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1. Introduction
The scope given in the Rel-19 NR MIMO Phase 5 WID pertaining to CSI enhancement is as follows:
	[bookmark: _Hlk146697700]
1. Specify CSI support for up to 128 CSI-RS ports, targeting FR1
0. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
0. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
0. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design
1. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
1. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH




2. Summary of companies’ proposals and views 

2.1 Issue 1 (WID objective 2a and 2b): Type-I and Type-II codebook refinement for up to 128 CSI-RS ports

Table 1A Summary: issue 1 
	#
	Issue/proposal
	Companies’ views

	1.1.1
	[116] Agreement
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, study and decide, by RAN1#116bis, from the following:
· Scheme1 (baseline): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
· FFS: Whether to further down-select between mode-1 (L=1) and mode-2 (L=4) 
· FFS: For rank-3/4, follow legacy mechanisms for <16 ports, or for >=16 ports
· Scheme2: 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: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType II or Rel-15 Type I
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: Layer-specific inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16} 
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection); layer multiplexing via orthogonal polarization co-phasing for the layer pairs with common SD vector (reduced number of bits for co-phasing indication for the layer pairs with common SD vector).
· FFS: Additional support for L>1
· Scheme2B: 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: 
· For each layer, determine L=1 DFT-based SD basis candidate 
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType-II or Rel-15 Type-I 
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection), SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific inter-polarization amplitude and phase scaling (single scaling coefficient per polarization) 
· FFS: WB/SB amplitude and phase reporting. 
· Option 2: Layer-specific intra-polarization (two scaling coefficients per polarization) amplitude and phase scaling. 
· FFS: WB/SB amplitude and phase reporting.
· FFS: Rel-15 3-bit WB amplitude and M-PSK co-phasing and M is further down-selected from {2, 4, 8, 16}.
· Scheme3: 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: 
· Reuse legacy Rel-16 eType-II SD basis with L>1 to determine the DFT-based SD basis candidates, and indication of SD basis indices follows Rel-16 eType-II
· For 4≥RI>1, L>1 SD basis vectors are commonly selected across layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific sub-band SD basis selection (1 out of L) and inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16}
· Option 2: Layer-specific wideband SD basis linear combination and inter-polarization scaling coefficient (e.g., amplitude scaling + M-PSK co-phasing) where M is further down-selected from {2, 4, 8, 16}
· Scheme4: Using legacy Rel-15 Type-I codebook including legacy (N1, N2) values per NZP CSI-RS resource (or port group) where the PMI (associated with W1 and W2) is calculated according to
· W1 structure: Reuse legacy Rel-15 Type-I SD basis with L=1 or L=4 for either each or some of the NZP CSI-RS resources (or port groups)
· W2 structure: inter-NZP CSI-RS resource (or port group) co-phasing along with reusing legacy Rel-15 Type-I inter-polarization co-phasing per NZP CSI-RS resource (or port group)
· inter-CSI-RS resource (or port group) co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports
· Scheme5: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and extending the set of orthogonal beams for the selection of the second beam based on the Rel-15 Type-I single-panel codebook
· (i1,1, i1,2) is used to refer to the 1st beam as in legacy Rel-15 Type-I
· The 2nd beam is selected from the extended set of orthogonal beams of size: 
· FFS: whether to apply any restrictions to the extended orthogonal set of beams
· Scheme6: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and 
· Beam(s) is(are) selected for each antenna group or NZP CSI-RS resource. 
· Inter-group (or CSI-RS resource) co-phasing along with inter-polarization co-phasing per group (or CSI-RS resource) are used to combine different beam(s), FFS using scalar quantization or vector quantization for the co-phasings 
FFS (by RAN1#116bis): Down-select (O1, O2) value between (2,2) and (4,4), whether (O1, O2) and/or (q1, q2) is layer-common or layer-specific
FFS (by RAN1#116bis): Whether extension of Rel-15 Type-I MP codebook for Rel-19 Type-I is also supported
FFS (by RAN1#116bis): Whether to introduce larger L values (e.g. 6, 8, 10) 
FFS: Whether to refine CBSR design to reduce RRC overhead


Proposal 1.A.1: 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-A (based on Scheme1 in RAN1#116 agreement): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook mode-1 (L=1) where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and for rank-3/4, follow legacy mechanisms for <16 ports
· 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: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· For 1<RI≤4, L=1 SD basis vector is independently selected for different layers
· The SD basis selection indication includes layer-common (q1,q2) and  bits for each layer
· Note: This implies that each of the SD basis vectors is selected from a group of N1N2 orthogonal basis vectors
· W2 structure: Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether to support Mode-C based on Scheme5 in RAN1#116 agreement with L=1 for RI=2-4
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether inter-polarization amplitude for Mode-B can also be supported
FFS: Discuss further if Rel-19 Type-I MP extension based on scheme 4 is needed


FL assessment: This proposal is based on the outcome of OFFLINE discussion [2]. The red text is to remove ambiguity that the WID scope – considering the agreement in RAN1#116 on the supported P and (N1,N2) values – only comprises 48, 64, and 128 ports. 

	



























































































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


Not support: 

	1.1.2
	Proposal 1.A.2: For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, O1=O2 is 4


FL assessment: This proposal is based on the outcome of OFFLINE discussion [2]. The red text is to remove ambiguity that the WID scope – considering the agreement in RAN1#116 on the supported P and (N1,N2) values – only comprises 48, 64, and 128 ports.
· Main argument for 2: slightly reduced overhead (2 bits out of ~30 for P-CSI, out of ~120 for AP-CSI), slight complexity reduction in SD basis search
· Main argument for 4: better performance ~2-8% UPT in average UPT

2: ZTE, Qualcomm, vivo (1), Spreadtrum (1), Apple (1), Ericsson (1), MediaTek, Fraunhofer IIS/HHI

4 (legacy): Samsung, Intel (1), CMCC, Sharp, NTT DOCOMO, NEC, OPPO, AT&T, CEWiT, New H3C, Huawei/HiSi, CATT, Xiaomi, Google (at least low RI), Apple (ok 1), vivo (ok 1), Fujitsu, Tejas Network, [Ericsson (ok 1)]  

Both (configurable): Lenovo/MotM, Huawei/HiSi, New H3C, ZTE

4 for RI=1-2, 2 for RI=3-4: Google
	Support/fine: Samsung, Intel, CMCC, Sharp, NTT DOCOMO, NEC, OPPO, AT&T, CEWiT, New H3C, Huawei/HiSi, CATT, Xiaomi, Google (at least low RI), Apple (ok), vivo (ok), Fujitsu, Tejas Network, Ericsson (ok), TCL, HONOR, Ruijie, Fraunhofer IIS/HHI (ok)

[bookmark: _GoBack]Not support: MediaTek, [ZTE]

	1.2.
	[116] Agreement
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support aggregating at least K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports
· FFS (by RAN1#116bis): Mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, also considering co-existence with pre-Rel-19 UEs 
· …


Proposal 1.B: For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, support NW to configure UE with one of the following mapping methods via higher-layer (RRC) signaling, 
· Mapping method 1: Sequential ordering/indexing within (1st resource, 1st polarization), then (2nd resource, 1st polarization), …, then (Kth resource, 1st polarization), then (1st resource, 2nd polarization), then (2nd resource, 2nd polarization), …, then (Kth resource, 2nd polarization)  
· Mapping method 2: Sequential ordering/indexing within (where K*n2 = N2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), …, (1st n2 ports in Kth resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, (2nd n2 ports in Kth resource, 1st polarization), … then (N1th n2 ports in 1st resource, 1st polarization), (N1th n2 ports in 2nd resource, 1st polarization), …, (N1th n2 ports in Kth resource, 1st polarization) , 
· and then for the 2nd polarization, (1st n2 ports in 1st resource, 2nd polarization), (1st n2 ports in 2nd resource, 2nd polarization), …, (1st n2 ports in Kth resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), …, (2nd n2 ports in Kth resource, 2nd polarization), … then (N1th n2 ports in 1st resource, 2nd polarization), (N1th n2 ports in 2nd resource, 2nd polarization), …, (N1th n2 ports in Kth resource, 2nd polarization)
FFS: Exact port indexing within each CSI-RS resource or across K CSI-RS resources
FFS: Whether the following is also supported: 
· Mapping method 3 (for K=4): Sequential ordering/indexing within (where N1=2*n1, N2 = 2*n2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, then (n1th n2 ports in 1st resource, 1st polarization), (n1th n2 ports in 2nd resource, 1st polarization),
· for the 1st polarization, (1st n2 ports in 3rd resource, 1st polarization), (1st n2 ports in 4th resource, 1st polarization), then (2nd n2 ports in 3rd resource, 1st polarization), (2nd n2 ports in 4th resource, 1st polarization), then (n1th n2 ports in 3rd resource, 1st polarization), (n1th n2 ports in 4th resource, 1st polarization),
· and then for the 2nd polarization, (1st n2 ports in 1st resource, 2nd polarization), (1st n2 ports in 2nd resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), … then (n1th n2 ports in 1st resource, 2nd polarization), (n1th n2 ports in 2nd resource, 2nd polarization),
· and then for the 2nd polarization, (1st n2 ports in 3rd resource, 2nd polarization), (1st n2 ports in 4th resource, 2nd polarization), then (2nd n2 ports in 3rd resource, 2nd polarization), (2nd n2 ports in 4th resource, 2nd polarization), then (n1th n2 ports in 3rd resource, 2nd polarization), (n1th n2 ports in 4th resource, 2nd polarization), 


FL assessment: This proposal is based on the outcome of OFFLINE discussion [2]. The red text is to remove ambiguity that the WID scope – considering the agreement in RAN1#116 on the supported P and (N1,N2) values – only comprises 48, 64, and 128 ports. 

Re port mapping it has been clarified that its main purpose is to avoid ambiguity for UE in associating measurements from the aggregated K Pr-port CSI-RS resources to the CB port indices for PMI calculation assuming a “single virtual K.Pr CSI-RS ports”. The same was done in Rel-13/14 LTE when 16/32-port CB is supported from aggregating <=8-port resources.

The port mapping can also facilitate sub-array-based co-existence between pre-Rel-19 and Rel-19 UEs where only a portion of a larger array is used for pre-Rel-19 UEs (SD NES style). This is a secondary purpose at best. Such co-existence method obviously doesn’t allow the use of all TXRUs for pre-Rel-19 UEs. To summarize the aggregation options pertaining to sub-array-based co-existence between pre-R19 and R19 UEs:

	New P
	New (N1,N2)
	Legacy resource aggregation

	
	
	K
	Old (N1’,N2’)

	48
	(8,3)
	2; 3; 
	(4,3); (8,1); 

	
	(6,4)
	2/4; 4
	(6,2)/(6,1); (3,2)

	64
	(16,2)
	2/4; 2; 4
	(8,2)/(4,2); (16,1); (8,1)

	
	(8,4)
	2; 2/4; 4
	(4,4); (8,2)/(8,1); (4,2)

	128
	(16,4)
	4; 4; 4
	(4,4); (16,1); (8,2) 

	
	(8,8)
	4; 4
	(8,2); (4,4)


Blue: mapping #1 (along horizontal dimension)
Red: mapping #2 (along vertical dimension)
Yellow: mapping #3 (NEC – along both horizontal and vertical)

Co-existence based on UE-specific beamformed CSI-RS (UE-specific virtualization) where the NW can use all TXRUs for pre-R19 UEs was mentioned. It was also commented that this can be implemented via NW implementation (a common understanding since Rel-10 LTE).

	







Support/fine: Qualcomm, vivo, Huawei/HiSi, Ericsson, MediaTek, Samsung, Fraunhofer IIS/HHI, AT&T, NEC, NTT DOCOMO, Spreadtrum, Google, CATT, CMCC, KDDI, CEWiT, Xiaomi, OPPO (ok), Apple (ok), LG, Sharp, ZTE (ok), Fujitsu, Tejas Network, HONOR, TCL, Ruijie

Not support: Lenovo/MotM (one mapping method only), Intel (only #1)



	1.3.1
	[116] Agreement
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support aggregating at least K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports
· …
· FFS (by RAN1#116bis): whether the Rel-18 CJT CMR restrictions (where all resources shall be located within 2 consecutive slots) are reused, or additional restriction(s) are introduced (e.g. Pcoffset, CDM type, RS density, TD (co-located in a slot)/FD locations, QCL, …)
· FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
· …

Proposal 1.C.1: For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, all K NZP CSI-RS resources shall be located within 1 slot or 2 consecutive slots (following legacy principle from Rel-18 Type-II CJT), and are associated with a same CSI-RS resource set:
· FFS(RAN1#116bis): Whether ‘within 1 slot’ should be basic feature and ‘within 2 consecutive slots’ should be UE capability 
· FFS (RAN1#116bis): Verify if this can be achieved without refinement on CSI-RS resource set restrictions (i.e. same CDM type, same RE density, same starting RB for 0.5 RE/RB/port density, same number of RBs, for AP-CSI-RS same slot offset). If not, the supported refinement(s)
· FFS (RAN1#116bis): Whether additional restriction(s) beyond the restrictions on the CSI-RS resources associated with a same resource set are needed (e.g. same QCL, PCoffset, PCOffsetSS)
· FFS (RAN1#116bis): Extension for Rel-19 Type-II based on Rel-18 Type-II Doppler with aperiodic CMR

 
FL assessment: This proposal is a synthesis of views from many companies to the best of my ability (the common ground). The FFS points will be finalized in RAN1#116bis after more inputs. Note that:
The WID objective 2b states: “…based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)”
Given the clear and restrictive wording in the WID, unless there is some critical reason, full reuse of legacy scheme should be the default unless there is consensus to do otherwise.

	








Support/fine: Huawei/HiSi, ZTE, Spreadtrum, Kyocera, MediaTek, TCL, vivo, Google, OPPO, CATT, Samsung, Lenovo/MotM, CMCC, Xiaomi, Fujitsu, Apple, CEWiT, Sharp, Qualcomm, NTT DOCOMO, New H3C, LG, Sharp, Ericsson, NEC, Tejas Network, Intel, AT&T, HONOR, Ruijie

Not support: 


	1.4
	[116] Agreement
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support aggregating at least K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports
· …
· FFS (by RAN1#116bis): Whether legacy resource configuration for interference measurement is reused, or additional restriction(s) are introduced
· …

Proposal 1.D: For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, the legacy resource configuration for interference measurement is reused, i.e. only one NZP CSI-RS resource for interference measurement or only one CSI-IM resource can be configured where the one IM resource is associated with all the K CSI-RS resources in the CSI-RS resource set for channel measurement


FL assessment: The WID objective 2b states: “…based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)”

Given the clear and restrictive wording in the WID, unless there is some critical reason, full reuse of legacy scheme should be the default unless there is consensus to do otherwise.

	







Support/fine: Huawei/HiSi, ZTE, Spreadtrum, Kyocera, MediaTek, TCL, vivo, Google, OPPO, Samsung, Lenovo/MotM, Xiaomi, Fujitsu, Apple, CEWiT, Qualcomm, NTT DOCOMO, Lenovo/MotM, New H3C, LG, Sharp, Ericsson, NEC, Tejas Network, Intel, AT&T, CATT, HONOR, Ruijie, Fraunhofer IIS/HHI

Not support: 


	1.5
	[116] Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, 
· …
· On the supported parameter combinations, decide, by RAN1#116bis, whether further restriction on the the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) to reduce/limit PMI overhead and/or UE complexity is necessary
· …

Conclusion 1.E: For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, there is no consensus on removing any of the Parameter Combinations supported by the legacy Rel-16 eType-II (regular), Rel-18 Type-II Doppler (regular), and Rel-17 FeType-II PS. Therefore, all the legacy Parameter Combinations are supported. 

FL assessment: This proposal is based on the outcome of OFFLINE discussion [2]. 
· At least Huawei/HiSi voiced strong concern in removing higher PCs (proposed by several companies). Intel, OPPO, AT&T, Google, New H3C, NTT DOCOMO, OPPO, Spreadtrum, Apple, Ericsson, CEWiT, NEC, ZTE, Tejas Network, HONOR, Ruijie, Fraunhofer IIS/HHI proposed (are fine) to fully reuse legacy PCs. 

The WID objective 2b states: “…based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)”

Given the clear and restrictive wording in the WID, unless there is some critical reason, full reuse of legacy scheme should be the default unless there is consensus to do otherwise.


