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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

	1.1.3
	
Proposal 1.A.3: For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If so, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified. 

FL assessment: Proponents of Alt1, 2, or 3 are to provide additional details comparable to the level of details in Rel-19 Type-I SP for cross-evaluation in RAN1#117.


	Support/fine: MediaTek, CATT, Xiaomi, NOMOR, vivo, Samsung, NEC, Qualcomm, NTT DOCOMO (lower priority), Tejas Network, ZTE, Huawei/HiSi, Lenovo/MotM (lower priority), Ericsson (lower), Intel (lower), TCL, CMCC, LG, OPPO (low), Fujitsu

Not support: 

	1.1.4
	
Conclusion 1.A.4: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=1-4, there is no consensus on supporting the following additional enhancements: Mode-C, inter-polarization amplitude for Scheme-B, larger values of L (>1, including 2, …, 10)


Question 1.A.4: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=1-4, please share your view on the following FFS points for RAN1#116bis:

Additional support for Mode-C:
· Support/fine: Nokia/NSB, NEC, Qualcomm, Tejas Network, Intel
· Not support: NTT DOCOMO, Lenovo/MotM, CMCC, AT&T, OPPO, vivo, ZTE, MediaTek, Ericsson, Google, TCL, CMCC, Fujitsu, CATT

Additional support for interpol amplitude for Scheme-B:
· Support/fine: ZTE, Fraunhofer IIS/HHI, NEC
· Not support: IDC, Samsung, vivo, OPPO, AT&T, NTT DOCOMO, Tejas Network, MediaTek, Lenovo/MotM, Ericsson, Google, TCL, CMCC, Fujitsu, CATT

Additional support for larger values of L (>1, including 2, …, 10) facilitating SB SD basis vector selection:
· Support/fine: ZTE, NEC, TCL
· Not support: Samsung, vivo, AT&T, NTT DOCOMO, Tejas Network, MediaTek, Ericsson, Google, CMCC, Fujitsu, CATT

For both Type-I and Type-II, additional support for deactivation of the redundant spatial bases corresponding to high spatial-frequency wave components to reduce CBSR signalling 
· Support/fine: ZTE, Google
· Not support: vivo, Samsung, NTT DOCOMO, Ericsson, TCL, CMCC, Fujitsu

For both Type-I and Type-II, additional support for deactivation of the redundant spatial bases corresponding to high spatial-frequency wave components to reduce PMI overhead
· Support/fine: ZTE, 
· Not support: vivo, Samsung, NTT DOCOMO, Ericsson, Google, TCL, CMCC, Fujitsu

FL assessment: The above pending FFSs need conclusion to proceed with UCI list/design issues


	1.1.5
	[116] Agreement
For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, support also RI=5-8, with lower priority than RI=1-4:
· FFS: Reduced complexity design, whether to reuse legacy RI=5-8 structure, based on the outcome of RI=1-4

Question 1.A.5: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, please share your view on the respective codebook design (e.g. direct extension of legacy Rel-15 via the new (N1,N2) values, direct extension of Rel-19 Type-I design for RI=1-4, new design, …)
· The goal is to list alternative schemes for further evaluation to make decision in RAN1#117


FL assessment: Some early views:
· The legacy design of i1,3 introduced for RI=5-8 + extension of i2 for higher inter-pol co-phasing: Intel
· Free beam selection (analogous to Mode-B) and independent interpol co-phasing per layer-pair/layer-group: Intel, ZTE, HONOR, CEWiT, Nokia/NSB, NTT DOCOMO

Alt1 (ZTE, Intel, OPPO):
· W1 structure: Independent selection of different ceil(v/2) SD bases for RI = v, where each SD basis is applied to two respective layers except that, if v is odd, the last SD basis is applied to the orphan layer.
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis to achieve layer orthogonality.

