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Introduction
[bookmark: _Ref494215420]In this paper, we will present our opinions on CSI enhancement for multi-TRP transmission and FR1 FDD reciprocity.

Discussion
CSI enhancement for M-TRP transmission
[bookmark: _GoBack]CSI enhancement for S-DCI based M-TRP transmission
Last meeting, some measurement resource related agreements have been achieved for NCJT associated with one single CSI report [1].
	Agreement
With regarding to the maximal values of Nmax for N, Ks,max for Ks:
· Support of Nmax=2 is a UE optional feature
· Support of Ks,max=X is a UE optional feature
· X can be up to 8 and other candidate values can be discussed as part of UE features
· FFS: Default value of Nmax, Ks,max  
· FFS: Which combinations of N<=Nmax, Ks<=Ks,max are supported

Agreement 
With regarding to possible restriction between K1 and K2 
· Alt 2: No restriction as long as K1+K2=Ks

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, study following Alternatives and down-select one Alternative in RAN1#105-e:
· Alt 1: It is feasible for FR1 but not for FR2.
· Alt 2: It is feasible for both FR1 and FR2 but subject to further UE capability for FR2.

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, study following Alternatives and down-select one Alternative in RAN1#105e:
· Alt 2: It is feasible for FR1 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 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.

For future meetings:
Companies to study whether a CSI-IM can be referred by both NCJT and Single-TRP measurement hypotheses. Consider following Alternatives and FR1/FR2 differentiation:
· Alt 1: CSI-IM 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

Agreement
Whether to support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM, study following Alternatives and down-select one Alternative in RAN1#105e:
· 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

Agreement 
The UE may assume that QCL-Type D of CMRs associated with a NCJT measurement hypothesis are applied to the corresponding CSI-IM resource.

Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study following aspects: 
· whether to support dynamic updating, e.g. by MAC-CE,  for CMR pairs for NCJT measurement hypotheses, and/or CMRs for Single-TRP measurement hypotheses, and/or TCI states in CMRs, and/or the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report
· whether additional high layer signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· For CMRs configured in the CSI-RS resource set, whether support high layer signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis



In RAN1#104b-e meeting, Nmax =2 has been agreed as UE capability and Ks,max could be X depending on UE capability where X can be up to 8. In Rel-15/16, up to 8 CMRs also could be configured for CSI for DPS. Considering up to 2 NCJT pairs could be assumed and high complexity for UE, we prefer to introduce one high layer signaling to configure which CMR(s) applicable for single TRP, not to support all CMR resources could be used for single TRP transmission by default. 
Proposal 1: Support to introduce additional high layer signaling to configure M (M<=Ks) CMRs for single TRP measurement hypotheses.
Regarding whether a NZP CSI-RS resource could be refereed by two CMR pairs, obviously it is feasible for FR1. For FR2, considering only up to 2 TRPs could be supported for NCJT, i.e., at most up to two different beams could be simultaneously by UE depending on UE capability, this case should not be expected by UE. 
Proposal 2: For whether a NZP CSI-RS resource can be referred by two CMR pairs, support Alt1.
Regarding whether a NZP CSI-RS resource can be referred by both a CMR pair and a CMR for single-TRP, from our perspective, it is feasible for FR1, but for FR2, it should not be supported. In FR2, even if for the same CMR, UE may utilize different receiving beams under different transmission assumptions. In addition, the interference measurement could also be different. 
Proposal 3: For whether a NZP CSI-RS resource can be referred by both a CMR pair and a CMR for single-TRP, support Alt2.
In previous meetings, there are some discussions about interference measurement resources, and no consensus has been agreed. In Rel-16, up to two kinds of interference measurement resources are supported: NZP CSI-RS and CSI-IM, where NZP CSI-RS is introduced to simulate intra-cell MU interference and CSI-IM is more for inter-cell interference. Considering MU-MIMO is not supported for NCJT, it is not necessary to support NZP CSI-RS configured as IMR.
Regarding whether a CSI-IM can be referred by both NCJT and single-TRP measurement hypothesis, we prefer one-to-one mapping. Actually, the interference is different between single TRP transmission and NCJT, where the interference for the former includes the interference for latter plus the interference caused by another TRP in the NCJT pair.
Proposal 4: Not support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM.
Proposal 5: For whether a CSI-IM resource can be referred by both NCJT and single-TRP, support Alt2.
In RAN1#104e meeting, for CSI reporting configuration, it has agreed to support both option 1 and option 2. In short, it includes the following four possible CSI report configurations:
· Option 1 with X=0: the UE can be configured to report one CSI associated with NCJT measurement hypothesis
· Option 1 with X=1: the UE can be configured to report 1 CSI associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· Option 1 with X=2: the UE can be configured to report 2 CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
Next, we will present our opinions on the above four configurations from the perspective of CSI  processing time, and UCI composition and structure and so on .
CSI processing time:
In Rel-15, two tables for CSI computation delay requirement are introduced, and up to 3 sets of delay requirements for each SCS are introduced for CSI acquisition. In some degree, CSI computation delay requirement denotes the CSI calculation complexity degree. Considering high computational complexity for NCJT, new CSI processing time should be introduced for CSI for NCJT.
Proposal 6: Support to introduce new CSI computation delay requirement for NC-JT CSI.
UCI:
In RAN1#104b-e meeting, some agreements have been achieved as bellows [1].
	Agreement 
For the UE be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),
· Alt 1: Single CRI is reported whereas CRI bit size depends on total number of valid CMR pairs for NCJT measurement hypothesis and valid CMRs for single-TRP measurement hypotheses.
· FFS further mapping mechanism between each CRI codepoint and Single-TRP/NCJT measurement hypothesis.