	1.6
	[116] Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, 
· …
· On the definition and detailed design of UCI parameters, fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design), except for SD basis selection indication 
· On SD basis selection indication, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce UE memory requirements
· …

Conclusion 1.F: For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, on SD basis selection indication, there is no consensus on additional spec enhancement. Therefore, the same approach as legacy (using a layer-common -bit indicator) is reused
· Note: How to trade-off memory and calculation is left to implementation

FL assessment: The WID objective 2b states: “…based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)”

Given the clear and restrictive wording in the WID, unless there is some critical reason, full reuse of legacy scheme should be the default unless there is consensus to do otherwise.

This is the current status from the Tdocs:
· Support refinement: Intel (simplified encoding), TCL, Qualcomm, ZTE, Xiaomi 
· Support/ok reuse legacy (and leave trade-off between memory and calculation to implementation): Huawei/HiSi, Spreadtrum, Ericsson, MediaTek, Nokia/NSB, Samsung, vivo, Google, NTT DOCOMO, OPPO, Apple, Ericsson, CEWiT, NEC, ZTE (ok), Tejas Network, AT&T, HONOR, Ruijie, Fraunhofer IIS/HHI


	1.7
	[116] Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, 
· …
· On CBSR, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce RRC overhead (including moving (N1,N2) configuration out from CBSR IE)
· …


Proposal 1.G: For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, on CBSR, refine the legacy CBSR as follows:
· Only 1-bit hard restriction is supported (analogous to Rel-18 Type-II)
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent
· Group-based CBSR granularity where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR for Type-I/-II codebooks with a same (N1,N2).

FL assessment: This proposal is synthesized based on inputs from different companies given that the CBSR overhead for Type-II CB is overwhelmingly large even for legacy Type-II. Let alone for Rel-19 with larger (N1,N2). 

	






Support/fine: Huawei/HiSi, ZTE, vivo, Samsung, CMCC, LG, Xiaomi, NEC, CEWiT, Qualcomm, NTT DOCOMO, Lenovo/MotM, OPPO, Spreadtrum, Sharp, Ericsson, Google (ok), Fujitsu (3 “adjacent” need discussion), Tejas Network, Intel (2 need RAN2), IDC (ok), CATT, TCL, HONOR, Ruijie, Fraunhofer IIS/HHI, Apple (ok)

Not support: 


	1.8
	[116] Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, 
· Fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) for UCI omission rules
· On the definition and detailed design of UCI parameters, fully reuse the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design), except for SD basis selection indication 
· On SD basis selection indication, decide, by RAN1#116bis, whether refinement on the legacy Rel-16 eType-II design (and for PS codebook, the Rel-17 FeType-II PS design) is necessary to reduce UE memory requirements
· …

Proposal 1.H: For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports based on Rel-18 Type-II Doppler codebook, 
· On UCI omission rules, fully reuse the legacy Rel-18 Type-II Doppler design
· On the definition and detailed design of UCI parameters, fully reuse the legacy Rel-18 Type-II Doppler design


FL assessment: Rel-18 Type-II Doppler was accidentally left out in RAN1#116

	








Support/fine: Qualcomm, Samsung, Google, NTT DOCOMO, Huawei/HiSi, OPPO, Spreadtrum, Apple, LG, Sharp, vivo, Ericsson, NEC, ZTE, Fujitsu, Tejas Network, Intel, AT&T, MediaTek, IDC, TCL, HONOR, Ruijie

Not support:


	1.9
	[116] Agreement
For the Rel-19 Type-II codebook refinement based on Rel-16 eType-II and Rel-18 Type-II Doppler for up to 128 CSI-RS ports, as well as Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, support the following (N1, N2) values:

	Total # CSI-RS ports across aggregated resources (=P)
	(N1, N2)

	48
	(8,3)

	
	(6,4)

	64
	(16,2)

	
	(8,4)

	128
	(16,4)

	
	(8,8)



The support of total # CSI-RS ports across aggregated resources (=P) and (N1, N2) are subject to UE capability.
· For the Rel-19 Type-II codebook refinement based on Rel-16 eType-II regular codebook, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities
· For the Rel-19 Type-II codebook refinement based on Rel-18 Type-II Doppler regular codebook, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities


Proposal 1.I: For the Rel-19 Type-I codebook refinement for 48, 64, and 128 CSI-RS ports, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities

FL assessment: Rel-19 Type-I was accidentally left out in RAN1#116

	

















Support/fine: Qualcomm, Samsung, Google, NTT DOCOMO, Huawei/HiSi, OPPO Spreadtrum, Apple, LG, Sharp, vivo, Ericsson, NEC, ZTE, Fujitsu, Tejas Network, AT&T, MediaTek, CATT, TCL, HONOR, Ruijie


Not support:


	1.10.1
	[116] Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, 
· …
· Further study the rules on CPU occupation, resource counting, and Z2/Z2’ in conjunction with Rel-19 Type-I

Proposal 1.J.1: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding timeline, scale the legacy timeline Z/Z’ by (P/32) where P is the total number of ports across all the K aggregated CSI-RS resources.
· FFS: Whether to scale legacy OCPU or active resource counting by (P/32)
· Note: the legacy timeline Z/Z’ for Type-I corresponds to Z1/Z1’ in Table 5.4-2 of TS38.214 for Type-I WB SP-CSI with at most 4 CSI-RS ports in a single resource without CRI, and Z2/Z2’ for other Type-I cases


FL assessment: Some early discussion on this topic is needed especially on timeline (targeting RAN1#117 for completion) due to implementation-related requests. The legacy spec for Rel-15 Type-I SP is as follows:

	
	
	OCPU
	Z/Z’
	Active resource counting

	Rel-15 Type-I
	P/SP/AP
	 
	  for WB SP with ≤ 4 ports,
,  otherwise
	-



Summary of views so far:
· Increase OCPU and timeline: vivo
· Increase timeline (linear scaling by P/32) and ARC (“1” virtual resource with P ports): Qualcomm, Google, Samsung, Huawei/HiSi
· Reuse Rel-18 CJT: vivo, MediaTek, HONOR

	




Support/fine: Qualcomm, Google, Samsung, OPPO, Spreadtrum, Apple (ok but too early), NEC (open), Fujitsu (open), Tejas Network, TCL, Ruijie,[Huawei/HiSi]


Not support: vivo (follow R18 T2 CJT), Ericsson (too relaxed), ZTE (too relaxed)


	1.10.2
	116] Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, 
· …
· Further study the rules on CPU occupation, resource counting, and Z2/Z2’ in conjunction with Rel-19 Type-I

Proposal 1.J.2: For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports (based on Rel-16 eType-II, Rel-18 Type-II Doppler, as well as Rel-17 FeType-II PS), regarding timeline, scale the legacy timeline Z/Z’ by (P/32) where P is the total number of ports across all the K aggregated CSI-RS resources.
· FFS: Whether to scale legacy OCPU or active resource counting by (P/32)
· Note: the legacy timeline Z/Z’ for Type-II corresponds to Z2/Z2’


FL assessment: Some early discussion on this topic is needed especially on timeline (targeting RAN1#117 for completion) due to implementation-related requests. The legacy spec for Type-II is as follows:

	
	
	OCPU
	Z/Z’
	Active resource counting

	Rel-16 eType-II/Rel-17 FeType-II SP
	AP/SP
	 
	 
	-

	Rel-18 Doppler Type-II 
	AP
	 for ,
 for , where  UE cap, and 
	 for ;
 or 
 accord. to UE cap, for ,
where 
	Reuse legacy definition and counting mechanism 

	
	P/SP
	 for ,
, for , where  is UE cap and .
	 for ;
 or  accord. to UE cap, for  where  is UE cap
	 UE Cap



Summary of views so far:
· Increase OCPU and timeline: vivo
· Increase timeline (linear scaling by P/32) and ARC (“1” virtual resource with P ports): Qualcomm, Google, Samsung, Huawei/HiSi
· Reuse Rel-18 CJT: vivo, MediaTek, HONOR

	




Support/fine: Qualcomm, Google, Samsung, OPPO, Spreadtrum, Apple (ok but too early), NEC (open), Fujitsu (open), Tejas Network, TCL, Ruijie, [Huawei/HiSi]


Not support: vivo (follow R18 T2 CJT), Ericsson (too relaxed), ZTE (too relaxed)


	[bookmark: _Hlk162209166]
	
	



Table 1B SLS results: issue 1 

	Company
	SLS results

	
	Issue #
	Metric
	Observation

	Huawei/HiSi
	1.2
	Mean UPT gain
	The beam resolution in horizontal dimension is more important than in vertical dimension for CSI measurement from performance point of view. The split of (N1=8, N2=2) has better performance compared to (N1=4, N2=4). However, for flexible antenna layout and configuration, both horizontal and vertical modes can be supported.

	
	1.1.1
	Mean UPT gain
	For rank-3/4, following legacy mechanisms for <16 ports can achieve a higher gain than following legacy mechanisms for >=16 ports.

	
	1.1.1
	Mean UPT gain
	As shown below, the performance can be improved by 31-32% with scheme 2 while improved by 22% with scheme 1. 

[image: ]


	
	1.1.2
	Mean UPT gain
	For type-I, (O1, O2) = (2,2) has about 8% performance loss compared to (O1, O2)=(4,4).

	
	1.5
	Mean UPT gain vs overhead
	alpha = 1 achieves a large performance gain, which increases 7% performance gain compared to alpha = 0.75. Hence, we propose no reduction of alpha for enhanced Rel-17 FeType-II codebook.

	ZTE
	1.1.2
	Mean throughput Gain
	It is observed that  = (2, 2) and  = (4, 4) can provide similar performance, especially when the number of antenna ports is larger. Considering lower reporting overhead and distinct computation complexity reduction at UE side, (O1, O2) = (2, 2) should be supported. The performance of O1=O2=4 yields 3% gain for 64T and 0.5% gain for 72T over O1=O2=2.

	
	1.1.1
	Avg UPT gain vs overhead
	Figure 2 (below) presents the reporting overhead and the throughput gain, where scheme 1 is set as the baseline. Compared to scheme 1, scheme 2 with M = 2 (BPSK) shows worse performance, but scheme 2 with M = 4 (QPSK) shows significantly better performance. Besides, subband SD selection provides additional performance gain for scheme 2.
· Performance gain of Scheme 2 with M=4 over Scheme 1 is ~7%
· Additional 2% UPT gain of Scheme 2 with SB SD selection over Scheme 2 with M=4, at the cost of overhead
[image: ]

	
	RI=5-8 for T1
	Average UPT gain, 5% UPT gain
	The results in Figure 4 shows that, the enhanced Type-I (SD basis independent selection and multiplexing codebook) provides significant gain for cell-edge UEs and significant gain in average compared to the legacy Type-I codebook in SU-MIMO scenarios.
· Type-I < eType-I (12%) in average UPT gain
· Type-I < eType-I (30%) in 5%-tile UPT gain

	
	1.7
	Average UPT gain, 5% UPT gain
	The system performance is not degraded with the restriction (i.e., the HSFSD basis are excluded in the CBSR signaling), according to our simulations. 

	IDC
	1.1.1
	Average normalized throughput
	In terms of normalized average throughput performance of legacy Rel-15 Type-I and scheme-1 and SVD based precoding at 60% resource utilization. It can be observed that an increment in the number of CSI-RS ports enhances throughput performance. Scheme-1 with 64 CSI-RS ports achieves 25% gain over legacy Type-I with 32 CSI-RS ports. 

In terms of normalized average throughput performance of legacy Rel-15 Type-I, scheme-1, and SVD based precoding at 40% resource utilization. Scheme-1 with 64 CSI-RS ports achieves 19% gain over legacy Type-I with 32 CSI-RS ports. 

	Intel
	1.1.1
	Average packet throughput vs overhead
	According to the above evaluation results, Scheme 2-1 and Scheme 2-2 has similar performance with 3% difference in average packet throughput and 4% difference in cell-edge packet throughput, while maximum PMI overhead values across different ranks is two times smaller for Scheme 2-2 comparing to Scheme 2-1. 
· Scheme 2-1 and Scheme 2-2 have similar performance with 3% difference in average packet throughput and 4% difference in cell-edge packet throughput.
· Maximum PMI overhead values across different ranks is two times smaller for Scheme 2-2 comparing to Scheme 2-1.


	MediaTek
	1.1.1
	UPT gain vs overhead
	For both Scheme 1 and 2, we use  and layer common selection factors  as per legacy. From the figure, we see that Scheme 1 already provides up to 20 % UPT gain for 128 Tx with negligible increase in feedback overhead compared to Rel-15 Type I for 32 Tx. Further, it is observed that Scheme 2, with layer specific L=1 wideband beam selection and layer-specific subband co-phasing (BPSK, QPSK) can provide significant performance gain, up to 45 % compared to Rel-15 Type I for 32 Tx.

[image: ]
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	1.1.2
	UPT gain
	We show the performance of Type I codebook based on Scheme 1 for  and  with layer common selection  as per legacy. It is seen that  incurs only about 1.5 % UPT loss compared to .

	
	1.1.1 (Multi-panel)
	UPT gain vs overhead
	In a multi-panel setting, Scheme 2 with free selection of SD beams and inter-polarization co-phasing per layer can offer about 8 % UPT gain compared to extension of Rel-15 Type I MP codebook.
In a multi-panel setting, Scheme 4 with free selection of SD beams per panel and subband inter-panel co-phasing can outperform Scheme 2 by 3 %.

	vivo
	1.1.1
	Cell mean SE vs overhead
	[bookmark: _Ref162941438]When rank=1/2, the performance of all the schemes is similar, and the PMI overhead of Scheme1, Scheme2, and Scheme5 is smaller. When rank=3/4, considering the performance and PMI overhead, Scheme2 is superior to the other schemes.

For rank=1/2/3/4, scheme 6 incurs highest overhead but yields worse performance than scheme 2 for all results. 
When rank=1/2, scheme 6 performs even worse than schemes 1 and 5.

[image: ]


	OPPO
	1.1.1/1.1.2
	
	On the W1 structure, legacy Type I restricted the selection of SD-basis pair to a small set (second beam is selected from the set of 4 closed orthogonal beam) which is identified by scheme 2,3,5. We observed some UTP gain for layer-specific W1 selection (in figure 1, yellow dot). Orthogonal set extension (scheme 5) improves the performance; however, the gain is small compared with free SD-basis selection (green dot). 
On the W2 structure, legacy design is good. We extend legacy W2 to free co-phasing combination and extend the constellation to BSPK, QPSK, and 8PSK (blue line). Compared with legacy W2, we don’t see any performance gain to enhancement W2. Thus, legacy W2 is sufficient.
On the oversampling, O1-O2 = {1,2,4,8} are evaluated. Decreasing oversampling results obvious performance loss, while the overhead/complexity reduction is small. Hence, supporting O1-O2=4 (legacy) is preferred.
[image: ]


	Tejas Network
	1.1.1
	Throughput gain
	For Rel 19 Type-I codebook enhancement, the throughput gain (%) of codebookMode 2 () over codebookMode 1 () for 128 ports is less than 2.5, although Mode 2 applies sub-band beam selection and incurs higher overhead. 

	Samsung
	1.1.1
	Avg UPT gain vs overhead
	For Rel-19 Type-I, it is shown in our SLS results that
· Mode B > Scheme 2B > Scheme 4/6 > Scheme 3 in performance;
· Scheme 5 incurs lower overhead but significantly lower UPT compared to Mode B;
· Mode A offers a lower overhead option for Type-I SP CB with new (N1,N2);
· Scheme 2B and Scheme 3 perform worse than Mode B, and;
· Scheme 4/6 performs worse than Mode B, since it isn’t suitable for sTRP/SP scenario (although possibly suitable for Type-I multi-panel CB in its construction). 



For Rel-19 Type-I Scheme-A, it is shown in our SLS results that Scheme-A utilizing the legacy scheme for  16 ports incurs UPT loss around 7% and 12% compared to that of Scheme-A utilizing the legacy scheme for < 16 ports, in the case of RI=3 fixed and RI=4 fixed, respectively.

