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1. Type-I/II 

	
	Issue
	Topic

	1
	Type-I/II 
	Type-I SP RI=5-8

	2
	
	Type-I SP UCI design: Alt1 vs Alt2

	3
	
	Type-I SP UCI omission

	4
	
	Type-I SP/Type-II OCPU and ARC

	5
	
	Whether to support Type-I MP




Table 1A Type-I/II 
	Topic
	Moderator comments and proposals

	1
	[116bis] Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· [bookmark: OLE_LINK3]W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed)
· Other schemes are not precluded


Proposal 1.A.1: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, support the following schemes:
· Scheme-A (based on Scheme3 described in RAN1#116bis):
· W1 structure:
· The 1st SD basis vector is freely selected and subsequent 2 (RI=5-6) or 3 SD basis vectors (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical).
· The v layers are mapped to the selected SD basis vectors following legacy Rel-15 Type-I for RI=5-8.
· W2 structure:
· Following legacy Rel-15 Type-I RI=5-8
· Scheme-B (based on Scheme2 described in RAN1#116bis):
· W1 structure: 
· Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers following legacy Rel-15 Type-I for RI=5-8, except that, if v is odd, the last SD basis vector is applied to the orphan layer. 
· FFS: mapping between the orphan layer and its selected SD basis vector and, if needed, UE reporting of the selection 
· FFS: support of 4 selected SD basis vectors for RI=5-6
· The SD basis vectors are freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· W2 structure:
· For inter-polarization co-phasing, M = 4 codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve inter-layer orthogonality.
· A UE can be configured by the NW via higher-layer (RRC) signalling with either Scheme-A (RI=1-4+RI=5-8) or Scheme-B (RI=1-4+RI=5-8)


Support/fine: ZTE, Nokia/NSB, Ericsson, NTT DOCOMO, Intel, Samsung, Huawei/HiSi (ok with 1.A.2), Qualcomm (ok), MediaTek (ok), vivo (ok), Xiaomi, NEC, HONOR, Kyocera, Sharp, CMCC, KDDI, 

Not support: OPPO (SchA=1), Fraunhofer IIS/HHI (SchA=1), Apple (SchA=1), CATT (new Scheme 5), TCL (SchA=1), CEWiT (SchA=1), New H3C (Sch4), Tejas (SchA=1), Fujitsu (SchA=1), Spreadtrum (SchA=1), Google (Sch4), Lenovo/MotM (SchA=1)



Proposal 1.A.2: For a UE configured with a total of PSRS=6 or 8 ports across ≥1 SRS resources for antenna switching intended for xT6R or xT8R, respectively, support the following fixed SRS port grouping where (with the PSRS ports indexed in an ascending order according to SRS resource ID and port number within each SRS resource): 
· SRS port group 0, corresponding to CW0, comprises the first PSRS/2 out of PSRS ports; and 
· SRS port group 1, corresponding to CW1, comprises the second PSRS/2 out of PSRS ports 
For CQI calculation, UE follows the above grouping assumption 
Note: different SRS ports are associated with different UE antenna ports.
Note: if one single CW is scheduled, both SRS port groups can correspond to the same CW
Note: This feature is a separate UE capability and, for UEs supporting this capability, configured via RRC (FFS details on the extend of RRC configuration)


Support/fine: Huawei/HiSi, Samsung, ZTE, Ericsson, [Nokia/NSB], Fujitsu, Tejas, Xiaomi (ok), Google (may need word refinement), vivo (only fixed), NTT DOCOMO, NEC, OPPO, TCL, KDDI, 

Not support: HONOR



[bookmark: _GoBack]Proposal 1.A.3: On the NZP CSI-RS resource aggregation of K=2, 3 or 4 legacy NZP CSI-RS resources to attain a total of 48, 64, and 128 ports (for Rel-19 Type-I/II codebook refinement), support to configure a CSI-RS resource set with the K CSI-RS resources as the associated NZP CSI-RS for each of the SRS resource set(s) with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook',
· The previously agreed restrictions on the K resources for Rel-19 Type-I/II codebook refinement apply
· Reuse the legacy approach for triggering of the NZP-CSI-RS resources and the legacy timeline for the NZP-CSI-RS resources and SRS

Support/fine: vivo, Samsung, Fujitsu, Xiaomi (ok), Spreadtrum, Tejas, Huawei/HiSi, NTT DOCOMO, TCL Google, CMCC, Nokia/NSB, Ericsson

Not support: HONOR, OPPO



Q1.1: Please share your view on RI=5-8 Type-I design. 

Initial FL assessment:
· Following the design for RI=1-4, it seems natural to select the Scheme-A and Scheme-B counterparts of RI=1-4 while considering performance, e.g. Scheme-B as Scheme2 and Scheme-A as Scheme1 or 3. Regarding SchemeA:
· For RImax=8, ‘time-to-market’ argument for Scheme1 (over Scheme3) may be weaker than the case for RImax≤4. This is due to the lack of real-life deployment on RImax=8 to date. 
· Re Scheme1 vs Scheme3, the extent of S/W upgrade on PMI selection for Scheme3 may not be significantly more than that for Scheme1 (over legacy Rel-15). So, UPT performance seems to be the main deciding factor. From our observation of Mode-C vs Mode-A for RI=1-4, Scheme3 is expected to perform better than Scheme1 while still sharing the structure of Scheme1 (to be confirmed via SLS)
· In addition, since the use case of Rel-19 Type-I/II is for TDD bands (when SRS fails), any scheme that potentially improves SRS utilization for DL CSI acquisition is also beneficial, e.g. SRS port grouping for RI>4 (2-CW reception)



	2
	[116bis] Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following:
· …
· Scheme-B (based on Scheme2 in RAN1#116 agreement): Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: …
· W2 structure: Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}

[116bis] Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, the UCI parameters are captured in the tables below for Scheme-A and Scheme-B:
· Note: The second column includes the location of the parameters when reported with two-part UCI
· FFS (RAN1#117): Select between Alt1 and Alt2 for Scheme-B
…

Scheme-B
	Parameter
	UCI
	Details/description
	Status

	…
	
	
	

	SD basis vector selection indicator for each layer
	Alt1: Part 1
Alt2: Part 2 

Wideband
	v=1-4: 
· Alt1:  bit indicator per layer l=1, …, RIMAX
· Alt2:  bit indicator per layer l=1, …, v
v=5-8: FFS
	Pending

	Inter-pol co-phase selection indicator for each layer
	Part 2

Wideband or Subband (**)
	v=1-4: 
· Alt1: QPSK with orthogonality constraints across v layers
· Alt2: QPSK: 2-bit indicator per layer l=1,…,v
v=5-8: FFS
	Pending

	…
	
	
	




Proposal 1.B.1/2: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding UCI parameters for Scheme-B RI=v=1-4:
· SD basis vector selection indicator for each layer is in Part 2 (wideband) and  bits per layer l=1, …, v
· Inter-pol co-phase selection indicator for each layer is in Part 2 (wideband or subband) and 2 bits (representing {+1, +j, -1, -j}) per layer l=1,…,v

Support/fine: Samsung, OPPO, ZTE, NTT DOCOMO, Qualcomm, Fraunhofer IIS/HHI, Apple, CATT, MediaTek, TCL, CEWiT, Intel, New H3C, Nokia/NSB, Huawei/HiSi (ok), Fujitsu, Xiaomi, Spreadtrum, Tejas, Google, NEC, HONOR, Kyocera, Sharp, OPPO, CMCC, KDDI, Lenovo/MotM  

Not support: vivo (OK with new SDBV indicator, joint co-phase when >1 layers share same SDBV)



Q2.1: Please share your view on Alt1 vs Alt2 for SD basis indication UCI
· AltA.1: 
	SD basis vector selection indicator for each layer
	Part 1
Wideband
	v=1-4:   bit indicator per layer l=1, …, RIMAX


· AltA.2: 
	SD basis vector selection indicator for each layer
	Part 2 
Wideband
	v=1-4:  bit indicator per layer l=1, …, v 




Q2.2: Please share your view on Alt1 vs Alt2 for inter-pol co-phasing UCI
· AltB.1: 
	Inter-pol co-phase selection indicator for each layer
	Part 2
Wideband or Subband (**)
	v=1-4: QPSK with orthogonality constraints across v layers 


· AltB.2: 
	Inter-pol co-phase selection indicator for each layer
	Part 2
Wideband or Subband (**)
	v=1-4: QPSK: 2-bit indicator per layer l=1,…,v 



Initial FL assessment:
· SD basis vector selection indication: AltA.2 seems to be the simplest and most natural design (same as the legacy) and has the lower overhead (hence should be the baseline) unless additional optimization is performed on AltA.1
· With additional optimization for AltA.1 (e.g. joint encoding, split indication in Part1/2), overhead reduction (if any) depends on how often a same SD basis vector is selected for >1 layers when RI=v is selected (which depends on UE implementation).
· Inter-pol co-phase selection indication: AltB.1 requires constraining inter-pol co-phase selection algorithm jointly across layers which contradicts (hence requires reverting) the previous agreement “Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}”.  Procedurally, reverting an agreement requires consensus
· Unless there is consensus on reverting the previous agreement, AltB.2 (per layer) is automatically the outcome


	5
	[116bis] Agreement
For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If supported, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified. 
Note: This topic is lower priority compared to the Rel-19 Type-I SP codebook refinement


Proposal 1.E.1: For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following (compromise between Scheme 1 and Scheme2 described in RAN1#116bis):
· W1 structure: Common SD basis selection across all the Ng=K NZP CSI-RS resources, reusing legacy Rel-15 Type-I SP SD basis selection rules with L=1 for RI=1-4
· Ng = K = {2, [3], 4} denotes the number of NZP CSI-RS resources associated with the Ng panels
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common sub-band inter-resource QPSK co-phasing


Support/fine (panel-common SD basis, compromise between Scheme1 and 2): MediaTek, Qualcomm, Ericsson (ok), Nokia/NSB (ok), vivo (ok), Samsung (ok), Tejas (ok), NTT DOCOMO (ok), CMCC