Alt2 (Huawei, Google): concatenate two rank 1~4 PMIs for rank 5~8 to reduce UE complexity

Alt3 (Nokia): 
baseline candidate scheme adding new (N1, N2) values for the Rel-15 Type-I ranks 5-8, i.e., 1st  beam is freely selected and the subsequent 2 beams (rank 5-6) or 3 beams (ranks 7-8) have fixed relation with the 1st, and one co-phasing across all layers 
A second candidate scheme: the 1st beam is freely selected and subsequent 2 beams (rank 5-6) or 3 beams (ranks 7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). One co-phasing across all layers 


	1.2.3
	
Question 1.B.3: 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, please share your view on whether (FFS) mapping method#3 (for K=4, 2x2 aggregation) should also be supported. Or any other additional mapping method. 
And if supported, add the following “FFS: the mapping between the number of CSI-RS resources (K) and the dimension-split .”
· Support/fine: NEC, AT&T, Tejas Network, HONOR, Samsung, Xiaomi, NTT DOCOMO, TCL, CMCC, Fujitsu, KDDI
· Not support: OPPO, Lenovo/MotM, Ericsson, ZTE, vivo, Nokia/NSB, Google, Intel, LG, CATT

FL assessment: This pending FFS needs conclusion


	1.2.4
	[bookmark: _Hlk163578873]
Question 1.B.4: For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, please share your view whether, for a given massive TXRU/antenna array, UE-specific precoder(s) for many-to-one mapping (virtualization) from multiple TXRUs to each CSI-RS port to facilitate full usage of all TXRUs for a pre-Rel-19 UE (i.e. UE-specific beamformed CSI-RS for pre-Rel-19 UEs) require specification support:
· Yes: CEWiT, Huawei/HiSi
· No: vivo, Samsung, NEC, ZTE, Ericsson, TCL, CMCC, OPPO, Fujitsu

FL assessment: This was mentioned as a means for co-existence between Rel-19 and pre-Rel-19 UEs that are superior to sub-array-based SD-NES-style co-existence method facilitated as a by-product by the port mapping/ordering method. While it was known that UE-specific BF CSI-RS potentially results in higher CSI-RS overhead, it can still be implemented by the NW in a spec-transparent manner. 


	1.3.2
	
Proposal 1.C.2: 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, support the following refinement on the K>1 CSI-RS resources associated with a same CSI-RS resource set:
· Allow per-resource configuration of evenPRBs or oddPRBs for 0.5 RE/RB/port density 
· For AP-CSI-RS, allow resource-specific slot offset when the K NZP CSI-RS resources are located in two consecutive slots
· FFS: details on how to configure/determine the slot offsets

FL assessment: It is argued that the above refinement is needed otherwise the possible aggregation options are too restrictive especially for K=4

	

Support/fine: NTT DOCOMO, Qualcomm, Samsung, Ericsson, MediaTek, ZTE, vivo, Huawei/HiSi, CEWiT, AT&T, Lenovo/MotM, Google, Intel, TCL, CMCC, KDDI, OPPO, Fujitsu

Not support: 



	1.3.3
	
Proposal 1.C.3: 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 the K>1 NZP CSI-RS resources also share the same QCL, PCoffset, and PCoffsetSS. In addition: 
· ‘within 1 slot’ should be basic feature and ‘within 2 consecutive slots’ should be UE capability

FL assessment: It is argued that the above additional restrictions will ease UE implementation

	

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

Not support: 


	1.3.4
	
Proposal 1.C.4: For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports based on the Rel-18 Type-II Doppler codebook, support the following aperiodic CMR configuration:
· A UE can be configured with KDOPP = {4, 8, 12} CSI-RS resource groups for the purpose of aperiodic CMR as needed by Type-II Doppler CSI
· The time separation between the first resources from two consecutive groups (=m) can be configured from {1, 2} 
· FFS: The need for additional restriction in time domain
· Each CSI-RS resource group comprises K NZP CSI-RS resources (K defined in previous agreements) for aggregation associated with a same CSI-RS resource set assuming the agreed resource set rules for Rel-19 Type-I/II codebooks
· All the KDOPP CSI-RS resource groups are associated with a same CSI-RS resource set configuration
FFS: the determination of CSI-RS resource group that a CSI-RS resource is associated with

FL assessment: Synthesized from several proposals from different companies 

	Support/fine: Huawei/HiSi, Intel, vivo, OPPO, Xiaomi, Fujitsu, NTT DOCOMO, NEC, ZTE, MediaTek, Ericsson, Google, Intel, TCL, CMCC, OPPO, Fujitsu

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, CMCC 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.