For Rel-19 Type-I, it is shown in our SLS results that 
· Scheme-B with layer-pairing SD basis selection incurs UPT loss around 7% and 5% over Scheme B in different antenna layout scenarios, respectively (i.e., (4,16,2)=(M,N,P) with (N1,N2)=(16,2) and (8,8,2)=(M,N,P) with (N1,N2)=(8,4)); 
· Scheme-B with layer-pairing SD basis selection incurs UPT loss with higher overhead over Scheme 5 (2% loss) in the case of scenario with (4,16,2)=(M,N,P) with (N1,N2)=(16,2).
For Rel-19 Type-I, it is shown in our SLS results that 
· Scheme-A with L=4 (>1) does not yield significant gain over Scheme-A. 
· Despite allowing beam selection per SB and increasing PMI overhead by ~100bits, Scheme-B with L=4 (>1) incurs 4% UPT loss over Scheme. 

	
	1.1.2
	Avg UPT gain vs overhead
	For Rel-19 Type-I, it is shown in our SLS results that the case of O1=O2=2 yields 2% UPT loss compared to the case O1=O2=4 for both Mode A and Mode B.

	Nokia
	1.5
	Mean UPT gain vs overhead
	[bookmark: _Ref163162115]Parameter combinations 5, 6, for L=4 and 8 for L=6 from Rel-16 eType-II do not provide further performance gain for 64 ports and 128 ports to be considered.

	
	1.1
	Mean UPT gain vs overhead
	The < 16-port codebook design from Rel-15, when extended to > 32 ports outperforms the extended ≥ 16-port codebook design.
Selecting a single SD beam per layer pair performs significantly better than selecting unique SD beams for each layer and requires less feedback overhead.
Scheme 5 with maximal orthogonal candidate beam set for the second SD beam shows the best performance amongst the evaluated schemes with the same maximum overhead as Scheme 1.

	Ericsson
	1.1.1
	Mean UPT vs overhead
	[bookmark: _Toc163230746]The following two figures show the average overhead vs mean throughput performance at around 50% RU for the different simulated Type-I codebook schemes and port layout  at 3.5GHz, and shows performance at 6.5GHz, respectively.  Note that in the following two figures, Scheme 2 shows superior performance compared to all other schemes.
[image: ][image: ]

[bookmark: _Toc164012296]From the evaluation results above, we observe the following performances when Scheme 1 is used as the baseline in simulations (the observations are valid for both 3.5 and 6.5GHz):
· [bookmark: _Toc164012297][bookmark: _Toc164012298]Scheme 1 FFS 1 (without the array splitting constraint) provides some small gains when compared to the baseline Scheme 1 (legacy mechanism for >= 16 ports)
· [bookmark: _Toc164012299]Scheme 2 consistently performs the best among the simulated schemes under different array configurations and carrier frequencies. 
· [bookmark: _Toc164012300]Scheme 2B Option 1 has either the same performance or a performance loss when compared to Scheme 2; however it incurs around 40% increased overhead when compared to Scheme 2
· Scheme 5 has inconsistent performance depending on array configuration.

	Qualcomm
	1.1.1
	Average, cell center, cell-edge throughputs
	64-port and 128-port type-I codebook in baseline mode A already achieve significant gain over 32-port type-I codebook. 
· 18~50% gain of 64 ports over 32 ports in average throughput
· 34~144% gain of 128 ports over 32 ports in average throughput

	
	1.1.1
	Throughput (LLS)
	R15 Type-I Mode-2 (L=4) does not show performance gain over mode-1 (L=1). Furthermore, it increases the overhead significantly (subband beam selection).

Type-I codebook design with segmentation (R15 RI=3-4 >=16p) performs subpar (~3-4dB worse) as compared to without segmentation (R15 RI=3-4 <16p) design. Therefore, it is reasonable to follow legacy Type-I codebook design of <16 ports for more than 32 ports

Proposal 1.A.1: Mode-A<Mode-C<Mode-B

[image: A graph of different colored lines
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	1.1.2
	Average throughput
	For SU-MIMO evaluation, (O1, O2) = (2,2) shows almost the same performance as (O1, O2) = (4,4), while (O1, O2) = (1,1) show about 8% loss in terms of the average throughput. For MU-MIMO evaluation, the gain of (O1, O2) = (2,2) over (O1, O2) = (1,1) is quite significant (~49%), while further increasing (O1, O2) = (4,4) only shows marginal gain. (~10%)

	NTT DOCOMO
	1.1.1
	Average throughput gain, cell edge throughput gain
	The case of 128 ports with Scheme 1 could achieve about 30.6% average UE throughput gain and 63.4% edge UE throughput gain over 32 ports.
The case of 128 ports with Scheme 2 could provide additional performance gain of about 6.5% for average UE throughput and 4.2% for edge UE throughput, over 128 ports with Scheme 1.
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	1.1.2
	Average throughput gain, cell edge throughput gain
	For (O1, O2), compared with (2, 2), the configuration of (4, 4) could bring additional performance gain of about 14.7% for edge UE throughput, and about 1.5% for average UE throughput.

	Fraunhofer IIS/ HHI
	1.1.1
	Average UPT gain vs overhead
	Observation: 
· Using 4-PSK instead of 2-PSK for Mode B results in UPT gain of only 1.3% with a drastic overhead increment of 60 bits. 
· Mode B with 4-PSK yields UPT gain of 1.3% with 82% increase in feedback overhead compared to Mode B with 2-PSK. 
· Mode B with 2 WB amplitude scaling values (Mode B-Amp2) yields 1.4% UPT gain with 9% increase in feedback overhead compared to Mode B. 
· Mode B with 4 WB amplitude scaling values (Mode B-Amp4) yields 2.7% UPT gain with a 26% feedback overhead increment compared to Mode B. 
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Table 1C Additional inputs: issue 1
	Company
	Input

	Mod V0
	Please share your inputs on each of the issues and, if applicable, proposals in TABLE 1A

	Lenovo/ MotM
	Proposal 1.A.1: 
We are OK with the proposal, however we would like to remove the FFS for Mode C. Only two modes with different complexity assumptions suffice
[Mod: We will address this in a later round in this meeting 😊 I have noted your position. For round-1 we can keep all the FFSs since the proponents want more time, just as you want more time for conclusion 1.E]
Proposal 1.B.1:
One mapping method suffices. We are fine with either Method, however our preference is Method2
[Mod: Please check FL assessment re why >1 mappings are there. For primary purpose method#1 is the most natural just as in LTE, which also accommodates sub-array-based co-existence for most (N1,N2) including the most important ones for 64 ports. Method#2 is to accommodate secondary use of sub-array-based co-existence for (6,4) and (8,8)]

Proposal 1.C.1: 
Support

Proposal 1.D.1:
Support

Conclusion 1.E:
Our preference is still removing PCs yielding significantly more coefficients, especially in FeType-II PS codebook. We understand the FL’s standpoint due to no consensus but hopefully this can be discussed offline with companies having concern during the meeting 
[Mod: I can give more time for discussion]

Conclusion 1.F:
Support

Proposal 1.G:
We are fine with the framework, however it is not clear how the grouping with respect to adjacent beams can be achieved without additional spec impact to identify neighboring beams. Is this the same beam grouping proposed for Type-II?
[Mod; Added FFS on details]

	Mod V2
	Minor revision on the FFS for P1.G per Lenovo

	Xiaomi
	Proposal 1.A.2:
We are OK to support legacy oversampling factor 4 due to better performance gain observed.

Proposal 1.B:
We are Ok with the proposal.

Proposal 1.C.1:
We are general fine with the proposal. However, according to our simulation result, there are obviously performance loss (about 2 dB) if K resources are configured in two consecutive slots when PCSI-RS =48 and 64. So, we suggest K resources could not be configured in two consecutive slots for PCSI-RS = 48 and 64. When K resources configured in a slot, we observe that K resources configured with TDM and same subcarrier achieve better performance. Hence, K resources configured with TDM and same subcarrier could be supported at least for PCSI-RS = 48 and 64. 
[Mod: Thanks. This will be discussed in later rounds]
Conclusion 1.F:
The refinement of SD basis selection indication could be considered if indication overhead could be saved.
 [Mod: Sadly, there is no consensus on this and by WID the default is legacy. Please check FL assessment on company position and you will see]

Proposal 1.H:
Similar with Rel-16 eType II or Rel-17 FeType-II PS, for refinement of Rel-18 Type-II Doppler, whether refinement on SD basis selection indication or not still needs to discuss. We could firstly discuss the Conclusion 1.F.

	Google
	Proposal 1.A.1: OK in principle. One editorial comment, the term “mode” has already been used in Type1 codebook, maybe we can change it into “scheme”, which is also aligned with previous agreement.
[Mod: Good point]
Proposal 1.A.2: At least for low rank case, (O1, O2) = (4, 4) should be supported.

Proposal 1.B: Support. 

Proposal 1.C.1: Support. 

Proposal 1.D: Support. Shall we add one sub-bullet to further clarify the association, like “the one IMR is associated with all the CSI-RS resources in the CSI-RS resource set for channel measurement”?
[Mod: Thanks]
Conclusion 1.E: Support.

Conclusion 1.F: Support.

Proposal 1.G: The proposal looks to be out of scope. It seems we are only allowed to modify the (N1, N2). 
[Mod: Strictly speaking yes. But companies brought up several issues that may need attention. Two issues are concluded no consensus on SD basis indication and PCs. But this issue seems quite relevant – if you can consider 😊]

Proposal 1.H: Support.

Proposal 1.I: Support.

Question 1.J.1: We think we can reuse the legacy CPU rule. The value of (Z, Z’) can be extended by K times or P/32 times.

Question 1.J.2: We think we can reuse the legacy CPU rule and active resource counting rule. The value of (Z, Z’) can be extended by K times or P/32 times.


	New H3C 
	Proposal 1.A.1：OK
Proposal 1.A.2: At least for low rank case, (O1, O2) = (4, 4) should be supported
Proposal 1.C.1: Support. 
Proposal 1.D: Support.
Conclusion 1.E: Support.

	NTT DOCOMO
	Proposal 1.A.1: Support. And we think it is sufficient to support two schemes.
Proposal 1.A.2: Support legacy O1=O2=4.
Proposal 1.B: Support. 
Proposal 1.C.1: Support. 
But for number of K for different port number (also related to analysis for Proposal 1.B), we need explicit agreement on whether to support following configurations, e.g., K=3 with 16-port CSI-RS resource for 48 ports, K=4 with 12-port CSI-RS resources for 48 ports. 
And we also think for the configurations (e.g., K and new port number) that support 1 slot transmission, explicit agreement is needed.
[Mod: This can be discussed in next rounds]
Proposal 1.D: Support.
Conclusion 1.E/1.F: Support.
Proposal 1.G: First, we’d like to clarify legacy B1B2 bitmap architecture is kept and group-based CBSR granularity is for B2. Second, since B2 is related to (N1,N2), even if coarse granularity indication is introduced, the required bit size for B2 is still related to N1 and N2, thus, the meaning of ‘moving (N1,N2) configuration out from CBSR IE’ is a bit unclear to us. 
[Mod: Please check Samsung’s comment re (N1,N2). Regarding your question on B1B2, this is more related to detailed design. The proposal simply suggests that bigger groups are needed to reduce excessive CBSR overhead. The details will be discussed in later rounds,]
Proposal 1.H: Support.
Proposal 1.I: Support.

	Huawei, HiSilicon
	Issue 1.1: Support proposal 1.A.1.

Issue 1.2: 
· Fine with proposal 1.B.
· For the possible aggregation of legacy resources, if the new ports can be supported by 2 legacy resources, there’s no necessity to also support the aggregation of 4 legacy resources. Then the following parts highlighted in red seems not needed.

	New P
	New (N1,N2)
	Legacy resource aggregation

	
	
	K
	Old (N1’,N2’)

	48
	(8,3)
	2; 3; 
	(4,3); (8,1); 

	
	(6,4)
	2/4; 4
	(6,2)/(6,1); (3,2)

	64
	(16,2)
	2/4; 2; 4
	(8,2)/(4,2); (16,1); (8,1)

	
	(8,4)
	2; 2/4; 4
	(4,4); (8,2)/(8,1); (4,2)

	128
	(16,4)
	4; 4; 4
	(4,4); (16,1); (8,2) 

	
	(8,8)
	4; 4
	(8,2); (4,4)


[Mod: Further restriction can be discussed in next rounds. Note that this table will not be a part of agreement for 1.b]

· We agree with FL’s assessment on sub-array based co-existence.
The port mapping can also facilitate sub-array-based co-existence between pre-Rel-19 and Rel-19 UEs where only a portion of a larger array is used for pre-Rel-19 UEs (SD NES style). This is a secondary purpose at best. Such co-existence method obviously doesn’t allow the use of all TXRUs for pre-Rel-19 UEs.
Regarding the above issue, we believe a beamformed CSI-RS (or CSI-RS by virtual antenna mapping) using a cell-specific predefined virtualization is more beneficial. This can ensure all TXRUs can be used for pre-R19 UEs, while CSI-RS overhead is reduced. The problem with totally network implementation is that it cannot support type-I and regular type-II codebooks very well, since by beamforming (or virtual antenna mapping) by gNB side, the antenna ports layout is not that assumed when designing the codebooks.  
For LTE, since the #ports are still <= 32 ports, the overhead is not as severe as up to 128 ports, so the considering on overhead needs to be taken in account.
[Mod: We will discuss this in round 2]

Fine with proposals 1.C.1/D/E/F/G/H/I.

Issue 1.10.1 and 1.10.2, we are fine to increase timeline and resource counting, details can be further discussed.


	Samsung
	Proposal 1.A.1.
Support.

Proposal 1.A.2.
We support O1=O2=4, since
· All SLS results provided by all companies clearly show that O1=O2=4 has 1.5%~10% UPT gain over O1=O2=2; 
· The overhead reduction for O1=O2=2 is only 2-bit, which is relatively negligible to total # of bits for Type-I CB, and isn’t an issue even in P-CSI reporting via PUCCH since the capacity of PUCCH format 2/3/4 is way larger than the potential T1 WB overhead;
· UE computational complexity for O1=O2=4 isn’t really an issue as O1,O2 are layer-common and selected in WB manner using simple matrix computation (projection), without SVD calculation.
 We don’t see any technical reason to deviate O1/O2 from the legacy value 4.

Proposal 1.B
Support and we agree with FL’s assessment. 

Proposals 1.C.1, 1.D, 1.H, 1.I
Ok.

Proposal 1.G
Fine. The current CBSR IE always needs to be configured to configure N1 and N2 even in the cases that NW doesn’t need CBSR. This needs to be refined as described in the second bullet.
We are OK to consider group-based CBSR granularity.

Question 1.J.1/1.J.2
We are fine to increase timeline and Ocpu for Rel-19 Type-I and Type-II, but we don’t think those need to exceed the values that CJT T2 has supported. 
· In our initial view, Ocpu needs to be scaled by Pcsirs/32, instead of using Ka (number of aggregated CSI-RS resources), since the size of matrix dimension is a dominant factor for PMI computational complexity. For timeline, we think CJT T2 Z/Z’ can be reused, i.e., (Z2,Z2’) or (Z2+Z2’,2Z2’) subject to UE capability.

For Rel-19 Doppler Type-II, Ocpu and timeline should be increased by scaling Pcsirs/32 or Ka in our initial view. We are open to discuss. 



	OPPO
	Proposal 1.A.1: 
Fine, and we think two modes are sufficient. 

Proposal 1.A.2:
Support O1=O2=4

Proposal 1.B:
We prefer single mapping method (e.g. method 1), since one method can already support CSI-RS reusing. Additional flexibility is just something good to have, with additional signalling/complexity.  However, if companies think two methods are beneficial, we can live with it. A method 3 is redundant.  

Proposal 1.C.1/1.D/1.G/1.H/1.I Conclusion 1.E/1.F:
Fine.

Question 1.J.1:
For CPU allocation and resource counting, we think current mechanism can work. For timeline, we agree with QC that linear scaling by P/32 can be a candidate. 

Question 1.J.1:
For resource counting, current mechanism can already work. For CPU calculation, current mechanism can work for Rel-16/Rel-17 eTypeII and Rel-18 Doppler codebook with AP CSI-RS, since the number of CPU is associated with K. For Rel-18 Doppler codebook with P/SP CSI-RS, whether enhancement is needed can be further studied (e.g. larger Y2). For timeline, linear scaling by P/32 can be a candidate.