Not support (panel-specific SD basis, Scheme2): OPPO, ZTE, Fraunhofer IIS/HHI, CATT, CEWiT, New H3C, Fujitsu, NEC, HONOR, KDDI
Not support (Scheme1): Intel
Not support (no T1 MP): Apple, TCL, Xiaomi, Spreadtrum, Google, Lenovo/MotM



Q5.1: Please share your view on whether to support Type-I MP codebook refinement in Rel-19.
· If so, your preference between Scheme1 and Scheme2

Initial FL assessment:
· SLS results should be made available (in RAN1#116bis, only 1 set of results was available – we need more 😊). 
· Scheme1 is a minimum upgrade over Rel-15 Type-I MP. Scheme2 is expected to offer better UPT (to be confirmed via SLS)
· The argument of ‘time-to-market’ may not be as compelling due to the lack of deployment for Rel-15 Type-I MP and Rel-15 Type-I MP being an optional feature 






Table 1B Type-I/II: inputs from companies
	Company
	Input

	Mod V0
	Please share your views on the offline questions in TABLE 1A

	Samsung
	Q1.1
Our first preference is scheme 4, since, compared to explicit codebook design, concatenation of two PMIs from can have the following benefits: 1) separate PMI selection tailored for dominant layers (e.g., 1 to 4) and non-dominant layers (e.g., 5 to 8), respectively, 2) avoiding convoluted and ad-hoc codebook design for high rank case that is difficult to optimize, and 3) favourable to low-complexity UE implementation. 
Our second preference is scheme 3 for scheme A and scheme 2 for scheme B, given that scheme 3 and scheme 2 are deviated from scheme A and scheme B, respectively.
· For RI=1-4, we have agreed that two schemes, ‘eco’ scheme (scheme A) with low overhead and ‘high-performance’ scheme (scheme B) with high overhead. In our view, this principle needs to be applied to RI=5-8 as well. Otherwise, RI can be selected in a biased direction, i.e., either RI=1-4 or RI=5-8. For example, if we assume only scheme 2 is supported for RI=5-8 for both ‘eco’ mode and ‘high-performance’ mode, scheme 2 can be more frequently selected when eco mode is configured. Or if we assume only scheme 3 is supported for the both modes, scheme 3 (RI=5-8) can be less frequently selected when high-performance mode is configured. The potential biased effect should be avoided.   
Also, we don’t support scheme 1 (legacy) because 1) it performs the worst among the candidate schemes and 2) as FL assessed, the ‘time-to-market’ argument is weaker due to lack of real-life deployment on RImax=8.

Q2.1/2.2
Regarding inter-pol co-phasing UCI, as FL assessed, AltB.1 contradicts the previous agreement ‘layer-specific inter-pol co-phasing with the alphabet {+1,+j,-1,-j}’. Hence it should not be supported unless all companies agree to revert. 

Given AltB.2 is automatically the outcome for both AltA.1 and AltA.2, there is no reason to consider AltA.1 since it always incurs more overhead ( bits) than AltA.2.

Besides, it is observed that the frequency at which a same SD basis vector is selected across two layers is small (only 25% shown in our SLS), and the occurrence of selecting a same SD basis vector across >2 layers when RI=3 or 4 is selected is practically zero, hence potential overhead reduction in Part 2 is small even if AltB.1 (which requires reverting) is considered.

Q5.1
We support Scheme 2. Scheme 1 only allows same SD basis vectors for all panels, which restricts possible NW multi-panel deployment scenarios (e.g., facing directions of multi-panel are the same), or likely performs worse than Scheme 2 allowing free SD vector selection per resource in general.

Also, we agreed with FL assessment that the argument of time-to-market’ is not compelling due to the lack of deployment for Rel T1 MP (which is an optional feature).




	OPPO
	Q1.1
Our preference is scheme 1 for scheme A and scheme 2 for scheme B. 
For low resolution CSI, we think extension of new (N1, N2) values for RI=5-8 similar to Scheme A of RI=1-4 is sufficient. If higher UPT is expected with higher resolution CSI, scheme 2 can be supported (similar to scheme B of RI=1-4). 

Q2.1/2.2
Support AltA.2 and AltB.2. As part of PMI, SD basis should be included in CSI part 2 as legacy. 

Q5.1:
Considering there is no deployment for MP now, Type-I MP codebook refinement in Rel-19 can be deprioritized. Maybe we can make a decision after RAN1 finishes other essential issues. If MP codebook enhancement is supported, scheme 2 is preferred with higher SD basis flexibility. 


	NTT DOCOMO
	Q1.1:
Considering two schemes have been supported for RI=1-4 case, with different complexity/flexibility on SD beam selection, it is reasonable to also support two schemes with similar complexity/flexibility for RI=5-8, with one-to-one combination with each scheme for RI=1-4 case.
Among the four candidate schemes for RI=5-8, Scheme-2 with independent selection of different SD basis vectors is consistent with Scheme-B for RI=1-4, thus, Scheme-2 can be supported and combined with Scheme-B. In addition, Scheme-1 or Scheme-3 is consistent with Scheme-A for RI=1-4, in which a restricted SD basis vector selection for different layers is considered. Thus, one scheme from Scheme-1 or Scheme-3 can be supported and combined with Scheme-A.
Thus, currently we support following,
· For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, support two codebook schemes, with one-to-one combination with each scheme for RI=1-4 case.
· Support combination of Scheme-1 or Scheme-3 with Scheme-A.
· Support combination of Scheme-2 with Scheme-B.

In addition, we’d like to emphasize that if totally two codebook schemes are supported after combination for low rank and high rank cases, only two codebook schemes need to be reported by UE capability and to be RRC configured by NW, regardless of the rank.

Q2.1:
Support AltA.2 and AltB.2.

Q5.1
First, we think Rel-19 Type-I multi-panel (MP) codebook refinement has lower priority than Rel-19 Type-I SP codebook refinement. 
Second, if it is to be supported, considering the potential different multi-panel deployments at gNB, it is better to not restrict the same SD beam selection for different panels. Thus, scheme2 is preferred.

	ZTE
	Q1.1:
Our first preference is scheme2. We also agree with FL’s assessment to have two modes. As the analysis given by other companies, scheme 3 and scheme 2 for RI = 5-8 can be regarded as the extensions of mode-A and mode-B for RI = 1-4, respectively. Therefore, it is natural to support scheme-3/2 as mode-A/B for RI = 5-8.

Q2.1:
Prefer Alt A.2 with lower reporting overhead.

Q2.2:
Prefer Alt B.2. Alt B.1 seems conflicted with previous agreement.

Q5.1:
Open to discuss MP Type-I codebook. Re scheme 2, it seems resource-common SD basis per layer and layer-specific inter-resource co-phase can provide better proformance.

	Huawei, HiSilicon
	Q1.1:
Our first preference is scheme 4 for practical implementation of high ranks by reducing UE complexity. For 6R/8R UEs, the antennas can be separated into two antenna groups, each of which can derive one rank 1~4 TPMI, then the rank 5~8 TPMI can be obtained by concatenating two rank 1~4 TPMIs. 

We also agree with with FL’s assessment that TDD network is a very important scenario for up to 128 ports, where SRS are used for DL CSI acquisition together with codebook. Then for low complexity UEs, the SRS ports for DL channel measurement can be separated into two port groups, and each group corresponds to one CW for high ranks. 

If the concern on UE complexity can be addressed with above SRS port grouping, we are fine with the direction of two modes.

Q2.1
For rank 1~4, we prefer Alt 1 that if part 2 is dropped in case of UCI omission, the information of SD basis is still there so that the CSI is helpful for gNB.

Q2.2
For rank 1~4, we prefer alt 2, since in previous agreement there has been the following, which has precluded alt 1.

· W2 structure: Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}




	Qualcomm
	Q1.1:
[bookmark: OLE_LINK2]We prefer either Scheme1 or Scheme3, due to small modification to legacy

Q2.1:
Prefer Alt A.2, more like legacy (SD selection in part2).

Q2.2:
This issue is coupled with Q2.1
Since we prefer Alt A.2, it would not save overhead with Alt B.1, and we prefer Alt B.2
But we want to point out, orthogonality should be guaranteed b/w layers (regardless of report indication alternative)

Q5.1:
Our first preference is not to specify MP;
But if we want to define MP in Rel-19, common SD selection is more natural


	Fraunhofer IIS/HHI
	Q1.1
Our first preference is scheme 4 due to its low complexity UE implementation. Moreover, scheme 4 seems to be a clean option compared to other listed schemes. Our second preference is scheme 1 for Mode A and scheme 2 for Mode B. 

Q2.1/2.2
Support AltA.2 and AltB.2.

Q5.1 
We support scheme 2 as resource specific SD vector selection is expected to result in improved performance compared to resource common SD vector selection. 

	Apple
	[bookmark: OLE_LINK1]Q1.1
We prefer at most two schemes. Scheme 1 has higher priority, scheme 2 is second priority 

Q2.1
We prefer AltA.2

Q2.2
We prefer AltB.2

Q5.1
[bookmark: OLE_LINK4]We prefer to deprioritize Type I MP codebook

	CATT
	Q1.1
We propose the following scheme for RI=5-8:

Scheme-5: Antenna ports in each polarization are divided into two antenna port groups:
· W1 structure: Independent selection of SD basis vectors for different antenna port groups and different layers, where each SD basis vector is applied to one or two antenna port groups, one or two layers.
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for one layer or two layers sharing a same SD basis vector;
· For inter-group co-phasing, T (e.g., T = 4) codepoints for two antenna port groups corresponding to a same layer.

Q2.1
We prefer Alt 2 for SD basis vector selection indicator
Q2.2
We support Alt 2 for Inter-pol co-phase selection indicator. Alt 1 reverts previous agreement on Scheme-B.

Q5.1
We support Scheme 2.  Wideband inter-resource co-phasing reporting can be supported in Rel-19 Type-I MP codebook to balance the overhead and performance.


	MediaTek
	Q 1.1
We prefer supporting Scheme 1,2 as counterparts of Scheme A, B in RI=1-4. However, we expect that Scheme 3 could provide a better performance than Scheme 1. As a second preference, we are OK to support Scheme 3 as an alternate to Scheme 1.

