts to be studied.
There are interesting discussion and comments for SCI in Round 2. Unfortunately, I can’t summarize them. I
would strongly encourage companies to check related comments for Proposal 13, which will be useful for

determining preferred Alt in next meeting.

Feedback Form 4: Proposal 13

1 - HUAWEI TECHNOLOGIES Co. Ltd.

Proposal 13: Study following alternatives for reporting the strongest coefficient indication (SCI) for Rel-
17 port selection codebook in W2

Alt 0: Reporting of the position, [il*, f1*], of the strongest coefficient of layer 1 using ceil(log2(K0))
bits, where KO=Beta*K/*Mv

Alt 1: Reporting of the position, [il*, fI*], of the strongest coefficient of layer 1, using ceil(log2(K1*Mv)
or ceil(log2(K1))+ceil(log2(Mv)) bits

[e]

FFS whether phase shifting the strongest coefficient to f1* = 0 is needed

Alt 2: phase shifting the strongest coefficient to fl = 0, and using ceil(log2(N)) bits to indicate the
phase shift quantity for [-th layer. The strongest coefficient is indicated by il , using ceil (log2 (K1,1))
for I-th layer.

Alt 3: SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization
indicator (1 bit)

Considering further impact of UCI design for above Alternatives

2 — Apple GmbH

Support

3 — vivo Mobile Communication Co.

Support

12






4 — Guangdong OPPO Mobile Telecom.

Support

5 — LG Electronics Inc.

Support

6 — ZTE Corporation
Okay to further study this.

7 — Qualcomm Incorporated

suggest remove FFS under Altl.

8 —NTT DOCOMO INC.

Support

9 — Fraunhofer IIS

@FL: Phase shifting is not clear in Alt 2 and Alt3. We only shift the index of the strongest coefficient.
Therefore, we suggest replacing the term phase shift with the term shift.

@all: We understand that some companies are in favor of shifting (similar to Rel. 16) and some companies
not.

In our understanding, Alt 0 is without shifting f1* = 0 and the shifting operation in Alt 1 is FFS. To avoid
confusion, we propose making Alt 1 more specific with shifting operation included as follows. In this way,
we can have two alternatives with and without shifting.

Alt 1: Reporting of the position, [il*, fI*], of the strongest coefficient of layer 1, using ceil(log2(K1*Mv))
or ceil(log2(K1))+ceil(log2(Mv)) bits by shifting f1* = 0.

10 — Intel Corporation SAS

We have some questions for Alt 2.
What is N, is it defined in any agreement or is it FFS? In our view N should be equal to 1 (i.e. number of
bits to indicate shift is 0)

Why the number of bits for SCI is (log2 (K1,1)) but not (log2 (K1))?

11 — Samsung R&D Institute UK

Same view as QCM, Fraunhofer, Intel, the shifting operation is unclear and seems unnecessary in Altl

12 — Fraunhofer IIS

We are not against shifting and we do see a benefit by shifting f1* to 0. Our only concern is to come up
with a clear list of alternatives.

13 — Intel Corporation SAS

We are also not against the shifting operation, just want to make alternatives clear. For Alt 2, In our view
”and using ceil(log2(N)) bits to indicate the phase shift quantity for I-th layer” can be deleted, or we can
clarify that N is FFS (e.g. N =1). Also for Alt2 ”(log2 (K1,1))” can be modified as “’(log2 (K1))”.
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14 — Qualcomm Incorporated

We also agree that the alternatives should be clear.

@Fraunhofer, in your edited Alt1, if f1* is shifted to 0, then why need log2(Mv) to indicate it? Isn’t log2(K1)
sufficient? If shifting can be applied to Altl, we suggest the proponents to make it as a separate alternative.
Besides, if shifting can be supported in Altl, how it is different from Alt2?

15 — Nokia Germany

Support this proposal.
Some comments on the wording and interpretations:

—> We agree with Fraunhofer that ”phase shift” in Alt 1 and 2 may be misleading, in the sense that the
operations are circular shifting of indices like in Rell6. It would be clearer to just call them “shift” or
circular shift” or “modulo shift” or “cyclic shift”

—> We are also fine to fork Alt 1 in two as proposed by Fraunhofer as this may address QC and Samsung’s
concern on the shift operation. For example:

Alt 1-1: Reporting of the position, [il*, f1*], of the strongest coefficient of layer 1, using ceil(log2 (K 1*Mj
or ceil(log2(K1))+ceil(log2(Mv)) bits

-
~—
~—

Alt 1-2: Reporting of the position, [il*, f1*], of the strongest coefficient of layer |, using ceil(log2(K1*M
or ceil(log2(K1))+ceil(log2(Mv)) bits, and shifting of the strongest coefficient to position fl1*=

—> NWM editor has issues with (*), which was removed from f1* in Alt 2. We assume it’s still there

V)

16 —- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] let us strive making Alt clearer at first. | have splitted Altl into two sub-Alt as 1-1 and 1-2 due
to shifting. My general thought is that payload shall be matched with certain operations/design at least.
Therefore proponents may explain a little more to the group. I temporarily put companies in front of each
Alt, and highlight payload in bold that I wish to clarify further. Hopefully we can speed up a little bit.

So far it seems to me that companies understand Alt 0 and Alt 3. We don’t need to agree as long as they
are understable.

@FH: For 1-1, can you address QC’s comments at #14? for phasing shift, it was commented before that
shifting is unclear either. Now I am confused about what the best terminology is. Also Is it possible to
make payload clearer without ”or”?

@QC: For 1-2: it it your preference? Also Is it possible to make payload clearer without or”?
@CATT: please address Intel comments at #10.

Proposal 13: Study following alternatives for reporting the strongest coefficient indication (SCI) for Rel-
17 port selection codebook in W2

Alt 0: Reporting of the position, [il*, f1*], of the strongest coefficient of layer | using ceil(log2(K0))
bits, where KO=Beta*K1*Mv

14





Alt 1-1 (FH): Reporting of the position, [il*, f1*], of the strongest coefficient of layer |, using ceil(log2 (I

or ceil(log2(K1))+ceil(log2(Myv)) bits by shifting f1* =0

(1*Mv))

Alt 1-2 (QC): Reporting of the position, [il*, f1*], of the strongest coefficient of layer I, using
ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits. Shifting the strongest coefficient to fI*
=0 is not needed

Alt 2 (CATT): phase shifting the strongest coefficient to fl = 0, and using ceil(log2(IN)) bits to indicate
the phase shift quantity for 1-th layer. The strongest coefficient is indicated by il , using ceil (log2
(K1,])) for I-th layer.

Alt 3 (SS): SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization
indicator (1 bit)

Considering further impact of UCI design for above Alternatives

17 — Samsung R&D Institute UK

For clarification, the shifting operation is for UCI design, not for SCI reporting, right? If yes, this is a
separate issue and can be applied to any alts.

18 — Fraunhofer IIS
@QC:

When the shifting operation is performed, simply indicating the strongest coefficient/port using a ceil(log2(K
indicator is not sufficient.

Let’s assume N3=13, N=4 and the strongest coefficient is associated with FD index 1. As per agreement
Minit=0, the FD indices are given by 0,1,2,3. After performing the shift, the original FD indices {0,1,2,3}
are mapped to “new” FD indices {0,1,2,12} which are no longer contained within the window. When there
is no indication of the relative shift between Minit = 0 and the index of the strongest coefficient, the gNB
would simply misinterpret the FD indices. Instead of the actual FD indices {0,1,2,12}, the gNB would
assume FD indices {0,1,2,3} for the precoder construction, which is obviously wrong. The indication of
the relative shift is done by the ceil(log2(Mv)) indicator. I hope I could address your comment.

@Catt @all:

Re Alt 2, we are not clear what does a phase shift mean? Assuming the phase shift term is replaced by a
cyclic shift or shift, Alt 2 seems to be the same as Alt 1-1. Regarding the shifting operation either via modulo
N3 or modulo Mv, we think we do not need ceil(log2(N)) indicator instead a ceil(log2(Mv)) indicator is
sufficient. If CATT is okay using a ceil(log2(Mv)) indicator, we can use a single alternative instead of Alt
1-1 and Alt 2.
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@FL: BTW Alt 1-1 is not our proposal, we are just trying to understand and refine the alternatives for
clarity :-)

19 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @FH, Thanks for your help and Nokia is also fine with that.
For Alt2, I would like to leave CATT to response. As a study, may there is no harm to keep it for now.

My update is based on Nokia’s comment at #15. And also use shift instead of phase shift. If there is specific
shift operation required, we can update later. Please also check if any typo is still there.

Proposal 13: Study following alternatives for reporting the strongest coefficient indication (SCI) for Rel-
17 port selection codebook in W2

Alt 0: Reporting of the position, [il*, fI*], of the strongest coefficient of layer 1 using ceil(log2(K0))
bits, where KO=Beta*K[*Mv

Alt 1-1: Reporting of the position, [il*, fI*], of the strongest coefficient of layer 1, using ceil(log2 (K 1*Mj
or ceil(log2(K1))+ceil(log2(Mv)) bits

-
—
~—

Alt 1-2: Reporting of the position, [il*, f1*], of the strongest coefficient of layer |, using ceil(log2(K1*M
or ceil(log2(K1))+ceil(log2(Mv)) bits, and shifting of the strongest coefficient to position f1*=0

=

)

Alt 2 : shifting the strongest coefficient to f1* = 0, and using ceil(log2(N)) bits to indicate the phase
shift quantity for I-th layer. The strongest coefficient is indicated by il* , using ceil (log2 (K1,1)) for
1-th layer.

Alt 3 : SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization
indicator (1 bit)

Considering further impact of UCI design for above Alternatives

20 — Nokia Germany

I uploaded a document in the Draft folder, linked below, where I summarised my understanding of Alt
0, Alt 1-2 (Altl-1 is w/o shift) and Alt 2. Hope it’s helpful also to address Intel’s comment on Alt 2:
https://www.3gpp.org/ftp/tsg_ ran/WG1_RL1/TSGR1 _105-e/Inbox/drafts/8.1.4/R1-21XXXXX On%20the

On Alt 3, as commented before, it is not clear how the scheme works. Could the proponents clarify how
this design works after the agreement on quantisation?

One possibility would be to report the strongest coefficient in amplitude and phase as part of the NZC, so
the SCI is not needed and a bit is used instead to identify the polarisation corresponding to second reference
amplitude. But we already agreed that the amplitude of the strongest coefficient is not reported.

o20alternatiy
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21 - ZTE Corporation

On Alt 1-1,
@FH,

In your example, cyclic shift actually remap the strongest coefficient to FD component fl=/ in the window
{0,1,2,3}, correct? So it is not true with shifting f1*=0 as given in Alt 1-1.

22 — ZTE Corporation
Just to clarify in our previous reply. It is for Alt 1-2 in comment #19 instead of 1-1. It seems the order of
alternatives is changed in comment #19 compared with previous ones.
On Alt 1-2,
@FH,

In your example, cyclic shift actually remap the strongest coefficient to FD component fl=/ in the window
{0,1,2,3}, correct? So it is not true with shifting f1*=0 as given in Alt 1-2.

To add, we think Alt 1-2 is quite unclear. It contradicts with itself. SCI is indicated including FD component
index but fI* is shifted to FD component 0. So the strongest coefficient locates in FD component index as
indicated by SCI or fI=0?

23 — Samsung R&D Institute UK

Agree that the shift is causing confusion, as commented, shift is not the main discussion topic here, it is
SCI. We suggest to move shift as a separate FFS bullet

24 — Samsung R&D Institute UK

Re Nokia comment on Alt3: please don’t misinterpret the agreement on quantization, we have not agreed to
SCl yet. Otherwise, we are not fine with this proposal, and would to like to go back fix the misunderstanding
(to Nokia) first

25 — Samsung R&D Institute UK

Re ”But we already agreed that the amplitude of the strongest coefficient is not reported.”, if we don’t
agree to SCI (Alt2), this part of the agreement doesn’t apply. In other words, amp/phase of all NZ coefs
will be reported.

26 — Samsung R&D Institute UK

re ”Could the proponents clarify how this design works after the agreement on quantisation”.

SCI is replaced with 1-bit strongest pol indicator (SPI), which is used as to fix 1st ref amp = 1; ref
amp of 2nd pol is reported using 4 bits

amp/ph of all NZ coef are reported using 3 and 4, bits respectively
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27 — Nokia Germany

Btw, we still support this proposal, the discussion and the document we shared from our point of view is
only to clarify our mutual understanding of how the alternatives work, before the summer break, as per
FL’s suggestion

Re Samsung: thanks for clarifying, we are ok to study

28 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Thank you very much for Nokia’s contribution which is really helpful. It is encouraged that every-
one has a look. Please note that all comments are useful, even though we may disagree with each other. It
seems that every solution needs more clarification by other companies, to understand how it may work.

To help delegates later, what I may do is to start offline (after this meeting) to circulate similar text, as
Nokia has done, to elaborate specific operations for EACH Alt. We will not debate whether it works by
offline, but companies can provide your views in August tdoc for each Alt.

Therefore for Proposal at #19, please be gentle. Solutions may be not perfect for now or we may need more
time. That is all. "

29 — Qualcomm Incorporated

@ Mod, we are not in favor of Altl-2, instead, it is unclear to us. Now, we are only ok with Alt0 and
Alt1-1 for the reason that at least they are clear and clean.

@FH, let say N=M=2 and fl*=1. Now, you shift fI*=I to f1*=0, and the actual FD bases are index N3-1
and 0. Then, isn’t index N3-1 outside the window? We already agreed that the window is starting with
Mini=0 and in this case the window contains FD basis 0 and 1. Same thing may happen in Alt2.

30 — Samsung R&D Institute UK

Agree with QCM comment regarding being outside the configured window issue due to shift. Besides,
when Mv=1 (or Wf OFF), there is no need for any shift.

31 — Fraunhofer IIS

@ALL: As Minit is fixed in R17 (and not reported as in R16), the “new” FD indices may lie outside the
window after the cyclic shift.