	Mod V10
	P1.A.1: minor editorial “mode”  “scheme” per Google’s comment to avoid confusion with legacy “mode”
P1.D: added clarification per Google’s comment re 1 IMR associated with all K resources 

Added proposal 1.J.1/1/J.2


	Spreadtrum
	Proposal 1.A.1: Support the proposal in general. Some minor suggestions: 
· Suggest to add ‘at least’ in front of ‘for RI=1-4’, just the same as the previous agreement in last meeting 
[Mod: Since RI=5-8 may be different just as in Rel-15, it is safer (more neutral) 😊 not to have ‘at least’] 
· Scheme-B is based on Scheme2 in RAN1#116bis agreement 
[Mod: Thanks]
Proposal 1.A.2: Support O1=O2=2 due to UE complexity issue. In addition, we don’t prefer different O1=O2 values for different number of layers, otherwise there might be some additional issues on UCI reporting. 
Proposal 1.B: Support the two mapping methods. For the FFS on method 3, further justification is needed.
Proposal 1.C.1/1.D/1.G/1.H/1.I: Support.
Conclusion 1.E/1.F: Fine with the conclusion.

	CMCC
	Proposal 1.A.1: 
Support.

Proposal 1.A.2:
Support O1=O2=4. In legacy, [O1, O2] = [4,1] or [4,4], and based current simulations, the performance of [O1, O2] = [4,4] is better than [2,2] with only 2 bits additional overhead, [O1, O2] = [4,4] should be supported.

Proposal 1.B/1.C.1/1.D:
Support.

Conclusion 1.E/1.F:
Support.

Proposal 1.G:
Support. As for the grouping of CBSR, it can follow the port mapping in proposal 1.B.

Proposal 1.H/1.I/1.J.1/1.J.2:
Support.

	Apple
	Proposal 1.A.1: 
We are okay with the proposal 

Proposal 1.A.2:
We prefer to either pick 2 or 4. We do not support both 2 and 4 in the specification. With narrower beam width with large number of ports, we do not think overlapping factor is 4 is still needed, but we do not have strong preference. 

Proposal 1.B
We do not feel the need to support multiple mapping patterns. In legacy, UE can support different maximum number of CSI-RS ports, i.e., 32 port CSI-RS is not mandatory. We never introduce complicated mapping rule to allow so far compatibility between UEs supporting different maximum number of ports. 
In Rel-19, the reason to introduce multiple CSI-RS is to support up to 128 ports without specifying 128 port CSI-RS, not to make the mapping rule complicated. 
Overall, we believe we are making 5G overly complicated. 
However, we do not have strong preference. 

Proposal 1.C.1
Support

Proposal 1.D:
We are okay with the proposal 

Conclusion 1.E
We are okay 

Conclusion 1.F:
We are okay

Proposal 1.G:
We are okay with the first bullet (1-bit). For the other two bullet, further discussion is needed. 

Proposal 1.H
We are okay

Proposal 1.I
We are okay

Proposal 1.J.1
Relaxing Z/Z’ timeline is okay. But we feel it is too early to discuss it.

Proposal 1.J.2:
Relaxing Z/Z’ timeline is okay. But we feel it is too early to discuss it.

	Mod V15
	P1.A.1: Fixed typo ‘bis’ per Spreadtrum 

P1.A.2: removed 2 last options to focus on selecting 1 value per several comments


	LG
	Proposal 1.A.1: 
We are okay with the proposal 
[Mod: Thanks for your understanding]
Proposal 1.B
Support

Proposal 1.C.1
Support

Proposal 1.D:
We are okay with the proposal 

Proposal 1.G:
Support

Proposal 1.H
Support

Proposal 1.I
Support


	Sharp
	Proposal 1.A.1: Support.
Proposal 1.A.2: We prefer O1=O2=4 to align with the legacy. In terms of the computational complexity, CBSR can limit the selectable number of oversampled SD beams.
Proposal 1.B: We are fine with the proposal and agree with FL’s assessment.
Proposal 1.C.1: Support. We prefer ‘within 1 slot’ to ‘within 2 consecutive slots’. This is because ‘within 2 consecutive slots’ has larger standardization efforts such as maintaining power consistency and phase continuity, and dropping rule.
Proposal 1.D: Support.
Proposal 1.G: We are fine with the proposal. Optional CBSR configuration can save RRC bits if there is no restriction.
Proposal 1.H, Proposal 1.I: OK


	Vivo
	Proposal 1.A.2
Our view is either O=2 or O=4 is fine. But we think only one value is needed. We don’t see the need to support two.

Proposal 1.G
We are supportive of this proposal. One suggestion is the scope can be extended to Type I as well, i.e., all the three principles can be applied to Type I. Hence we suggest to revise the main bullet as.
Proposal 1.G: For the Rel-19 Type I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, on CBSR, refine the legacy CBSR as follows:
[Mod: We will discuss Type-I CBSR in round-2 after 1.A.1 is endorsed]

Proposal 1.H & 1.I: OK

Proposal 1.J.1 & 1.J.2
We support to reuse the Rel-18 CJT way to extend Z and Z’, which is workable and simpler.
One further question: How does this work when P is not a multiple of 32, i.e., P=48?
[Mod: ceil(.) or floor(.) could be a solution 😊]


	Ericsson
	Support Proposal 1.A.1
Proposal 1.A.2, our first preference is 2.  But we don’t want the two options to be configurable which is an overkill.
Support Proposal 1.B.  We do not think a third method is needed.
Support Proposal 1.C.1
Support Proposal 1.D
Ok with Conclusions 1.E/1.F
Support Proposal 1.G
Support Proposal 1.H

On Proposal 1.J.1 (not support):  According to the proposal, our understanding is that Z/Z’ in the proposal is referring to Z2/Z2’.  The current Z2/Z2’ values for 15kHz SCS are 40 and 37 symbols respectively.  If we follow this proposal, then for 128 ports, the Z2/Z2’ values will be 160 and 148 symbols respectively.  This means that after triggering CSI for 128 ports, the network may only get a valid CSI report ~11-12 slots after the report was triggered.  Wouldn’t this make the CSI outdated.  We can discuss whether relaxation of the Z2/Z2’ values is needed.  But it should not be such that the Z2/Z2’ values are too large which will likely make the CSI report outdated.  This may need some careful study.  So we think more discussion is needed on the timeline issue, and we are not supportive of the proposal in current form.

On Proposal 1.J.2 (not support):  Similar comment as 1.J.1.  According to the proposal, our understanding is that Z/Z’ in the proposal is referring to Z2/Z2’.  The current Z2/Z2’ values for 15kHz SCS are 40 and 37 symbols respectively.  If we follow this proposal, then for 128 ports, the Z2/Z2’ values will be 160 and 148 symbols respectively.  This means that after triggering CSI for 128 ports, the network may only get a valid CSI report ~11-12 slots after the report was triggered.  Wouldn’t this make the CSI outdated.  We can discuss whether relaxation of the Z2/Z2’ values is needed.  But it should not be such that the Z2/Z2’ values are too large which will likely make the CSI report outdated.  This may need some careful study.  So we think more discussion is needed on the timeline issue, and we are not supportive of the proposal in current form.


	CEWiT
	Proposal 1.A.1: We support the proposal. However, we feel that the need for additional (k1,k2) values for Scheme-A should be looked into. Justification for additional (k1,k2) values: If the number of CSI-RS ports are 32, the angular difference between two adjacent beams in the beam grid is  and  in  dimension and  dimension respectively assuming . Based on this assumption, the maximum angular difference between layer-1 and layer-2 in R15 Type-1 codebook is  and  in  dimension and  dimension respectively. If the number of CSI-RS ports are increased to 128, the angular difference between two adjacent beams becomes smaller i.e.,  and  in  dimension and  dimension respectively assuming . Hence, the maximum angular difference between layer-1 and layer-2 that can be achieved with the existing (k1,k2) values is  and  in  dimension and  dimension respectively. These values are too small to capture the angular spread of the channel.
[Mod: Thanks. We will discuss this in later rounds (2 or 3) along with Mode-C issue]

Proposal 1.A.2: Support (O1,O2) = (4,4)

Proposal 1.B: We support methods 1 & 2. Additional mapping scheme should be discussed targeting to serve legacy UEs with all the available TxRUs in addition to the R19 UEs.
[Mod: Round-2]

Proposal 1.C.1: Support

Proposal 1.D: Support

Conclusion 1.E: Okay

Conclusion 1.F: Okay

Proposal 1.G: Support

	NEC
	Proposal 1.A.1: Support the proposal.

Proposal 1.A.2: Support O1, O2 = 4, the benefit of large number of ports should be well utilized.

Proposal 1.B: Support all the three methods.
The mapping order is needed, at least UE needs to know how to map ports for precoder and CSI-RS ports in K CSI-RS resources on physical time/frequency resource, and each CSI-RS resource can be reused by legacy UE. We believe all the legacy (n1,n2) configurations are useful, it’s not a good way to forbid any one, without method 2 and method 3, the red and yellow highlighted configurations can not be supported.

Proposal 1.C.1: Support.

Proposal 1.D: Fine.

Conclusion 1.E/1.F: OK.

Proposal 1.G: Support. We don’t think it’s out of scope, the configuration of (N1,N2) should be discussed, and this configuration is related to CBSR. 

Proposal 1.H/1.I: OK.

Proposal 1.J.1/1.J.2: Open to discuss.


	ZTE
	Proposal 1.A.1:
Support the proposal.
Proposal 1.A.2:
Our first preference is (O1, O2) = (2, 2). Based on the SLS results, (O1, O2) = (2, 2) can provide similar performance but with lower reporting overhead and UE complexity. As a compromise, we can accept that (O1, O2) = {(2, 2), (4, 4)} is configured via RRC.
Proposal 1.B:
We are open to introduce some flexible port mapping/indexing schemes. But too much flexibility would increase the complexity at both gNB and UE sides and delay the marketization time.
So, we can accept methods 1 and 2, but we think method 3 is not needed.
Proposal 1.G:
Support. Regarding @DOCOMO’s comment, we tend to support keeping B1B2 architecture and introducing group-based design for B2. Of course, we can further discuss the detailed design as suggested by FL. 
Proposal/Conclusion 1.C.1, 1.D, 1.E, 1.F, 1.G, 1.H, 1.I:
Support.
Proposal 1.J.1/1.J.2:
We share the same view with Ericsson that too large Z/Z’ or OCPU should be avoided.

	Fujitsu
	Proposal 1.A.1: 
Support the proposal.

Proposal 1.A.2: 
Support O1, O2 = 4 as legacy.

Proposal 1.B
Support

Proposal 1.C.1
Support

Proposal 1.D:
We are okay with the proposal 

Proposal 1.G:
Although we support fully reuse scheme similar as R18 CJT, we can accept the Proposal 1.G with first and second bullet. Re the group-based enhancement in 3th bullet, further discussions are needed. If Proposal 1.G is only for Type II codebook(in the main bullet), CBSR should be discussed based on method SD selection. For Type II codebook, UE should select L beams out of N1N2O1O2 beams. UE can select 1 oversampling group out of O1O2, and then UE can select L beams out of N1N2. Therefore, as shown below, e.g., L=4, N1N2=(8,4), O1O2=(4,4), L=4 selected beams are dispersed in N1N2O1O2 DFT beams, but the position is same in all oversampling groups. Therefore, the selected L beams are not adjacent. So whether the group can contain adjacent X1X2 beams is questionable. Our suggestion is to further study on the definition of group, e.g., associated with one of (N1,N2) or (O1,O2) or (X1,X2). And it should be related to the method on SD selection. 
[Mod: “Adjacent” is now FFS which should resolve your concern 😊]

[image: A screenshot of a game
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Proposal 1.H
Support

Proposal 1.J.1/2:
Open to discuss.


	Tejas
	Proposal 1.A.1: 
Support the proposal in general to select Scheme A and Scheme B. We think that there is a need to study (k1, k2) for Scheme A, especially for rank > 2. (k1, k2) values also need to be selected considering the newly defined antenna configurations and operating frequencies. We are also open to consider Scheme C (Scheme 5) due to the benefit offered by extended orthogonal sets.
[Mod: Thanks. We will discuss this in later rounds (2 or 3) along with Mode-C issue]

Proposal 1.A.2:
We support O1=O2=4. 

Proposal 1.B/
We support the Mapping method #1. We also appreciate the need for Method #2 and/or #3 from FL’s assessment. We think that Mapping method #2 will be a subset of Method #3 if K is configurable for both N1 and N2.

Proposal 1.C.1
Support.

Proposal 1.D:
Support.

Proposal 1.E:
Support.

Proposal 1.G:
Support. 

Proposal 1.H:
Support. 

Proposal 1.I:
Support. 

Proposal 1.J.1:
Support. 

Proposal 1.J.2:
Support.

	Intel
	Proposal 1.A.1:
Our preference is to support beam selection per layer pair for rank 3-4 for Mode-B given much lower overhead comparing to per-layer beam selection. However, we are OK to accept the current proposal and continue discussion on FFS points and codebook design for rank 5-8.
[Mod: Thanks for your compromise and understanding.]
Proposal 1.A.2:
We support (O1, O2) = (4, 4).
We can’t accept different values for different ranks since it will limit capabilities to reuse calculations across different RI values at the UE. 
For RRC configuration of oversampling, we are fine with that solution if there is no additional UE capability. Given that PMI search implementation is up to UE, certain UEs may ignore the accuracy improvement opportunity offered by the additional 2 UCI bits.
Another approach is to support (O1, O2) = (2, 2) for Mode-A and (O1, O2) = (4, 4) for Mode-B given that Mode-B has larger PMI overhead already. 

Proposal 1.B:
We are not sure about the motivation to support two modes since they both correspond to CSI with smaller aperture in one of the dimensions for legacy UEs. Thus, our preference is to support simpler Mapping 1. If other mapping is needed, we prefer interlacing of resources/ports in the first dimension such that almost full antenna aperture is used for legacy UEs so that interpolation of precoding vectors can be done for legacy UEs to enable precoding with all the antenna ports.
[Mod: Please check FL assessment. True #1 is most natural like legacy. #2 is to address sub-array co-existence for (6,4) and (8,8)] 

Proposal 1.C.1, Proposal 1.D:
Support the proposal. 

Proposal 1.G: 
Moving (N1, N2) configuration out from CBSR IE should be discussed in RAN2 as it is optimization of RRC. Other than that, we are fine with the proposal.
[Mod: Added “send LS to RAN2 and subject to RAN2 consent” to address your concern 😊]
Proposal 1.H:
Support the proposal.


	Mod V26
	P1.A.2: propose O1=O2=4 per majority view and concern on supporting 2 values or mixed design

P1.G: keep “adjacent” FFS and add ‘send LS to RAN2 and subject to RAN2 consent’ for (N1,N2) 


	AT&T
	Proposal 1.A.1: Support
Proposal 1.A.2: Our preference is 4. 
Proposal 1.B: Support
Proposal 1.C.1: Support
Proposal 1.D: Support
Conclusions 1.E & 1.F: Support
Proposal 1.H: Support


	Qualcomm
	Only need to reply to the proposal that we haven’t clearly stated our view:
Proposal 1.G: OK in general.
Since the motivation is for RRC overhead reduction, we’d like to add one FFS
	FFS: Whether/how to enable shared CBSR for Type-I/-II codebooks with a same (N1,N2).



In our understanding, hard CBSR (not like soft) is (N1,N2)-specific rather than codebook-specific.
Besides, also note that, since Type-I does not have beam-segmentation (as in Rel-15 rank3/4) – majority view, the SD basis is no different from any Type-II known so far.

Proposal 1.J.1/.2: From UE implementation perspective, what is cared is simultaneous CSI processes across all CCs.
With timeline relaxed more, UE can do more with more CCs, otherwise, UE may be conservative to only report a smaller total of simultaneously active CSI-RS resources across all CCs (which I think infra will dislike more, based on what I heard from product people).
Then comeback to the proposal, would the following two capabilities address comments from @Ericsson and @ZTE?
· Cap1: Linear scaling with P/32 (our proposal);
· Cap2: Linear scaling with P/32 & upper-bounded by doubled-Z2/Z2', i.e. scaling with min(P/32, 2) – this is also trying to incorporate @vivo’s comments
With multiple UE capabilities, tradeoff b/w performance/complexity (across all CCs) can be flexibly left to negotiate b/w product people, from infra and UE side.
Lastly, we are also open to other additional timeline capabilities input (if any) from other UE vendors.