	1.10.1
	[113] Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding Z/Z’:
· For NTRP=1: reuse legacy Z/Z’ values
· For NTRP>1, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Legacy Z/Z’ values + r  
· The value(s) of r>0 can depend on the configured NTRP value
· FFS: exact value(s) of r
Note: Since this pertains Type-II, the relevant values are Z2/Z2’

[114] Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding Z/Z’ for Capability 2 when NTRP>1, r=legacy Z2’


Proposal 1.J.1: For the Rel-19 Type-I SP and Type-II codebook refinements for 48, 64, and 128 CSI-RS ports via aggregating K>1 CSI-RS resources, regarding timeline, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Scale the legacy timeline Z/Z’ by ceil(P/32) where P is the total number of ports across all the K aggregated CSI-RS resources
FFS: CPU occupation and active resource counting
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
· The legacy timeline Z/Z’ for Type-II corresponds to Z2/Z2’

FL assessment: 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), Fujitsu (open), Tejas Network, TCL, Ruijie, vivo, NEC, NTT DOCOMO, Tejas Network, HONOR, Google, CMCC, OPPO, Huawei/HiSi (ok), MediaTek, Fujitsu

Not support: ZTE, TCL (reuse CJT), 

	1.11
	(Round 2)

Question 1.K: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding CBSR design:
· 1-bit hard restriction is supported (analogous to Rel-18 Type-II)
· [In addition, S-bit scaling factor for soft restriction is supported with the scaling factor taken into account in CQI/PMI calculation]
· 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 in RRC configuration for Type-I/II codebooks with a same (N1,N2).

FL assessment: Some early views:
· Same as Rel-19 Type-II: Huawei/HiSi, ZTE, CEWiT, Qualcomm, NTT DOCOMO 
· Group-based, but with soft S-bit scaling factor (soft restriction) where the scaling factor is taken into account in CQI/PMI calculation: Ericsson

Huawei: legacy Rel-15 Type-I CBSR with extension that 1 bit in CBSR is associated with X1X2 SD basis vectors

	Support/fine: Ericsson, Samsung, NEC, Xiaomi, NTT DOCOMO, Google, Intel, TCL, CMCC, LG, [OPPO]

Not support: Huawei/HiSi, Lenovo/MotM

	
	
	



Table 1B SLS results: issue 1 
	Company
	SLS results

	
	Issue #
	Metric
	Observation

	Huawei/HiSi
	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
	1.1.1
	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

	MediaTek
	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: ]


	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. 

	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
	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
	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

Description automatically generated]

	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. 
[image: ]

	
	
	
	



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

	vivo
	1.A.3
OK

1.A.4
Not supportive for these bullets

1.B.3
Not supportive

1.B.4
Not supportive 

1.K
The three principles we agreed for Type II can be reused for Type I.
We can simply extend the current Type I CBSR in spec to achieve the group-based CBSR granularity, i.e., 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


	CEWiT
	Question 1.A.5:
As proposed in our contribution, we support a free beam selection based scheme for RI=5-8. As this could lead to increased feedback overhead, we also want to look into the possibility of restricting the beam selection for layers 5-8. This can be done using the beams selected for layers 1-4 as explained in our contribution. 

Question 1.B.4:

To clarify more on our proposal and replying to FL’s assessment, though this can be handled by using a BF CSI-RS as NW implementation for legacy UEs, our intention primarily here is to reuse one of the aggregated resources of Rel19 CSI-RS for legacy UEs. And reusing one of the aggregated Rel19 resource for a legacy UE will serve two purposes 1. Reduced CSI-RS overhead 2. Use of all the available TxRUs for legacy UEs.    

From Rel19 UEs perspective, allowing many-to-one mapping (virtualization) from multiple TXRUs to each CSI-RS port will help with channel averaging especially when the CSI-RS resources are not limited to a single slot. 

Proposal 1.C.2:
Support

Proposal 1.C.3:
Support


	Samsung
	Proposal 1.A.3
We are ok to consider Type-I MP enhancement if justified (e.g., SLS results). 