For simplicity, let’s consider the example provided by QC. Let’s assume N3=13 and N=Mv=2 so that we
have FD indices 0 and 1 before the shift. Now, let’s assume the strongest coefficient is associated with FD
index 1 (before shift). After the shift the strongest coefficient is associated with FD index 0. Now, after
the shift the actual FD indices are N3-1=12 and 0. @QC: Yes correct, due to shift the actual FD index 12
is now outside of our window. That’s the point!

So, when we use only the ceil(log2(K 1)) indicator for the SCI, we are not able to indicate to the gNB that the
actual FD indices are (12,0). The gNB would use FD indices (0,1) instead of (12,0) for the reconstruction of
the precoder. However, this is obviously wrong. Therefore, compared to R16, the ceil(log2(K1)) indicator
is not sufficient for the SCI in R17.

Therefore, it was proposed (not by us) to use a ceil(log2(K1))+ceil(log2(Mv)) indicator. Here, the first part
“ceil(log2(K1))” of the indicator indicates the port associated with the strongest coefficient. The second
part “ceil(log2(Mv))” indicates the relative shift, so that the gNB knows that the FD indices for the precoder
are either (0,1) or (12,0).
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32 — Fraunhofer IIS

Agree with QCM comment regarding being outside the configured window issue due to shift. Besides,
when Mv=1 (or Wf OFF), there is no need for any shift.

@SS,QC: Please be more constructive and let’s work TOGETHER to analyze the pros and cons for each
Alt and then let’s pick up the best Alt for the R17 CB. For example, in our view for Alt0, the bitmap is
needed to decode the SCI at the gNB. The bitmap is not needed for the other alternatives.

33 - CATT

We are ok with shift instead of phase shift to clarify the association alternatives.

@Intel, K1, 1 refers to the number of selected ports for the /th layer. We are ok to change it to K1.

34 — Qualcomm Incorporated

@FH, thanks for the analysis, but the point is if the shift make Wf outside the window, then why bother
shift it? Even if log2(Mv) is used to indicate the shift, it actually replace Mini, which has been agreed to
be fixed.

35 — Fraunhofer IIS

In our understanding so far, there are three ways to perform the shifting operation.

1) Shifting can be performed using a mod N3 operator on the global indices. In this case, the resulting
FD indices after shifting lie outside the window with Minit = 0. For that reason, ceil(log2(Mv)) indicator
needs to be reported by the UE so that the gNB knows the shift information at the UE side and corrects it.
This is our understanding so far on Alt 1-2.

2) Alternatively, as mentioned by Nokia, shifting can be performed using a mod Mv operator on the
column indices of the precoder matrix. In this case, the local FD indices lie within the window but as a
shift is performed among the FD indices, a ceil(log2(Mv)) indicator needs to be reported by the UE so that
the gNB knows the shift information within the selected FD indices.

3) Shifting can be performed using a mod N operator as well which is on the local indices of the
window. Even in this case, the local FD indices lie within the window, but because of the shifting operation
which is performed within in the local indices of the window, a ceil(log2(Mv)) indicator needs to be reported
by the UE so that the gNB knows the shift information within the local indices of the window.

Complexity:

There is no complexity issue for the UE because Mv = 2. Shifting can be performed by a simple swapping
operation of indices.

UCI omission:

The strongest coefficient for all layers is always associated with the first FD index 0. This helps in the
ordering of the coefficients when it comes to UCI omission, similar to Rel. 16.
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36 - HUAWEI TECHNOLOGIES Co. Ltd.

[Min] To avoid changes at the last minutes, following proposal (based on #19) is recommended to GTW.
Also based on CATT feedback, there is a minor update for Alt 2 by removing I (in bold). Otherwise, there
is no other changes.

@AIL: 1 know that each of us may have different preferences. It is perfectly fine. I will work offline with
proponents later to provide more elaboration to the group for each Alternative. There may have a certain
subtle difference or clarification.

Min

Proposal 13: Study following alternatives for reporting the strongest coefficient indication (SCI) for Rel-
17 port selection codebook in W2

Alt 0: Reporting of the position, [il*, fI*], of the strongest coefficient of layer 1 using ceil(log2(K0))
bits, where KO=Beta*K/*Mv

Alt 1-1: Reporting of the position, [il*, fI*], of the strongest coefficient of layer |, using ceil(log2(K1*Mj

or ceil(log2(K1))+ceil(log2(Mv)) bits

-

Alt 1-2: Reporting of the position, [il*, f1*], of the strongest coefficient of layer |, using ceil(log2(K1*M

or ceil(log2(K1))+ceil(log2(Mv)) bits, and shifting of the strongest coefficient to position f1*=0

Alt 2 : shifting the strongest coefficient to f1* = 0, and using ceil(log2(N)) bits to indicate the phase
shift quantity for I-th layer. The strongest coefficient is indicated by il* , using ceil (log2 (K15})) for
1-th layer.

Alt 3 : SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization
indicator (1 bit)

Considering further impact of UCI design for above Alternatives

37 — Samsung R&D Institute UK

Fraunhofer: in the example you explained we essentially are configuring 2 windows, and UE is reporting
one of them, isn’t it?

3 Conclusions
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1 Instruction

For MTRP CSI, we may strive to finalize some decisions with alternatives/FFS, which were agreed within
RANT1 104e-bis or earlier. The majority of proposals, therefore, is the leftover and continuous discussion.

Prioritize decisions, if they may have more RAN2 impact, e.g. to assist Multi-TRP CSI related RAN2

2 Proposals for Multi-TRP CSI Enhancements

Proposal 16-2: The proposal comes from #47 in Round 2. Let us strive to confirm exact texts to be studied.

Feedback Form 1: Proposal 16-2

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Proposal 16-2: For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select
one or more Alts in RANI#106-e:

Alt 2: additional RRC signalling is needed to configure M (M< Ks) CMRs from the CSI-RS resource
set for CMR for Single-TRP measurement hypotheses

[e]

Example: For a given set of {{#0, #1}, {#2,#3}} with N=1, {#0, #2} are for NCJT measurement
hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if
not allowed), or select any from the set for single-TRP measurement hypotheses.

Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable
single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement
hypothesis

[e]

Example: For a given set of {{#0, #1}, {#2,#3}} with N=1, {#0, #2} are for NCJT measurement
hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If
gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses.

Alt4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis
is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair.

o]
Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0,

#2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement
hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.






Note that above examples are only for the purpose of illustrating/discussing Alternatives.

2 — vivo Mobile Communication Co.

Support

3 — Apple GmbH

We fail to see the motivation of this. When a pair of CMR is configured for NCJT, we are going to measure
each CMR individually, why it cannot be used for sTRP reporting? Are we saying that the beam, i.e. CMR,
used for sTRP cannot be used for mTRP?

4 — LG Electronics Inc.

Support

5 — Qualcomm CDMA Technologies

Support

6 — Guangdong OPPO Mobile Telecom.

Fine with the proposal. But fot Alt 4, we are not sure how it can work with Ks=2 and N=1 in FR1 (e.g.
We reports Ks,max=2 for FR1). Does it mean that S-TRP and NC-JT cannot be measured simultaneously
in this case?

7-NTT DOCOMO INC.

We donot think Alt4 is needed, which limits the actual configured number of CMRs for NCJT and S-TRP,
if CMR sharing between NCJT and S-TRP is enabled. We’re okay to further discuss Alt.2 and Alt.3.

8 — China Mobile Com. Corporation
Support

9 — CATT

We have concern on the available number of CMRs in Alt.4 too.

Support to further study Alt.2 and 3.

10 — MediaTek Inc.

We support Alt. 3 but we are ok to down-select in the next meeting.

11 — Samsung Electronics Co.

We support the proposal. However, given the current situation, it is better if downselection is made from
only Alt 2 and Alt 3 in RAN1#106-e.

12 — Motorola Mobility UK Ltd.

Support






13 — vivo Mobile Communication Co.

@OPPO @CATT @Docomo: Re the number of CMRs for Alt4:
1. Value of Ks,max is still FFS.
2. We have agreed that ”Support of X=1,2 is UE optional for the UE supporting option 1.

In our understanding, Ks=2 and N=1 is the minimum requirement for enhanced MTRP CSI, which refers
to Option 1 with X=0.

While for Option 1 with X=1 and Option 2, at least Ks=3 and N=1.
For Option 1 with X=2, at least Ks=4 and N=1.

14 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @Apple: I understand your concern. In August, you may choose, e.g. Alt 4 which has no/less
spec impact but it may only work for a large Ks if sharing, or Alt 3 which is basically ON/OFF based on
previous agreement of UE cap of CMR sharing. In my understanding, we need something to match with
that UE capability, in a way or another.

@all: Let us keep Alt 4 for now for a little favor of Vivo and also address the concern of Apple. Each Alt
has own pros and cons. Moreover, I don’t see additional comments for updating text.

Just want to double check: is there still strong concern to agree with Proposal 16-2 in #1?

15 — Futurewei

Support the proposal and we prefer Alt 3.

16 — Spreadtrum Communications

Support the proposal

17 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there is no more comments. Therefore following Proposal 16-2 (same as #1) is
recommended to GTW.
Min
Proposal 16-2: For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or
more Alts in RANI#106-e:

Alt 2: additional RRC signalling is needed to configure M (M< Ks) CMRs from the CSI-RS resource
set for CMR for Single-TRP measurement hypotheses

[e]

Example: For a given set of {{#0, #1}, {#2,#3}} with N=1, {#0, #2} are for NCJT measurement
hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if
not allowed), or select any from the set for single-TRP measurement hypotheses.

Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable
single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement
hypothesis






Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement
hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If
gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses.

Alt4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis
is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair.

o
Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0,

#2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement
hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.

Note that above examples are only for the purpose of illustrating/discussing Alternatives.

Proposal 21: The proposal comes from #25 in Round 2, based on MoT comments. Let us strive to confirm
exact texts to be studied.

Feedback Form 2: Proposal 21

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Proposal 21: For Option 1 CSI reporting associated with NCJT and X single-TRP measurement
hypotheses, study whether to support following PMI/RI sharing mechanisms between NCJT CSI and single-
TRP CSl(s):

->Fnabling/Disabling PMI, RI sharing via higher-layer configuration
->Dynamic indication of PMI, RI sharing in the CSI report
->FFS: other details

2 — vivo Mobile Communication Co.

Support

3 — Apple GmbH

We are okay to study, but we fail to see the need at all.

If gNB forces CSI sharing, it can save overhead, but it cannot predict what UE truly prefers, i.e., CSI
sharing or not.

If gNB does not force CSI sharing, then there is no overhead saving.

4 — Qualcomm CDMA Technologies

Ok to study. We commented before that more clarity in the proposal may be helpful wrt meaning of PMI/RI
sharing (e.g. reporting additional CQIs), but if companies want to keep it high-level, that’s fine too.

5 — Guangdong OPPO Mobile Telecom.

Fine to study.






6 — MediaTek Inc.

Fine for further study, but we want to add the following notes:

1. PMI/RI sharing, if agreed, can be enabled only if all Ks CMRs are referred to at least one NCJT mea-
surement hypothesis.

2. When PMI/RI sharing is enabled, every CMR referred to a reported single-TRP measurement hypothesis
is also referred to the reported NCJT measurement hypothesis.

Note 2 is for the case of N=2.

7-NTT DOCOMO INC.

Okay to study it with low priority.

8 — China Mobile Com. Corporation
Fine for further study.

9 — Samsung Electronics Co.

We support the proposal. We also want to understand why the notes MediaTek proposed are necessary.

10 — Motorola Mobility UK Ltd.

Support. Re MediaTek’s comment, we suggest adding a bullet point for study regarding CMR sharing
between single TRP and NCIJT, if that would address their concerns

11 — MediaTek Inc.

@ Samsung: Without Note 1, we may have the following case: UE reports CMR pair (a, b) for NCJT and

CMR c for single-TRP, where CMR a and CMR c are in the same group. When PMI/RI sharing is enabled,
the PMI/RI on CMR c is forced to be the same as PMI/RI on CMR a. We do not think forcing identical
PMI/RI when CMRs are different can have good performance in general. As for Note 2, we want to avoid
the case where there are two CMR pairs (@, b) and (¢, d) and UE reports the CMR pair (a, b) for NCJT
and CMR c for single-TRP. If it is agreeable that a reasonable UE will not report CSI as above, then the
spec should be designed in the way that such cases will not happen. Besides, it saves some CRI overhead
nevertheless.

12 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] My understanding for MTK comment is that such PMI/RI sharing is only feasible when CMR
sharing is enabled. It makes sense I think so a FFS is added. The reason of FFS is that such PMI/RI sharing
mechanisms may need more conditions or elaboration of when/how it works. I hope that proponents may
work together to converge more during the summer and provide more details next meeting.

Proposal 21: For Option 1 CSI reporting associated with NCJT and X single-TRP measurement hypothe-
ses, study whether to support following PMI/RI sharing mechanisms between NCJT CSI and single-TRP
CSI(s):

Enabling/Disabling PMI, RI sharing via higher-layer configuration

Dynamic indication of PMI, RI sharing in the CSI report






FFS: other details

FFS: applicable conditions/restrictions of CMR sharing among Single-TRP and NCJT hypothese,
if above PMI/RI sharing mechanism can be applied

13 — Futurewei

Fine to further study.

14 — Nokia Germany

Ok to study.

As noted by Ericsson, in Round 2 and pointed out by FL, the scheme is applicable only for shared CMRs.
However, if 2N<Ks, a UE does not need to measure the Ks-2N resources that are configured for sTRP
measurement but are not in the NCJT pairs. So it seems the PMI sharing scheme only applies to the case
where 2N=Ks

15 — Samsung Electronics Co.

@ MediaTek Thank you for the clarification. We generally agree with the clarification and the moderator’s
additional FFS proposal. As this issue may have relation with dynamic indication of sharing of PMI/RI in
CSI report, we support further studying it.

16 — Spreadtrum Communications

Fine to study

17 — MediaTek Inc.

We are fine with FL’s latest proposal.

18 — China Mobile Com. Corporation

Support FL’s updated proposal.