	Mod V30
	P1.G: Added FFS per Qualcomm comment


	ZTE2
	Proposal 1.G:
@Qualcomm: One possibility mentioned by DOCOMO is that we keep B1B2 structure for Type-II CBSR but replace soft CBSR with hard CBSR for B2. Then we have different designs of CBSR for Type-I and Type-II codebooks.
Proposal 1.A.1/1.A.2/1.G:
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, additionally support deactivation of the redundant spatial bases corresponding to high spatial-frequency wave components to reduce CBSR signalling and/or PMI overhead.
[Mod: Thanks for the proposal. I will include this for next round discussion (round 2)]

	Mod V32
	No revision


	MediaTek
	Proposal 1.A.1 Support
We support Type I multi-panel codebook enhancement, due to the following future-proofing reasons:
· Although MP deployments are not popular in field so far, we believe that multiple panels with phase incoherence among panels could be relevant in large antenna arrays
· Even with single panel, we think that due to large size of the antenna array, the UE would be located at different angles with respect to different groups (e.g. panels) of antenna elements, necessitating the use of MP/mTRP like codebooks
· Rel-19 Type I MP codebooks could serve as back up in CJT/largely spaced multi-panel deployments when Type II performance degrades, e.g., in mobility.
[Mod: We will discuss MP next round to formulate the alternatives for RAN1#117]
Proposal 1.A.2 We still prefer O1=O2=2 due to the slight computational advantage it brings

Proposal 1.H, 1.I Support

Proposal 1.J.1/2: Our initial thinking is to reuse the analysis we did in Rel-18 CJT and Doppler codebooks, i.e., scaling OCPU by a certain number (P/32 seems reasonable), while the timeline Z/Z’ is incremented by certain number of symbols. We are open to further study/discuss the scaling and increment values.

	InterDigital
	Proposal 1.G 
We are OK with the majority view. However, our preference was to use soft restriction instead of 1-bit hard restriction. To reduce the overhead of soft-restriction, a single amplitude threshold could have been used for all the DFT vectors included in a group. 
[Mod: Thanks for your understanding. Hard restriction follows Rel-18 Type-II CJT and Doppler]
Proposal 1.H: Okay


	CATT
	Proposal 1.A.1:  We are ok with current proposal 1.A.1. 
[Mod: Thanks for your compromise and understanding.]

Proposal 1.D: support

Proposal 1.G:  We are fine with current proposal 1.G

Proposal 1.I:  support


	Mod V36
	No revision.

P1.J.1/2 need more discussion


	TCL
	Proposal 1.A.1: Support
Proposal 1.A.2: Support
Proposal 1.B:  Support
Proposal 1.G:  Support
Proposal 1.H:  Support
Proposal 1.I: Support
Proposal 1J.1:  Support
Proposal 1J.2: Support



	NEC
	Proposal 1.B:
   Several companies said no need of method 3, while we don’t see the technical concern on this. Without method 3, our concern is CSI-RS resource configuration is restricted, due to the yellow highlighted configurations are excluded.
   Actually, the first thing to discuss is whether to support resource sharing (not only shared between legacy UE and Rel-19 UE, but also between Rel-19 UEs, such as those configured with 64 ports and 128 ports), and based on current situation, companies support resource sharing, in this case, we think the configurations should be complete, rather than only supporting a subset, and this is only RRC based configuration, with limited overhead but more flexible. 
   In fact, the three methods are based on same rule, i.e. port mapping across CSI-RS resources in N2 dimension firstly. The only difference among the three methods is (1) N2=n2 (method 1), (2) N2=K*n2 (method 2), (3) N2=K/2*n2 (method 3). 
    At least for 128 ports, 4 resources are needed for aggregation, (whether configuration with 4 resources for 48 ports and 64 ports can be further discussed, which can reduce some configurations), and between Rel-19 UEs, port sharing between 64 ports (as basic feature) and 128 ports is also necessary. 
    Thanks moderator for listing the configurations. When (8,8) configured for 128 ports, it can be shared with two 64 ports configured with (8,4), and for 64 ports, ((4,4) method 1; (8,2) method 2) can be configured, but if 64 ports configured with (4,4) method 1, sharing between 64 ports and 128 ports is impossible without method 3 (the yellow highlighted ((4,4)). I set the bold-font for above example in following table for convenience. This issue also exists in case 64 ports configured with (16,2) and method 1, it can not be shared with 128 ports configured with (16,4).  
	
	New P
	New (N1,N2)
	Legacy resource aggregation

	
	
	K
	Old (N1’,N2’)

	48
	(8,3)
	2; 3; 
	(4,3); (8,1); 

	
	(6,4)
	2/4; 4
	(6,2)/(6,1); (3,2)

	64
	(16,2)
	2/4; 2; 4
	(8,2)/(4,2); (16,1); (8,1)

	
	(8,4)
	2; 2/4; 4
	(4,4); (8,2)/(8,1); (4,2)

	128
	(16,4)
	4; 4; 4
	(4,4); (16,1); (8,2) 

	
	(8,8)
	4; 4
	(8,2); (4,4)


Blue: mapping #1 (along horizontal dimension)
Red: mapping #2 (along vertical dimension)
Yellow: mapping #3 (NEC – along both horizontal and vertical)




 There is also one issue to be discussed, whether 4 resources are needed for 48 and 64 ports? As 2 resources can well support the aggregation. If 4 resources are not needed for 48 and 64 ports, the table can be simplified to be 
		New P
	New (N1,N2)
	Legacy resource aggregation
	

	
	
	K
	Old (N1’,N2’)
	

	48
	(8,3)
	2; 3; 
	(4,3); (8,1); 
	Method #1 and #2

	
	(6,4)
	2;
	(6,2);
	Method #2

	64
	(16,2)
	2; 2; 
	(8,2); (16,1); 
	Method #1 and #2

	
	(8,4)
	2; 2;
	(4,4); (8,2);
	Method #1 and #2

	128
	(16,4)
	4; 4; 4
	(4,4); (16,1); (8,2) 
	Method #2 and #3

	
	(8,8)
	4; 4
	(8,2); (4,4)
	Method #2 and #3


Blue: mapping #1 (along horizontal dimension)
Red: mapping #2 (along vertical dimension)
Yellow: mapping #3 (NEC – along both horizontal and vertical)




   If companies really have strong concern on RRC signaling with 3 values, i.e. only down-selecting two methods, we don’t think it will simply go with method 1 and method 2, selecting method 2 and method 3 can be better. And the down-selection  only happens for 128 ports configured with (16,4), and actually, more ports in N1 dimension can achieve better performance in implementation, so for 128 ports configured with (16,4), method 3 (8,2) is better than method 1 (4,4),
   So To obtain flexibility, we think all the three methods (only with little overhead in RRC) are needed, the description of the three methods can be up to editor, there may be some simple way for describing. 
  But if companies really have strong concern on 3 values RRC signaling (limiting  to 2 values), we propose to support method 1 and method 2 for 48 and 64 ports, method 2 and method 3 for 128 ports, which can provide better performance and co-existence not only between legacy and Rel-19 UE but also between Rel-19 UEs.
 
	Proposal 1.B: For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, support NW to configure UE with one of the mapping method 1 and method 2 for 48 and 64 ports, and one of mapping method 2 and method 3 for 128 ports following mapping methods via higher-layer (RRC) signaling, 
…
 It’s up to editor to capture the mapping methods. 



[Mod: Per confirmation, I understand NEC already supports P1.B. Your additional input above will be discussed starying in round-2 as a part of the FFS]


	HONOR
	Proposal 1.A.1:
For Scheme-A, we agree some companies that the current (k1, k2) is too restrictive as the increased number of SD basis. Fully reuse legacy Type I SP is not preferred. Rather than supporting a separate mode-C, we suggest move the first FFS as a sub-bullet of Scheme-A as a part of remaining issues to be addressed.
[Mod: This suggestion will be discussed in round-2. If you review the comments from other companies at all, it is clear that your suggestion cannot be agreed in round-1. We need to make progress so 1.A.1 is the minimum with which we can discuss other more advanced proposals like Mode-C or improved (k1,k2) in later rounds and next meeting] 
In addition, we also support multi-panel based enhancements as commented by MediaTek, the specification impacts are limited based on design principles of legacy Type I MP codebook and Rel-18 CJT type II codebook.
Proposal 1.A.2: Support.
Proposal 1.B: Open for further study depending on antenna layout and compatibility for legacy UEs.
Moreover, we haven’t decided whether to support Type I/II multi-panel codebook or not. If supported, the port mapping should follow the Rel-18 CJT type II codebook. Therefore, we, prefer to add another mapping method.
· Mapping method 4: Sequential ordering/indexing within (1st resource, 1st polarization), then (1st resource, 2nd polarization), …, then (Kth resource, 1st polarization), then (Kth resource, 2nd polarization)  
[Mod: I will add this new method as a part of round-2 discussion along with method 3. But at this point as I said I can’t. We need to get P1.B agreed first]
Proposal 1.C.1: Support, prefer to reuse Rel-18 CJT without further enhancements.
Proposal 1.D: Support.
Conclusion 1.E, Conclusion 1.F: Support.
Proposal 1.G: Generally fine. We also think the second bullet is out of RAN1 scope.
Proposal 1.H: Support.
Proposal 1.I: Support
Proposal 1.J.1, Proposal 1.J.2.: Open for further study. But the reusing Rel-18 CJT should be the starting point.

	Mod V40
	No revision


	Ruijie
	Proposal 1.A.1: OK
Proposal 1.A.2: OK
Proposal 1.B:  OK
Proposal 1.G:  OK
Proposal 1.H:  OK
Proposal 1.I: OK
Proposal 1J.1:  OK
Proposal 1J.2: OK

	Mod V40
	P1.G: per offline feedback, ‘adjacent’ can be agreeable so removed FFS and moved to main text


	Fraunhofer IIS/HHI
	Proposal 1.A.2: ok
[Mod: Thanks for your understanding]
Proposal 1.D: Support
Conclusion 1.E: ok
Conclusion 1.F: ok
Proposal 1.G: ok with the proposal. 
For large N1 and N2 values and with oversampling factors , we are wondering how much the amplitude restriction differ for a same beam vector among the configured four oversampling groups. Since, we are about to agree on hard restriction and the beams are narrow, do we really need to configure amplitude restriction values for all four oversampling groups? 
[Mod: Thanks, this is a good point. When we discuss further details in Round >=2 I will note this issue as one discussion point]


	Mod Final
	No revision




2.2 Issue 2 (WID objective 2c): CRI-based CSI for hybrid beamforming (HBF)

Table 2A Summary: issue 2
	#
	Issue
	Companies’ views

	2.1, 2.2, 2.3
	[116] Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· A UE is configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource
· Note: The maximum number of ports per NZP CSI-RS resource for a given value of KS will be discussed separately
· Containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance where the value range of M (≤KS) is {1, …, min(X, KS)}
· FFS (by RAN1# 116bis): The supported value(s) of X (candidates are 2, 4, 6, KS)
· FFS (by RAN1# 116bis): Whether the value of M is NW-configured via higher-layer (RRC) signalling, or UE-selected (as a part of CSI report), or a combination of the two
· A same legacy codebook (with up to 32 ports) is configured for (associated with) all M “quadruplets”
…
FFS: Whether KS, maximum # ports per resource, and X depend on codebook type

[116] Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, regarding the supported codebook(s) for calculating CQI/PMI/RI on each of the M CRI(s), decide, in RAN1#116bis, between the two alternatives: 
· Alt1: only Rel-15 Type-I Single Panel codebook 
· Alt2: Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook


Proposal 2.A: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· For Rel-15 Type-I Single Panel codebook, M is NW-configured via higher-layer (RRC) signaling with candidate value(s) of {1, …, min(4,KS)}
· The maximum value of M is subject to UE capability
· For Rel-16 eType-II, M=1 is supported
· The maximum value of KS is {1,2,3,4} and subject to UE capability 
· The support for Rel-16 eType-II is a separate UE capability at least from the support for Rel-19 Type-I and Type-II codebook refinements
· FFS (RAN1#116bis): The support for M=2, and if so, the value of M={1, 2} is NW-configured via higher-layer (RRC) signaling, and if additional restriction(s) are needed
FFS: The determination of M reported beams
Note: Selection algorithm of M CRI(s) from measurement of KS>1 NZP-CSI-RS resources is up to UE implementation.


FL assessment: This proposal is partly based on the outcome of OFFLINE discussion [2], and partly based on offline inputs from the proponents of supporting Rel-16 eType-II codebook.

	























Support/fine: Qualcomm, ZTE, Samsung, Ericsson, MediaTek, OPPO, vivo, NTT DOCOMO, Huawei/HiSi, Spreadtrum, Lenovo/MotM, Intel, CMCC, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Kyocera, Apple, NEC, CEWiT, New H3C, IDC (ok), TCL, Ruijie

Not support (M UE-selected from NW-configured Mmax): LG, HONOR


	2.1.2
	Proposal 2.A.2: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, support the following time-domain behaviours should be supported:
· For Rel-15 Type-I SP codebook:
· Aperiodic CSI (channel(s) and multiplexing rules follows legacy)
· Periodic CSI (channel(s) and multiplexing follows legacy), hence wideband PMI only
· Semi-persistent CSI (channel(s) and multiplexing rules follows legacy)
· For Rel-16 eType-II codebook:
· Semi-persistent CSI on PUSCH (channel(s) and multiplexing rules follows legacy)
· Aperiodic CSI (channel(s) and multiplexing rules follows legacy)

FL assessment: This is obvious and shouldn’t be controversial

	Support/fine: Xiaomi, Google, Samsung, New H3C, NTT DOCOMO, Huawei/HiSi, OPPO, Spreadtrum, CMCC, Apple, LG, Sharp, vivo, Ericsson, CEWiT, NEC, ZTE, Fujitsu, Intel, AT&T, Qualcomm, MediaTek, CATT, TCL, HONOR, Ruijie


Not support: 


	[bookmark: _Hlk127656417]2.4
	Proposal 2.D: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the following report quantities are supported:
· ‘cri-RI-PMI-CQI ‘
· ‘cri-RI-LI-PMI-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1’ (only for Type-I)


FL assessment: From RAN1#116: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, please share your view on the support for extending the following legacy report quantities (only the least controversial ones are kept):

	Report quantity
	Companies views

	‘cri-RI-PMI-CQI ‘
	Support/fine: Huawei/HiSi, ZTE, CMCC, Samsung, Ericsson, MediaTek, NTT DOCOMO, Apple, OPPO, Fujitsu, AT&T, LG, CATT, Google, TCL   
Not support:

	‘cri-RI-i1’
	Support/fine: Huawei/HiSi, ZTE, CMCC, Samsung, Ericsson, MediaTek, NTT DOCOMO, OPPO, Fujitsu, AT&T, CATT, Google, TCL   
Not support: Apple

	‘cri-RI-i1-CQI’
	Support/fine: Huawei/HiSi, ZTE, CMCC, Samsung, Ericsson, MediaTek, NTT DOCOMO, OPPO, Fujitsu, AT&T, CATT, Google, TCL   
Not support: Apple

	‘cri-RI-LI-PMI-CQI’
	Support/fine: CMCC, Samsung, Ericsson, MediaTek, NTT DOCOMO, Apple, ZTE, OPPO, Fujitsu, AT&T, LG, CATT, Google, TCL   
Not support:




	Support/fine: Huawei/HiSi, ZTE, CMCC, Samsung, Ericsson, MediaTek, NTT DOCOMO, Apple, OPPO, Fujitsu, AT&T, LG, CATT, Google, TCL, Xiaomi, New H3C, Spreadtrum, Apple (last 2 FFS), Sharp, vivo, CEWiT, NEC, Intel, Qualcomm, HONOR, Ruijie
   

Not support:


	2.5
	116] Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· A UE is configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource
· Note: The maximum number of ports per NZP CSI-RS resource for a given value of KS will be discussed separately
· …
…
FFS: whether further restriction(s) on CMR configuration is needed, including relation with IMR
…
FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not


Proposal 2.E: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, on the configured KS>1 NZP CSI-RS resources, reuse the legacy CMR and IMR rules for the Rel-15 CRI-based reporting. This includes:
· All the KS NZP CSI-RS resources are associated with a same CSI-RS resource set
· Up to KS CSI-IM resources can be configured (implying one-to-one correspondence between KS CMRs and KS CSI-IMs)
FFS: Whether all the KS NZP CSI-RS resources share a same Pcoffset and PcoffsetSS
FFS: Whether up to 1 NZP CSI-RS resource for interference measurement can be configured

FL assessment: This proposal follows the legacy rules

	Support/fine: Huawei/HiSi, ZTE, NTT DOCOMO, CATT, Samsung, Fujitsu, Xiaomi, Lenovo/MotM, Google, New H3C, OPPO, CMCC, LG, Sharp, vivo, Ericsson, CEWiT, NEC, Intel, AT&T, MediaTek, HONOR, Ruijie, Qualcomm (ok), Apple (ok)

Not support: Spreadtrum (1 CSI-IM), TCL (1 CSI-IM)      


No NZP for Type-II: Lenovo/MotM


	2.6
	[116] Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· …
· Containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance where the value range of M (≤KS) is {1, …, min(X, KS)}
· FFS (by RAN1# 116bis): The supported value(s) of X (candidates are 2, 4, 6, KS)
· FFS (by RAN1# 116bis): Whether the value of M is NW-configured via higher-layer (RRC) signalling, or UE-selected (as a part of CSI report), or a combination of the two
· A same legacy codebook (with up to 32 ports) is configured for (associated with) all M “quadruplets”
FFS: detailed UCI design/optimization (e.g. overhead reduction)


Proposal 2.F: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, when M>1, 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) into Bd bits:
· Note: For Type-I SP codebook, two wideband CQIs (one per TB) per CRI
· FFS: Down-selection of Bd value(s) among 1, 2, and/or 3
· FFS: Other overhead reduction schemes, e.g. common (same) RI value for M>1 CRIs, differential/common SD basis indication, encoding of M CRIs (M legacy Rel-15 CRIs, joint bitmap, joint combinatorial) 

 FL assessment: Differential CQI can save a few bits 

	











Support/fine: ZTE, Kyocera, CATT, Xiaomi, NTT DOCOMO, New H3C, LG, Huawei/HiSi, Sharp, CEWiT, Fujitsu, TCL,           

Not support (M legacy CQI): Lenovo/MotM, Google, Samsung (common RI?), OPPO (common RI?), Spreadtrum, CMCC, Apple, vivo, Ericsson, NEC, Intel, AT&T, Qualcomm, MediaTek, HONOR, Ruijie

	
	
	



Table 2B SLS results: issue 2 
	Company
	SLS results

	
	Issue #
	Metric
	Observation

	Huawei/HiSi
	2.2
	CSI-RS Overhead bits 
	For multi-beam CSI measurement, the CSI-RS overhead is pretty high if each analog beam is associated with a separate CSI-RS resource. 