Q 2.1, 2.2
Support Alt A.2 and B.2 respectively. 
We think that Alt A.1, B.1 could need additional reporting in terms of how many and which layers share the same SD bases and/or may need an implementation impacting free selection. Further, Alt A.2 retains the legacy UCI packing of SD indicators in Part 2.

Q 5.1
Support Type I MP enhancement since phase coherence across large antenna arrays may be difficult to be maintained, or initial deployments of 128 Tx could start with mixed single and multi-panel configurations.
For Type I MP enhancement, support Scheme 2, as observed by SLS results. For largely spaced multi-panel deployment, Scheme 2 with SD basis selection per panel/resource and SB QPSK inter-resource co-phasing provides up to 10% UPT gain w.r.t Rel-15 Type I MP.

[image: ]

In this figure, Rel-15 Type I MP with Ng = 4 and Mode 1 performs poorly compared to Rel-19 SP Type I Mode A, since we reuse the beam offset values from Rel-15 Type I MP (with only up to 16 ports per panel), to find the second beam for 32 ports per panel/resource for 128 ports.

	TCL
	Q1.1 
We prefer supporting scheme 1, scheme 2 has second priority 

Q2.1
We prefer AltA.2

Q2.2
We prefer AltB.2

Q5.1
We prefer to deprioritize Type-I MP codebook



	CEWiT
	Q 1.1:
We prefer Scheme 1 for Mode A and Scheme 2 for Mode B

Q 2.1:
We support Alt A.2

Q 2.2:
We support Alt B.2

Q5.1:
We are open to this if the SLS results show significant performance improvement over the existing schemes. Our preference is Scheme 2.

	Intel
	Q1.1
We support Scheme 2 given the simple PMI codebook design compatible with Rank 1-4 for both Scheme-A/B and better performance comparing to legacy Rank 5-8 PMI codebook thanks to free selection of SD basis vectors per layer pair as well as flexible polarization co-phasing reporting per layer pair.

If two schemes for Rank 5-8 PMI codebook are considered, we prefer to support Scheme 3 on top of Scheme 2.

We don’t support Scheme 4 given very large PMI overhead. 

Q2.1
Our preference is Alt 2. For both cases the maximum PMI payload size is the same. However, the resources allocated assuming Alt 1 might be larger given that code rate for part 1 can be lower than part 2 while the benefits for dynamic overhead reduction is not clear given that resource allocation shall consider maximum possible CSI payload size.

Q5.1
The benefits of supporting multi-panel codebook is not clear for us given that multi-panel codebooks are more relevant to FR2. If supported, our preference is Scheme 1. 
 

	vivo
	1.1
We support Scheme 1 for mode A and Scheme 2 for mode B.

2.1 & 2.2
If Alt A.2 and B.2 are selected, we think some further work need to be done to reduce PMI overhead.
Based on the following simulation results, at least for rank = 2, for more than 50% of the PMIs, the same SD basis is chosen for both layers.
[image: ]
Then for the two layers with same SD basis selected, there is no need to report the subband co-phasing of the second layer as it can be derived to ensure inter-layer orthogonality. Hence we propose the following.
	UCI part 1
	UCI part 2

	Report P (P=0, 1, 2) layer pairs having same SD basis (2 bits)
	SD basis: independently indicated for each layer
For rank > 1
For each subband, # of reported phases = RI – P
· Layer 0 and layer 1 form the first layer pair, and layer 2 (if applicable) and layer 3 (if applicable) form the second layer pair.
· P is the number of layer pairs with same SD basis for the two layers in each layer pair.
For each layer pair and each subband, the phase of the first layer is reported from {+1, +j, -1, -j}, while the phase of the second layer is not reported (derived from the first layer). Aligned with previous agreement - Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}



5.1
Our first preference is Scheme 1. We are open to Scheme 2 if its SD basis selection is resource common rather than resource-specific.

One more relevant additional issue for up to 128 CSI-RS ports, which we have discussed in our contribution to last RAN1 meeting, is the interaction between up to 128 ports CSI-RS and non-codebook based UL Tx. In legacy NR, the SRS configured for non-CB based UL is associated with one CSI-RS resource to calculate precoder for SRS. For a gNB antenna array with up to 128 ports, if the associated CSI-RS is still up to 32 ports, there will be performance loss for NCB based UL as UE cannot acquire the full channel. Hence we suggest to increase the total number of CSI-RS ports associated with NCB based UL to up to 128. For example, gNB configure a CSI-RS resource set with the K CSI-RS resources as the associated NZP CSI-RS for each of the SRS resource set(s) with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'.




	Ericsson
	Q1.1:
For Ranks 5-8, we are supportive of the direction proposed by the FL.  Based on our simulation results, we see that Scheme 2 has the best overall performance.  Scheme 3 outperforms Scheme 1 and the overhead of Scheme 3 is expected to be similar to that of Scheme 1.  So, we can support Scheme 3 as Scheme A, and Scheme 2 as Scheme B.
	 
	64 ports [4,8,2] 
	64 ports [2,16,2] 

	
	10% RU
	20%RU
	10% RU
	20%RU

	Scheme 1
	100
	100
	100
	100

	Scheme 2
	120.64
	116.28
	133.13
	126.71

	Scheme 3
	102.04
	98.53
	109.14
	105.13



Q5.1: 
First preference is to deprioritize Type-I MP.  But if the issue is to be discussed further, we prefer discussions with common SD basis selection across all resources.


	New H3C
	Q 1.1 
We slightly prefer scheme 4
Q2.1
We support AltA.2
Q2.2
We support AltB.2
Q5.1
We support scheme 2

	Nokia
	Q1.1

For ranks 5-8, we support the direction proposed by the FL. From our simulation results scheme 3 shows the best performance vs overhead trade-off.
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Q1.2/2.2

We support AltA.2 and AltB.2

Q5.1
Our preference is to deprioritize T1 MP codebook, second preference is to have common SD basis selection across panels.


	Mod V20
	Added proposals 
· 1.A.1 (SP RI=5-8), 1.A.2 (Huawei SRS PG), 1.A.3 (vivo 128-p CSI-RS linkage)
· 1.B.1 and 1.B.2 (SDBV and co-phase SchemeB RI=1-4)
· 1.E.1 (MP)  

From now on please comment on the proposals 


	Samsung
	Proposal 1.A.1
Support.

Proposal 1.A.2
Fine with proposal.

Proposal 1.A.3
We are supportive with this since it’s a natural extension for the use case of the aggregated K CSI-RS resources.

Proposal 1.B.1/1.B.2
Support. 

Proposal 1.E.1
Even if we prefer the original scheme 2, we can accept if it is majority view.



	Fujitsu
	Proposal 1.A.1
Our first preference is scheme 4, we can compromise scheme 1 for scheme-A rather than scheme 3. 

Proposal 1.A.2
Support.

Proposal 1.A.3
Support.

Proposal 1.B.1/1.B.2
Support. 

Proposal 1.E.1
We still support scheme 2 for MP. Independent SD selection provides performance gain for MP.


	Xiaomi
	Proposal 1.A.1:
We are fine with the proposal.

Proposal 1.A.2 and 1.A.3:
We are OK to further discuss these proposals.

Proposal 1.B.1 and 1.B.2
Support

Proposal 1.E.1:
We prefer to deprioritizing the discussion of Type I MP codebook refinement. 

	Spreadtrum
	Proposal 1.A.1: Independent selection of SD basis vectors can be introduced for better performance. Besides, a low complexity scheme fully reusing legacy design is also required. Thus, our preference is to adopt scheme1 when scheme-A is configured, and scheme2 when scheme-B is configured. While for shceme3, it has lower performance than scheme2 and higher complexity than scheme1.
Proposal 1.A.2: we are not clear on the intention of SRS port grouping. In this proposal, it seems there’s an assumption that UE should use different Rx antennas to receive 2 CWs. However, in legacy PDSCH reception, there’s no such assumption. 
[Mod: Correct. The legacy doesn’t assume any particular UE antenna architecture. The port grouping here is to facilitate UE with lower complexity antenna architecture in TDD scenarios. Which increases the utility of RI>4 as well as SRS based DL CSI acquisition]

Proposal 1.A.3: We can support this proposal. The total number of ports configured in the CSI-RS resource set should be UE capability.
Proposal 1.B.1/1.B.2: Support. 
Proposal 1.E.1: We also think this issue should be deprioritized. 

	Tejas
	Proposal 1.A.1
We choose to support Scheme 1 for Scheme-A due to its low complexity for baseline implementation. As such, for the high-performance implementation option, Scheme 2 for Scheme-B can be opted. We feel that this provides a good balance between complexity and performance as not all deployments/channels demand a full flexibility of beam selection for different layers.

Proposal 1.A.2
We support further study on this proposal.

Proposal 1.A.3
Support.

Proposal 1.B.1/1.B.2
Support. 

Proposal 1.E.1
We can support this proposal by observing its performance improvement over original Scheme1 (baseline) extended to new (N1, N2).