19 — Ericsson-LG Co.

Support FL’s latest proposal.

20 — vivo Mobile Communication Co.

Fine with FL’s latest proposal.

21 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there is no more comments. Therefore following Proposal 21 (same as #12) is recom-
mended to GTW.
Min
Proposal 21: For Option 1 CSI reporting associated with NCJT and X single-TRP measurement hypothe-

ses, study whether to support following PMI/RI sharing mechanisms between NCJT CSI and single-TRP
CSI(s):






Enabling/Disabling PMI, RI sharing via higher-layer configuration

Dynamic indication of PMI, RI sharing in the CSI report

FFS: other details

FFS: applicable conditions/restrictions of CMR sharing among Single-TRP and NCJT hypothese,
if above PMI/RI sharing mechanism can be applied

Proposal 22 The proposal comes from #22 in Round 2. I may miss some comments after #18. Let us strive to
confirm exact text during the last Round.

Feedback Form 3: Proposal 22

1 - HUAWEI TECHNOLOGIES Co. Ltd.

Proposal 22: For a CSI report setting with Option 1 and X=1 or 2, For a CSI reporting associated
with NCJT and single-TRP measurement hypotheses, support prioritizing CSI associated with reported
CS1 hypotheses within a CSI Reporting Setting

FFS potential impact for UCI payload generation

FFS potential impact for the CPU occupation handling

FES whether/how to update CSI priority formula, and additional specification impact due to updated
formula

FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI

2 — vivo Mobile Communication Co.

Support

3 — Apple GmbH

We do not support to prioritize CSI hypothesis within the same CSI report setting. UE should have freedom
to process NCJT or sTRP measurement in any order.

4 — vivo Mobile Communication Co.

@Apple: Just to clarify: This proposal does not aim to restrict the NCJT or STRP processing order. It is
more related to the CSI part 2 omission.






5 — LG Electronics Inc.

Support

6 — Qualcomm CDMA Technologies

At least the bullet on CPU should not be FFS. As commented before, this priority cannot and should not
impact the CPU handling. The priority in the proposal is among reported CSIs while CPU is based on total
# of hypotheses. Any company has different understanding?

7 — Qualcomm CDMA Technologies

Just to clarify, we can instead say ’no impact for the CPU occupation handling”

8 — Guangdong OPPO Mobile Telecom.

We need to clarify firstly whether the prioritization is only used for CSI omission of Part 2 CSI. And why
current prioritizing rules based on even/odd subbands cannot be applied directly. If we agree with CSI
prioritization for different hypotheses, will it be used together with current dropping rule?

9 —NTT DOCOMO INC.

Agree with QC that CPU is based on the configured total number of resources and hypotheses for mea-
surement, not based on the selected/reported hypotheses. For the main bullet, we think it is okay since it
clearly says ’prioritizing CSI associated with reported CSI hypotheses within a CSI Reporting Setting’.

10 - CATT

Support

11 — MediaTek Inc.

Support, except for the second bullet. We share the same view as QC and NTT DOCOMO that CPU
occupation handling is not impacted by CSI priority.

12 — Samsung Electronics Co.

Support.

13 — Motorola Mobility UK Ltd.

We would like to comment on some issues related to this proposal:

CSI prioritization is not only for CSI omission, it is also related to the mapping order of the CSI order
in the UCI sequence. If CSI for more than one hypothesis is reported, there must be a rule/signal-
ing/indication of which CSI is reported first in UCI, to avoid ambiguity when the network processes
the UCI sequence. Therefore, we believe ordering CSI based on hypothesis is needed






There are two levels of prioritization/ordering of CSI in Rel. 15/16. First level is ordering between
CSI reports corresponding to different Report configurations, and the second level is ordering of
CSI within the same CSI report. Some mTRP CSI reporting scenarios (Option 1 with X=1,2) are
unconventional since the same CSI report configuration triggers CSI for multiple hypotheses. In my
opinion two alternatives exist: (Altl) Each CSI hypothesis is treated as a separate CSI report. This
violates the Rel. 15/16 limitation of one CSI report per configuration, however the spec impact is
small since we would only need to update the CSI report priority formula in TS 38.214. (Alt2) CSI
corresponding to multiple hypotheses is stacked into a single CSI report, i.e., one CSI report may
include up to 4 PMI/LI/RI, 3 CQI for Option 1 with X=2. This aligns with Rel. 15/16 in terms of
having one CSI report per CSI report config, however the spec impact would be large since we would
need to update the UCI sequence generation tables for CSI in TS 38.212 to accommodate for the new
CSI report structure. In light of that, we suggest proposal is reworded to capture the two alternatives,
as follows

Proposal 22: For a CSI report setting with Option 1 and X=1 or 2, For a CSI reporting associated
with NCJT and single-TRP measurement hypotheses, support prioritizing CSI associated with reported
CSI hypotheses within a CSI Reporting Setting. In RANI1#106e, down-select from the following

Altl: CSI corresponding to each of the X+1 hypotheses is mapped to a different CSI report, i.e., X+1
CSI reports per CSI Reporting Setting

- FFS: whether/how to update the CSI report priority formula, and additional specification impact due to
updated formula

Alt2: CSI corresponding to the X+1 hypotheses is mapped to one CSI report, i.e., one CSI report per
CSI Reporting Setting

- FFS: Mapping order of CSI report quantities (CRI/RI/PMI/LI/CQI) for different hypotheses within the
CSI report

- FFS: whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI

FFS potential impact for the CPU occupation handling

14 — vivo Mobile Communication Co.

@Motorola: We agree with your evaluation of the two Alts. We want to clarify that in Altl, whether the
multiple CSI hypos are reported in one PUCCH resource or separate PUCCH resources?

15 - HUAWEI TECHNOLOGIES Co. Ltd.
[Mod]

@MoT: you have almost the same understanding as I have. For categorization, the main reason that I did
not do is that each company may have different interpretation of the main bullet ” support prioritizing CSI
associated with reported CSI hypotheses within a CSI Reporting Setting”. In other words, once diving
into details, each company may have own preferences, which can be beyond 2 or 3 Alternatives, each of






which gives more or less specification impact. Somewhat we are running out of time. Can we keep current
format?

@Apple: as comment by Mot, you may interpret the main bullet as simple as the ordering of CSIs in the
UCI, i.e. the first FFS. The rest of spec can be unchanged as you prefer.

@MTK/QC/DC: FFS is removed.
@AIll how about the following:

Proposal 22: For a CSI report setting with Option 1 and X=1 or 2, For a CSI reporting associated
with NCJT and single-TRP measurement hypotheses, support prioritizing CSI associated with reported
CS1 hypotheses within a CSI Reporting Setting

FFS potential impact for UCI payload generation

FFS whether/how to update CSI priority formula, and additional specification impact due to updated
formula

FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI

16 — Motorola Mobility UK Ltd.

@Mod: Thank you for your response. I understand your preference not to make drastic changes to the
proposal close to end of the meeting, however we believe that the entire issue stems from the different
understanding among companies on the number of triggered CSI reports per CSI-ReportConfig (We raised
this issue two meetings ago in Section 2-1 of R1-2100989). Can we at least add one FFS to the latest
version of the proposal you shared to help push the discussion forward in the next meeting? An example
of the FFS is as follows

FFS: whether the X+1 CSI hypotheses per CSI Reporting Setting are mapped to a single CSI
report or X+1 CSI reports

Our intent is that the core problem is addressed first. We should be fine with other wording proposed by
the moderator/delegates that characterizes the issue.

@vivo: I see your concern here regarding CSI report collision. This is something to address under the spec
impact of CSI report priority update, maybe in terms of an example?

FFES whether/how to update CSI priority formula, and additional specification impact due to updated
formula, e.g., CSI report collision

17 — Apple GmbH

In the current specification, the same priority rule is used for CPU and UCI omission at least.

There is incentive or valid reason for UE to even support UCI omission with the new priority rule. If the
payload size is not enough, UE can drop the complete CSI reporting, this should not be a regular case
otherwise the gNB is not capable of scheduling UCI.

10






This is the design that will impact the spec, for example, making two priority rule, one for CPU and one
for UCI omission. This is the design that will make implementation unnecessarily more complicated. We
do see the benefit of this design technically.

18 — Qualcomm CDMA Technologies

Ok with the latest proposal, but since no company has a different understanding on the fact that this has no
impact on CPU handling, we think it should be ok to add ”no impact for the CPU occupation handling”
which may also resolve Apple’s concern.

In our view, the priority is used at least for UCI payload generation, and also possibly for Part2 CSI omis-
sion. It has no impact on CPU or on PUCCH resource selection for UCI multiplexing. The rest is terminol-
ogy dispute (CSI report versus reported CSI hypotheses), and we can leave this part to the editor to capture
the agreements as long as we clearly identify the priority is used for which purpose.

19 — Motorola Mobility UK Ltd.

@Apple: Assuming a single CSI report per config, even if CSI omission for the CSI report is one shot,
i.e., the CSI report is either fully reported or fully omitted, we still need to agree on the mapping order of
the CSI fields for this CSI report, so that the gNB can decode the CSI report without ambiguity

@QC: We do not agree that the characterization of the CSI report for multi-TRP (whether it includes a
single CSI hypothesis or all hypotheses) is an editorial issue. For instance, do we expect the editor to
decide whether we have a single vs. multiple CSI reports per config, and then decide on the order of CSI
fields for NCIJT reporting (for a single report per Config) or update the CSI report priority formula (for
multiple reports per config) without any guidance? This would probably come back to us after Rel. 17
spec is added to TS 38.212 and TS 38.214, leading to significant burden on delegates as well as editors in
the maintenance period. We are open to either solution, however the issue needs to be discussed

20 — Futurewei

Ok with FL’s latest proposal in #15.

21 — Qualcomm CDMA Technologies

@MoT: No, that is not what we meant. The order of UCI payload should be decided by RANT1 (first FES).
I think the key part is this ”as long as we clearly identify the priority is used for which purpose.”. The rest
is terminology.

22 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] For the last round of discussion, i have no intention to make delegates more stressful, unless we
have a good common understanding for a certain proposal . For the issue of prioritization, I would admit
that [ may be too optimistics.

In general, we still don’t have a clear consensus about what priority of hypotheses is mainly for (the pur-
pose), as Apple has commented, by updating formula for what, or introducing new omission rule for what,
or simply mitigating 212 impact or anything else. My original thinking is that at least the discussion related
to payload generation may be needed. However if treating them as different reports, then the story will be
changed as well.

Therefore, to speed up the summary (instead of forcing a uncomfortable agreement for some companies at
last minutes), I have revised it as study. A new FFS is added based on Mot’s request. We will come back
in August.

11






Proposal 22: For a CSI report setting with Option 1 and X=1 or 2, For a CSI reporting associated with
NCJT and single-TRP measurement hypotheses, study prioritizing CSI associated with reported CSI hy-
potheses within a CSI Reporting Setting

FFS potential impact for UCI payload generation

FES whether/how to update CSI priority formula, and additional specification impact due to updated
formula

FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI

FFS: whether the X+1 CSI hypotheses per CSI Reporting Setting are mapped to a single CSI
report or X+1 CSI reports

Companies are encouraged to discuss and justify purposes of prioritizing CSI associated with
reported CSI hypotheses.

23 — Nokia Germany

Support this proposal.

In our view, this study should aim at defining the order of mapping of the X+1 CSIs, with X>0, within a
report, in UCI in case of Option 1 reporting and the priority levels for the omission rules. This can be done
without changing the Pri function which only applies to CSI reports and affects the CPU occupation rules.

24 — Spreadtrum Communications

Fine with the updated proposal from FL

25 — Samsung Electronics Co.

Support modified FL’s proposal.

26 — China Mobile Com. Corporation
OK with FL’s updated proposal.

27 — Motorola Mobility UK Ltd.

Support the FL’s updated proposal

28 — Guangdong OPPO Mobile Telecom.

Support the updated proposal.

29 — Ericsson-LG Co.

Support FL proposal

12






30 — vivo Mobile Communication Co.

Fine with the FL’s updated proposal

31 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems that there is no more comments. Therefore following Proposal 22 (same as #22) is recom-
mended to GTW.

For next meeting based on Tdocs, I may re-categorize related discussion for more specific purposes/mo-
tivations and associated spec changes for clearer differentiation , starting from what Mot has suggested
above.

Min
Proposal 22: For a CSI report setting with Option 1 and X=1 or 2, For a CSI reporting associated with

NCJT and single-TRP measurement hypotheses, study prioritizing CSI associated with reported CSI hy-
potheses within a CSI Reporting Setting

FFS potential impact for UCI payload generation

FFS whether/how to update CSI priority formula, and additional specification impact due to updated
formula

FFES whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI

FFS: whether the X+1 CSI hypotheses per CSI Reporting Setting are mapped to a single CSI
report or X+1 CSI reports

Companies are encouraged to discuss and justify purposes of prioritizing CSI associated with
reported CSI hypotheses.

3 Conclusions
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1 Instruction

For MTRP CSI, we may strive to finalize some decisions with alternatives/FFS, which were agreed within
RANT1 104e-bis or earlier. The majority of proposals, therefore, is the leftover and continuous discussion.

Prioritize decisions, if they may have more RAN2 impact, e.g. to assist Multi-TRP CSI related RAN2

2 Proposals for Multi-TRP CSI Enhancements

Proposal 15 (Revised): For a CSI-RS resource set with Ky NZP CSI-RS resources configured for CMR and N
NZP CSI-RS resource pairs configured for NCJT measurement hypotheses, study following default value of

Ks, max;

SAlt 10 K pax =4
>Alt2: K pax =2
->Alt 3: K max = 4 for FR2, and K, pax = 2 for FRI

->Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE
support this feature.