	
	2.3
	Relative throughput
	Under MU MIMO scenario, eType-II codebook provides significant performance gain over Type-I SP codebook for HBF architecture.

	
	2.1
	Relative Throughput
	For multi-beam based HBF system, X = 2 or 4 can respectively bring 23% or 40% performance gain over X = 1 when eType-II codebook is adopted.

	
	
	CSI Reporting Overhead
	The reporting overhead of multi-beam CSI is comparable with that of Rel.18 CJT under the same parameter assumptions.

	
	
	Relative Complexity
	The complexity of multi-beam CSI reporting is similar to or lower than that of Rel.18 CJT with X (NTRP) = 2 or 4.

	
	
	Channel Correlation
	The channels of multiple beams are highly correlated, which provides opportunity for UCI optimization.

	ZTE
	2.1
	DL throughput gain
	Rel-19 CRI-based CSI refinement can bring an obvious performance improvement compared to legacy CSI based on both Type-I codebook and eType-II codebook, especially for cell-edge Ues.

	
	
	Correlation
	Across different CRIs, high correlation is observed for the following Type-I/Type-II codebook parameters:
· i1,1 and i1,2 for Type-I codebook;
· SD/FD bases for Type-II codebook.

	Kyocera
	2.1
	Antenna gain
	At least Ks = 5 is needed for the CRI-based scheme to have the same coverage as that of higher number of CSI-RS ports without CRI-based approach



Table 2C Additional inputs: issue 2
	Company
	Input

	Mod V0
	Please share your inputs on each of the issues and, if applicable, proposals in TABLE 2A

	Lenovo/ MotM
	Proposal 2.A:
Support

Proposal 2.E: 
At least for Type-II CB, reporting of multiple CRIs enables better MU-MIMO pairing, however the interference would depend on the selected beam for the second UE. This was not an issue in previous setups as we assumed a single beam to begin with for CSI reporting.
[Mod: NZP is now FFS]

Proposal 2.F:
Overhead saving is very limited, and we had a similar discussion for Rel-18 Doppler codebook. We do not see this as a priority


	Mod V2
	P2.E: NZP is now FFS per Lenovo

Added missing summary in Table 2A


	Xiaomi
	Proposal 2.A.2~ Proposal 2.F:
We are fine with these proposals.


	Google
	Proposal 2.A: Support M>1 for eType2, otherwise the benefit is unclear for eType2. We can support the same functionality by legacy already.

Proposal 2.A.2: Support

Proposal 2.D: Support

Proposal 2.E: Support

Proposal 2.F: Do not support. Support to reuse legacy approach for CQI report. Differential CQI may not actually save bits.





	New H3C
	Proposal 2.A~ Proposal 2.F:
 We support  with these proposals

	NTT DOCOMO
	Proposal 2.A~ Proposal 2.F:
We support these proposals.

	Huawei, HiSilicon
	Proposal 2.A: Generally fine.
Regarding the FFS for eType-II, as we explained during pre-116bis offline, the support of M  1 is the pre-requisite of the WID, multi-CRI based reporting, that aims at increasing MU scheduling opportunity by allowing UE to report multiple sets of CSI so that Ues correspond to different optimal analog beams are capable of being simultaneously co-scheduled. The complexity that some chipset and UE vendors worry about is analysed in our contribution, and further restriction can be considered if really needed. Given that eTypeII codebook for HBF will anyway be an optional UE feature, we sincerely suggest companies to leave the door open for higher MU scheduling opportunity under realistic HBF architecture.
Besides, given that the determination of reported beams also matters when it comes to whether more MU MIMO scheduling opportunities can be created, we suggest to add a FFS below the main bullet:
· FFS: The determination of M reported beams

Proposal 2.A.2: Support.

Proposal 2.D: Prefer to keep all legacy report quantities other than that for beam management.

Proposal 2.E: Seems Ks NZP CSI-RS resources and 1 CSI-IM resource are needed for interference measurement.

Proposal 2.F: Similar to L1-RSRP reporting, to ensure the quantization accuracy of the largest wideband CQI, and considering the potential high correlation among analog beams, we suggest to clarify the proposal as:  

For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, when M>1, 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 bits:
· Note: For Type-I SP codebook, two wideband CQIs (one per TB) per CRI
· FFS: Down-selection of Bd value(s) among 1, 2, and/or 3
· FFS: Other overhead reduction schemes, e.g. common (same) RI value for M>1 CRIs, differential/common SD basis indication, encoding of M CRIs (M legacy Rel-15 CRIs, joint bitmap, joint combinatorial) 

	Samsung
	Proposal 2.A
Support.

Proposal 2.A.2.
Support.

Proposal 2.D.
Prefer to keep all report quantities shown in the list.

Proposal 2.E.
Support. In general, 1 CSI-IM resource associated with each of Ks NZP CSI-RS resources is needed for interference measurement, since each analog beam (corresponding to each CMR resource) can be associated with different UE group/set, which results in non-trivial different interference measurement.

Proposal 2.F
Our preference is not to introduce the dependency among WB CQIs across M CRIs, since
· The potential overhead reduction is small (4- Bd).(M-1), i.e., from 1-bit (when Bd=3 and M=2) to 9 bits (when Bd=1 and M=4);
· When UE selects WB CQI and SB CQIs for each of M-1 CRIs, the constraint pertaining to differential WB CQI (associated with the WB CQI for a reference CRI) can create unnecessary computational complexity to find a best set of SB/WB CQIs or performance degradation by ceiling or flooring function to use for SB/WB CQI selection. This becomes more convoluted for Ues supporting Type-I Rimax=8 since, unless RI is set to be common for all CRIs, different CRIs may be associated with different number of CQIs (1 or 2). 
Given the above complication of WB CQI especially for Type-I, we suggest that RAN1 settle first whether RI should be CRI-specific or CRI-common.


	OPPO
	Proposal 2.A/ Proposal 2.A.2/ Proposal 2.D/ Proposal 2.E
Fine.

Proposal 2.F
This can be further discussed. If common RI for M CRIs is introduced, differential CQI can be considered to save some bits. However, if RI is dependent for different CRIs, there could be different number of CQI and large difference among CQIs. In this case differential CQI may lead to some loss.  

	Mod V10
	Revised P2.A and P2.F per Huawei’s comment


	Spreadtrum
	Proposal 2.A: We have some questions, and hope FL and other companies can clarify:
(1) For PMI in each “quadruplets”, whether support R19 Type-I and Type-II codebook are supported? 
[Mod: No. Rel-19 Type-I/II are only for 48, 64, and 128 ports per WID scope. HBF only accommodates <=32 ports per resource. And WID is clear that CQI/PMI/RI is calculated per CRI so there is no “joint PMI” across multiple CRIs]
(2) When M=1, what’s the difference between the legacy Type-I CSI and CRI-based CSI?
[Mod: Rel-15 max 8 ports per resource, Rel-19 max 32 ports per resource]

(3) When multiple CRIs are reported, is there an assumption that CSI corresponds to multiple CRIs can be scheduled simultaneously to the same UE?
[Mod: No. The WID rules that out. The WID is clear that CQI/PMI/RI is calculated per CRI so there is no “joint CQI” across multiple CRIs]

Proposal 2.A.2: Support.
Proposal 2.D: Support all the report quantities.
Proposal 2.E: Considering that the functionality of CSI-IM is to measure inter-cell interference, we think only one CSI-IM resource is needed.
Proposal 2.F: We don’t prefer to have differential CQI across CRIs. Besides, this proposal seems problematic. When the largest wideband CQI becomes the reference, only the differential CQI associated with the 2nd, …, M-th CRI(s) are calculated. 

	CMCC
	Proposal 2.A/2.A.2
Support.

Proposal 2.D:
We think all the report quantities can be supported.

Proposal 2.E
Support.

Proposal 2.F
We are hesitated to have differential CQI across CRIs considering limited overhead reduction. BTW, after updating this proposal, it implies the WB CQI in the 1st quadruplets will always be the largest WB CQI.


	Apple
	Proposal 2.A
We are okay

Proposal 2.A.2
We are okay

Proposal 2.D:
We are okay. We do not think we need the last two in bracket. It is better to put both as FFS or remove both

Proposal 2.E
We feel 1 CSI-IM is enough since the CRI enhancement is intended for hybrid beam forming.

Proposal 2.F
Most of the CSI overhead is on PMI. Do not see the strong need for CQI overhead reduction. At least, it is not urgent to discuss at this point.

	Mod V15
	No revision.
It seems proposal 2.F needs more discussion

@Spreadtrum: I have responded to your questions, please check. I hope my response addresses your questions.


	LG
	Proposal 2.A
Support M=2 for eType-II as well given that eType-II is mainly designed for MU-MIMO. Also, in addition to NW-configured M, supporting UE selection is beneficial to avoid unnecessary reporting such as CSI corresponding to very low CQI especially for the case NW configures M is up to 4.

Proposal 2.A.2
We are okay

Proposal 2.E
Support

Proposal 2.F
Support

	Sharp
	Proposal 2.A: Support. Additionally, we are fine with M=2 for Rel-16 eType-II to increase MU-MIMO opportunities.
Proposal 2.A.2: Support.
Proposal 2.D: Support all the quantities. 
Proposal 2.E: Support.
Proposal 2.F: We are fine with the proposal to save UCI bits.

	Vivo
	Proposal 2.A.2 & 2.D & 2.E: OK

Proposal 2.F
We don’t support this proposal. The overhead saving is quite limited for wideband CQI. The reason to have differential CQI for overhead saving is not strong. We support to report these multiple Ris/PMIs/CQIs independently. 


	Ericsson
	Support Proposal 2.A
Support Proposal 2.A.2
Support Proposal 2.D
Support Proposal 2.E
No support Proposal 2.F as RI may not be common among the M different CSIs as commented by other companies.  


	CEWiT
	Proposal 2.A: Support
Proposal 2.A.2: Support
Proposal 2.D: Support
Proposal 2.E: Support
Proposal 2.F: Support

	NEC
	Proposal 2.A: Support. And for eTypeII, we also support M>1.

Proposal 2.A.2: Support.

Proposal 2.D/2.E: Support

Proposal 2.F: We prefer legacy CQIs. And not sure why it can be common RI, for one CRI, if the channel is good, higher rank even two CWs are possible, but for others, it may be different. So CQI and RI should be CRI specific.

	ZTE
	Proposal 2.A:
Support. We further support M = 2 for Type-II codebook. With M > 1, it provides higher flexibility for MU-paring and beam scheduling.
Proposal 2.A.2:
Support.
Proposal 2.D:
Support all the legacy report quantities.
Proposal 2.E:
We share the same view with Huawei that, Ks NZP CSI-RS and one CSI-IM resource are needed for interference measurement.
Proposal 2.F:
Support.
Based on our SLS results, the channels corresponding to different CRIs/beams are correlated. Hence, differential WB CQI reporting can efficiently reduce the reporting overhead.

	Fujitsu
	Proposal 2.A: Support
Proposal 2.A.2: Support
Proposal 2.D: Support
Proposal 2.E: Support. Regarding NZP CSI-RS for IM, considering different beam hypothesis based on M PMIs reporting, it is preferred to extend Ks NZP CSI-RS for IM, and one-one mapping to CMR.
Proposal 2.F: We support differential CQIs to save overhead. However, the reference CQI should be further discussed. For this proposal, the biggest CQI becomes the reference CQI. But it is highly related the report order and UCI omission rule of M CRIs. Another simplest way is the reference CQI with the lowest CMR index, and in that case, the report order and UCI omission rule of M CRIs are more straightforward.

	Intel 
	Proposal 2.A:
We are fine with the proposal. RRC configuration for M is simpler and does not require new additional bitfield in CSI part 1 other than already existing. Further, partial UCI omission/dropping with priority rules can be discussed.

Proposal 2.A.2, Proposal 2.D, Proposal 2.E:
Support the proposals.

Proposal 2.F:
We support legacy wideband CQI encoding. 
The CQI values for different CRIs can be significantly different. For example, for a UE with predominantly LOS channel. Unlike L1-RSRP, accurate CQI is essential for proper MCS selection. If the CQI value is not in the range for differential reporting, co-scheduling opportunity is missing for a beam. Moreover, considering that different RI value can be reported, differential CQI reporting does not make sense. Thus, we can’t accept this proposal. 


	Mod V26
	No revision


	AT&T
	Proposal 2.A: Support
Proposal 2.A.2: Support
Proposal 2.D: Support
Proposal 2.D: Support
Proposal 2.F: Not Support. As mentioned by other companies, overhead reduction might be minor, RI is not necessarily common, and prefer the legacy. 


	Spreadtrum
	Proposal 2.A: Thanks FL for the clarification. We support this proposal.

	Qualcomm
	Only need to reply to the proposal that we haven’t clearly stated our view:
Proposal 2.A.2: Generally support the principle of following legacy.
One question for legacy periodic CSI, seems legacy long PUCCH format ¾ can have subband PMI (while short PUCCH format 2 only support wideband):
[image: ]
Maybe some less-specific description is better:
	Proposal 2.A.2: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, support the following time-domain behaviours should be supported:
· For Rel-15 Type-I SP codebook:
· Aperiodic CSI (channel(s) and multiplexing rules follows legacy)
· Periodic CSI (channel(s) and multiplexing follows legacy), hence wideband PMI only
· Semi-persistent CSI (channel(s) and multiplexing rules follows legacy)
· …



[Mod There is no sub-band CSI for P-CSI]
Proposal 2.D: Seems LI (‘cri-RI-LI-PMI-CQI’) does not apply to Type-II (same for the two FFS bullets)

Proposal 2.E: Not support. 
Common RI is not needed even for FFS (similar view as commented by some companies).
Besides, seems the proposal assumes the M CRIs have an order of strong to weak CQI, then we have a question on how to define strong or weak? Note that SE is not only determined by CQI, but also by RI, thus it is non-reasonable to define e.g. a rank1 CRI with larger CQI as stronger than a rank4 CRI with smaller CQI


	Mod V30
	P2.D: added “Type-I” clarification per Qualcomm comment


	Mod V32
	No revision

	MediaTek
	Proposal 2.A. To prevent the UE from potentially being forced to compute Ks PMIs for selection of M CRIs, we would prefer to have a note stating

Selection of M CRI(s) from measurement of Ks>1 NZP-CSI-RS resources is up to UE implementation.
[Mod: OK, added “algorithm” after selection since the statement sounds ambiguous (spec describes selecting)]
Proposal 2.A.2 Support

Proposal 2.E Similar view as Huawei, ZTE. Ks NZP CSI-RS and one CSI-IM resource are needed for interference measurement, since NZP-CSI-RS is mainly meant for intra-beam MU interference measurement while CSI-IM is mainly meant for inter-cell interference measurement.