	Google
	Proposal 1.A.1: Do not support. Support scheme4.
Proposal 1.A.2: We think the proposal should be reformulated. What the NW needs to know is which port group corresponds to a CW. When transmitting the SRS and receiving the SRS, there is no concept like CW index.
Proposal 1.A.2 (proposed change): For SRS for antenna switching configured with xTyR (y = 6 or 8), support the NW to configure whether the y ports are based on one or two antenna port groups. 
· If two APGs are configured, the first y/2 ports and the second y/2 ports correspond to different codewords
· Support UE reports whether it supports one or two APGs
· FFS: APG indication/determination for the PDSCH reception 

a UE configured with a total of PSRS=6 or 8 ports across ≥1 SRS resources, support the following SRS port grouping where (with the PSRS ports indexed in an ascending order according to SRS resource ID and port number within each SRS resource): 
· SRS port group 0, corresponding to CW0, comprises the first PSRS/2 out of PSRS ports; and 
· SRS port group 1, corresponding to CW1, comprises the second PSRS/2 out of PSRS ports 
Note: different SRS ports are associated with different UE antenna ports.
Note: if one single CW is scheduled, both SRS port groups can correspond to the same CW
FFS: Whether the correspondence between SRS ports and CWs is fixed or indicated by the gNB via DCI
  [Mod: The relation between CW and port group is needed for gNB for the purpose of sounding DL channel. I included clarification regarding SRS AS which should address your comment. Also, it seems that the FFS on indication creates more ambiguity issue w.r.t. description. It seems simpler to fix the correspondence rather than dynamic – put in brackets now ] 

Proposal 1.A.3: Do not support. This is clearly out of scope.
[Mod: Not in my understanding since this is a simple extension of the extended CSI-RS to be used for NCB UL as associated CSI-RS – so far all CSI-RS enhancement can be used as associated CSI-RS ] 

Proposal 1.B.1/2: Support
Proposal 1.E.1: We do not see the necessity for the MP codebook


	NEC
	Proposal 1.A.1:
 Out first preference is scheme 4, which can reduce complexity, while we can follow proposal 1.A.1 if majority supports it.
 And for Scheme B, we support 4 independent selected SD basis vectors for RI=5-6 and also prefer a unified structure for precoders of layers 1-4 (i.e. independent SD basis vectors for the layers 1-4) for both RI=1-4 or RI=5-8, so the same SD basis vector is applied to layer pair as {1,5}, {2,6}, {3,7} and {4,8}.
 We share similar view with DOCOMO that the intention is a unified scheme (either A or B) for rank 1-8 rather than mixed for rank 1-4 and rank 5-8. So we suggest adding one subbullet:
· Scheme A or Scheme B is configured regardless of RI value
[Mod: Thanks for pointing this out. Indeed it is the intention. Added]
 
 In addition, Scheme2 and Scheme3 should be those described in RAN1#116 instead of RAN1#116bis
[Mod: No. The description for Scheme2/3 for RI?4 was agreed in 116bis]

Proposal 1.A.2: 
 We can be fine with the proposal, while it seems no need of new definition of SRS port group. 
 And in the incoming LS, RAN4 asked RAN1 to consider 4T6R, 3T6R antenna switching. As we haven’t decided the structure at least for 4T6R, the SRS ports mapping may be different, or it’s premature to say different SRS ports are associated with different UE antenna ports, for example, if two 4-port SRS resources for 4T6R, there may be 2 overlapped ports mapping to same UE antenna ports.

Updated Proposal 1.A.2: For a UE configured with a total of PSRS=6 or 8 ports across ≥1 SRS resources (at least for 1T6R, 2T6R, 1T8R, 2T8R and 4T8R), support the following SRS port grouping mapping where (with the PSRS ports indexed in an ascending order according to SRS resource ID and port number within each SRS resource): 
· SRS port group 0, the first PSRS/2 out of PSRS ports corresponding to CW0, comprises the first PSRS/2 out of PSRS ports; and 
· SRS port group 1, the second PSRS/2 out of PSRS ports corresponding to CW1, comprises the second PSRS/2 out of PSRS ports 
Note: different SRS ports are associated with different UE antenna ports.
FFS: for 4T6R or 3T6R if supported.
Note: if one single CW is scheduled, both the first and the second PSRS/2 out of PSRS ports SRS port groups can correspond to the same CW
FFS: Whether the correspondence between SRS ports and CWs is fixed or indicated by the gNB via DCI
 [Mod: the FFS is not needed since it is not handled in 9.2.2. I don’t want to mix the RAN4 LS issue here. But I added clarification re SRS AS to address your comment. Please also check my response to Google]

Proposal 1.B.1: Support.
Proposal 1.B.2: We are fine, even with 2-bit QPSK inter-pol co-phase indication, it can still be constrained that orthogonality between layers with same SD basis vector should be assumed. 
· The Inter-pol co-phase selection should ensure orthogonality for layers with same SD basis vector.
[Mod: This can be discussed in later meetings once the design is stable along with RI=5-8]

Proposal 1.E.1: We prefer panel-specific SD basis selection.


	HONOR
	Proposal 1.A.1 : Prefer Scheme 3 for Scheme-A with baseline performance and Scheme-4 for Scheme-B with high performance.

Proposal 1.A.2： It seems out of WID scope. The procedure belongs to PDSCH reception rather than CSI reporting. For PDSCH reception, this is no association between port grouping and CW, which is up to UE implementation.
[Mod: Since objectives 2a/b are used for TDD bands when SRS fails to facilitate DL CSI acquisition, enhancements to improve SRS utility are relevant to the objectives. In addition this proposal increases the utility of RI>4 by accommodating potentially lower complexity UEs]

Proposal 1.A.3: Out of scope.
[Mod: Please check my response to Google]

Proposal 1.B.1: Support

Proposal 1.B.2: Support

Proposal 1.E.1: Support Rel-19 Type-I multi-panel (MP) codebook and prefer panel-specific SD basis to increase performance.

	Kyocera
	We support Proposal 1.A.1, Proposal 1.B.1 and Proposal 1.B.2

Q2.1: We support Alt A.2

Q2.2: We support Alt B.2


	Mod V30
	Revised 1.A.1 per NEC comment (Scheme-A RI=1-8, Scheme-B RI=1-8)

Revised 1.A.2 per comments from Google and NEC

@Spreadtrum, Google, NEC, HONOR: please check my response 


	Sharp
	Proposal 1.A.1: We are fine with the proposal.
Proposal 1.B.1/1.B.2: Support.

	NTT DOCOMO
	Proposal 1.A.2: ok
Proposal 1.A.3: ok
Proposal 1.E.1: first preference is Scheme2, but we can also accept panel-common SD basis.

	NEC
	@ Mod. Thank you for the discussion.
Proposal 1.A.1: Sorry for mistaking scheme2/3 from RAN1#116, actually, the intention is that it seems current wording doesn’t mention adding new (N1,N2) values for schemes A/B (or 2/3) for RI>4, while it’s clear for RI=1-4 as “Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources” . while this seems common understanding and not big thing.

Proposal 1.A.2: In our understanding, the proposal is based on what is supported in current TS, it should not impact other future features. If so, the currently supported xT6R or xT8R can only be {1T6R, 2T6R, 1T8R, 2T8R and 4T8R}, then we think enumerating the exact values is better, or we just say xT6R or xT8R what is supported. As it’s possible to further introduce 4T6R, whose structure may be different, and it’s not sure whether the proposal can directly applied for it. Can we suggest following update?
 
For a UE configured with a total of PSRS=6 or 8 ports across ≥1 SRS resources for antenna switching intended for xT6R (where x=1,2) or xT8R (where x=1,2,4), respectively, support the following [fixed] SRS port grouping where (with the PSRS ports indexed in an ascending order according to SRS resource ID and port number within each SRS resource): 
[Mod: We can leave this for later rounds/meetings especially since there is some pending issue re RAN4 LS, although the chance is slim ]


	OPPO
	Proposal 1.A.1
Even based on current evaluation results, we cannot see significant gain from scheme 3 over scheme 1, but with higher overhead. In our understanding, scheme 1 is consistent with scheme A for RI=1-4, which fully reuses mechanism of Rel-15 Type I CB and can minimize the standardization effort. Maybe we can further down-select between scheme 3 and 1 later. 
[Mod: It seems all provided results show Scheme3 is better. Although many companies prefer Sch1 over Sch3, I see no SLS results, so far, justifying this preference ]

Proposal 1.A.2
In our understanding, the association would impact both the CSI acquisition at gNB (which is anyway transparent to spec. and up to gNB implementation) and UE receiver for two CWs PDSCH.  However, the legacy receiver for two CWs is still needed to be supported by UE. Then this feature introduces additional UE complexity with two different receivers at UE, which is not expected unless there is significant gain. At least two aspects need to considered:
1) This should be an optional feature considering it needs a new UE receiver.
2) RRC signalling is needed to configure whether this feature or legacy receiver is applied, considering CSI acquisition is up to gNB implementation. 
[Mod: Agree, addressed]

Proposal 1.A.3
Not support. We cannot see the benefit to use more than 32 ports CSI-RS to acquire uplink CSI. 

Proposal 1.B.1
Support.

Proposal 1.B.2
Support.

Proposal 1.E.1
Prefer Scheme 2 for MP CB. 


	TCL

	Proposal 1.A.2:
Support 
Proposal 1.A.3:
Support


	Google
	Proposal 1.A.2: We can accept the fixed mapping for 2 CWs as a compromise, but performance-wise this is not a good way. The wording should be refined. Such association should be defined based on how UE calculates the CQI for each CW. 
Further, a more important aspect is that not all UE should support this port grouping, therefore, we should allow UEs that support 1 port group operation (legacy spec). This new mode can be supported, but should be based on UE capability. 
In addition, for single CW case, we do not think UE needs to receive the PDSCH from both port groups. If we want to go with fixed mapping, we can use the same way as two CWs. 

Proposal 1.A.2 (proposed change): For a UE configured with a total of PSRS=6 or 8 ports across ≥1 SRS resources for antenna switching intended for xT6R or xT8R, respectively, support the following [fixed] SRS port grouping where (with the PSRS ports indexed in an ascending order according to SRS resource ID and port number within each SRS resource): 
· When reporting RI>4,
· UE calculates the CQI corresponding to CW0 based on the antenna ports associated with SRS port group 0, corresponding to CW0, which comprises the first PSRS/2 out of PSRS ports; and 
· UE calculates the CQI corresponding to CW1 based on the antenna ports associated with SRS port group 1, corresponding to CW1, which comprises the second PSRS/2 out of PSRS ports 
· When reporting RI<=4
· UE calculates the CQI based on the antenna ports associated with SRS port group 0 
Support the network to configure whether the SRS resources for xT6R or xT8R should be based on one or two antenna port groups
· Support UE capability on whether UE supports one or two antenna port groups for the SRS antenna switching based on xT6R or xT8R
Note: different SRS ports are associated with different UE antenna ports.
Note: if one single CW is scheduled, both SRS port groups can correspond to the same CW
[FFS: Whether the correspondence between SRS ports and CWs is fixed or indicated by the gNB via DCI]
[Mod: CQI calculation is left to UE implementation, so no need to include that in the proposal, i.e. no spec impact. I did address your comment on RRC]

Proposal 1.A.3: We can accept to configure multiple NZP CSI-RS resources as a compromise, but we do not think we need to enhance other aspects, e.g., joint triggering of AP-CSI-RS and SRS, timeline line (42 symbols should be sufficient), and so on. This is already a proposal that is out of scope, we do not think we should do anything more.