Proposal 1.A.4
For the first bullet, we may consider Mode-C for RI=5-8, given we have seen some benefit of Mode-C in certain scenarios.
For the second/third bullets, we don’t support as we haven’t seen any benefit of the schemes in terms of both aspects (performance and complexity). 
For the fourth bullet, we don’t support additional restriction framework other than CBSR. 

Question 1.B.3
Regarding mapping method 3, it is not essentially needed, but we are ok if the majority wants to support it.

Question 1.B.4
We agree with FL assessment, and it can be up to NW implementation in our understanding, hence we are not supportive.

Proposal 1.C.4.
Support

Question 1.K.
We are okay to consider group-based CBSR granularity, and also open to discuss on adding soft S-bit scaling factor.


	NEC
	Proposal 1.A.3
Fine with the proposal. 

Question 1.A.4
We are fine with the first three bullets, i.e. additional support of Mode-C, interpol amplitude and  larger values of L. 

Question 1.B.3
Support the method 3, at least for 128 ports.
 As we already agreed on the spirit for resource sharing, we think a whole picture to support all legacy configurations should be supported for network flexibility, and the introduced overhead is only 2 -> 3 values of configuration in RRC. And the port sharing is not only between legacy UE and Rel-19 UE, but also between Rel-19 UEs (64 ports and 128 ports).
  At least for 128 ports, 4 resources are needed for aggregation, 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; 
	(6,2)/(6,1); 

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

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

	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)




   If companies really have strong concern on RRC signaling with 3 values, we can be fine to support method 3 for 128 ports, even fine for (8,8) of 128 ports, where only one method applicable (method 2)
   
   Proposal: Support method 3 for 128 ports.


Question 1.B.4
Similar view as FL, which can be up to NW implementation.

Proposal 1.C.3/1.C.4
Support

Question 1.K
Support group-based CBSR, and whether hard or soft restriction can be further discussed. 

	Qualcomm
	Proposal 1.A.3: 
Our first preference is no need to have Type-I-MP, since we never have observed any deployment in the field, since Rel-15.
But given Rel-15 Type-I-MP is already there, we can compromise to Scheme1.

Question 1.A.4:
We are open to support modeC

Proposal 1.C.4: Generally OK.
One issue, since K=3 has not been agreed for sure, we’d like to put it in bracket:
	· Each CSI-RS resource group comprises K = {2, [3], 4} NZP CSI-RS resources for aggregation associated with a same CSI-RS resource set assuming the agreed resource set rules for Rel-19 Type-I/II codebooks





	Xiaomi
	Question 1.A.4:
We are open to discuss them if there are obvious benefit. 

Question 1.A.5:
Question 1.A.4 is related to schemes of Type-I codebook for RI=1~4. We can wait for the conclusion on Question 1.A.4 before further discussing RI>4.

Question 1.B.3:
We are fine.

Proposal 1.C.:
In addition to easing UE implementation, K NZP CSI-RS resources configured within 1 slot also bring obvious performance gain. We have observed about 2 dB performance gain could be obtained compared with K resource configured within two slots for 64 CSI-RS ports [referred our contribution]. Even when PCSI-RS=128 ports, there are still about more than 1 dB gain obtained if K CSI-RS resources configured within a slot, as shown in the following figure.

 

Question 1.K:
Scheme A and Scheme B are supported for Type-I SP codebook. For Scheme A, the legacy Rel-15 Type-I CBSR design could be reused. While CBSR of Rel-19 Type-II could be adopted for Scheme B. 

	AT&T
	Question 1.A.4:
· Not support for (2nd bullet & 3rd bullet) as we prefer to maintain the simple structure of Rel-19 Type I codebook.
Question 1.B.3: Here is a clarification for our FFS proposal for Method 3.
Looking at the mapping between the number of the CSI-RS resources (K) and the dimension-split (N’1, N’2), we observe the following:
1. Method1 (blue colored): have a unique (one to one) mapping  between K and the dimension-split (N’1, N’2)
2. Method2 (red colored): have a unique (one to one) mapping  between K and the dimension-split (N’1, N’2)
3. Method3 (green colored): does not have a unique mapping between K and the dimension-split (N’1, N’2)

The FFS intends to define the mapping between the number of the CSI-RS resources (K) and the dimension-split (N’1, N’2) for Method3. Below, the FFS is reworded:

FFS: For Method3, define the mapping between the number of CSI-RS resources (K) and the dimension-split (N’1, N’2).