Agreement 
A 2-part CSI report is supported in Rel-17 for a CSI reporting configuration associated with NCJT measurement hypothesis with following clarifications:
· Within CSI part 1
· CRI, RI, WB CQI and SB CQI for the first CW are reported with consistent payload and zero padding (if needed). FFS further details
· FFS whether RI can be shared between NCJT CSI and single-TRP CSIs to reduce CSI feedback overhead
· FFS whether additional field is needed, at least for Option 2
· Within CSI part 2:
· FFS further compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses

Agreement
Support the indication of following RI combinations by a joint RI field for a NCJT measurement hypothesis in CSI part 1, when the maximal transmission layers is less than or equal to 4:    
· {1, 1}, {1, 2}, {2,1}, {2,2}
· FFS: CBSR and/or RI restrictions per TRP or across TRP

Agreement 
For the UE configured to report X CSIs (at least when X>0) associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis, study following issues for potential CSI omission/priority/updating rules:
· Issue 1: Prioritize CSI with different measurement hypotheses within the single CSI report, when the UE is configured with CSI Option 1 with X=1 or 2.
· Issue 2: Omission of NCJT CSI in CSI part 2 depending on the corresponding CRI or RI or CQI in CSI part 1.
Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), 
· Alt 1: X+1 CRIs are reported, whereas X CRIs are for single-TRP measurement hypotheses and one CRI is for NCJT measurement hypothesis.  Each CRI bit size depends on the corresponding number of either valid CMR pairs for NCJT measurement hypothesis or valid CMRs for single-TRP measurement hypotheses
· FFS: Whether the X+1 CRIs are reported jointly as one CSI report or as separate CSI reports.

Agreement 
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, an NCJT CSI hypothesis based on a pair of CMRs assumes to occupy two CPUs, two active NZP CSI-RS resources, and a number of active ports corresponding to both CMRs.
· If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT measurement hypothesis and CMR for Single-TRP measurement hypothesis, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted X times for active resources and active ports.
· Note: For above CSI computation, UE assumes PDSCH transmission is single-DCI based multi-TRP scheme(s). FFS: Multi-DCI based multi-TRP scheme