Proposal 1.A.3 (proposed change): On the NZP CSI-RS resource aggregation of K=2, 3 or 4 legacy NZP CSI-RS resources to attain a total of 48, 64, and 128 ports (for Rel-19 Type-I/II codebook refinement), support to configure a CSI-RS resource set with the K CSI-RS resources as the associated NZP CSI-RS for each of the SRS resource set(s) with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook',
The previously agreed restrictions on the K resources for Rel-19 Type-I/II codebook refinement apply
Reuse the legacy approach for triggering of the NZP-CSI-RS resources and the legacy timeline for the NZP-CSI-RS resources and SRS 
FFS whether to extend the time gap between the associated NZP-CSI-RS resources and the SRS transmission when both CSI-RS and SRS are aperiodic
FFS whether to relax the timing restriction in Rel-18 spec that triggering DCI and the triggered aperiodic associated CSI-RS resource(s) should be within a same slot
[Mod: Agree, done]


	CMCC

	Proposal 1.A.1:
Support 
Proposal 1.A.3:
Support
Proposal 1.B.1/2:
Support
Proposal 1.E.1:
Support


	KDDI
	Proposal 1.A.1
Support.
Proposal 1.A.2
Support.
Proposal 1.B.1/2: 
Support.
Proposal 1.E.1
We prefer panel-specific SD basis selection.

	Nokia
	Proposal 1.A.1
Support

Proposal 1.A.2
Support with the FFS on dynamic indication of the mapping between codewords to SRS port groups. 

We may need DCI indication for the gNB to indicate whether CW0 maps to SRS group 0 or 1, to allow gNB to optimize the CQIs of the two codewords. This is because the layer-to-codeword mapping is fixed in specs, and the first CW always gets the smaller number of layers for odd ranks, i.e. the two codewords are not symmetrical in terms of the CQI they can achieve. In legacy SRS-based or CSI-based precoding, it is possible for gNB or UE to optimise the CQIs, for example to maximise the CQI of CW0 by assigning the strongest beam or beam pair to CW0. With SRS group splitting, this flexibility is lost without a DCI indication. For example, for rank 5, if the strongest beam happens to be in the second SRS port group, without DCI indication, it is not possible for the first codeword, which is carried by the first two layers, to be transmitted on the strongest beam.
[Mod: Sorry it seems the FFS on DCI creates more problems and not acceptable to some companies (and majority seems to prefer/accept fixed). I hope fixed is also acceptable to Nokia.]

Proposal 1.A.3
Support, this is a natural extension of the association of CSI-RS resources to SRS resources to support non-codebook based UL for larger gNB arrays.

Proposal 1.B.1/2
Support

Proposal 1.E.1
Ok

	Mod V43
	Revision on 1.A.2 (remove FFS and make it fixed, address OPPO and Google on RRC) and 1.A.3 (remove FFS and reuse legacy per Google)


	Lenovo/ MotM
	Proposal 1.A.1:
Scheme 1 is our first preference for Scheme A extension 

Proposal 1.B.1/2:
Support
Proposal 1.E.1:
We do not see Type-I MP CB extension a priority, due to the support of NCJT CSI reporting for up to 64 ports as well as CJT CSI reporting for up to 128 ports.


	Ericsson
	Proposal 1.A.3 ok


	Google
	Proposal 1.A.2 Just to clarify why we proposed previous change, when we say “corresponding to CW 0” and “corresponding to CW1” in the following two bullets, it is quite unclear whether it means the PDSCH reception of CW0/CW1 or CQI calculation for CW0/CW1 or both. Currently we do not define the PDSCH reception behavior, but we define the CQI calculation assumption. The whole section 5.2.2.5.1 defines the CQI calculation assumption. The CQI calculation assumption would be the only spec impact for the followings. It would be necessary to add the following bullet. 
· SRS port group 0, corresponding to CW0, comprises the first PSRS/2 out of PSRS ports; and 
· SRS port group 1, corresponding to CW1, comprises the second PSRS/2 out of PSRS ports 
· For CQI calculation, UE follows the assumption above
[Mod: This makes sense, added]

	Mod VFinal
	P1.A.2: Revised per Google’s comment



2. CRI-based

	
	Issue
	Topic

	6
	CRI-based
	UCI design

	7
	
	CBSR

	8
	
	UCI omission

	9
	
	Timeline, OCPU and ARC




Table 2A CRI-based: issues
	Topic
	Moderator comments and proposals

	6
	From RAN1#116bis ROUND-3 + pre-RAN1#117 OFFLINE update:

Question 2.F.2: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, please share your view on whether the following overhead reduction schemes should be supported:
· CRI/resource-common RI value (indication): 
· Support/fine: NTT DOCOMO (1st), Xiaomi, TCL, Huawei/HiSi, CATT
· Not support (CRI/resource-specific RI): vivo, Samsung, NEC, Qualcomm, NTT DOCOMO (2nd), Lenovo/MotM, Ericsson, Nokia/NSB, Google, Intel, CMCC, MediaTek, Fujitsu, Sharp, OPPO
· Differential WB CQI (the wideband CQI(s) associated with the 2nd, …, M-th CRI(s) is calculated differentially with respect to the 4-bit largest wideband CQI(s) associated with the 1st CRI into Bd<4 bits):
· Support/fine: NTT DOCOMO (1st), ZTE, Huawei/HiSi
· Not support (No differential, Bd=4): vivo, Samsung, Qualcomm, Lenovo/MotM, Ericsson, Nokia/NSB, Google, Intel, TCL, CMCC, MediaTek, Fujitsu, Sharp, OPPO, NTT DOCOMO (2nd),
· 1-bit differential SB CQIs associated with the 2nd, …, M-th CRI(s), calculated differentially with respect to the 2nd, …, M-th WB CQI(s)
· Support/fine: Huawei/HiSi
· Not support (No differential, legacy 2-bit): vivo, Samsung, Lenovo/MotM, Ericsson, Fujitsu Nokia/NSB, Google, Intel, TCL, CMCC, MediaTek, Sharp, OPPO


Proposal 2.A.1: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, support the following:
· Resource-specific RI, i.e. RI is independently calculated and indicated for each of the selected M NZP CSI-RS resources
· FFS: If resource-common RI indication is also supported 
· 4-bit wideband CQIs are independently calculated and reported across the M selected NZP CSI-RS resources
· 2-bit differential SB CQIs are independently calculated across the M selected NZP CSI-RS resource


Support/fine: OPPO, vivo, Samsung, Apple, MediaTek, Intel, CEWiT, Ericsson, NEC, Qualcomm, NTT DOCOMO, Lenovo/MotM, Nokia/NSB, Google, CMCC, Fujitsu, Sharp, Spreadtrum, HONOR, Kyocera, CMCC, KDDI, Lenovo/MotM

Not support: Huawei/HiSi, ZTE, CATT, Xiaomi (CRI-common RI), TCL (CRI-common RI), 


Q6.1: Any update on the above views? (Updated view above)

Initial FL assessment:
· Whether RI is CRI-common or CRI-specific should be decided first. In this case, the proponents of CRI-common should demonstrate that CRI-common is better than CRI-specific in UPT vs PMI overhead trade-off
· Given the marginal saving in overhead from CRI-common RI, CRI-common RI is justified only if there is practically no loss of UPT relative to CRI-specific RI
· If CRI-common is justified, whether differential CQI is supported or not can be decided with the same methodology (UPT vs PMI overhead). Else, the baseline (non-differential) is the natural outcome  






Table 2B CRI-based: views from companies
	Company
	Input

	Mod V0
	Please share your views on the offline questions in TABLE 2A

	Samsung
	Our preference is CRI-specific RI and no differential WB CQI, since
· Overhead saving is marginal;
· CRI-common RI could lead in loss of throughput overall when some resources are rank deficient compared to the selected common RI; and
· Having differential WB CQI can cause performance degradation while deriving best CQI because of the clipping of WB/SB CQI based on the number of bits for differential CQI

Regarding the number of bits for differential SB CQIs, we support to reuse 2-bit differential SB CQIs. 


	OPPO
	Prefer CRI/resource-specific RI report. The overhead for RI is negligible.
In case that RI is independently reported per CRI, enhancement on differential CQI may lead to performance loss with different RI reporting. 

	NTT DOCOMO
	Our first preference is CRI/resource-common RI value report, but we’re also okay with CRI/resource-specific RI.

	ZTE
	Support CRI-common RI and differential CQI reporting.
In real implementations, the analog beams are formed along the vertical directions to serve different UEs at different locations in the cell. Hence, the directions of the main lobes of the beams are close to each other. Since the analog beams are formed using a few antenna elements, e.g. 4, the width of the analog beams are quite broad. Due to the above factors, the channels corresponding to the analog beams show quite high correlation, which is also observed in SLS results. So, CRI-common RI and differential CQI reporting will not degrade the performance but will save some reporting overhead.   

	Apple
	Q6.1
We prefer encoding of both CQI and RI independently for each reported CRI


	CATT
	For RI reporting of multiple CRIs, one common RI across multiple beams would be enough. For CQI reporting of multiple CRIs, differential quantization of wideband CQI across multiple beams can be considered.

	MediaTek
	Our preference remains same as in the previous meeting, i.e., no CRI common RI and no differential CQI. We think that CRI common RI could necessitate some dependencies in processing different CSI-RS resources.

	CEWiT
	· Regarding RI, we don’t support CRI/resource common RI value as we feel that it restricts the PMI selection by the UE which results in performance degradation with minimal saving in the overhead
· Regarding WB CQI, we feel it can be beneficial and should be supported

	Intel
	We support reporting of RI/PMI/CQI separately per each CRI. 