[image: ]

Proposal 1.C.2 & Proposal 1.C.3: Support

Conclusion 1.E: Support


	NTT DOCOMO
	Proposal 1.A.3:
Rel-19 Type-I multi-panel (MP) codebook should have lower priority than single-panel codebook, if supported.

Question 1.A.4:
Not support the four bullets.

Question 1.A.5:
Free SD beam selection per layer for RI=5~8 is not needed in our view. Similar as legacy single-panel codebook, some restrictions for SD beam for different layers (e.g., per 1 or 2 layers) can be introduced. Similarly, the additional inter-polarization co-phasing reporting for layers with the same SD beam is also not needed.

Question 1.B.3:
Based on our analysis in contribution, mapping method 3 is only applicable to two specific cases for 128 ports. Thus, our first preference is to support two mapping methods (i.e., mapping method 1 and 2) to be configurable, considering the trade-off between flexibility and complexity. But we can also accept support of mapping method 3 additionally.

Proposal 1.C.2/3/4:
Support

Proposal 1.J.1:
Support

Question 1.K:
For the Rel-19 Type-I SP codebook refinement, based on legacy Rel-15 Type-I CBSR signaling, 1-bit can be 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.

	Tejas
	Proposal 1.A.3
We support the proposal to study Type-I MP design.

Question 1.A.4:
First bullet: As stated in our contribution, we support studying Mode C, as the scheme offers performance benefit due to extended orthogonal sets for rank 3/4. Moreover, the overhead increase is only marginal. 
Second bullet: Not supportive due to the marginal benefits in spite of increased feedback overhead. 
Third bullet: Not supportive due to its higher complexity and feedback overhead (design starts approaching Type-II implementation)
Fourth bullet: We are open to discuss this for further study, if there are obvious benefits.  

Question 1.B.3:
On the FFS: the mapping between the number of CSI-RS resources (K) and the dimension-split , we support mapping method to be configurable from NW side through RRC signalling. The configurable parameter (K1, K2) can be (K, 1) for mapping method #1, (1, K) for mapping method #2 and (K/2, K/2) for mapping method #3. We believe that this configurability will address larger azimuth beam sweep for horizontally distributed UEs, zenith beam sweep for vertically distributed UEs, and resource sharing between legacy/Rel-19 and Rel-19 UEs. With configurability future enhancements can also be scoped.

Proposal 1.C.3:
Support

Proposal 1.J.1:
Support

	ZTE
	1.A.3:
We are open to discuss Type-I MP codebook. Scheme 1 is preferred.

1.A.4:
For the first bullet, we think two schemes are sufficient, and the Mode-C is NOT needed.
Support the 2nd and the 3rd bullets.
For the 4th bullet, we are positive to the deactivation of the redundant SD bases since the simulations show that these SD bases are not likely to be selected and the deactivation does not affect the performance. The deactivation helps reduce the overhead of CBSR signaling by 20% or more. Additionally, it also helps reduce the codebook search complexity and may further affect the PMI feedback overhead. 
@Mod: Could you make our proposal on the deactivation of the redundant SD bases a separate one? It looks like the previous three bullets only focus on type-I SP codebooks design. Our proposal, on the other hand, mainly aims to reduce the CBSR signaling overhead, despite that it may also be considered for PMI overhead reduction. Or can we keep our bullet in 1.A.4 but add a new proposal on the deactivation of the redundant SD bases for CBSR overhead reduction only?

1.A.5:
We support the following codebook design for RI 5-8:
· W1 structure:
· Independently selection of different  SD bases for RI = v, where each SD basis is applied to two respective layers except that, if v is odd, the last SD basis is applied to the orphan layer.
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis to achieve layer orthogonality.
Basically, the above scheme adopts independent SD basis selection but restrict the number of selected SD basis, and one SD basis can be used for two layers. For RI = 5-8, complete free selection of up to 8 SD bases will lead to huge SD basis indication overhead. Besides, there would not be so many strong SD bases to be selected.

1.B.3:
NOT support. Whether gNB would use a sub panel to serve legacy UEs is questionable. Introducing too much flexibility is useless.