Alt 1 (12): ZTE, Ericsson, DOCOMO, LGE, CMCC, Nokia/NSB, NEC, Fraunhofer IIS, Fraunhofer HHI,
Samsung, Futurewei

Alt 2 (7): Qualcomm, Oppo, Samsung, Spreadtrum, MTK, Vivo, Intel, Nokia/NSB,
Alt 3 (7): ZTE, Oppo, Lenovo/Mot, Fraunhofer IIS, Fraunhofer HHI, Spreadtrum

Feedback Form 1: Proposal 15

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] the proposal is revised as study

From FL perspective, the proposal may not be urgent for this meeting. It will be nice if we can make a
consensus quickly. However if we can not, we can still decide next meeting.

2—-NTT DOCOMO INC.

Support this proposal.

3 — Samsung Electronics Co.

Support to change as study.






4 — Guangdong OPPO Mobile Telecom.

Fine with the proposal

5 — Qualcomm CDMA Technologies

Ok with the proposal. From our point of view, Alt2 is only alternative that makes sense for minimal
capability.

6 — MediaTek Inc.

Support the revised proposal.

7 — Motorola Mobility UK Ltd.

In our understanding, Alt3 provides minimum Ks,max to support all CSI reporting options. On the other
hand, Alt2 provides minimum Ks,max that supports at least one CSI reporting option (Option 1 with X=0
for UEs incapable of reusing CMR between NCJT and single-TRP). We slightly prefer Alt3, which provides
some flexibility for the UE to support different CSI reporting modes

8 — LG Electronics Inc.

Fine with the proposal

9 — vivo Mobile Communication Co.

Fine with the proposal

10 — Spreadtrum Communications

Fine with the proposal

11 — Apple GmbH
Okay to study, prefer Alt2

12 — ZTE Corporation

Suggest to down-select to one option in this meeting

13 — Futurewei

Ok with the proposal and our preference is Alt 1.

14 - HUAWEI TECHNOLOGIES Co. Ltd.
[Mod] Given limited GTW this meeting, it is very likely that we have no time to make a decision for this
matter since views are too diverse. Let us come back next meeting. It is not urgent.
It seems that there is no further comment for proposal text.

Proposal 15 : For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP
CSI-RS resource pairs configured for NCJT measurement hypotheses, study following default value of K,
max,






Alt 1: Ks, max = 4

Alt 2: Ks, max = 2

Alt 3: Ks, max = 4 for FR2, and Ks, max = 2 for FRI

Note that default value means the minimal supported value for Ks,max in UE capability reporting, if
UE support this feature.

15 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Let us see whether we can close it in RAN1 105-e as following by email approval:

Proposal 15 : For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP
CSI-RS resource pairs configured for NCJT measurement hypotheses, study following default value of K,
max,

Alt 1: Ks, max =4

Alt 2: Ks, max =2

Alt 3: Ks, max = 4 for FR2, and Ks, max = 2 for FRI

Note that default value means the minimal supported value for Ks,max in UE capability reporting, if
UE support this feature.

Proposal 16: For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select zero, one or
more alternatives in RANI #105

->Alt 1: support dynamic updating on, e.g. by MAC-CE

->->Alt 1-1: CMR pairs for NCJT measurement hypotheses

->->Alt 1-2: CMRs for Single-TRP measurement hypotheses

->->Alt 1-3: TCI states in CMRs

->->Alt 1-4: the number of single-TRP CSlIs (i.e. X=0/1/2) in a NCJT CSI report

->Alt 2: additional RRC signalling is needed to configure M (M< Ks) CMRs from the CSI-RS resource set for
CMR for Single-TRP measurement hypotheses

->Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable
single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement
hypothesis





Alt 1-1 (5): Ericsson, Nokia/NSB, InterDigital, Intel

Alt 1-2: Nokia/NSB

Alt 1-3: Vivo

Alt 1-4: Nokia/NSB, Docomo(FFS)

Alt 2 (7): ZTE, DOCOMO, CMCC, NEC, Intel, Docomo, Spreadtrum, Nokia
Alt 3 (7): QC, OPPO, MTK, Ericsson, Intel, Samsung, Futurewei

None of above: Apple

Feedback Form 2: Proposal 16

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Given the agreement of Proposal 18, I think that Alt 3 is required so that the gNB can enable/disable
the sharing (if UE supports of cause). Therefore my general thought is that we agree with Alt3 at least, but
keep additional one or two additional Alternatives FFS.

Therefore companies please share your first and second preference (if you have).

2 — Spreadtrum Communications

Our first preference is Alt.2 for its flexibility, second preference is Alt.3. But they should not be supported
simultaneously, either one is enough.

3-NTT DOCOMO INC.

Similar view as Spreadtrum. First preference is Alt.2. No need to support Alt.2 and Alt.3 simultaneously.
We are okay to further study Alt 1-1, Alt 1-2 and Alt 1-4.

4 — Samsung Electronics Co.

Support Alt.3. Since we made an agreement that the functionality which a NZP CSI-RS resource can
be referred by both a CMR pair for NCJT and a CMR for sTRP is subject to UE capability for FR2, the
corresponding RRC parameter is needed.

5 — Guangdong OPPO Mobile Telecom.

Support Alt 3. For other alternatives, we fail to see the necessity.

6 — Qualcomm CDMA Technologies

Other than Alt3, we do not see the need for other alternatives at this stage.

7 — MediaTek Inc.

Support Alt 3.






8 — Motorola Mobility UK Ltd.

Can proponents of Alt3 clarify whether the RRC signaling enables single-TRP measurement hypothesis
for all CMRs configured within CMR pairs for NCJT measurement hypothesis?

9 — LG Electronics Inc.

Same view with Spreadtrum. i.e., Alt2(1st) Alt3(2nd)

10 — vivo Mobile Communication Co.

We think Alt2 and Alt3 can be realized in other ways, e.g., by CMR configuration, not necessarily using
additional RRC signaling.

We are not preferring Alt3 since it seems all CMRs configured for NCJT hypos are enabled/disabled for
STRP which is not very flexible as questioned by Motorola.

Another issue with Alt2 and Alt3 is the CPU counting not only depends on the number of CMRs, but also
have to check the new RRC signaling. While this is not an issue if same CMR ID is configured in one
CMR pair for NCJT hypo. and STRP hypo simultaneously in a CSI-resource setting.

Alt.1-3 is useful for MTRP as it may not be feasible to configure all possible CMR pairs in advance because
the beam pairs are varying as the UE moves or rotates. If could, a waste of configuration overhead will
cost. For example, if a UE possibly uses 4 beams from one TRP, and another 4 beams from the other TRP
for NCJT, totally 4*4=16 possible beam pairs may be used for NCJT CSI measurement. Supposing N=2
is configured for the UE, there will be 120 CMR pair combinations. It is infeasible to configure so many
resource settings/reporting settings.

We think, Alt.1-3, TCI state updating by MAC CE according to the beam pair reporting is a good way to
solve the problem.

11 — Intel Corporation SAS

In our view there are two separate discussions: 1) MAC-CE based configuration (Altl); 2) Additional
downselection of CMRs for STRP (Alt2 and Alt3). For discussion purpose maybe it is simpler to decouple
this proposal into two proposals.

12 — Apple GmbH

Altl: We do not prefer MAC-CE to change CSI report config

Alt2: Basic mode should be M=Ks, i.e., for the CMR configured, we do not prefer some CMR is used for
sTRP, some CMR is used for mTRP. But we are open for further discussion

Alt3: First of all, we think CSI-ReportConfig can be used to configure either STRP only, or mTRP only
or both sSTRP/mTRP. This alternative is not very clear. It seems to achieve similar goal as Alt2, i.e., some
CMR is configured only for mTRP.

13 — ZTE Corporation

Support Alt 2.

Alt 3 is not beneficial/flexible especially in FR1, once gNB enable STRP CSI, all CMRS should be for
STRP, otherwise, all CMR pairs are not used for STRP CSI. The only benefit of Alt 3 compared with Alt
2 is just to save several bits of RRC signaling. Nothing more that.






14 — Nokia Germany

Support Alt 2

In our view agreement on P18 is perfectly compatible with Alt 2. We suggest adding the following sub
bullet as an example to clarify or replace Alt 2 with it

->Alt 2: additional RRC signalling is needed to configure M (M< Ks) CMRs from the CSI-RS resource set
for CMR for Single-TRP measurement hypotheses

->-> RRC configuration of parameter M only. The first M<=Ks CMR resources in the set are configured
for single-TRP measurement

15 — Qualcomm CDMA Technologies

We have asked a question for clarification before, and looking at some comments that Alt2 is more flexible

than Alt3, we would like to understand the reason for this claim. For example, if the number M is configured
(as suggested by Nokia above), then shouldn’t Ks be exactly equal to M+2N when UE is not capable of
CMR sharing? In other words, why would gNB configure a CMR that is not used at all (neither for NCJT
not for STRP)? This needs to be ensured in Alt2, where Alt3 does not have such an issue.

At the end, both Alt2 and Alt3 can achieve the same thing, and we do not have very strong opinion either
way for this, but would like to avoid unnecessary issues that may come with Alt2 (such as possible range
of Ks as a function of M and N as mentioned above)

16 — Futurewei

Support Alt 3.

17 - ZTE Corporation

@QC Your comments are only valid in FR2 in which we can add some restriction in the spec. However,
in FR1, the issue you mentioned does not exist since CMR sharing is always allowed. In such case, Alt 2
is more flexible. One compromised solution is to adopt Alt 2 in FR1 and Alt 3 in FR2.

18 —- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Intel has a good suggestion. We can split Alt 1 out of Alt 2 and 3 since Alt 2 and 3 have overall
better support than Alt 1. Most companies from Alt 1 camp will support either Alt 2 or 3.

Alt 1-1 (5): Ericsson, Nokia/NSB, InterDigital, Intel

Alt 1-2: Nokia/NSB

Alt 1-3: Vivo

Alt 1-4: Nokia/NSB, Docomo(FFS)

Alt 2 (8): ZTE, CMCC, NEC, Intel, Docomo (1), Spreadtrum (1), Nokia, LGE (1)

Alt 3 (10): QC, OPPO, MTK, Ericsson, Intel, Samsung, Futurewei, Spreadtrum (2), Docomo (2), LGE(2)
Only one of Alt 2 or 3: Spreadtrum, Docomo

19 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Please note that this is “’study only”

Proposal 16-1: For CSI measurement associated with a CSI-ReportConfig for NC-JT, study whether/how
to support following dynamic updating on, e.g. by MAC-CE






Alt 1: CMR pairs for NCJT measurement hypotheses

Alt 2: CMRs for Single-TRP measurement hypotheses

Alt 3: TCI states in CMRs

Alt 4: the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report

20 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] As ZTE has suggested, can we support Alt 2 for FR1 and Alt 3 for FR3? Basically we have two
RRC signalling. Alt 3 can be matched with agreed Proposal 18 very well in FR2. From design perspective,
since they are covering different FRs, it seems to be straightforward enough. Also a minor update is based
on Nokia’ comment for further elaboration.

Proposal 16-2: For CSI measurement associated with a CSI-ReportConfig for NC-JT,

Alt 2: additional RRC signalling is needed to configure M (M< Ks) CMRs from the CSI-RS resource
set for CMR for Single-TRP measurement hypotheses

o

RRC configuration of parameter M only. The first M<=Ks CMR resources in the set are
configured for single-TRP measurement

Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable
single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement
hypothesis

21 - ZTE Corporation

We support the compromised solution. However, we don’t understand the subbulet from Nokia. In our
view, Ks bitmap should be used to select M resoruce for STRP CSI for flexibility. But the subbulet from
Nokia seems to only confiugre a M value and predefine the first M CMRs for STRP CSI. Since we have
two CMR groups in the set, the first M CMRS may not be what gNB wants to confiugre for STRP CSIL.

So we prefer to remove the subbullet or put it as FFS

22 — Ericsson-LG Co.

On Proposal 16-2, we can further discuss Alt 2 and Alt 3. It seems the proponents of Alt 2 have different

understandings. Nokia thinks only parameter M is needed, while ZTE thinks it should be a bitmap. So
further discussion is needed to clarify what is the exact proposal for Alt 2. We think Alt 3 can work for
FR1 and FR2.

23 — Ericsson-LG Co.

On Proposal 16-1, we are ok to study further. We support Alt 1.






24 — MediaTek Inc.

We support Alt. 3 in Proposal 16-2 as we fail to identify a use case of flexibility provided by Alt. 2 in Pro-

posal 16-2. First, there is no need to configure a CMR neither associated with a single-TRP measurement
hypothesis nor an NCJT measurement hypothesis. Then, the remaining question is assuming CMR shar-
ing, whether a CMR in an NCJT measurement hypothesis can be excluded as a single-TRP measurement
hypothesis. Can the proponents of Alt. 2 provide a use case where a CMR is used for NCJT but not for
single-TRP?

25 — Guangdong OPPO Mobile Telecom.

On proposal 16-2, we cannot understand why Alt 2 is needed for FR1. With CMR sharing, it is straight-
forward that all the Ks CMRs can be used for S-TRP measurement, while part of the CMRs can be used
for NC-JT measurement. No further RRC signaling (Alt 2 or Alt 3) is needed for FR1.

For FR2, Alt 3 is needed since there is corresponding UE capability.

26 —NTT DOCOMO INC.

On Proposal 16-2, we share the similar view as ZTE that the sub-bullet for Alt.2 should be deleted. We
also think that the required CMRs for S-TRP and NCIJT can be different. For example, let’s assume that
best beams from each TRP are beam#(1,2,3) from TRP#1, and beam#(a,b,c) from TRP#2, respectively.
However, for good beam pairs, considering the inter-beam interference, the other beam from TRP#2 to
form a beam pair with beam#1 may be beam#d, which means that there is no need to enable all the CMRs
in beam pairs for S-TRP measurement. Hence, we prefer Alt.2.

27 — vivo Mobile Communication Co.

We don’t support Proposal 16-2, the benefits are not clear or whether such enhancement is needed before
we agree the detailed basic CMR configuration.

In our mind, a flexible basic CMR configuration is more important than any further enhancement. It makes
no sense to agree enhancement before the basic scheme is clear.

28 — Intel Corporation SAS

For 16-2 we prefer Alt 2 since it more flexible and include Alt 3 in it.