	Vivo
	We support independent RI and independent WB CQI. The benefit of overhead saving the marginal.

	Ericsson
	Q6.1
Same view as previous meeting on all 3 issues raised in Question 2.F.2.  Particularly, our preference is CRI-specific RI.  Furthermore, we don’t support differential wideband CQI as the overhead savings are marginal as commented by others.


	Mod V20
	Added proposal 2.A.1

From now on please comment on the proposals 


	Samsung
	Proposal 2.A.1
Support.


	Fujitsu
	Proposal 2.A.1
Support.

	Xiaomi
	Proposal 2.A.1:
We prefer to CRI-common RI value. We do not see there are any issue for CRI-common RI. Whether to support differential CQI reporting can be further discussed. 

	Spreadtrum
	Proposal 2.A.1: Support the proposal. Fully independent CSI calculation for each CSI-RS resource should be maintained.

	Google
	Proposal 2.A.1: Support.

	NEC
	Proposal 2.A.1
Support.

	HONOR
	Proposal 2.A.1: Support. CRI-common RI is not required as different CRIs may correspond to different analog beams. The differential CQI may impact the CQI quantization accuracy as different CRIs may acquire different wideband CQIs.

	Kyocera
	We support Proposal 2.A.1

	Mod V30
	No revision

	OPPO
	Proposal 2.A.1: Support.

	TCL
	Proposal 2.A.1
We prefer supporting CRI-common RI value. Just as ZTE’s assessment the analog beams show quite high correlation, and help to save the reporting overhead. 


	CMCC
	Proposal 2.A.1: 
Support.

	KDDI
	Proposal 2.A.1:
Support.

	Mod V43
	Proposal 2A.1: Added FFS on resource-common RI to accommodate super-minority view


	Lenovo/ MotM
	Proposal 2.A.1: 
Support


	Mod VFinal
	No revision




3. CJT calibration

	
	Issue
	Topic

	10
	CJT calibration 
	Down-selection of candidate values of dynamic range (D/d, FO)

	11
	
	Whether to support >1 for PO report

	12
	
	QCL/linkage assumption for PO report

	13
	
	Whether to support other joint reporting schemes (D/d+P, FO+PO, D/d+FO+PO)

	14
	
	Timeline, OCPU and ARC




Table 3A CJT calibration: issues
	Topic
	Moderator comments and proposals

	9
	[116bis] Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for delay offset reporting Dn,offset, i.e. (AD, MD), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AD ={0.5CP, 0.75CP, CP, 1.5CP, 2CP, , , } where CP and  denote the length of the cyclic prefix according to the current specifications (for normal CP) within a slot and the SCS, respectively
· FFS: Further down-selection of the above candidate values for AD, including the use of a same unit for all supported values
· MD ={32, 64}
· FFS: If TDD TX/RX timing misalignment report is supported, whether different set of candidate MD values is needed
…

[116bis] Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for frequency offset reporting FOn, i.e. (AFO, MFO), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AFO = {0.01ppm, 0.1ppm, 0.2ppm, f, f/2, f/4,f/8, 1/(4t), 1/(8t), 1/(16t), 1/(32t), 1/(512t)} where f and t denote the SCS and duration of one OFDM symbol, respectively
· FFS: Further down-selection of the above candidate values for AFO, including the use of a same unit for all supported values
· MFO = {16,32}
…


Proposal 3.A.1: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the dynamic range for delay offset reporting Dn,offset, i.e. AD, at least support the following values: {0.5CP, CP}
Decide, by RAN1#117, whether any of the following candidate values are supported: {0.75CP, 1.5CP, }

Support/fine: NTT DOCOMO, Sharp, OPPO, TCL, Sony, KDDI, Lenovo/MotM

Not support: 


Proposal 3.A.2: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the dynamic range for frequency offset reporting FOn, i.e. AFO, at least support the following values: {0.1ppm, 0.2ppm}
Decide, by RAN1#117, whether any of the following candidate values are supported: {0.01ppm, 1/(16t), 1/(32t)}

Support/fine: NTT DOCOMO, Sharp, OPPO, TCL, Sony, KDDI, Lenovo/MotM

Not support: 


	Parameter
	Value
	Company view

	AD
	0.5CP
	Support/fine: Samsung, OPPO, Qualcomm, Apple, Intel, Ericsson, NTT DOCOMO, Fujitsu, NEC, Google, Xiaomi, Sharp, KDDI, Lenovo/MotM

Not support: ZTE, Nokia/NSB,

	
	0.75CP
	Support/fine: Intel, Ericsson, NTT DOCOMO, Xiaomi, Google, NEC, Sharp, KDDI, 

Not support: ZTE, Nokia/NSB,

	
	CP
	Support/fine: Samsung, OPPO, Qualcomm, Apple, Intel, Ericsson, NTT DOCOMO, Fujitsu, Google, Xiaomi, NEC, Kyocera, Sharp, KDDI, , Lenovo/MotM

Not support: ZTE, Nokia/NSB,

	
	1.5CP
	Support/fine: Samsung, Ericsson, NTT DOCOMO, Fujitsu, NEC, KDDI

Not support: ZTE, Nokia/NSB, Xiaomi, Google, Sharp, 

	
	2CP
	Support/fine: NEC,

Not support: ZTE, Nokia/NSB, Xiaomi, Google, Sharp, KDDI, 

	
	
	Support/fine: ZTE, Huawei/HiSi, Nokia/NSB, 

Not support: Samsung, OPPO, Apple, Intel, Xiaomi, Google, Fujitsu, NEC, Sharp, KDDI, 

	
	
	Support/fine: ZTE, Huawei/HiSi, Nokia/NSB,

Not support: Samsung, OPPO, Apple, Intel, Xiaomi, Google, Fujitsu, NEC, Sharp, KDDI, 

	
	
	Support/fine: ZTE, Huawei/HiSi, Qualcomm, Nokia/NSB, 

Not support: Samsung, OPPO, Apple, Intel, Xiaomi, Google, Fujitsu, NEC, Sharp, KDDI, 

	AFO
	0.01ppm
	Support/fine: Samsung, Qualcomm, Intel, Ericsson, NTT DOCOMO, Xiaomi, Sharp, 

Not support: ZTE, Huawei/HiSi, Apple, Nokia/NSB, NEC, Kyocera,

	
	0.1ppm (RAN4)
	Support/fine: Samsung, OPPO, Qualcomm, Intel, Ericsson, NTT DOCOMO, Fujitsu, Xiaomi, NEC, Kyocera, Sharp, Lenovo/MotM

Not support: ZTE, Huawei/HiSi, Apple, Nokia/NSB

	
	0.2ppm (RAN4)
	Support/fine: Samsung, OPPO, Qualcomm, Intel, Ericsson, NTT DOCOMO, Fujitsu, Xiaomi, NEC, Kyocera, Sharp, Lenovo/MotM

Not support: ZTE, Huawei/HiSi, Nokia/NSB

	
	f
	Support/fine:

Not support: Samsung, ZTE, Huawei/HiSi, Intel, Ericsson, Nokia/NSB, Xiaomi, Fujitsu, NEC,

	
	f/2
	Support/fine: Google,

Not support: Samsung, ZTE. Huawei/HiSi, Intel, Ericsson, Nokia/NSB, Xiaomi, Fujitsu, NEC,

	
	f/4
	Support/fine: Google,

Not support: Samsung, ZTE, Huawei/HiSi, Intel, Ericsson, Nokia/NSB, Xiaomi, Fujitsu, NEC,

	
	f/8
	Support/fine: Apple, Google,  

Not support: Samsung, ZTE, Huawei/HiSi, Intel, Ericsson, Nokia/NSB, Xiaomi, Fujitsu, NEC,

	
	1/(4t)
	Support/fine: Nokia/NSB

Not support: Samsung, Apple, Intel, Ericsson, Xiaomi, Fujitsu, NEC,

	
	1/(8t)
	Support/fine: ZTE, Huawei/HiSi

Not support: Samsung, Apple, Intel, Ericsson, Xiaomi, Fujitsu, NEC,

	
	1/(16t)
	Support/fine: ZTE, Huawei/HiSi, Nokia/NSB

Not support: Samsung, Apple, Intel, Ericsson, Xiaomi, Fujitsu, 

	
	1/(32t)
	Support/fine: ZTE, Huawei/HiSi., Nokia/NSB

Not support: Samsung, Apple, Intel, Ericsson, Xiaomi, Fujitsu

	
	1/(512t)
	Support/fine: Qualcomm, Nokia/NSB

Not support: Samsung, Apple, Intel, Ericsson, Xiaomi, Fujitsu






Q9.1: Please share your views on which values of AD should be kept (the current number of candidates is too large)
· Including whether a same unit should be used

Q9.2: Please share your views on which values of AFO should be kept (the current number of candidates is way too large)
· Including whether a same unit should be used

Initial FL assessment:
· The current number of candidates for AD and AFO are excessive 😊. Down selection is strongly recommended 
· In both questions, the goal is to remove redundancies (different units achieving the same goal) and unnecessary values (e.g. impractical and have no perceived use cases, too small to measure). 