1.B.4:
NOT support. UE-specific will lead to unacceptable RS overhead in implementation.

1.C.2:
Support.

1.C.3:
Support.

1.C.4:
We are generally fine with the proposal. However, we should further restrict that the time separation between two consecutive resources is same across different groups. Then, to avoid the measurement error caused by UE mobility (this is for medium/high speed UE), the time separation between consecutive resources in each group should NOT be too far. So, we can further study the restriction of time separation between two consecutive resources in a same group.

1.E:
Support.

1.J.1:
We are OK to extend the Z/Z’ and OCPU. However, with more antenna ports at the gNB side, the performance is more sensitive to CSI reporting latency. The two large Z/Z’ should be avoided. In current proposal, the two capabilities are to distinct. We suggest to revise the capability 1 as Z/Z’ = Z2/Z2’ + r, and we can further study the value of r.

1.K:
Support to introduce group-based CBSR for Type-I codebook, i.e., each bit in the CBSR is associated with a group of X1X2 SD bases, the group includes X1 adjacent SD bases along the N1 direction and X2 adjacent SD bases along the N2 direction. Support hard CBSR, because there is no amplitude in Type-I PMI reporting. 

	MediaTek
	Issue 1.1.3
Support Rel-19 Type I MP codebook enhancement. Based on Scheme 4 agreed in RAN1#116, we propose the following wording for Proposal 1.A.3 (changing Scheme 1,2 to Alt 1,2 to avoid confusion with SP codebook schemes):

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

Question 1.A.4
Updated our preferences in the table

Proposal 1.C.4
Support in principle. However, we are wondering whether m=1 separation between consecutive CSI-RS groups is feasible when the CSI-RS resources within a group are themselves across two slots (especially for 128 ports with K=4 resources)
[Mod: This can be ruled out via NW implementation]
Proposal 1.J.1
Capability 1 seems too restrictive. A better Capability 1 could be to increment legacy Z/Z’ values

	Mod V12
	1.C.4: Revised per offline comment to clarify + Qualcomm comment


	Huawei, HiSilicon
	Proposal 1.A.3: fine with the proposal, and we prefer scheme 1.

Proposal 1.A.5: We support to concatenate two rank 1~4 PMIs for rank 5~8 to reduce UE complexity. In this way, the efforts on designing rank 5~8 PMIs can also be minimized. 
As analysed in our contribution (R1-2402018 & R1-2400105), the complexity of rank 8 of 8R receivers will be significantly large compared to rank 4. And using two antenna groups each consisting of 4 antennas can reduce the complexity, and achieve most gain of rank 8. Then each UE antenna group of 4 antennas can estimate one rank 1~4 PMI, and two PMIs generate the PMI for rank 5~8.

Question 1.B.4: Considering the large overhead of 128 CSI-RS ports, we support the many-to-one mapping by virtual antenna mapping. This can ensure all TXRUs can be used for pre-R19 UEs, while CSI-RS overhead is reduced.
The virtual antenna mapping is not implemented by UE specific precoders, it’s a cell specific precoders or OCCs, for example, generated as following. Then 128-port UEs can derive the channel of the 128 ports by inversing the orthogonal precoders (OCCs). And the legacy UEs can be served by all TXRUs by measuring one of the 32-port CSI-RS resource.
· Port 0 of CSI-RS resource #0 is generated by precoder (+1, +1, +1,+1) of (port #0, #1, #2, #3) of 128-port.
· Port 0 of CSI-RS resource #1 is generated by precoder (+1, +1, -1,-1) of (port #0, #1, #2, #3) of 128-port.
· Port 0 of CSI-RS resource #2 is generated by precoder (+1, -1, +1,-1) of (port #0, #1, #2, #3) of 128-port.
· Port 0 of CSI-RS resource #3 is generated by precoder (+1, -1, -1,+1) of (port #0, #1, #2, #3) of 128-port.
Totally by NW implementation is not optimized, since the aggregated 128 ports using precoders are not the real antenna layout, thus the DFT based type-I or type-II precoders will have some performance loss.

Proposal 1.C.4: one thing needs to be resolved is which CSI-RS resources belonging to which groups, propose the following FFS on this aspect.