Functionality achieved in Alt 3 is certainly needed for FR where it may be not possible to use same CMR
for NCJT and STRP.

With Alt 2 additional flexibility can be achieved for FR1 and FR2. For example, if a UE have only 5 CPUs
supported and there are Ks =4 CMRs configured with N =2 CMR pair for NCJT, in this case we need to
downselect only M = 1 CMR for STRP otherwise the CSI configuration will likely exceed the number of
available CPUs.

29 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Let us see whether we can close 16-1 in RAN1 105-¢ as following by email approval:

Proposal 16-1: For CSI measurement associated with a CSI-ReportConfig for NC-JT, study whether/how
to support following dynamic updating on, e.g. by MAC-CE

Alt 1: CMR pairs for NCJT measurement hypotheses






Alt 2: CMRs for Single-TRP measurement hypotheses

Alt 3: TCI states in CMRs

Alt 4: the number of single-TRP CSlIs (i.e. X=0/1/2) in a NCJT CSI report

30 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] With regarding to Proposal 16-2, our views are still diverse after # 20. Let us focus on basic
functionality at first and leave some detailed signalling design later for Alt 2 or Alt 3. Companies may have
different approaches in mind. Therefore the sub-bullet under Alt 2 is removed for the sake of discussion.

Alt2: Intel, Docomo, Nokia
Alt 3: Vivo, Oppo, ZTE, Ericsson
Proposal 16-2: For CSI measurement associated with a CSI-ReportConfig for NC-JT,

Alt 2: additional RRC signalling is needed to configure M (M< Ks) CMRs from the CSI-RS resource
set for CMR for Single-TRP measurement hypotheses

Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable
single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement
hypothesis

31 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] The motivation of Alt2, in my understanding, is to provide additional flexibility beyond Alt3 for,
e.g.

more flexibly control CPU occupancy for more or less S-TRP measurements, without reconfiguring
whole set of NCJT CMR resources (Intel)

more flexibly control CMRs associated with S-TRP which may be different when CMRs for NCJT is
changed (DC)

On the other hand, proponents of Alt 3 may argue that above flexibility may not be needed since the gNB
shall know that when configuring NCJT related measurement resources and reporting configurations.

From FL perspective, we can have more discussion. However, if we can’t make further progress for this
matter, it is likely that Alt3 may become default to match with associated UE capability signalling.






32 — China Mobile Com. Corporation
For Proposal 16-2, the sub-bullet for Alt 2 should be removed, considering the basic CMR configuration
framework haven’t been decided yet and the sub-bullet is too much detailed.

Besides, for Alt 3, the network should have the flexibility to enable S-TRP hypotheses using part of CMRs
associated with NC-JT hypotheses, instead of all the CMRs for NC-JT hypotheses. However, Alt 3 is a
little restrictive in this way.

Therefore, we prefer Alt 2 in Proposal 16-2 and removing the sub-bullet in Alt 2.

33 — Nokia Germany

On Alt 2 of P16-2. This is an example to illustrate how Alt 2 should work in in our understanding.
In the reporting setting there is a resource set with Ks=5 CMRs, CMR 0,1,2,3,4. CMR group 1 has K1=3
resources: CMR 0,1,3. CMR group 2 has 2 resources: CMR 2,4. The NCJT pairs has N=1 pair configured:
(CMR 3,CMR 4). The gNB configures the parameter M=3 such that the first M resources in the set, CMR
0,1,2 are active for sSTRP hypotheses. There is no need for another bitmap for the sTRP hypotheses.

Re Mediatek (’Can the proponents of Alt. 2 provide a use case where a CMR is used for NCJT but not for
single-TRP?”) For example, in FR1, one CMR resource is beamformed to minimise interference from a
second TRP so it’s configured for NCJT measurement, whereas another one is beamformed for single TRP
transmission. Anyway, this case seems supported in both FR1 and FR2 without capability signalling

Regarding Alt 3, in my understanding a bitmap of size 2N is needed. What is the number M of sTRP
hypotheses configured? One has to count the ones in this bitmap and add them to Ks-2N?

Besides, if we agree on dynamic updating of the NCJT pairs, do we need to update the sTRP bitmap as
well? If not, the STRP bitmap is no longer matching the CMR resources in the NCJT pairs.

34 — Nokia Germany

*typo correction: ”..one CMR resource is beamformed to minimise interference frem to a second TRP..”

35 — Qualcomm CDMA Technologies

Prefer Alt 3 as mentioned before. Anyway, from our point of view, both Alt2 and Alt3 can work, but Alt2
may require additional restrictions / bounds for possible signaling, e.g. M+2N>=Ks for FR1 or FR2 with
CMR sharing (otherwise, some CMRs are completely unused), or M+2N=Ks for FR2 w/o CMR sharing.

@Nokia: Not clear why Alt3 requires a bitmap. It is a single bit for enabling / disabling sharing.

36 - HUAWEI TECHNOLOGIES Co. Ltd.

[MOD] Just for the sake of elaboration (no preference from my side for any given design or details), both
Alt 2 and Alt 3 may need further agreements for some details, once it is accepted. My following examples
are just my understanding which may not 100% align with proponents.

Assuming N=1 and Ks=4 with #0,#1,#2,#3 resources
Alt 2:

M=1, #0 for S-TRP and {#2,#3} as default NCJT pair

M=2, #0, #1 for S-TRP and {#2,#3} as default NCJT pair
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M=3, #0, #1,#2 for S-TRP and {#2,#3} as default NCJT pair (need sharing UE capability)

M=4, #0, #1,#2,#3 for S-TRP and {#2,#3} as default NCJT pair (need sharing UE capability)

M can be replaced by a bitmap which is more flexible, e.g. choosing #0,#1,#3

Alt 3 (single bit of Enable/disable sharing):

Enable: #0, #1, #2,#3 for S-TRP and {#2, #3} as default NCJT pair

Diable: #0, #1 for S-TRP and {#2, #3} as default NCJT pair

One possible compromise, in my mind, is that

when the gNB enables sharing, the gNB can use M or bitmap to indicate specific resources for S-TRP
by Alt2 signalling. But that signalling is optional. If the signaling of Alt 2 does not present, we still
follow Alt 3.

o

When M=2 and 4, both Alt 2 and Alt 3 are similar.

When the gNB disables sharing, we still follow Alt 3.

It looks complicated, but I hope that it is still straightforward enough.

37 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Please let me know whether above compromise is acceptable or not.

38 — Nokia Germany

@ QC: thanks for clarifying, so with Alt3 there are only two possible values for M either Ks (bit 1) or
Ks-2N (bit 0) and the total number of measurements is either Ks (bit 0) or Ks+2N (bit 1).

We agree both Alt2 and Alt 3 can work, but Alt 2 is more flexible because also partial sharing can be
configured of the 2N NCJT CMRs, so the total number of measurements can be any value between Ks and
Ks+2N.

39 — MediaTek Inc.

@Nokia: First, analog beamforming is seldom applied in FR1. Second, to our understanding, it is not
straightforward for gNB to know which CMR can minimize interference; otherwise, we do not need to
enhance group based beam reporting for multi-TRP. Then, in FR2 a reasonable UE would not report a
CMR pair in which one of them is merely to minimize interference. Thus, we are not convinced that partial
sharing can be useful.

11






40 — ZTE Corporation

We are fine with Moderator’s compromised solution. Again, another compromised solution is to use Atl
2 in FR1 and Alt 3 in FR2, it makes more sense.

41 — vivo Mobile Communication Co.

@Mod, for the example of Alt.2, how the groups are configured? How do the UE distinguish the M CMRs
from which group? We have agreed that the X=2 STRP CSI hypos are from different groups. We think
distinguishing the CMRs from different groups is one of the problems to indicate value of M.

For the example of Alt.3, seems grouping is missed in the example.

According to the previous agreement, CMR grouping should be done for all CMRs, regardless CMRs
for NCJT or STRP. Can you elaborate more about the grouping in your examples? Besides, the possible
compromise seems too complicated. We should try to use a simple and unified solution.

@Nokia on #33, in the example you given,

”In the reporting setting there is a resource set with Ks=5 CMRs, CMR 0,1,2,3,4. CMR group 1 has K1=3
resources: CMR 0,1,3. CMR group 2 has 2 resources: CMR 2,4. The NCJT pairs has N=1 pair configured:
(CMR 3,CMR 4). The gNB configures the parameter M=3 such that the first M resources in the set, CMR
0,1,2 are active for sTRP hypotheses.”

It seems the following should be configured:

resource set: CMR 0,1,2,3.4.

N=1

CMR group 1 has K1=3 resources: CMR 0,1,3.

CMR group 2 has K2=2 resources: CMR 2.4.

M=3

However, redundant information is in the configuration since the CMRs in each group have to be configured
explicitly. In our mind, a simple configuration could be:

resource set: CMR 3,0,1,4,2

K1=3

N=1
With such configuration, the first K1 CMRs form group 0, the rest CMRs form group 1. The first CMR in

each group forms the CMR pair for NCJT, i.e., CMR pair {3,4}, the rest CMRs in both groups, i.e., 0,1,2
are used for STRP.
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If any CMR is going to be shared between NCJT and STRP, the same CMR ID can be configured, e.g.,
with the configuration

resource set: CMR 3,0,3.4,4

K1=3

N=1

it implies CMR pair {3,4} is for NCJT, while the rest CMRs 0,3,4 are for STRP.
In addition, we have following comments and concerns on both Alt2 and Alt3:

1. For Alt2, additional RRC signalling is not needed as any CMR update can be implemented by re-
configuring the resource set by the existing RRC signaling as shown in our example. Since both are RRC
signaling, we don’t see the need for introducing an additional RRC signaling. Another issue is how to treat
the possible unused CMRs needs further specified or some restrictions are needed.

2. For Alt3, we think it is possible that not all CMRs for NCIJT are shared for STRP. For example, same
beam of TRP1 is proper for NCJT and STRP simultaneously according to beam report, while for TRP2
beam for NCJT is different from the best beam for STRP. A simple enabling/disabling indication is not
enough to cope with such cases.

3. Another issue with Alt2 and Alt3 is the CPU counting rule have to be changed from the legacy behavior.
We’d like to update the proposal 16-2 for further study.

Proposal 16-2: For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or
more Alts in RANI#106-e:

Alt 2: additional RRC signalling is needed to configure M (M< Ks) CMRs from the CSI-RS resource
set for CMR for Single-TRP measurement hypotheses

Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable
single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement
hypothesis

Alt 4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hy-
Dpothesis is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT
CMR pair.

42 — Ericsson-LG Co.

[Ericsson] From our perspective, we prefer to avoid agreeing both Alt 2 and Alt 3. As pointed out by
MediaTek and Qualcomm, Alt 2 can result in CMR resources that are unused for both NC-JT and s-TRP
hypothesis. It is unclear why a gNB would ever configure a unused CMR to the UE.

Consider the example by Min for Alt 2. In Alt 2, M and Ks number of CMRs are both RRC configured.
Then,
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1. Configuring [Ks=3 with CMRs #0, #2, #3, where CMR #0 for sTRP CSI and CMR pair (#2, #3) for
NC-JT CSI] is effectively the same as [M=1, #0 for S-TRP and {#2,#3} as default NCJT pair]

2. Configuring [Ks=4 with CMRs #0, #1, #2, #3, where CMRs #0, #1 for sSTRP CSI and CMR pair (#2,
#3) for NC-JT CSI] is effectively the same as [M=2, #0, #1 for S-TRP and {#2,#3} as default NCJT pair]

So if M is RRC configured as proposed in Alt 2, then we can achieve the same configurations without M
as shown in the above examples. So, we the motivation for Alt 2 is not clear to us.

43 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Unfortunately we can not agree with specific details for K1 and K2 related design within a given set
since it is more related to RAN2. How about list an example for each Alt to show any potential different?
please ignore specific RAN2 design, as much as possible.

Please be free to comment examples and please strive to be symmetric and simple.

Proposal 16-2: For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or
more Alts in RAN1#106-e:

Alt 2: additional RRC signalling is needed to configure M (M< Ks) CMRs from the CSI-RS resource
set for CMR for Single-TRP measurement hypotheses

o

Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measure-
ment hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or
{#1, #3} (if not allowed), or any others for single-TRP measurement hypotheses.

Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable
single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement
hypothesis

o

Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measure-
ment hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measure-
ment. If gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses.

Alt 4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hy-
Dpothesis is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT
CMR pair.

o
Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1,

{#0, #2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP mea-
surement hypotheses

Note that above examples are only for the purpose of illustrating/discussing Alternatives.
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44 — vivo Mobile Communication Co.

(@Mod, thanks for your updates, the examples are very clear and useful for correct understanding each
alternative.

As for the cases, can we add the following subbullets in Alt4 to help understand how it works?

The CMRs for STRP can be updated by re-configuring the CSI resource set.

45 — ZTE Corporation

The example of Alt 2 is not very clear to us, but we can live with it. Could FL add an another example in
Alt 2:

Example: For a given set of {{#0, #1}, {#2, #3}}. Additional RRC signaling may select any CMRs from
the set for STRP CSI

46 — Nokia Germany
Thanks FL for the clear examples.

Alt 2 and 3 achieve similar result and we also prefer to agree one or the other, but not both for simplicity
of configuration.

We still think Alt 3 has a bit more complicated way to define the value of M, which is needed to define the
CRI bitwidth, the number of CSI-IM resources in P19, etc. In the FL’s simple example, if N=1, {#0,#2},
and there is no sharing, {#1,#3} are for sTRP measurement and M can be defined as M=Ks-2N=2, but if
N=2, {{0,2}{0,3}}, then only {#1} is for sSTRP measurement and we need to count the CMR resources in
the NCIJT pairs with different IDs, to get M=1.

47 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Minor updates. We will continue discussing in the last Round of NWM discussion. [ will transfer
following proposal to a new NWM file later.

Proposal 16-2: For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or
more Alts in RANI#106-e:

Alt 2: additional RRC signalling is needed to configure M (M< Ks) CMRs from the CSI-RS resource
set for CMR for Single-TRP measurement hypotheses

o

Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement
hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if
not allowed), or select any from the set for single-TRP measurement hypotheses.

Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable
single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement
hypothesis
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Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement
hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If
gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses.

Alt4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis
is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair.

o

Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0,
#2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement
hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.

Note that above examples are only for the purpose of illustrating/discussing Alternatives.

Proposal 17: Whether a NZP CSI-RS resource m can be referred by two CMR pairs (m, a) and (m, b)
configured for NCJT measurement hypotheses, down-select one Alternative in RANI#105e:

>Alt 1: It is feasible for FR1 but not for FR2.
->Alt 2: It is feasible for both FRI and FR2 but subject to further UE capability for FR2.
Alt 1 (8): ZTE, MTK, DOCOMO, Spreadtrum, LG, CMCC, QC, OPPO,

Alt 2 (15): Vivo, QC, OPPO, Ericsson, Nokia/NSB, Lenovo/Mot, NEC, Intel, Fraunhofer IIS,Fraunhofer HHI,
Apple, Futurewei, Samsung

Feedback Form 3: Proposal 17

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] It seems to me that companies may start to change positions. Let us continue discussing. From FL
perspective, i tends to prefer to make a decision this way or another, as soon as possible.

2 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] From FL perspective, i would encourage companies to check whether Alt 2 is beneficial enough.
We have Nmax =2 so that sharing or not sharing would not make much difference (probably). Of cause,
from FL perspective, I would always stay with the majority.

3 — Guangdong OPPO Mobile Telecom.

We have agreed that CMR reuing between S-TRP and NC-JT is up to UE capability. Alt 2 should be a
natural choice for the same reason (pls delete OPPO from the supportor of Alt 1).

4 — Motorola Mobility UK Ltd.

Support Alt2
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5 — vivo Mobile Communication Co.

Prefer Alt2

6 — Apple GmbH
Prefer Alt2

7 — ZTE Corporation

Do not support Alt 2.

This proposal is not related with CMR reuing between S-TRP and NC-JT. We don’t see any use case on
this one. We never touch three receiving beams reception in anywhere including for PDSCH reception and
for beam management.

8 — Futurewei

Support Alt 2.

9 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Since ZTE has objected Alt 2, let us wait and see for more input.

10— CATT
support Alt 2

11 — MediaTek Inc.

We support Alt. 1 as we fail to identify a feasible implementation in FR2 supporting CMR sharing between
two CMR pairs.

12 - NTT DOCOMO INC.

We support Alt.1. We think supporting Alt.2 means to define a UE capability to receive 3 beams si-
multaneously, which is undesirable. In addition, it may imply that UE can receive 3 beams of different
channels/RSs, which may lead to extra discussion on further enhancement of simultaneous reception of 3
beams of different channels/RSs.

13 — HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Here are the latest views so far during this round. Can we go to Alt2 for the majority?

Unless we have a clear agreement for spec that we can/can’t do something, by default all kinds of CMR
pairs configuration are feasible for FR2. No conclusion of Proposal 17 means no restriction (which could
be even more challenging than Alt 2 for UE vendors) in my personal view.

Alt1: ZTE, MTK, DOCOMO,
Alt 2: CATT, Oppo, Mot/leno, Vivo, Apple, Futurewei

14 — China Mobile Com. Corporation

We support Alt 1.

If Alt 2 is supported, a UE capability of receiving 3 beams simultaneously need be defined. It might be
hard to implement in FR2.
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15 - ZTE Corporation
We are not OK to go for Alt 2.

Again, there is no usecase in Rel-17. It needs 3 receiving beams at UE side, which may lead to extra dis-
cussion on further enhancement of simultaneous reception as DOCOMO pointed it out. Don’t understand
why companes want to support three receive beams in MTRP CSI agenda. It should be discussed in BM
agenda in Rel-18 or 6G.

@FL, Alt 2 has two parts: part 1, UE supports CMR sharing if UE reports a capability; part 2, UE does not
support sharing if UE does not report the capability. So the common part between Alt 1 and Alt 2 is that,
UE does not support the sharing. So Alt 1 should be the default choice.

16 — Qualcomm CDMA Technologies

Ok with both Altl or Alt2, but we need a clear agreement/conclusion.

17 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @ZTE: I am ok as long as we have a clear agreement or conclusion, e.g. Alt 1 is by default if no
further agreement.

Alt 1: ZTE, MTK, DOCOMO, CMCC, QC
Alt 2: CATT, Oppo, Mot/Lenovo, Vivo, Apple, Futurewei, QC

18 — vivo Mobile Communication Co.

Considering the UE complexity and use cases, we are fine to go with Alt.1.

19 — Ericsson-LG Co.
[Ericsson] Alt 2.

20 — LG Electronics Inc.

We also prefer to go with Altl.

21 - HUAWEI TECHNOLOGIES Co. Ltd.
[Mod] Based on Round 2, our views are almost equal. Anymore view?
Alt 1 (7): ZTE, MTK, DOCOMO, CMCC, QC, Vivo, LG
Alt 2 (9): CATT, Oppo, Mot/Lenovo, Vivo, Apple, Futurewei, QC, Ericsson

22 — ZTE Corporation

Some more clarification to elaborate our cencern on Alt 2.

Assuming receiving (m,a) at the time instance X, and receiving (m,b) at the another time instance y, it seems
only two beams are used at a same time, and three receiving beams seem not needed. However, this is not
correct.

The key issue is on instance x and y. Assuming all of CMRs are aperiodic, i.e. one-shot CSI-RS, it is
impossible to have two transmit instances for CMR m since it is one-shot. The problem happens when
receiving CMR m.

Assuming all of CMRs are periodic, the QCL type D of all CMRs are configured by RRC. Please noted
that, for a perioidc CSI-RS resource, QCL type D is fixed after RRC configuration, it cannot change from
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instance x to y.  For inter-beam interference measurement on CMR (m, a), UE simultaneously uses two
receiving beams rm and ra to receive CMR m and CMR a. Likwise, For inter-beam interference mea-
surement on CMR (m, b), UE simultaneously uses two receiving beams rm and rb to receive CMR m and
CMR b. So for CMR m, UE actually has to use three receiving beams, i.e. rm, ra and rb. Otherwise, UE
has to use different receiving beams in instance x and y which is impossible for periodic CSI-RS.

23 — Nokia Germany

Still prefer Alt 2 but also ok to go with majority

24 — Samsung Electronics Co.

Based on ZTE’s clarification, we are supportive on Alt.1.

25 — Apple GmbH

We can also be supportive of Alt 1.

26 — CATT

After further discussion, we think that ZTE’s concern on Alt2 is reasonable, and we are fine to go with Alt
1.

27 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Interesting that more companies seem to be more flexible and preferring Alt 1 now. I assume that
Nokia is also ok with the majority. Can we go to Alt 1?

Note that this one will go to GTW.
Alt 1 (12): ZTE, MTK, DOCOMO, CMCC, QC, Vivo, LG, Apple, Samsung, CATT, Nokia/NSB
Alt 2 (6): Oppo, Mot/Lenovo, Futurewei, QC, Ericsson

Proposal 19: Whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses,
down-select from following Alternatives:

->Alt 1: CSI-IM resources can be shared by both NCJT and Single-TRP measurement hypotheses.

->Alt 2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement
hypothesis or a CMR pair for NCJT measurement hypothesis:

->->one-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for single-TRP
measurement hypothesis and N NZP CSI-RS resource pairs for NCJT measurement hypothesis configured in a
CSI-RS resource set.

->->[f a UE supports and the sharing is also enabled by gNB, i.e. two CMRs from a CMR pair
configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses,

M = Ks. Otherwise M=Ks-2N

->->Note: it is possible to configure the same CSI-IM resource ID for both NCJT and Single-TRP
measurement hypotheses.

Alt 1 (5): Vivo, MTK, Ericsson, Lenovo/Mot
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Alt 2 (11): ZTE, OPPO. DOCOMO, Spreadtrum, LG, CMCC, Nokia/NSB, InterDigital, NEC, Intel

Feedback Form 4: Proposal 19

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Let us see what views could be this round, taking into account the latest comment from Ericsson.

2 — Qualcomm CDMA Technologies
For the note, it is meant for both FR1 and FR2? For FR2, it is not arbitrarily possible (QCL-TypeD
consistency is needed).

Also, in FR1, same CSI-IM resource ID can be configured not just between NCJT and sTRP hypos, but
also between sTRP and sTRP hypos as well as between NCJT and NCJT hypos.

3 — Guangdong OPPO Mobile Telecom.

We support Alt 2 with the updated note. The number of CSI-IM resources can be different depended on
whether CMR sharing is enabled. Furthermore, if we add the note (it is possible to configure the same
CSI-IM resource ID for both NCJT and Single-TRP measurement hypotheses) , Alt 1 can be also included
if we agree with Alt 2.

4 — vivo Mobile Communication Co.

For Alt.2, we cannot support the second subbullet because it seems based on the assumption in P16 which
we haven’t agreed on.

->-> If a UE supports and the sharing is also enabled by gNB, i.e. two CMRs from a CMR pair con-
figured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses,
M = Ks. Otherwise M=Ks-2N

We can agree Alt.2 if the second subbullet is deleted.

Re QC’s concern, we agree if same CSI-IM resource ID is configured twice, the same QCL assumption
for the CSI-IM is used. We think it is possible to configure the same CSI-IM resource ID corresponding to
multiple CMR pairs for NCJT or multiple CMRs for STRP.

5 — Apple GmbH

Prefer Alt2. But the Note needs some further discussion

->->Note: it is possible to configure the same CSI-IM resource ID for both NCJT and Single-TRP
measurement hypotheses.

We do not know why this note is needed. If NCJT and sTRP needs different beams, for example in FR2,
then it is not possible for UE to handle the same CSI-IM resource ID. So it is not true to see it is possible
to configure something that UE cannot handle

6 — Intel Corporation SAS

Considering the note the both alternatives have the same functionality, (i.e. anyway same IMR can be
configured)
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7 — Nokia Germany

We think the added second bullet to Alt 2 is not correct, because according to Alt 2 of P16 the value of M
can simply be RRC configured and correspond to the first M CMR resources in the set

8 — Futurewei

Support Alt 1.

9 — HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required. Let us wait and see more comments. Thanks.

10 — Ericsson-LG Co.

Some companies are referring to some alternatives in P16 which is not agreed yet. Since there seems to
be dependence on P16, we suggest to discuss this proposal after an agreement is reached on P16.

11 - CATT
support Alt 1

12 - NTT DOCOMO INC.

Agree with vivo to delete the second subbullet below.

->-> If a UE supports and the sharing is also enabled by gNB, i.e. two CMRs from a CMR pair con-
figured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses,
M = Ks. Otherwise M=Ks-2N

13 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Based on the request of Docomo and Vivio, the second subbulet is removed and replaced as FFS

For the note, in my view, it is for both FR1 and FR2. For FR2, generally IMR type-D shall follow CMR
type-D assumptions. If somewhat shared IMRs from two measurement hypotheses have conflicted Type
D due to gNB configurations, it is up to UE to decide which type D may be assumed. Rel-15 have similar
issues. Therefore, the main difference, in my view, between Alt 1 and Alt2 are mainly for RRC signalling
design considering signalling flexibility and RRC overhead.

Proposal 19: Whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses,
down-select from following Alternatives:

Alt 1: CSI-IM resources can be shared by both NCJT and Single-TRP measurement hypotheses.

Alt 2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measure-
ment hypothesis or a CMR pair for NCJT measurement hypothesis:

o

one-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for single-
TRP measurement hypothesis and N NZP CSI-RS resource pairs for NCJT measurement hypoth-
esis configured in a CSI-RS resource set.
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FFS the value/definition of M

Note: itis possible to configure the same value of CSI-IM resource ID for both NCJT and Single-TRP
measurement hypotheses in FR1 and FR2

14 — China Mobile Com. Corporation
Support Alt 2.

15— ZTE Corporation
We prefer Alt 2.

16 — Nokia Germany
We prefer Alt 2

17 — Qualcomm CDMA Technologies

Support the direction of Alt2. For the last note, can we add ”subject to QCL-TypeD consistency” for FR2?

18 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Can we go to Alt 2?
@CATT @Futurewei: Is there still strong preference for Alt 1?

Proposal 19: Whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses,
down-select from following Alternatives:

Alt2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measure-
ment hypothesis or a CMR pair for NCJT measurement hypothesis:

[e]

one-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for single-
TRP measurement hypothesis and N NZP CSI-RS resource pairs for NCJT measurement hypoth-
esis configured in a CSI-RS resource set.

FFS the value/definition of M

Note: it is possible to configure the same value of CSI-IM resource ID for both NCJT and Single-TRP
measurement hypotheses in FR1 and FR2, subject to QCL-Type D consistency in FR2
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19 — vivo Mobile Communication Co.

We support Alt 2 in principle.

However, "subject to QCL-Type D consistency in FR2” is not very clear. Can we say, ’subject to CMR
sharing between NCJT and Single-TRP measurement hypotheses in FR2”?

20 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @Vivo How about following update?

Proposal 19: Whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses,
down-select from following Alternatives:

Alt2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measure-
ment hypothesis or a CMR pair for NCJT measurement hypothesis:

o

one-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for single-
TRP measurement hypothesis and N NZP CSI-RS resource pairs for NCJT measurement hypoth-
esis configured in a CSI-RS resource set.

FFS the value/definition of M

Note: it is possible to configure the same value of CSI-IM resource ID for both NCJT and Single-TRP
measurement hypotheses in FR1 and FR2, subject to QCL-Type D consistency between measure-
ment hypotheses of the shared CMR in FR2

21 — vivo Mobile Communication Co.

We are fine with FL’s update at #20.

22 — Nokia Germany

still support

23 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] From FL perspective, Alt 2 is recommended. Therefore following proposal is recommended to be
discussed in GTW.

Proposal 19:

Alt2: A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measure-
ment hypothesis or a CMR pair for NCJT measurement hypothesis:
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one-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for single-
TRP measurement hypothesis and N NZP CSI-RS resource pairs for NCJT measurement hypoth-
esis configured in a CSI-RS resource set.