Proposal 2.F Do not prefer to over-optimize, given the issue of different RI and finding reference CQI as already commented by some companies.

	InterDigital
	Proposal 2.A:
Although we prefer UE-selected M, we can accept the majority’s view, and we suggest to further discuss the UCI omission/dropping rules. 
[Mod: Thanks for your understanding. Yes UCI omission will be discussed once UCI parameter details are stabilizing]

	CATT
	Proposal 2.A.2: Support


	Mod V36
	P2.A: Added note per MediaTek comment

P2.F needs more discussion


	TCL
	Proposal 2.A 
We also support this proposal.

Proposal 2.A.2: 
Support

Proposal 2.D
Fine

Proposal 2.E
We think one CSI-IM is enough.

Proposal 2.F
Support


	HONOR
	Proposal 2.A: Prefer to let UE to decide actual number of M based on network configuration of Mmax. It may reduce the UE computation complexity and report overhead. For example, network configure Mmax =4, but UE only find 2 CMRs with good quality (e.g., larger RSRP/CQI), it may be useful to report all the M=4 CRIs.
In addition, we think allowing UE to report L1-RSRPs of CMRs may also be beneficial. This aligns the note in this proposal that UE may not measure all the Ks CMRs due to the complexity of searching RI/PMI/CQI of all CMRs. Instead, UE may firstly measure L1-RSRPs of CMRs. And decide which CMRs will be used for RI/PMI/CQI calculation.

Proposal 2.A.2: Support.
Proposal 2.D: Support.
Proposal 2.E: Support.
Proposal 2.F: Agree with some companies that differential CQI reporting has no obvious benefits. However, we’re open to study methods to reduce report overhead.

Furthermore, we prefer to further study enhancements on CBSR for CRI-based CSI reporting. CBSR is defined in specification to avoid the intra/inter cell interference. For example, network indicates the CBSR to avoid UE to report a specific SD basis for PMI report. In previous releases, the CBSR only includes the impact of digital precoding. When it comes to CRI-based CSI reporting, a hybrid beam is generated based on both digital precoding and analog precoding. Therefore, the configuration on CBSR should consider the intra/inter cell interference in hybrid beamforming scenario. For xample, network may configure multiple CSI-RS resources with different analog beamforming. Therefore, in order to limit the digital precoding indicated by UE in PMI, network should also configure CBSR for each CSI-RS resource for CMR.
[Mod: We will discuss CBSR when reporting structure is stable enough.]


	Mod V40
	No revision

	Ruijie
	Proposal 2.A: OK
Proposal 2.A.2: OK
Proposal 2.D: OK
Proposal 2.E: OK

	Mod Final
	No revision



2.3 Issue 3 (WID objective 3): CJT calibration reporting for non-ideal synchronization and backhaul

Table 3A Summary: issue 3 
	#
	Issue
	Companies’ views

	3.1
	[116] Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, support the following:
· The UE is configured with NTRP NZP CSI-RS resources/resource sets via higher-layer (RRC) signalling where NTRP{1, 2, 3, 4} 
· FFS (by RAN1#116bis): Whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced (e.g. number of ports, only TRS with multiple resource sets, TD/FD locations, QCL assumptions)
· For the purpose of CJT calibration reporting, decide, by RAN1#116bis, from the following
· Opt1:  The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically signalled by the NW to the UE 
· Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report 
· …

Proposal 3.A: For the Rel-19 aperiodic standalone CJT calibration reporting, the UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· FFS (by RAN1#116bis): Whether an ‘invalid’ or ‘out-of-range’ quantization state/hypothesis is supported for all the types of CJT calibration reporting. Note that ‘out-of-range’ is supported for the (Dn,offset, dn) reporting


FL assessment: This proposal is based on the outcome of OFFLINE discussion [2]. Opt3 would result in more complex UCI encoding/decoding (due to variable UCI payload) for such a small UCI payload (for AP-CSI on PUSCH)

	













Support/fine: Samsung, Qualcomm, ZTE, Ericsson, Huawei/HiSi, vivo, OPPO, NTT DOCOMO, Spreadtrum, Intel, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Apple, NEC, KDDI, Sony, New H3C, CEWiT, CMCC, Nokia/NSB, Panasonic, TCL (ok), IDC, Ruijie, LG (ok) 

Not support (Opt3): 

	3.2
	[116] 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, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· …
· The value of Dn,offset indicates the interval  which the delay offset falls into
· Down-select, by RAN1#116bis, from the following
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Alt2:  is uniformly spaced between -AD and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  and/or  represent ‘out-of-range’ 
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AD, M)
· dn is a 1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval
· FFS (RAN1#116bis): The pre-defined range(s), e.g. CP length or its multiple
· …


Proposal 3.B.1: For the Rel-19 aperiodic standalone CJT calibration reporting of {(Dn,offset, dn), n=0, 1, …, NTRP – 1, n≠nref}, regarding the interval  which Dn,offset falls into,  is uniformly spaced between 0 and AD, i.e. , with  and  represent ‘out-of-range’


FL assessment: This proposal, to some extent, depends on the outcome of issue 3.4. Since nref is selected by the UE, there is no advantage to add 1 extra bit per the reported Doffset values (NTRP-1 values) in Alt2 since they are reported differentially w.r.t. Doffset,nref as agreed in RAN1#116. As clarified in [2] per KDDI question, nref is defined for a given CJT calibration report (not common across different types of CJT calibration reports) since the only goal for nref is differential encoding for a given reporting instance and a given reporting type. 
· Typos ‘M-2’ from the previous agreement is corrected to ‘M-1’ 
	

























Support/fine (Alt1): Huawei/HiSi, ZTE, Intel, OPPO, CATT, Samsung, CMCC, Ericsson, Xiaomi, Fujitsu, Nokia/NSB, Ericsson (ok), Sony, vivo (ok), Sharp, NTT DOCOMO, KDDI, Lenovo/MotM (after 3.4), Google, New H3C, Spreadtrum, Apple, LG, CEWiT, NEC, AT&T, Qualcomm, TCL, Ruijie

Not support (Alt2): 

	3.3
	[116] 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, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· … 
· Down-select, by RAN1#116bis, from the following
· Alt1. The value of FOn indicates a uniformly quantized FO between (1A) –AFO and AFO, or (1B) 0 and AFO
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AFO and resolution) for FOn 
· Alt2. The value of FOn indicates the interval  which the FO falls into
· Alt2A:  is uniformly spaced between -AFO and AFO, i.e.  
· Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
· …
· FFS the unit of AFO: e.g. absolute (e.g. in Hz) or relative (e.g. in ppm/ppb relative to carrier frequency, or fraction of SCS), dependence on RS configuration 


Proposal 3.C.1: For the Rel-19 aperiodic standalone CJT calibration reporting of {FOn , n=0, 1, …, NTRP – 1, n≠nref}, the value of FOn indicates a uniformly quantized frequency offset between 0 and AFO 


FL assessment: This proposal, to some extent, depends on the outcome of issue 3.4. Since nref is selected by the UE, there is no advantage to add 1 extra bit per the reported FO values (NTRP-1 values) in Alt2 since they are reported differentially w.r.t. FO, nref as agreed in RAN1#116. As clarified in [2] per KDDI question, nref is defined for a given CJT calibration report (not common across different types of CJT calibration reports) since the only goal for nref is differential encoding for a given reporting instance and a given reporting type. 

Re Alt1 (quantized value) vs Alt2 (interval), since relative FO is to be compensated fully in a UE-specific manner (unlike delay offset), there is no reason to choose Alt2 over Alt1. 


	Support/fine (1B): Huawei/HiSi, ZTE, Intel (ok), OPPO, Samsung, CMCC, Fujitsu, Nokia/NSB, Ericsson (ok), Sharp (ok), NTT DOCOMO (ok), vivo (ok), Xiaomi, Lenovo/MotM (after 1.4), Google, New H3C, Spreadtrum, Apple, CEWiT, NEC, AT&T, Qualcomm, CATT, TCL, Ruijie, Sony 


Not support: 

	3.4
	[116] 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, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· …

[116] 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, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· …

[116] 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, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m 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 m-th frequency unit 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of nref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· …

Proposal 3.D: For the Rel-19 aperiodic standalone CJT calibration reporting, for a given CJT calibration report of one CJT calibration report type, the nref is selected by the UE and reported as a part of the CJT calibration report
· Note: CJT calibration report type refers to the Doffset/d report, FO report, and, if supported, TDD PO report

FL assessment: This proposal is based on the outcome of OFFLINE discussion [2]. As clarified in [2] per KDDI question, nref is defined for a given CJT calibration report (not common across different types of CJT calibration reports) since the only goal for nref is differential encoding for a given reporting instance and a given reporting type. 

	





























Support/fine: Samsung, Qualcomm, ZTE, Ericsson, Huawei/HiSi, vivo, OPPO (ok), NTT DOCOMO, Spreadtrum, Intel, AT&T, Google, Fujitsu, Sharp, Xiaomi, CATT, Apple, NEC, KDDI, Sony, New H3C, CEWiT, IDC, TCL, CMCC, LG, Nokia/NSB, Panasonic, Ruijie, Lenovo/MotM (ok)

Not support: 

	3.5
	[116] 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, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m 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 m-th frequency unit 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· …
· The value n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including A and resolution) for n,m 
· FFS: Detailed UCI design

Proposal 3.E.1: 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. 
· The value n, indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS: supported quantization alphabet(s) (including A and resolution) for n, 
· FFS: Detailed UCI design


FL assessment: This proposal is based on the outcome of OFFLINE discussion [2]. 
Minor editorial from OFFLINE:
· The notations m and M are replaced by  and  to avoid confusion with resolution parameters M.
In addition (for further discussion in later rounds):
· =1 only: Samsung, Ericsson, OPPO, Huawei/HiSi, Lenovo/MotM, Intel, Apple, Sony, vivo, New H3C, Xiaomi  
· =1 and >1: ZTE (wideband + slope), CATT, Ericsson (open to discuss), Sharp (open to discuss), Qualcomm (wideband + slope, wideband + time misalignment) 

	











Support/fine: Samsung, Qualcomm, ZTE, Ericsson, OPPO, Huawei/HiSi, NTT DOCOMO (open), Lenovo/MotM, Intel, Google, Fujitsu, Sharp, CATT, Apple, NEC, KDDI, Sony, New H3C, vivo, CMCC, Xiaomi, Panasonic, Spreadtrum, LG, CEWiT, AT&T, TCL, Ruijie



Not support: 



	
	
	

	
	
	



Table 3B LLS/SLS results: issue 3 
	Company
	LLS/SLS results

	
	Issue #
	Metric
	Observation

	ZTE
	3.6
	Average UPT gain, cell-edge UPT gain
	DL throughput with separate or joint delay and frequency calibration. It is observed that, there are approximately 6% or 7% average throughput gain with only delay or frequency calibration, and approximately 17% average throughput gain with joint delay/frequency calibration.

	
	3.2
	Average UPT gain, 5%-UPT gain
	We evaluate the performance of delay pre-compensation by setting the quantization range as one CP (4.75 us @15kHz SCS), and the quantization bitwidth as 2~6. The UPT gain becomes saturated when the bitwidth reaches 3. Therefore, the appropriate bitwidth for delay quantization is 3.


	
	3.3
	Average UPT gain, 5%-UPT gain
	We evaluated the performance of frequency pre-compensation by setting the quantization range as 500Hz, and the quantization bits as 2~6. It is observed that the performance gain becomes less significant after the quantization bits exceeding 4. Then the appropriate bitwidth for frequency quantization is 4.  



	vivo
	3.1
	LLS: CDF of frequency offset estimation 
	[bookmark: _Ref162941496]If SNR is 0 dB, more than 1/5 of the UEs have residual frequency offsets greater than 10 Hz for a TRP, which can produce a 36-degree phase error over 10ms.


	
	3.3
	Cell mean SE vs overhead
	[bookmark: _Ref162941502]A frequency error of 0.01 ppm results in a performance loss in the range of 5%, but a frequency error of 0.05 ppm results in a loss of 20% in DU scenarios, which is significant.
[image: ]

	CATT
	3.5
	Mean UPT, Cell edge UPT
	Simulation results show that aligned 4 subbands based calibration achieves similar performance to all subbands based calibration. It can be seen that calibration performance is degraded with misaligned frequency resources in DL and UL phase offset calculation.

	
	3.5
	Mean UPT
	The subband of DL phase offsets is 8 RB. It can be seen that the subband DL phase offset reporting performs better than wideband DL phase offsets reporting. (5% UPT gain gap is shown)


Multiple time samples based joint calibration for subband DL phase offset reporting can improve the mean UPT than that of one time sample subband DL phase offset reporting. Besides, when single time sample based calibration is performed, 6-bit quantization achieves better mean UPT than 4-bit quantization. (0.1~0.5% gain is shown)

	Samsung
	3.2
	Avg UPT gain vs overhead
	The performance of 5-bit quantization for D almost achieves that of the unquantized D value reporting.



	
	3.5
	Avg UPT Gain
	The performance of 4-bit quantization for phase offset value almost achieves that of the ideal calibration case.
[image: ]

	Nokia/NSB
	3.2
	Mean UE throughput vs overhead
	As observed the scheme with a 3 bits quantizer provides a slightly better approximation with respect to 2 bits over the non-quantized case for larges ISDs, i.e., 500m. However, the difference between 2 and 3 bits is really negligible for smaller ISDs as it happens with the 200ms.
[image: A graph with different colored lines

Description automatically generated][image: A graph with a red line and blue line

Description automatically generated]


	
	3.5
	CDF of Estimation error 
	As seen in the example, with no quantization restrictions, the left-over error is zero but as we decrease the quantization resolution the percentage of Ues with errors becomes larger. In this example, we have determined that 4bits for instance, provides a very poor resolution of the channel phase offset, and then larger values above 6 bits or more are needed for minimizing such an error.
[image: A group of graphs showing the results of a graph

Description automatically generated with medium confidence]


	Ericsson
	3.2
	LLS: throughput vs SNR
	[bookmark: _Toc163230752]For delay offset reporting, 5bits are needed for subband size of 4 RBs and 6 bits are needed for subband size of 16RBs at SCS=30kHz.
[image: A graph of a graph with colored lines

Description automatically generated][image: ]


	
	3.3
	LLS: throughput vs SNR
	[bookmark: _Toc163230753]The figures below show some link level simulation results on DL throughputs with two CJT reporting periods, 2.5ms (5 slots) and 10ms (20 slots), and different number of quantization bits for frequency offsets. The reporting range is between  and , where  corresponds to 0.1ppm at 7GHz. Results without quantization error are also shown for comparison. Based on the results, 6 bits are required for a PMI reporting period of 5 slots (or 2.5m) and 7bits are needed for a PMI reporting period of 20 slots (or 10ms). 
[image: A graph with different colored lines
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Description automatically generated with medium confidence] 


	Qualcomm
	3.5
	Throughput vs DL SNR
	Some results are shown in Figure below, where it can be observed that 8PSK or 16PSK phase quantization are sufficient. Between the two, 16PSK is more preferred since it approaches closer to ideal case when SNR is high (30dB or above).
[image: A graph of different colored lines

Description automatically generated]

	
	3.5 
	Throughput vs timing misalignment b/w TRPs 
	It can be observed that even tens of nano seconds can cause more than 20% UPT loss, for the case with timing (and phase) synchronized, compared with the case with phase-only synchronization.

	
	
	
	




Table 3C Additional inputs: issue 3
	Company
	Input

	Mod V0
	Please share your inputs on each of the issues and, if applicable, proposals in TABLE 3A

	Lenovo/ MotM
	Proposal 3.B.1 / 3.C.1: 
Agree with FL assessment, this should be discussed after finalizing Issue 3.4. 