In Rel-15/16, a CSI report is comprised of two parts when Type I or Type II CSI is carried on PUSCH or Type I CSI sub-band is reported on PUCCH formats 3, or 4. Part 1 has a fixed payload size and is used to identify the number of information bits in Part 2. Part 1 shall be transmitted in its entirety before Part 2. When a CSI report comprises two parts, the UE may omit a portion of the CSI Part 2 at some scenarios, and the omission of Part 2 is according to the priority order that begins with the lowest priority level. 
For option 1 with X =0 where only CSI for NCJT assumption is reported, it seems to be straightforward that 2 RI(or joint RI), 1 or 2 CQI, 2 LI should be included into Part1, while 2 PMIs should be placed into Part 2 considering the large payload size of PMI.
Proposal 7: For option 1 with X=0, for UCI composition and structure, 
· 2RI or joint RI, 1 or 2 CQI(s) should be include into Part1;
· 2 PMIs (if required) should be include into Part2;
For option 1 with X =1 or X=2 where both CSI(s) for single TRP and CSI for NCJT are included in the CSI report, given the limited payload size for Part 1, and the high priority of CSI for single TRP over CSI for NCJT, we prefer to place some CSI information for single TRP into Part 1, other CSI information, e.g., PMI for single TRP and CSI information for NCJT are placed into Part 2.
Proposal 8: For option 1 with X=1 or X=2, for UCI composition and structure,
· Some CSI information for single TRP, e.g., CRI/RI/CQI for the first CW, should be placed into Part 1;
· Some CSI information for single TRP, e.g.,PMI, CQI for the second CW(if reported), and CSI information for NCJT should be placed into Part 2;
For option 2, in order to avoid gNB’s blind detection irrespectively of UCI content carrying CSI either from one best TRP or from NCJT, UCI size and/or the size of Part 1 should be kept consistence, for example, UCI size and/or the size of Part 1 for NCJT could be as reference. In our opinion, CRI, RI or joint RI, 1 CQI for NCJT or CQI for the first CW for single TRP could be included into Part1, other CSI related information could be placed into Part2.
Proposal 9: For option 2 for UCI composition and structure, 
· CRI, RI or joint RI, 1 CQI for the first CW should be include into Part1;
· 2 PMIs (if required) for NCJT,  or CQI for the second CW(if required) for single TRP and/or 1 PMI (if  required) for single TRP transmission should be include into Part2.

CSI enhancement for M-DCI based M-TRP transmission
Regarding to CSI for M-DCI based M-TRP transmission, related agreement and WA are shown below:
	Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS:  how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

Agreement
· Strive to agree at most one of the following options, if needed 
· 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
· The time of decision is RAN1#105e (May 2021)


In Rel-16, in order to provide much flexibility for network, M-DCI operation and S-DCI are supported. The function of CSI measurement and reporting is to provide assisted information for gNB scheduling. Thus, from the perspective of CSI report, both M-DCI and S-DCI based transmission could be assumed. 
Proposal 10: For CSI enhancement on M-TRP operation, M-DCI based M-TRP operation should also be supported.
For M-DCI based M-TRP operation, the typical scenario is non-ideal backhaul between TRPs. The frequent and timely exchange between TRPs perhaps are not expected. Thus, we prefer option1, i.e., two CSI report settings should be configured if M-DCI based M-TRP operation is assumed.
Proposal 11: For CSI enhancement on M-DCI based M-TRP operation, support option 1, i.e., Confirm the Working Assumption from RAN1 103e.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For above WA, option 2 could directly inherit R15 configuration structure, where CSI configuration for different TRPs can be independent and a NZP CSI-RS is configured for interference measurement from another TRP. If independent CSI measurement and reporting are supported, gNB basically perform independent transmission, but possibly with some performance loss for the interference assumption for single TRP transmission and M-TRP transmission is different. Furthermore, considering NCJT hypothesis is transparent to UE, RI pair restriction could not be achieved. Alternatively, we could consider to explicitly link the separated CSI reporting configuration for CSI measurement, i.e., option 1. For example, under NCJT hypothesis, CMR associated with one CSI reporting setting should be as additionally as IMR of another CSI reporting setting. More accurate CSI measurement could be achieved.
Proposal 12: For CSI enhancement on M-DCI based M-TRP operation, support to explicitly link two report settings.