FFS the value/definition of M

Note: it is possible to configure the same value of CSI-IM resource ID for both NCJT and Single-TRP
measurement hypotheses in FR1 and FR2, subject to QCL-Type D consistency between measure-
ment hypotheses of the shared CMR in FR2

Proposal 21: For a CSI reporting associated with NCJT and single-TRP measurement hypotheses, i.e. Option
1 with X =1 or 2, study following PMI/RI sharing mechanisms between NCJT CSI and single-TRP CSI(s):

->FEnabling/Disabling PMI, RI sharing via higher-layer configuration
->Dynamic indication of PMI, RI sharing in the CSI report
->FFS: other details

Feedback Form 5: Proposal 21

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @Ericsson @Mot: Thanks for your document. It is encouraged to check your document under
8.1.4. folder in the draft. With regarding to the proposal itself, here are some updates based on your input.

I think that companies may ask more clarification questions in Round 2 and then we can work on more
updates. Then during the summer, I do hope that companies can be more open and motivated by the
discussion.

2-NTT DOCOMO INC.

Do not support it. We have not agreed RI/PMI sharing yet. Why ’study following PMI/RI sharing mecha-
nisms’ in the proposal? This proposal implies that we have agreed PMI/RI sharing, and this proposal is to
discuss the detailed sharing method, which is not acceptable.

3 — Samsung Electronics Co.

Thanks Ericsson and MotM for your nice document, and we also support the proposal.

4 — Guangdong OPPO Mobile Telecom.

Maybe we need to study whether there is benefit and whether to support PMI/RI sharing firstly.

5 — Qualcomm CDMA Technologies

If the intention is further study, the proposal should be clear. Based on the new joint contribution R1-
2106077, it seems the meaning of “’sharing” from spec impact point of view is to report 3 CQIs with
Option 1 and X=0 (only report NCJT CSI report, but include 2 additional CQIs). This is not clear from the
proposal above.
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Then, we would like to understand what is the CPU/resource/port occupation for this. Is the UE expected
to calculate the two additional CQIs as a bonus w/o using CPU/resource/port budget?

Also, it should be understood that with this type of sharing, sTRP transmission can never go beyond rank 2
(RI pairs are {1+1,1+2,2+1,2+2}) unless if additional mechanisms are added on top of this, e.g. sharing is
only enabled if UE after evaluating sTRP hypos sees that rank for all sSTRP hypos is smaller than or equal
to two (which impacts the UCI design as well).

As an additional point, this kind of sharing can be already achieved with Option 1 and X=0. The only
difference is one CQI instead of 3 CQIs (PMI/RI is exactly same as this already agreed mechanism). Then,
given that CQI can be easily corrected with outer loop, we are not sure about the benefit compared to Option
1 with X=0. On the other hand, the benefit of the agreed mechanism (Option 1 with X=0) is occupying
much less CPU and active resource/port.

Given these, we see the specification impact is too much and the actual benefit is not clear. At the best, this
is an optimization with non-trivial amount of work that should be discussed only after the basic design of
NCJT CSl is finalized.

6 — Motorola Mobility UK Ltd.

@Moderator: Thank you for updating the proposal. The document is also co-sourced by Intel and vivo
beside Ericsson and MotM

@DOCOMO/QC: The proposal clearly states ’study PMI/RI sharing’, not sure where is the controversial
wording

@QC: I think the points you raised: CSI reporting option/supported RI/CPU occupation are good points
for discussion. I believe it wouldn’t hurt to give companies the option to study, given the large time gap
until the next RAN1 meeting

7 — vivo Mobile Communication Co.

Support.

From our understanding, if whether PMI/RI is shared between NCJT CSI and STRP CSI depends on the
calculation results of NCJT CSI and STRP CSI, there will be no impact on the CPU occupation. The only
impact is the reduced contents in the CSI report which is surely beneficial to the CSI feedback overhead.

8 — Apple GmbH

This seems to be some CSI compression enhancement.
Even if it is discussed, we do not think it should have high priority.

UE observes the channel, and the preferred PMI/RI may be different between sSTRP/mTRP. From UE per-
spective, arbitrarily limit the PMI/RI sharing may degrade the performance. On the other side, if freely
selection is allowed, we do not see the CSI compression.

We need to understand, is this study suggesting that gNB will tell UE that UE has to report the same PMI/RI
for STRP and mTRP, in order to save CSI overhead?

9 — Nokia Germany

Ok to study. We suggest some slight rewording

Proposal 21: For a CSI reporting associated with NCJT and single-TRP measurement hypotheses, i.e.
Option 1 with X =1 or 2, study whether to support following PMI/RI sharing mechanisms between NCJT
CSI and single-TRP CSl(s)
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10 — Futurewei

Fine to study. Support Nokia’s wording change.

11 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] The proposal itself is to study firstly. From FL perspective, QC has raised some good points.
Without clear understanding potential impact of specification, it will be very hard to make progress. Some
UCI optimization may be feasible but we need at least one meeting to agree with basic principles of design,
and then two meetings to finalize them. As FL, I only guide the discussion. Therefore proponents please
convince QC/Apple/DC during the summer -,

Proposal 21: For a CSI reporting associated with NCJT and single-TRP measurement hypotheses, i.e.
Option 1 with X =1 or 2, study whether to support following PMI/RI sharing mechanisms between NCJT
CSI and single-TRP CSl(s):

->Enabling/Disabling PMI, RI sharing via higher-layer configuration
->Dynamic indication of PMI, RI sharing in the CSI report
->FFS: other details

12 — Ericsson-LG Co.

We agree with FL. The intention is to study this issue until next meeting and make a decision at the next
meeting. To respond to some comments from Qualcomm:

QC »” .... this kind of sharing can be already achieved with Option 1 and X=0. The only difference is one
CQI instead of 3 CQIs (PMI/RI is exactly same as this already agreed mechanism). Then, given that CQI
can be easily corrected with outer loop, we are not sure about the benefit compared to Option 1 and X=0.”

Ericsson » The CQI that the UE reports for Option 1 and X=0 corresponds to NC-JT where different layers
are received from the two TRPs. This CQI will be very different from the CQI corresponding to a single
TRP transmission. Plus, outer loop convergence will be very slow. We have to consider the benefit of
overhead reduction, plus as we have shown in the joint contribution that there is no performance impact
compared to the case when there is no sharing of PMI/RI .

QC»”... it should be understood that with this type of sharing, sTRP transmission can never go beyond
rank 2 (RI pairs are {1+1, 1+2, 2+1, 2+2}) unless if additional mechanisms are added on top of this. (e.g.,
sharing is only enabled if UE after evaluating sTRP hypos sees that rank for all sSTRP hypos is smaller than
or equal to two (which imacts the UCI design as well).”

Ericsson»NC-JT is beneficial when the channel from the sSTRP(s) to the UE is rank limited. So in a scenario
where the UE could receive 4 layers for example from a single TRP, then there may not be much benefit of
NC-JT in the first place. We have provided results on this in our tdoc (see Table 3 of R1-2105807). So one
simple possibility is to enable PMI/RI sharing for scenarios which involve rank limited channels between
sTRP and NC-JT (which is also the scenarios where NC-JT is most beneficial. But, these kind of details
can be discussed in the next meeting.

13 — CATT

not support

14 - NTT DOCOMO INC.

Even if it is discussed, it should have low priority.
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15 — MediaTek Inc.

Fine for further study, but we think PMI/RI sharing, if supported, should be built upon Option 1 with X=0,

rather than Option 1 with X=1, 2. First, it is unreasonable that gNB transmits “physically” different CMRs
for NCJT and single-TRP but PMI/RI is forced to be the same. Next, it is unreasonable that Rx spatial
filters are different but PMI/RI is forced to be the same. Thus, instead of imposing restrictions on Option 1
with X=1, 2, it is more straightforward to work on Option 1 with X=0. Thus, we prefer to revise Proposal
21 towards this direction such as the following:

Proposal 21: For a CSI reporting setting associated with only NCJT measurement hypotheses, i.e. Option
1 with X = 0, study whether to support reporting more than one CQI:

> [f 2 CQIs are reported, then the first CQI is associated with the NCJT measurement hypothesis and the
second CQI is associated with one of the two corresponding single-TRP measurement hypothesis; FFS how
to indicate which single-TRP measurement hypothesis is reported.

> If 3 CQIs are reported, then the first CQI is associated with the NCJT measurement hypothesis and the
rest CQIs are associated with the two corresponding single-TRP measurement hypotheses, respectively.

-> CQI(s) shall be calculated conditioned on the reported PMI(s), RI(s) and CRI
->FFS: higher-layer configuration and/or dynamic indication

->FFS: LI and other details

16 - HUAWEI TECHNOLOGIES Co. Ltd.
[Mod]

@DC: to be studied means a lower priority at least for this meeting. For next meeting, it is still up to
companies who can propose or not propose anything related to this matter.

@MTK: your preference seems to be related to proposal 23 which has no consensus. Can we try some
high level wording, like FFS other details related to CQI hypothesis and reporting due to PMI/RI sharing
mechanisms between NCJT CSI and single-TRP CSI(s). or any other suggestions?

CATT: well received. Proponents need to convince you as well A"

From FL perspective, I do acknowledge the complexity of possible design in Proposal 21. Therefore for
RANT1 106, we will discuss it closely, if there are sufficient interests during the meeting.

17 — China Mobile Com. Corporation

We are fine for further study and the benefits of PMI/RI sharing need be studied this summer.

18 — Qualcomm CDMA Technologies

We share similar understanding with MediaTek that Option 1 with X=0 is more reasonable. Otherwise,
there is no grantee that best STRP hypos are from the same CMRs of the best NCJT hypo, which means that
PMI/RI sharing is not even meaningful. Then, the impact of CPU/resource/port occupation is an additional
complication (whether the two additional CQIs come for free or burn some of processing capability of the
UE).

Anyway, we are fine to further study this. Our intention is to have a clear proposal so that there is no need
to align the understanding of the meaning of PMI/RI sharing again in the next meeting.

19 — vivo Mobile Communication Co.

Support FL’s updated proposal in #11.
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As we have commented, if whether PMI/RI is shared between NCJT CSI and STRP CSI depends on the
calculation results of NCJT CSI and STRP CSI in a dynamic manner, there will be no impact on the CPU
occupation. The only impact is the reduced contents in the CSI report which is surely beneficial to the CSI
feedback overhead with dynamic indication.

20 — Ericsson-LG Co.

[Ericsson] The proposal from us is to to enable PMI/RI sharing between sTRP and NC-JT CSI hypothesis
is applicable when the CMRs are shared between sTRP and NC-JT CSI hypotheses.

Starting with Option 1 with X=0 is a different proposal. In our view, the CQI for NC-JT will not be matched
to sTRP hypothesis. It would be good if MediaTek and other proponents can bring some simulation results
to show whether this works. We have already provide simulation results for PMI/RI sharing with Option 1
and X=2 in our Tdoc.

21 — MediaTek Inc.

@ZEricsson: Can you elaborate ’the CQI for NC-JT will not be matched to sTRP hypothesis”? Extending
Option 1 with X=0 for PMI/RI sharing will report 2 or 3 CQIs in total. In our view, CQI for a single-TRP
hypothesis is calculated conditioned on the PMI/RI of the NCJT hypothesis but independently of CQI of
the NCJT hypothesis. Can you share the value of N (number of NCJT pairs)and Ks (number of CMRs) in
your simulation results? If N =1 and Ks = 2, then your simulation results can also be applied to Option 1
with X=0 assuming 3 reported CQlIs.

22 — Ericsson-LG Co.

[Ericsson] @MediaTek: I think we misunderstood your comment. We would be ok if the UE reports 2
RIs, 2 PMIs, and 3 CQIs (1 CQI for NC-JT, and 2 CQIs for the two sTRP CSI hypotheses). May be we
don’t need to mention X=0 then in the proposal?

23 — Nokia Germany

Thanks for the document shared in the draft folder and for elaborating on the proposed scheme.

Some comments below:

As noted by Ericsson, the scheme is applicable only for shared CMRs. However, a UE does not need
to measure the Ks-2N resources that are configured for sSTRP measurement but are not in the NCJT
pairs. Does the PMI sharing scheme only apply to the case where 2N=Ks?

Similar to QC’s comment, what is the number of CSI calculations (CPU occupancy) and the CRI defi-
nition associated with this type of report? Both CPU occupancy and CRI report seem more consistent
with configuration Option 1, X=0 then Option 1, X=2.

In fact, UE complexity associated with the proposed configuration (which is UE optional for X=2)
seems lower than Option 2 (which is not optional), because in Option 2 the UE measures also the
single-TRP CMRs.

Is the sharing of PMI and RI always assumed under Option1, X=2, or is it a special case? In some other
cases, the network may want to configure different CMRs for single-TRP measurement and NCJT
measurement. For example the CMRs for NCJT are beamformed to avoid cross-TRP interference,
whereas those for single-TRP are beamformed to maximise beamforming gain for single-TRP. So,
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in this case, the network may want the UE to measure the NCJT and single-TRP CSIs on different
CMRs. In other words, if the proposed configuration with PMI sharing is a special case of Option
1, X=2, with its own rules for CMR measurements and CRI mapping, it’s like introducing a 5th new
configuration (in addition to Option 1, X=0,1,2 and Option 2)

Another thought is that maybe the CSI overhead with Option 1, X=2 is not that huge even when
reporting 4 PMIs because it’s less than a single eType Il report. For example, if I’'m not mistaken,
Type I overhead is roughly 60 bits for 32 antenna ports, so 240 bits in total is less than a single eType
II CSI with parameter configuration 6 (the one tested in RAN4), which requires 250 bits for rank 1.

24 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] I just copy the proposal at# 11. I am not exactly sure what updates may be needed yet. Let continue
discussing following proposal during the last round of NWM discussion.

@MTK/Ericsson: could we could come with possible text updating during next round. Thanks.