Proposal 3.D: 
We are fine with the wording of the proposal, however the FL assessment comment discusses one further issue which is whether one calibration report may include multiple calibration information types, e.g., time and freq sync info, multiplexed into the same report. This needs to be clarified since Proposals 3.B.1, 3.C.1 and 3.D all seem to depend on that, in our opinion
[Mod: added clarification that this is for a given report of one type. 
The support for joint reporting of >1 types isn’t yet agreed and will be discussed hopefully in later rounds after some related issues have better clarity. As of now we focus on the content and format of a single type report]
Proposal 3.E.1:
Support. We do not see enough motivation for reporting multiple phase values per BWP per TRP, so we prefer removing the corresponding FFS
[Mod: Since this is round-1 (same as your comment for 1.A.1 and your request to have more time for 1.E), the proponents of subband also request more time to discuss in this meeting. So we can keep this FFS]

	Mod V2
	Added further clarification for P3.D per Lenovo 

	Xiaomi
	Proposal 3.A
We are fine with the proposal.
As for the FFS, we can understand the motivation of ‘invalid’. But the problem is how to decide it is ‘invalid’ by UE? A SINR threshold will be specified, e.g., if the SINR is lower than the threshold, UE will report ‘invalid’? or just up to UE implementation?
[Mod: Good question, this will be discussed in next round]

Proposal 3.B.1
If ‘invalid’ is supported, which interval represents ‘invalid’, also ? If yes, it is better to add a FFS:  also represent ‘invalid’.
[Mod: Since as explained in FL assessment they are functionally equivalent, the FFS is not needed 😊 But this can be discussed in next round]

Proposal 3.C.1
Support 

Proposal 3.E.1
We are fine with  =1.

	Google
	Proposal 3.A: Support

Proposal 3.B.1: Support

Proposal 3.C.1: Support

Proposal 3.D: Support

Proposal 3.E.1: Support

	New H3C
	Proposal 3.A: Support

Proposal 3.B.1: Support

Proposal 3.C.1: Support

Proposal 3.D: Support

Proposal 3.E.1: Support

	Samsung
	Proposal 3.A: Support

Proposal 3.B.1: Support

Proposal 3.C.1: Support

Proposal 3.D: Support

Proposal 3.E.1: Support

	OPPO
	Proposal 3.A: Support

Proposal 3.B.1: Support

Proposal 3.C.1: Support

Proposal 3.D: Support

Proposal 3.E.1: Support

	Mod V10
	No revision on proposals


	Spreadtrum
	Proposal 3.A: Support

Proposal 3.B.1: Support

Proposal 3.C.1: Support

Proposal 3.D: Support

Proposal 3.E.1: Support

	
Panasonic
	
Support Proposal 3.A
Support Proposal 3.D
Support Proposal 3.E.1


	Apple
	Proposal 3.A
We are okay. 

Proposal 3.B.1
We are okay. 
Proposal 3.C.1
We are okay. 

Proposal 3.D
We are okay. 

Proposal 3.E.1
We are okay. 


	Mod V15
	No revision


	LG
	Proposal 3.A
Reporting out-of-range for frequency offset is not agreed. If the offset is out of range, then UE should not report it. Otherwise, UE reports incorrect offset value to gNB.
[Mod: Reworded FFS to address this]

Proposal 3.B.1
We are okay. 

Proposal 3.D
Support

Proposal 3.E.1
We are okay. 


	Sharp
	Proposal 3.A: Support. Additionally, we can support the ‘invalid’ state.
Proposal 3.B.1: Support.
Proposal 3.C.1: We are OK with the proposal. Since we could understand the answer to KDDI’s question, we are OK with “non-negative”. Furthermore, if the ‘invalid’ state is supported, we are OK with “quantized value”.
Proposal 3.D: Support.
Proposal 3.E.1: We are fine with the proposal.

	Vivo
	Proposal 3.B.1:
We think even if nref is reported by UE, it is better for UE to select the most reliable estimation as nref to avoid error propagation with low SINR. This proposal indicates nref is the first path, but the first path can belong to a TRP with low SINR. Hence we think if this proposal is agreed, to add “invalid” state is necessary to make sure low SNR estimation won’t cause trouble for FO/PO quantization.
[Mod: We will discuss this in round-2]

Proposal 3.E.1
We are okay to have phase report only with Sigma=1. The use case is to for phase calibration, and the use case for UL/DL time misalignment is not agreed yet. Further, we already have a separate report for time offset. Hence the need of having subband phase reporting is not clear.


	Ericsson
	Support Proposal 3.A
Support Proposal 3.B.1, we agree with vivo’s comment on the need of ‘invalid’ state/codepoint.
Support Proposal 3.C.1
Support Proposal 3.D
Support Proposal 3.E.1

	CEWiT
	Proposal 3.A: Support
Proposal 3.B.1: Support
Proposal 3.C.1: Support
Proposal 3.D: Support
Proposal 3.E.1: Support

	NEC
	Proposal 3.A: Support
Proposal 3.B.1: Fine. While seems a typo between “” and “”, which should be aligned. 

Proposal 3.B.1: For the Rel-19 aperiodic standalone CJT calibration reporting of {(Dn,offset, dn), n=0, 1, …, NTRP – 1, n≠nref}, regarding the interval  which Dn,offset falls into,  is uniformly spaced between 0 and AD, i.e. , with  and  represent ‘out-of-range’
[Mod: Thanks for the good catch]

Proposal 3.C.1/3.D/3.E.1: Support the proposals.

	ZTE
	Proposal 3.A:
Support. However, we do NOT think the ‘out-of-range’ or ‘invalid’ status is needed for frequency/phase offset reporting. For frequency offset reporting, there is no exceeding CP issue as delay offset reporting. For phase offset reporting, the quantization range is clearly 0~2pi, there is no ‘out-of-range’ issue.
Proposal 3.B.1:
Support.
Proposal 3.C.1:
Support.
Proposal 3.D:
Support.
Proposal 3.E.1:
Support phase reporting, and further support subband reporting. Due to inter-TRP timing misalignment, the inter-TRP phase offset may linearly vary across subbands. So, the subband phase reporting is needed. However, subband phase reporting may be overhead-expensive. One more efficient way is that, the UE reports one initial phase and one phase slope for each CSI-RS resource/resource set.

	Fujitsu
	Proposal 3.A: Support

Proposal 3.B.1: Support

Proposal 3.C.1: Support

Proposal 3.D: Support

Proposal 3.E.1: Support

	Intel
	Proposal 3.A: Support

Proposal 3.B.1: Support

Proposal 3.C.1: Although we slightly prefer Alt. 2B, we can accept Alt. 1 to move forward. 

Proposal 3.D: we support the proposal. If multiple reporting types are included in a single report, separate reference TRP index is needed for each reporting type. 

Proposal 3.E.1: Support

	Mod V26
	P3.A: minor rewording of FFS to avoid misunderstanding regarding OOR agreement for Doffset per LG comment

P3.B.1: corrected typo M  MD per NEC comment

	AT&T
	Proposal 3.A: Support
Proposal 3.B.1: Support
Proposal 3.C.1: Support
Proposal 3.D: Support
Proposal 3.E.1: Support


	Qualcomm
	Proposal 3.A: OK

Proposal 3.D: OK
Proposal 3.B.1: OK
Proposal 3.C.1: OK

Proposal 3.E.1: OK – please move our position as: Wideband + slope, or wideband phase + timing misalignement


	Mod V30
	P3.E.1: No change in content. Minor rewording FFS after more comprehensive review of Tdocs, to guide decision for later discussion; removing “i.e. wideband reporting” (imprecise term)


	Mod V32 
	No revision

	InterDigital
	Proposal 3.A:
We can accept the majority view. We also support having an ‘invalid’ state. 
[Mod: Thanks for your understanding. ‘invalid’ will be discussed in round-2]

	CATT
	Proposal 3.B.1: Support (already correctly captured), we also support the “invalid” state/codepoint. If   “invalid” is agreed, either an additional codepoint or codepoint sharing with “out-of-range” is possible. Either way will lead to some revisions on proposal 3.B.1 quantization details.
[Mod: Thanks, ‘invalid’ will be discussed in round-2]]
Proposal 3.C.1: We can accept the majority view
[Mod: Thanks for your understanding]
Proposal 3.E.1: Support
We have observed that  =1 phase reporting fails to work for TDD reciprocity calibration considering phase offset induced by TX-RX timing misalignment. 
[image: ]
[Mod: Thanks. This is a good benchmark]


	Mod V36
	No revision


	TCL
	Proposal 3.A: Support

Proposal 3.B.1: Support

Proposal 3.C.1: Support

Proposal 3.D:  Fine

Proposal 3.E.1: Support

	Mod V40
	No revision


	Sony
	Proposal 3.A: Support.

Proposal 3.B.1: Support.

Proposal 3.C.1: We can accept Alt1 as well (the current FL’s proposal).
[Mod: Thanks for your understanding]
Proposal 3.D:  Support.

Proposal 3.E.1: Okay.

	Ruijie
	Proposal 3.A: OK
Proposal 3.B.1: OK
Proposal 3.C.1: OK
Proposal 3.D:  OK
Proposal 3.E.1: OK

	LG2
	Based on companies’ comment above, some companies use the terminology of ‘invalid’ which has different meaning from ‘out of range’. In order to make it clear, rather than mixing up, we suggest following revision.

Proposal 3.A: For the Rel-19 aperiodic standalone CJT calibration reporting, the UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· FFS (by RAN1#116bis): Whether an ‘invalid’ or ‘out-of-range’ quantization state/hypothesis is supported for all the types of CJT calibration reporting. Note that ‘out-of-range’ is supported for the (Dn,offset, dn) reporting
[Mod: Thanks for your understanding and good suggestion, done]

	Mod V44
	P3.A: Minor clarification revision from LG comment (valid)

	Mod Final
	No revision




References

	[bookmark: _Hlk127581975]1
	RP-240087
	Revised WID: NR MIMO Phase 5
	Samsung (Moderator)

	2
	R1-2402458
	Moderator Summary for OFFLINE discussion on Rel-19 CSI enhancements
	Moderator (Samsung)

	3
	R1-2402018
	On 128 CSI-RS ports and UE reporting enhancement
	Huawei, HiSilicon

	4
	R1-2402064
	Discussion on CSI enhancements
	ZTE

	5
	R1-2402080
	Rel-19 Enhancements of CSI
	InterDigital, Inc.

	6
	R1-2402099
	Discussion on CSI enhancements
	Spreadtrum Communications

	7
	R1-2402127
	CSI Enhancements for NR MIMO Evolution
	Kyocera Corporation

	8
	R1-2402139
	CSI enhancements for MIMO
	Intel Corporation

	9
	R1-2402156
	CSI enhancements to support up to 128 CSI-RS ports 
	MediaTek Inc.

	10
	R1-2402180
	Discussion on CSI enhancements
	TCL

	11
	R1-2402236
	Discussion on Rel-19 CSI enhancements
	vivo

	12
	R1-2402281
	CSI Enhancement for NR MIMO
	Google

	13
	R1-2402322
	CSI enhancements for Rel-19 MIMO
	OPPO

	14
	R1-2402377
	Discussion on Rel-19 MIMO CSI enhancements
	CATT

	15
	R1-2402406
	CSI enhancement for NR MIMO Phase 5
	Tejas Network Limited

	16
	R1-2403424
	Views on Rel-19 CSI enhancements
	Samsung

	17
	R1-2402497
	Discussion on CSI enhancements
	Lenovo

	18
	R1-2402538
	Discussion on Rel-19 CSI enhancements
	New H3C Technologies Co., Ltd.

	19
	R1-2402559
	Discussion on CSI enhancements
	CMCC

	20
	R1-2402633
	Discussions on CSI enhancements
	LG Electronics

	21
	R1-2402660
	Discussion on CSI enhancement for up to 128 ports and CJT
	Xiaomi

	22
	R1-2402722
	Discussion on CSI enhancements
	HONOR

	23
	R1-2402767
	Discussion on CSI enhancements
	NEC

	24
	R1-2402792
	Discussion on Rel-19 CSI enhancements
	Fujitsu

	25
	R1-2403452
	CSI enhancement for NR MIMO Phase 5
	Nokia

	26
	R1-2402875
	Views on R19 MIMO CSI enhancement
	Apple

	27
	R1-2403476
	CSI enhancements for large antenna arrays and CJT
	Ericsson

	28
	R1-2402962
	Further views on CSI enhancements
	Sony

	29
	R1-2403056
	CSI Enhancements
	CEWiT

	30
	R1-2403109
	CSI enhancements
	Sharp

	31
	R1-2403130
	Discussion on UE reporting enhancement for CJT 
	Panasonic

	32
	R1-2403145
	Views on Rel-19 CSI enhancements
	AT&T

	33
	R1-2403425
	CSI enhancements for >32 ports and UE-assisted CJT with non-ideal TRP synchronization
	Qualcomm Incorporated

	34
	R1-2403238
	Discussion on CSI enhancements
	NTT DOCOMO, INC.

	35
	R1-2403327
	CSI enhancements for Rel.19 MIMO
	Fraunhofer IIS, Fraunhofer HHI

	36
	R1-2403365
	Discussion on CSI enhancements for NR MIMO Phase 5
	KDDI Corporation

	
	
	
	

	
	
	
	

	
	
	
	




Average Packet Throughput, 20% RU
Scheme 1	35	0	Scheme 2-1	128	0.12944899621143	Scheme 2-2	66	9.0774518288621903E-2	Overhead (bits)

Gain (%)



Avg UPT gain (%) vs overhead
(8,8,2)=(M,N,P) with (N1,N2)=(8,4), Rank up to 4, 64 ports
Mode A	35	1	Mode B (BPSK, QPSK, 8PSK)	76	128	180	1.07175173837792	1.07577505845201	1.07794613305803	Scheme 2B	128	1.0719136833368801	Scheme 3 (BPSK, QPSK)	176	228	1.02992439194729	1.04393769167704	Scheme 4/6	168	1.03862387271126	Scheme 5	43	1.00467109990992	worst overhead

Avg UPT Gain



2	
5% UE	average	1	1	3	
5% UE	average	1.0448096398270901	1.02950914056569	4	
5% UE	average	1.07850390515734	1.0340469912289001	5	
5% UE	average	1.0530101063038799	1.03448399321122	6	
5% UE	average	1.05152249663868	1.0367249908067999	



2	
5% UE	average	1	1	3	
5% UE	average	1.3326046041776001	1.11007206767669	4	
5% UE	average	1.56860796519913	1.18988110876625	5	
5% UE	average	1.76284934467112	1.1992867511442999	6	
5% UE	average	1.86075667516688	1.2127996594674499	



Mean UPT	
No reciprocity error or time offset	Non-compensation	Wideband, 4-bit,1 time sample	Subband, 4-bit, 1 time sample	1	0.92449999999999999	0.93210000000000004	0.98550000000000004	



Average UPT Gain vs overhead
(16 ports per TRP, Inter-site inter-cell scenario with ISD=200)
with ISI modeled in CSI-RS/PDSCH reception
ISI not modelled (Upper bound)	175	259	315	483	585	921	262.77928677823502	267.748102243853	270.136128657114	270.64750722859901	270.20463108257701	273.38043538867203	Delay compensation with CJTC-D report using (D,d) with unquantization for D	175	259	315	483	585	921	259.46568108138302	261.43950678253702	262.09983830241401	262.50049783739399	266.70463506527602	267.87953131596299	Delay compensation with CJTC-D report using (D,d) with 4-bit quantization for D	175	259	315	483	585	921	246.06150880574799	247.719108194005	251.82208486335401	252.97786415809699	254.99948224911	256.81320344423801	Delay compensation with CJTC-D report using (D,d) with 5-bit quantization for D	175	259	315	483	585	921	257.16368096986702	260.48604860486103	261.91185490230401	261.85928327345999	265.10438654484898	266.74924129581098	 TRP selection with CJTC-D report using only d value (TH=CP)	175	259	315	483	585	921	201.80177309766401	203.73497526743799	204.28777391013401	205.48497327608899	213.149279529723	212.848984013446	without CJTC-D report	175	259	315	483	585	921	100	99.136550823223899	101.86231012481799	100.77981249452399	103.84250814462	102.48998351162599	overhead (number of bits)

Avg UPT Gain (%)
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