	10
	[116bis] Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {n, , n=0, 1, …, N – 1, n≠nref, =0,1,…,-1}, where n, denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set nref for the -th frequency unit 
·  =1 is supported
· FFS: whether >1 (sub-band reporting) is also supported. For this decision, companies are encouraged to evaluate performance loss without the support of >1 due to phase offset induced by TX-RX timing misalignment. 
…


Proposal 3.B.2: For the Rel-19 aperiodic standalone CJT calibration reporting, when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), decide, by RAN1#117, whether to also support >1 (sub-band reporting) as follows:
· A sub-band size is selected from {8,16} PRBs 
· FFS: Whether the sub-band size is NW-configured via higher-layer (RRC) signalling or selected (hence reported) by the UE
· Denoting the number of sub-bands within the configured CSI reporting band as NSB-P, and the sub-bands are indexed as {0, 1, …, NSB-P –1}, decide, by RAN1#117, from the following reporting options:
· Opt1: {(n,, n), n=0, 1, …, NTRP – 1, n≠nref}, where n,is the phase offset corresponding to sub-band 0 and the phase offset for sub-band  can be calculated as n, + n
· , where  {[32], [64], [128], [256]}
· Opt2: = NSB-P, i.e. {(n,, n,, NSB-P), n=0, 1, …, NTRP – 1, n≠nref}
· FFS: Whether restriction on the maximum payload size is needed 
· Note: For all the above reporting options, the UE performs measurement over the entire configured CSI reporting band


Support/fine >1: ZTE, Qualcomm, CATT, Ericsson, NTT DOCOMO, Samsung, Fujitsu, NEC, TCL, Sony (Opt1), KDDI, Lenovo/MotM (Opt2)

Not support >1 (D/d+WB PO enough): OPPO, Apple, Intel, vivo, Google, Nokia/NSB  


Q10.1: Please share your views on whether to support >1.
· If so, include your view on the UCI design and assumed sub-band size (regardless of the scheme, e.g.  SB PO values, WB PO + differential parameter, sub-band is assumed) 
· 

Initial FL assessment:
· Please note the FFS. This implies that SLS results based on practical TDD TX-RX timing misalignment should be used as a main deciding factor
· Proponents should elaborate the assumed TX-RX timing misalignment and how this relates to real-life deployment scenarios for TDD (which may vary depending on frequency bands, e.g. 3.5GHz, 4.7GHz, 6GHz)





Table 3B CJT calibration: views from companies
	Company
	Input

	Mod V0
	Please share your views on the offline questions in TABLE 3A

	Samsung
	Q9.1/9.2
We support to unify the same unit of CP, i.e., AD=c.CP, where c>0, and suggest three options for AD:
Option 1: AD = CP
Option 2: AD < CP
Option 3: AD > CP

There are some use cases that option 2 is needed. For example, Rel-18 CJT CSI with Mode 1 can support for the cases having composite delay spread across TRPs within a certain portion of CP length. Or there is another use case to consider PMI frequency granularity (that the NW will use for CJT) for the value of AD, which can also be a portion of CP length.

Option 3 can be used especially for the case having large-delay offset (>CP) across TRPs although its delay spread itself is not exceeding CP. We have identified in our SLS results that this use case sometimes happens and can get performance benefits (UPT improvement) when proper delay compensation is performed. 

Regarding the candidate values of AD, we support AD=0.5CP for option 2 and AD =1.5CP for option 3, respectively, due to the following reasons:
· 0.5 CP is the smallest range among the candidates and provides the finest granularity of delay offset range around 37ns when MD=64. The range of 0.5 CP can be useful for not only the use cases described above but also for the use case of TDD TX/RX time-misalignment, since the resolution can cover a tiny time misalignment value that may affect performance in TDD DL/UL phase-offset calibration scenarios.
· Based on the CDF of the delay over all channel model scenarios (RMa, UMa, inter-site/intra-site, D-MIMO scenarios), it is observed that there are not many delays exceeding 2CP (under 0.1%) but still nontrivial delays exceeding 1.5CP (under 3%). So we suggest to use 1.5CP for option 3 rather than 2CP.
 
Regarding the candidate values of MD, we support both of them.

For frequency offset reporting, we support to unify the same unit of ppm, and in our view 0.1ppm should be included in AFO, since it is one of the maximum frequency offset error that RAN4 has specified. 

Q10.1
As seen in the first figure below for the case of max TAE=33ns, the UPT gains for both the cases of WB and SB reporting using 5 bits over the case of no calibration are almost the same as that of ideal calibration case (10%). However, it is observed in the second figure below for the case of max TAE=75ns that the WB reporting case achieves only 2% UPT gain (over the UPT of no calibration case), whereas the case of SB reporting nearly achieves the UPT gain (10%) of ideal calibration (over the UPT of no calibration case). 
· it is identified the SB reporting is needed in scenarios with a certain level of TAE in between 33ns and 75ns exists. 
Hence, we think  >1 needs to support to compensate for this TX/RX time misalignment issue as well as other practical estimation/noise errors and additional hardware impairments that are unknown to us. 

We are planning to provide more SLS results depending on SB size and number of SBs, which will be useful for UCI design.







	OPPO
	Q9.1
Support a same unit for the candidate values of AD. Otherwise, there would be redundant values that result in similar range, e,g. CP and .
Regarding the values, {0.5CP, CP} is preferred. A value larger than CP seems unnecessary, since CJT is invalid among TRPs with large delay offset (which also means large pathloss offset). 

Q9.2
Support a same unit for the candidate values of AFO。
The RAN4 requirement on the maximum frequency error for a base station is ±0.05 ppm and ±0.1 ppm for different types of BS. Then at least {0.1ppm, 0.2ppm} should be supported as candidate values. For the other values, further justification is needed. 

Q10.1
In our understanding, the functionality of subband reporting can be achieved via wideband reporting and time misalignment reporting. In case that delay offset reporting can support resolution of up to tens of ns (e.g. 50ns), it is not necessary to additionally support subband phase reporting. 

	ZTE
	Q 9.1
Support to unify the unit of delay quantization range as , where  is the maximum measurable delay. Prefer the delay quantization ranges {, , }. These quantization ranges will be further checked with SLS results.

Q 9.2
Prefer to unify the unit of frequency quantization ranges as , where  is the maximum measurable frequency. Prefer the frequency quantization ranges {1/(8t), 1/(16t), 1/(32t)}. These quantization ranges will be further checked with SLS results.

Q10.1
Support reporting  >1 subband phase offsets. Further support reporting one initial phase offset (for the first subband) and a phase slope (a phase change across a subband) for NTRP-1 resources/resource sets. Due to the linear variation of phase offset across subbands caused by inter-TRP timing misalignment, the report format of ‘an initial phase offset + a phase slope’ is the most straightforward and efficient way to reduce the overhead.

	Huawei, HiSilicon
	Q9.1
[bookmark: _Hlk165919507]We support AD ={ }, where  is the SCS. This is because AD should be configured accordingly with the CSI-RS configuration. Maximum delay that UE can measure depends on the frequency separation between two consecutive REs carrying the RS. While the minimum delay that can be measured by the UE depends on the RS bandwidth. When AD is forced to be a multiple of CP, but UE cannot measure such delays with the configured RS, then some reporting bits may be wasted and the reporting accuracy is reduced.

Q9.2
We support AFO ={ }, where  denotes the duration of one OFDM symbol. Similar to delay offset reporting, AFO should be configured accordingly with the CSI-RS configuration. Maximum frequency offset that UE can measure depends on the time separation between two consecutive REs carrying the RS. And the minimum frequency offset that can be measured by the UE depends on the RS time duration. Since the RS time duration is multiple of OFDM symbols, then the range AFO should be .



	Qualcomm
	Q 9.1
We prefer to have small value range like 0.5CP or  to be kept, potentially for the use case of TDD Rx/Tx TAE (and may need more quantization bits – will provide evaluations later for TDD use case)

Q 9.2
We proposed some small candidate values e.g. 0.01ppm or , during the last meeting RAN1#116bis.
The reason is illustrated with an example as following:
For a typical CSI feedback periodicity e.g. 20msec, the phase error (a quantization level) at the end of 20msec is
· 0.01ppm/32 guarantee a phase error of (for fc=3.5GHz) x3.5x109x0.01x10-6x20x10-3/32=7.9 (for fc=6GHz it is 13.5)
· 1/(512)/32 guarantees a phase error of x x20x10-3=13.2
But we also understand these small values would limit the FO range (note that FO is not only determined by clock oscillator, but also Doppler/velocity), e.g. 0.01ppm=10-8 only corresponds to maximum 3m/sec (walking speed).
Therefore, we are also open to consider larger FO range values.

Q10.1
We are OK to discuss S>1 subband phases.
Our understanding, for the approach with CSI-RS precoded by , ideally there would be only a single delay component, and phase variation in FD is linear; But if we consider hardware impairments, the phase variation in FD is not linear anymore.
Therefore, in summary, we support S>1 subband phases.

	Apple
	Q9.1
We prefer to use single unit which is CP, either 0.5CP and/or CP can be the starting point. 

Q9.2
We prefer to use single unit which is SCS, given the pull in range of the current TRS design, f/8 or even smaller value can be the starting point

Q10.1
We do not see the strong need to specify subband based phase offset report


	CATT
	Q10.1 
We support >1 sub-band reporting. To justify the necessity of sub-band reporting, the WB only reporting calibration performance is evaluated with respect to inter-TRP phases that are composite of both wideband stationary phase and frequency selective phase corresponding to inter-TRP TX-RX group delay difference (TAE) and/or synchronization residual, where  0~200ns.
[image: cid:image002.png@01DA9A42.D7F779D0]
Our evaluation reveals that when, WB only reporting cannot compensate the phase offset and there is around 6-7% performance degradation with respect to ideal calibration. Evaluations of subband reporting with subband size equals to 8PRBs or 16PRBs are presented in 2nd Figure. (SCS= 30kHZ, bandwidth=52 PRB, subband size= 8/16 PRBs hence  phase offsets reported,   ns, , 3 TRPs for CJT)

According to the simulation, SB reporting can almost achieve the ideal calibration while WB reporting still has 7% performance degradation.

Regarding the calibration measurement reporting subband size, we have simulated two candidate subband size of 8 or 16 PRBs, the performance for subband reporting with those two corresponding subband size is shown in the 2nd figure.

For the configured BWP, adopting the existing CSI reporting framework, NW can configure the corresponding phase offset measurement reporting band via a bitmap. The total number of subbands within BWP is defined by.The number of subbands within the configured CSI reporting band is , which corresponds to the count of ones in the    bits length bitmap.

We have evaluated different subband reporting. ForUE calculate and report the inter-TRP phase offset on the subbands indicated by NW in the measurement reporting band bit map. Upon receiving the DL inter-TRP phase offset, NW can perform joint processing with UL inter-TRP phase offset and apply an implementation-specific algorithm to interpolate or extrapolate the phase offset on the entire bandwidth for pre-compensation. For, upon receiving the DL inter-TRP phase offset on each subband of BWP, NW can perform joint processing with UL inter-TRP phase offset on each subband of BWP to obtain the phase offset on each subband of BWP for pre-compensation.