CSI enhancement for FR1 FDD reciprocity
Based on the current RAN1 agreements, the structure of Rel-17 TypeII PS codebook is W=W1W2 WfH. Regarding the configuration of candidate FD basis, the corresponding agreement can be found below,
	Agreement 
At least for rank 1, the FD bases used for Wf quantitation are limited within a single window/set with size N configured to the UE, study and down-select one Alternative in RAN1 105e:
· Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix
· Alt 2: FD bases in the set can be consecutive/non-consecutive, and are selected freely by gNB from an orthogonal DFT matrix
· FFS: Applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.


In our understanding, the purpose of configuring a window to UE is to deal with delay shift between gNB and UE. Since the delay shift between gNB and UE is small, the FD basis index  identified by gNB may be shifted to FD basis index  at UE side. For Alt 1, configuring a window with consecutive FD bases allows UE to find the strongest FD basis which is close to the strongest FD basis identified by gNB. On the other hand, Alt 2 maybe used when gNB transmits multiple FD bases on one CSI-RS port. However, if the channel state changes, the distance among different FD bases may also change, and RRC reconfiguration maybe needed to update the candidate FD bases. Therefore, Alt 1 is our preference.
Proposal 13: Support Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix.
Similar as discussed in R16 TypeII codebook design, the value of  only provides a phase shift and doesn’t impact the PMI performance. gNB can move the candidate FD bases into a window starting from FD basis 0 by performing delay shifting to each CSI-RS port. 
Proposal 14:  for the window is fixed to be 0.
Regarding the feedback of W2, RAN1 has agreed that a bitmap for indication of non-zero coefficients was supported.
	Agreement
A bitmap for indication non-zero coefficients should be supported for W2 with a compression coefficient beta<=1 whereas
· FFS values of beta < =1, e.g. 1/8, 1/4, 1/2, 3/4, 1
· FFS: whether/how such a bitmap can be absent for specific codebook configuration parameters
· FFS: whether a bitmap is polarization-common or polarization-specific whereas polarization-specific bitmap is the baseline
· FFS: possible parameter combinations/dependence for beta with other PS CB parameters


There’s an FFS on whether/how the bitmap can be absent. Assume that the length of the bitmap is 2LM, each coefficient is quantified by 7 bits (3 bits for amplitude and 4 bits for phase), and the number of non-zero coefficients is X (X<=2LM). Based on our calculation, without bitmap, if the amplitude of all coefficients are reported, and only the phase of non-zero coefficients are reported, the feedback overhead can be reduced when X/2LM>2/3. Therefore, the bitmap can be absent depending on the value of beta.
Proposal 15: The bitmap for indication non-zero coefficients can be absent, depending on the value of beta.
	Agreement 
For the quantization of W2 coefficient, study following Alternatives with Alt 1 as the baseline:
· Alt1: Reusing Rel-16 quantization mechanism for Rank 1 at least, which can be summarized as following:
· An indicator for the strongest coefficient
· 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
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· phase is quantized to 16PSK
· Alt1-1: the ref amplitude = 0 reserved in R16 can be replaced with a new value, e.g. (1/2)^(1/8), (1/2)^(3/8)
· Alt2-0: Individual amplitude (e.g. 3 or 4 bits with Rel15/16 amplitude codebooks) and phase (e.g. 16PSK) quantization 
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: support a strongest coefficient indicator, and individual quantization for other non-zero coefficients.
· Alt2-1: ref amp (e.g. 4 bits), Individual amplitude (e.g. 3 bits) and phase (e.g. 16PSK) quantization for each non-zero coefficient
· FFS: amplitude codebook is uniform in db or linear scale
· FFS: reference amplitude is polarization specific or polarization common, and corresponding codebook
· Note: Other quantization schemes or enhancement on top of Alt 1 or Alt 2 are not precluded.