Proposal 21: For a CSI reporting associated with NCJT and single-TRP measurement hypotheses, i.e.
Option 1 with X =1 or 2, study whether to support following PMI/RI sharing mechanisms between NCJT
CSI and single-TRP CSl(s):

->FEnabling/Disabling PMI, RI sharing via higher-layer configuration
->Dynamic indication of PMI, RI sharing in the CSI report
->FFS: other details

25 — Motorola Mobility UK Ltd.
We are OK with the current wording of the proposal. We also suggest the following wording change if
some companies prefer studying the framework under Option 1 with X=0 as well, as follows

Proposal 21: For & Option 1 CSI reporting associated with NCJT and X single-TRP measurement hy-

potheses, te—Optioni—with-X-—=1-or-2-study whether to support following PMI/RI sharing mechanisms
between NCJT CSI and single-TRP CSl(s):

->Enabling/Disabling PMI, RI sharing via higher-layer configuration
->Dynamic indication of PMI, RI sharing in the CSI report
->FFS: other details

26 — Ericsson-LG Co.

We are fine with either FL’s latest version or Motorola’s version.

Proposal 22[Revised]: For a CSI reporting associated with NCJT and single-TRP measurement hypotheses,
support prioritizing CSI associated with different measurement hypotheses within a CSI report

-> FFS whether/how to update CSI priority formula, and additional specification impact due to updated
formula

-> FFS whether/how to update CSI omission rules based on prioritized CSI
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Feedback Form 6: Proposal 22

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] A second FFS is added as the comment from Vivo. I am still not sure whether P22 is agreeable
or not, or whether there is any better way to move forward. Although it seems that companies do have
something in mind that all measurements among M-TRP and S-TRP CSI may not equal, how to address it
seems to be different.

Let us strive to have more discussion to have better mutual understanding, for potential specification impact.

2 — Guangdong OPPO Mobile Telecom.

For UCI omission within one CSI report, prioritizing CSI associated with different measurement hypothe-
ses is needed. To determine a CSI report with higher priority for PUCCH resource determination, further
enhancement on CSI prioritization may be also needed. For example, whether a CSI report with option 1
and X=0 has higher priortiy than a CSI report with option 1 and X=2? Whether a CSI report with option 2
(which can be S-TRP or NC-JT) has higher priortiy than a CSI report with option 1 and X=27?

3 — vivo Mobile Communication Co.

We shared similar view as OPPO and we think regarding all reported CSI hypos of one CSI-reportConfig
as a CSI report is a clearer solution.

This proposal seems for CSI omission rule for part2, maybe the other way round is to just apply the odd/even
subband omission rule as Rel-16 without specifying priority among CSI hypos. Alternatives can be listed.

Another related issue is whether to specify different priorities for Option 1 with X=0, Option 1 with X=1,
Option 1 with X=2, Option 2 vs. existing CSI reports.

4 — Apple GmbH
CSI priority defined in 38.214 are used at least for CPU handling, and the UCI omission

For CPU handling, we do not prefer to prioritize STRP or mTRP which will force UE to process one over
the other. The solution should be either we drop the complete CSI report, or UE finish the CSI report.
For UCI omission, we prefer the same. No need for this type of optimization.

5 —ZTE Corporation

Support the proposal

6 —- HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] More discussion is required. I will wait for more comments before updating text. Thanks.

7 - CATT

support

8 — MediaTek Inc.

Support the proposal.

9 —-NTT DOCOMO INC.

support the proposal
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10 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] @Oppo/@Vivo: can you provide some suggestions of changes? It seems to me that priorities in
your view are based on the number of X across reports? I am fine to list Alts, to make conceptual design
relatively clearer.

11 — China Mobile Com. Corporation
Support this proposal.

12 — Qualcomm CDMA Technologies

@OPPO, vivo: For PUCCH resource determination (e.g. between two PUCCH resources with a CSI
report with option 1 and X=0 versus a CSI report with option 1 and X=2), why a priority is needed across
these? These two have different CSI report config IDs, and gNB can assign priority by assigning report
config ID. Within a CSI report config ID, the new formula, if agreed, does not impact the rule related to
PUCCH resource determination as priorities are consecutive. So, we still do not understand the issue with
the proposal (or with the formula in the earlier version of the proposal).

@ Apple: The priority in the proposal cannot and should not impact the CPU handling. CPU is based on all
hypotheses in a given CSI report setting (UE need to evaluate all hypotheses before knowing which ones
are to be reported). The priority in the proposal is between the CSI reports that are identified to be reported
after evaluation. We can clarify this as below.

@ Mod: We suggest the following to make the proposal more clear (Sorry, It is hard to show the changes
compared to early version in NWM)

Proposal 22: For a CSI report setting with Option 1 and X=1 or 2, support prioritizing the two or
three CSI reports within the CSI report setting

-> The priority is used at least for UCI payload generation among one or multiple CSI report settings
-> The priority does not impact the CPU occupation handling

-> FFS whether/how to update CSI priority formula, and additional specification impact due to updated
formula

-> FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI

13 - HUAWEI TECHNOLOGIES Co. Ltd.
[Mod] @All please check QC updates at #12. Any comments?

14 — MediaTek Inc.
We support QC’s updates at #12.

15 — Ericsson-LG Co.

[Ericsson] We have some concern in the main bullet of the Qualcomm proposal. In Qualcomm’s proposal,
it is assumed that the two or three single-TRP and NCJT CSI hypotheses are two or three different CSI
reports within a CSI report setting. I don’t think we have made any agreement that these CSI measurement
hypotheses are different CSI reports.

But the original Proposal 22[Revised] from the FL is acceptable to us.
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16 — vivo Mobile Communication Co.

@QC, please find our reply to your comment in round 1

”@vivo: The text from 213 spec is exactly what we were referring to above. As you can see, the priority
is used to select “first resource” not to select CSI report. For this purpose (selecting resource), it does not
matter priority of which of the three CSI reports in that PUCCH resource is selected because the priorities
are consecutive. This rule is among different PUCCH resources (corresponding to different CSI report
setting), and hence, the modified priority formula does not change that rule. ”

However, in 213, from the following sentences

9

if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that
do not overlap with the first resource, the UE determines a CSI report with the highest priority, among
the CSI reports with corresponding resources from the remaining resources, and a corresponding second
resource as an additional resource for CSI reporting”

if a CSI report is a CSI hypothesis, then there is no chance to report all CSI hypos in such cases in the
second resource for Option 1 with X=1/2.

Therefore, we feel safe to refer a CSI report in the spec to a CSI reporting setting because there are so many
places talk about CSI report(s).

Anyway, we can conclude whether a CSI report in the spec to a CSI reporting setting or a CSI hypothesis
in the next meeting and decide whether the enhanced CSI report for MTRP has a newly defined priority
according to the formula.

We don’t agree the proposal 22 updated by QC at #12, we are fine with the FL’s Proposal 22[Revised] or
just change a CSI report” to ”a CSI reporting setting”. The subbullet ”The priority does not impact the
CPU occupation handling” is OK.

17 — Qualcomm CDMA Technologies

@ZEricsson, vivo: If your concern is on using “CSI report”, we can simply use "CSI”. I do not think
”CSI hypothesis™ is a right word either, because the hypotheses are not all reported. The hypotheses are
evaluated.

@vivo: In the text you mentioned, ”a CSI report with the highest priority” is for the purpose of PUCCH
resource determination. Then, the priority formula does not change this procedure. In any case, it seems
that we both have the same intention (the outcome of this priority rule should not impact the PUCCH
resource determination rule above).

To address the terminology issue above mentioned by Ericsson and vivo, we can try the following:

For a CSI report setting with Option 1 and X=1 or 2, support prioritizing the two or three CSIs
reports within the CSI report setting

-> The priority is used at least for UCI payload generation among one or multiple CSI report settings
-> The priority does not impact the CPU occupation handling

-> FFS whether/how to update CSI priority formula, and additional specification impact due to updated
formula

-> FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI

18 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] For the sake of discussion, I prefer to leave companies to think about potential/exact specification
impact during next meeting, once we start to go deeper. My general thought is that we agree with that
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we will do something, e.g. prioritizing CSI at high level. Even that, [ am still not sure whether it is still
agreeable or not.

Given the feedback from Vivo and Ericsson, I am trying to find a balance.

Proposal 22: For a CSI report setting with Option 1 and X=1 or 2, For a CSI reporting associated
with NCJT and single-TRP measurement hypotheses, support prioritizing CSI associated with different
measurement hypotheses within a CSI Reporting Setting

FFS potential impact for UCI payload generation

FFS potential impact for the CPU occupation handling

FFES whether/how to update CSI priority formula, and additional specification impact due to updated
formula

FFES whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI

19 — vivo Mobile Communication Co.

Thanks for updating. Can you use the term “reported CSI hypotheses” in place of different measurement
hypotheses™?

20 — ZTE Corporation

OK with the proposal

21 — Nokia Germany

We support Mod’s proposal #18 and also QC’s wording #17.

The ”soft” formula for CPU restriction, and the priority function only apply to CSI reports. Changing these
rules and priority formula to accommodate multiple CSIs within a report is too complicated.

We support prioritising CSIs for the purpose of UCI mapping and omission, but without impacting the CPU
occupancy and related rules for CPU overbooking

22 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Minor update based on Vivo’s comment. We will continue discussing in the last Round of NWM
discussion. I will transfer following proposal to a new NWM file later.

Proposal 22: For a CSI report setting with Option 1 and X=1 or 2, For a CSI reporting associated
with NCJT and single-TRP measurement hypotheses, support prioritizing CSI associated with reported
CSI hypotheses within a CSI Reporting Setting

FFS potential impact for UCI payload generation

FFS potential impact for the CPU occupation handling
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FFS whether/how to update CSI priority formula, and additional specification impact due to updated
formula

FFS whether/how to update CSI omission rules for Part 2 CSI based on prioritized CSI

23 — ZTE Corporation

The main bullet is strange. My suggestion is

Proposal 22: For a CSI report setting with Option 1 and X=1 or 2;-Ffer-a-GCSLreporting-associated

with- NCHT-and-singlte-TRP-measurement-hypotheses, support prioritizing CSI associated with different
reported CSI hypotheses within a CSI Reporting Setting

Proposal 23: For CSI measurement for multi-DCI based NCJT, down select one of following two options in
RANTI #105e:

->Option 1: Confirm the Working Assumption from RAN1 103e

->Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs,
for Multi-DCI based NCJT

Option 1 (3):Vivo, CMCC

Option 2 (9): QC (the resource/port occupation), DOCOMO (2nd), MTK, Spreadtrum, LG, Lenovo/Mot,
Intel, Apple

Neither (6): OPPO, Ericsson, DOCOMO (1st), Nokia/NSB, NEC

Feedback Form 7: Proposal 23

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] I will start from Vivo comment, to suggest following conclusion:
conclusion:
There is no consensus to go with either of the following options in RAN1 #105e:
->Option 1: Confirm the Working Assumption from RANI 103e

->Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2
TRPs, for Multi-DCI based NCJT

As I explain, the conclusion simply means that I may not use GTW/NWM for further discussion for related
matter. But of cause companies are still completely free to propose whatever you like. We can still work
offline. If magically there is an offline consensus next meetings, we can still agree in R17.

2 — Apple GmbH

If we agree option 2, we need to also agree on the overlapping assumptions, e.g., fully overlapping
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3 — ZTE Corporation

We would be OK to support option 2 if we can go this way

4 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Thanks for comments. Unfortunately current RAN1 position is the same. So let us conclude as
following:

conclusion:
There is no consensus to go with either of the following options in RAN1 #105e:
->Option 1: Confirm the Working Assumption from RANI 103e

->Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2
TRPs, for Multi-DCI based NCJT

5 — Ericsson-LG Co.

Ok with current conclusion that there is no concensus.

6 —NTT DOCOMO INC.
ok

7 — HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Let us see whether we can close it in RAN1 105-¢ as following by email approval:
Conclusion:

There is no consensus to go with either of the following options in RAN1 #105e:

Option 1: Confirm the Working Assumption from RANI 103e

Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2
TRPs, for Multi-DCI based NCJT

Proposal 24: For Rel-17 Multi-TRP CSI enhancement, companies are encouraged to study following
potential specification impact:

->CRI codepoint mapping order with CMRs and CMR pairs

->Whether/how to configure RI restriction/CBSR configuration for NCJT CSI measurement
->Whether/how to enhance the CSI updating rule to address CPU overbooking

->Whether/how to introduce new CSI computation delay requirement for NCJT CSI calculation

->Whether/how to support wideband CSI report
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Feedback Form 8: Proposal 24

1 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] The proposal is a placeholder for remaining issues, which may be needed (or not needed) depending
on RANI1 consensus. We will come back more details in August meeting.

2 — vivo Mobile Communication Co.

Fine with the proposal.

3 - HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Thanks for comments. Since there is no further comment, let us close it NWM and come back more
details in R1-106 (if need)

4 - HUAWEI TECHNOLOGIES Co. Ltd.

Proposal 24: For Rel-17 Multi-TRP CSI enhancement, companies are encouraged to study following
potential specification impact:

CRI codepoint mapping order with CMRs and CMR pairs

Whether/how to configure RI restriction/CBSR configuration for NCJT CSI measurement

Whether/how to enhance the CSI updating rule to address CPU overbooking

Whether/how to introduce new CSI computation delay requirement for NCJT CSI calculation

Whether/how to support wideband CSI report

5- CATT

support

6 —NTT DOCOMO INC.
ok

7 — HUAWEI TECHNOLOGIES Co. Ltd.

[Mod] Let us see whether we can close it in RAN1 105-¢ as following by email approval:

Proposal 24: For Rel-17 Multi-TRP CSI enhancement, companies are encouraged to study following
potential specification impact:

CRI codepoint mapping order with CMRs and CMR pairs
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Whether/how to configure RI restriction/CBSR configuration for NCJT CSI measurement

Whether/how to enhance the CSI updating rule to address CPU overbooking

Whether/how to introduce new CSI computation delay requirement for NCJT CSI calculation

Whether/how to support wideband CSI report

3 Conclusion
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