The third figure below exhibits the performance of different subband with measurement reporting subband size equal to 8PRB. (SCS= 15kHZ, bandwidth=52 PRB,   ns, , 3 TRPs for CJT).

It reveals that subband phase offset reporting outperforms the performance of wideband phase offset reporting. Regardingit is shown that per subband PO reporting over the entire BWP can almost achieve perfect calibration. To alleviate the overhead for the PO reporting, NW can configure the PO reporting band to limitedvalues. Simulation shows that can also achieve quite good performance while maintaining a moderate overhead cost.

	Intel
	Q9.1
Given that we already agreed to support the indication on whether a combination of delay offset and delay spread exceeds the CP for CJT calibration reporting, it is not necessary to consider the maximum range of delay offset beyond the CP length. 
For to the candidate values, utilizing the subcarrier spacing would provide similar values to those obtained with CP length. In our view, a single unit for all the supported values would be preferred for simplicity. The set of supported values for dynamic range of delay offset can be {0.5CP, 0.75CP, CP}.

Q9.2
Based on the frequency error requirement at BS, the maximum frequency offset between TRPs can be up to 0.2 ppm. Any value that is larger than these values may not be needed. Similar to the delay offset values, the set of supported values for dynamic range of frequency offset as {0.01ppm, 0.1ppm, 0.2ppm}.

Q10.1
As delay offset is supported for CJT calibration reporting, it is not clear the motivation to support subband based reporting for phase offset. Only wideband based reporting for DL/UL Rx-Tx phase offset should be supported. If necessary, a joint reporting of DL/UL phase offset and delay offset may be considered. 



	vivo
	10.1
We do not see the need of having subband phase reporting. If the main use case for this is time misalignment between TRPs, why can’t we simply use the D-d reporting agreed for delay offset? BTW, the smallest AD in the candidate set agreed in last meeting is [image: cid:image043.png@01DAA095.CD8AFC20], considering 30kHz and M=64, the granularity is about 20ns which is smaller than 65ns which is assumed as inter-TRP time misalignment. We are open to discuss finer granularity to make it even better if companies want.

	Ericsson
	Q9.1
For , we prefer to keep .  We prefer to have the same unit for all candidate values.  It would be very strange to specify different candidate values with different units.
For , we prefer to keep .  We prefer to have the same unit for all candidate values.  It would be very strange to specify different candidate values with different units.

Q10.1
We are supportive of specifying subband phase offsets.  While we are open to study the alternatives, we think reporting one phase offset and reporting a phase slope is a good starting point.

	NTT DOCOMO
	Q9.1
Support to unify the unit. Either CP or  would be ok for us. We also think it should be ok to have all {smaller than CP, CP, larger than CP} to be AD since it seems each of them has the use case. 

Q9.2
Again support to unify the unit. Open to discuss “ppm” or “SCS” as a unit. We agree with other companies that 0.2ppm and smaller should be priority. 

Q9.1
OK to support sub-band reporting. Open to study alternatives. 

	Nokia
	Q9.1
Support same unit for delay offset quantization range values as {, , } where  is the maximum measurable delay.

Q9.2
Support same unit for frequency offset quantization range values as {, , , }, where  is the maximum measurable frequency offset.




	Mod V20
	Added proposal 3.B.2 

Added summary for AD/AFO: from the current situation it seems difficult to have a single unit. 


	Samsung
	Proposal 3.B.2
Support.

	Fujitsu
	Q9.1
Support to {0.5 CP, CP, 1.5 CP}. 

Q9.2
Support to {0.1 ppm, 0.2ppm}. 

Proposal 3.B.2
Support.

	Xiaomi
	Q9.1
Prefer same unit with CP for all candidates of delay offset since the range of dn is agreed to be indicated of the inside/outside of the range of CP. And it is not necessary to support the candidate values larger than CP.

Q9.2
Prefer same unit with ppm for all candidates of frequency offset. 


	Google
	Q9.1: Support 0.5CP, 0.75CP and CP. Do not see the necessity for others, especially for >CP values. When >1CP happens, UE would report “invalid”
Q9.2: OK with 1/8 – 1/2 deltaF

Proposal 3.B.2: We failed to see the necessity for >1 subbands

	NEC
	Q9.1
Support AD in terms of CP, with {0.5CP, 0.75CP, CP, 1.5CP, 2CP}. 

Q9.2
At least support {0.1 ppm, 0.2ppm}. 
And at least the values of {f, f/2, f/4,f/8, 1/(4t), 1/(8t)} should be removed firstly, as they are too large for frequency offset reporting.

Proposal 3.B.2
We support subband reporting of phase offset, and for the subband size, we support UE reporting of subband size, as UE can well measure the delay spread, and report to network. Without UE measurement and report, network may not have good knowledge to configure the suitable subband size.
A sub-band size can be UE reported is NW-configured via higher-layer (RRC) signalling from {8,16} PRBs  

	Kyocera
	Q9.1

For AD we support a maximum of four values to keep things simple.  Furthermore, we think it is possible to unify the values in terms of CP and Δf in terms of either CP or Δf (but not both) since for every numerology in NR it is true that CP(normal) = 0.07/Δf (i.e., the normal CP is a constant fraction, about 7%, of the useful OFDM symbol time). The four chosen values should be in ascending order.

Q9.2

For AFO we support going no lower than 0.1 ppm. We think going to 0.01 ppm may be overkill, unless it is absolutely justified.

	Mod V30
	Added proposals 3.A.1/2

Revision on 3.B.2 per NEC

	NTT DOCOMO
	Proposal 3.A.1
Support. On unit we agree with Kyocera’s analysis. On the need of >CP range, our understanding is that the range covers offsets from nref. Meanwhile, the actual PDSCH-CJT operation may involve TRPs that are not associated with nref only.  In this case, it would be helpful if UE reports quantitative information (not “invalid” only). Therefore we expect there may be a use case for larger AD. Since this is just FFS now, we are totally supportive of the current proposal 3.A.1 though. 

Proposal 3.A.2
Support. 

Proposal 3.B.2
Support. 


	Sharp
	Proposal 3.A.1: Support {0.5CP, 0.75CP, CP}. In our view, the candidate values larger than CP is unnecessary.
Proposal 3.A.2: Support at least {0.01ppm, 0.1ppm, 0.2ppm} and we are open to discuss other candidate values.
Proposal 3.B.2: Support.

	OPPO
	Proposal 3.A.1/2: Fine.

Proposal 3.B.2
We still prefer to introduce a report quantity for combination of phase offset and delay offset reporting instead of subband reporting. Joint reporting can handle a large delay range, but subband reporting can only cover a very small delay (unless a small subband size). If joint reporting is to be introduced (which is FFS), we don’t think subband reporting is needed. 


	TCL
	Proposal 3.A.1
Support 

Proposal 3.A.2
Support

Proposal 3.B.2
Support



	Sony
	Proposal 3.A.1
Support 

Proposal 3.A.2
Support

Proposal 3.B.2
We are fine with this proposal. Since we believe that Opt1 should be sufficient to calibrate the RX/TX time misalignments between TRPs, we can also support D/d+WB PO reporting.


	KDDI
	Proposal 3.A.1
Support. Regarding additional candidate values from FL, {0.75CP, 1.5CP, 1/24∆f}, we are also fine to add those values, but 1/24∆f can be deprioritized because it is about 0.59CP which is close to 0.5CP.

Proposal 3.A.2
Support.

Proposal 3.B.2
Support.

	Mod V43
	No revision

	Nokia
	Proposal 3.B.2
We don’t think subband PO reporting is useful in either of the two use cases: to increase robustness against channel impairments and to report PO in the presence of timing alignment error (TAE).

For increased robustness, a UE can average across subbands and receive antennas, so Opt 2 is not needed.

For reporting the phase slope caused by TAE it’s not clear how Opt 1 can be effective.
In the phase ramp model formula:  the slope  is defined as the phase variation in one subband  and it can be expanded as , where  is the subband size. In the EVM we assumed that TAE can be [-0.5CP,0.5CP], so the maximum timing alignment error we simulate can be one CP, i.e. . Therefore, the maximum absolute value of  is many times larger than  as shown in the table below. So it’s not clear how this range of TAE can be measured by a quantisation range limited to between o and . On the other hand, this TAE range can be reported with the delay offset report

	Max absolute value of  [in multiples of ] corresponding to max TAE of 1CP, for subband with 8PRBs
	Max absolute value of  [in multiples of ] corresponding to max TAE of 1CP, for subband with 16PRBs

	~6.8
	~13.7





	Lenovo/ MotM
	Proposal 3.A.1
Support 

Proposal 3.A.2
Support

Proposal 3.B.2
OK to discuss, our preference is Opt2, since Opt1 assumes a uniform phase ramp over different SBs, which is typical only in scenarios with one dominant path, e.g., LoS scenarios


	Ericsson
	Proposal 3.A.1 ok
Proposal 3.A.2 ok




Ref

Avg UPT Gain (%)
16 ports per TRP, Ideal CSI, max TAE across TRPs=33ns 
No calib	WB reporting, 5bits	SB reporting, 5bits	Ideal calib	100.224423220532	109.585740675235	109.969343237826	110.254686947294	


Avg UPT Gain (%)
16 ports per TRP, Ideal CSI, max TAE across TRPs=75ns 
No calib	WB reporting, 5bits	SB reporting, 5bits	Ideal calib	100	101.897181936092	109.612860118697	110.254686947294	


Mean UPT	
Ideal calibration	Non calibration	Wideband, 4-bit	SB reporting, 8PRB, 4-bit	SB reporting, 16PRB, 4-bit	1	0.93346350442125703	0.93758627980150999	0.99615083263894899	0.98167448107751798	



Mean UPT	
Ideal calibration	Σ = NSB_P_tot	Σ = 4	Σ = 2	wideband	non calculation	1	0.99937695457817399	0.98193773175172505	0.97090438369919596	0.93003139423047798	0.91916741774893096	
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