For the quantization of W2 coefficient, Alt1 can be reused without any issue. For Alt1-1, the same issue has been discussed in Rel-16, and there was no consensus on replacing it with a new value. We suggest not to open the same discussion again in Rel-17. For Alt2-0 and Alt2-1, comparing with reporting the relative amplitudes, the absolute value of each amplitude is a redundant information. Besides, since the value range of the amplitude may change in different channel states, a fixed amplitude codebook may degrade the performance. In order to simplify the spec, and reduce the workload of this feature, we prefer not to define a new quantization method.
Proposal 16: Support Alt1: Reusing Rel-16 quantization mechanism at least for Rank 1.
There’s another remaining issue on whether to support mapping P SD-FD pairs into PCSI-RS CSI-RS ports and inform to UE. During the last meeting, this issue has been discussed, but not decided. Based on the agreement below, 3 out of 4 options are left to be further down selected,
	Agreement 
For PS codebook enhancements utilizing DL/UL reciprocity of angle and/or delay, down-select ONE option for CSI-RS configurations associated with Rel-17 PS codebook, from Option 0 (No further enhancement), Option 1 (i.e. lower CSI-RS density) and Option 3 (i.e. configuring multiple CSI-RS resources)
· If there is no consensus in RAN1#105e, Option 0 is by default.


In our views, the enhancement in this sub-agenda is only about codebook design, and how to map SD-FD pairs into CSI-RS ports should not impact CSI-RS resource mapping. Therefore, Option 1 should be out of scope. For Option 3, CSI reporting framework will be changed since based on current spec, UE should report CRI when multiple CSI-RS resources are configured as CMRs. Therefore, we prefer only considering enhancement on Type II codebook without changing CSI-RS resource configuration, which is aligned with Option 0.
Proposal 17: Support Option 0: No further CSI-RS enhancement as the baseline.

Conclusion
In this contribution, we discussed CSI configuration and measurement enhancement for M-TRP and FR1 FDD reciprocity. The following proposals are achieved:
Proposal 1: Support to introduce additional high layer signaling to configure M (M<=Ks) CMRs for single TRP measurement hypotheses.
Proposal 2: For whether a NZP CSI-RS resource can be referred by two CMR pairs, support Alt1.
Proposal 3: For whether a NZP CSI-RS resource can be referred by both a CMR pair and a CMR for single-TRP, support Alt2.
Proposal 4: Not support interference measurement based on NZP CSI-RS outside the CMR pair configured for NCJT measurement hypothesis, in addition to CSI-IM.
Proposal 5: For whether a CSI-IM resource can be referred by both NCJT and single-TRP, support Alt2.
Proposal 6: Support to introduce new CSI computation delay requirement for NC-JT CSI.
Proposal 7: For option 1 with X=0, for UCI composition and structure, 
· 2RI or joint RI, 1 or 2 CQI(s) should be include into Part1;
· 2 PMIs (if required) should be include into Part2;
Proposal 8: For option 1 with X=1 or X=2, for UCI composition and structure,
· Some CSI information for single TRP, e.g., CRI/RI/CQI for the first CW, should be placed into Part 1;
· Some CSI information for single TRP, e.g.,PMI, CQI for the second CW(if reported), and CSI information for NCJT should be placed into Part 2;
Proposal 9: For option 2 for UCI composition and structure, 
· CRI, RI or joint RI, 1 CQI for the first CW should be include into Part1;
· 2 PMIs (if required) for NCJT, or CQI for the second CW (if required) for single TRP and/or 1 PMI (if required) for single TRP transmission should be include into Part2.
Proposal 10: For CSI enhancement on M-TRP operation, M-DCI based M-TRP operation should also be supported.
Proposal 11: For CSI enhancement on M-DCI based M-TRP operation, support option 1, i.e., Confirm the Working Assumption from RAN1 103e.
Proposal 12: For CSI enhancement on M-DCI based M-TRP operation, support to explicitly link two report settings.
Proposal 13: Support Alt 1: FD bases in the window must be consecutive from an orthogonal DFT matrix.
Proposal 14:  for the window is fixed to be 0.
Proposal 15: the bitmap for indication non-zero coefficients can be absent, depending on the value of beta.
Proposal 16: Support Alt1: Reusing Rel-16 quantization mechanism at least for Rank 1.
Proposal 17: Support Option 0: No further CSI-RS enhancement as the baseline.
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