Proposal 1.C.4: For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports based on the Rel-18 Type-II Doppler codebook, support the following aperiodic CMR configuration:
…
· FFS: the determination of CSI-RS resource group that a CSI-RS resource belongs to


Proposal 1.J.1: The gap between capability 1 and capability 2 in the proposal is very large. And I doubt there will be any UE implementation that can totally use legacy timeline to support up to 128 ports. So we prefer to leave capability 1 to be open so that at least there can be something between legacy and capability 2. Then capability 2 can be some early implementation for time to market, and cap 1 can be some further optimization later.

Proposal 1.J.1: For the Rel-19 Type-I SP and Type-II codebook refinements for 48, 64, and 128 CSI-RS ports via aggregating K>1 CSI-RS resources, regarding timeline, introduce two UE capabilities:
· Capability 1: FFS on extension of Reuse legacy Z/Z’ values which are less then capability 2
· Capability 2: Scale the legacy timeline Z/Z’ by ceil(P/32) where P is the total number of ports across all the K aggregated CSI-RS resources
FFS: CPU occupation and active resource counting
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
· The legacy timeline Z/Z’ for Type-II corresponds to Z2/Z2’

Question 1.K: We support to use legacy Rel-15 Type-I CBSR with extension that 1 bit in CBSR is associated with X1X2 SD basis vectors. Since legacy type-II CBSR uses beam groups, which is different from legacy type-I CBSR design, it’s not accurate to say it’s the same as Rel-19 type-II. So we propose to add one option:
· legacy Rel-15 Type-I CBSR with extension that 1 bit in CBSR is associated with X1X2 SD basis vec-tors


	Lenovo/ MotM
	Proposal 1.A.3
Agree with QC, NTT DOCOMO, lower priority

Question 1.A.4: 
Additional support for Mode-C: Not support
Additional support for larger L: open to consider if gains achieved + reduction in supported PCs
[Mod: There is no PC for Type-I]
Other enhancements: do not meet the WID scope of maintaining the legacy codebook(s) structure

Question 1.A.5:
We are fine with Alt1

Question 1.B.4: 
Proposal is not clear, prefer to discuss more with proponents

Proposal 1.C.2:
We are fine with this proposal. Our understanding is that the refinement does not imply that different resources of the same set or configured with different frequency density values, i.e., all resources should still be configured with the same density although configured separately

Proposal 1.K:
· Do not support the square brackets for soft restriction. 
· Regarding moving N1,N2 out of CBSR config, we understand the RAN2 decision to include N1,N2 configuration in CBSR is inconvenient, but it is preferred not to change this setup for one extension of one codebook in the last normative release of 5G. Spec consistency is preferred 
[Mod: Actually RAN2 is discussing this issue now and trying to do the same for Rel-18]


	Ericsson
	Proposal 1.A.3:
Similar to Qualcomm comment, we’d like to emphasize that there is no current deployment in the field for Type I MP.  So, we prefer to deprioritize Type I MP in Rel-19.
Proposal 1.A.3:
For the first bullet, we don’t support Mode-C for ranks 1-4.  But as suggested by some others, we can study some extensions/flavours of Mode-C as a candidate scheme for evaluations for ranks 5-8.
For second bullet, we haven’t observed sufficient performance-overhead benefits for interpol amplitude for Mode-B.  So we don’t support this bullet.
For third bullet, we don’t support SB SD basis vector selection since this will result in higher overhead.
For fourth bullet, we don’t see the need for this and don’t support it.
Proposal 1.B.4:
Agree with FL assessment that this can be achieved via spec transparent manner.  So, we don’t support to introduce any specification enhancements.
Proposal 1.C.4:
Support the proposal
Proposal 1.J.1:
Support the proposal.  Capability 1 is important to keep as we prefer to avoid increased latency for these CSI reports.

Proposal 1.K
The motivation for introducing these scaling factor is to reduce interference towards other systems according to the ‘WRC 23 Resolution COM4/7’.  This will limit the level of expected EIRP spectral density as a function of vertical angle above the horizon.  Generally, the gNB will back off transmissions in the vertical angle above the horizon  to comply with the EIRP mask.  As shown below, the backoff can be common to all selected beams or it can be beam specific.
[image: ]

If the UE doesn’t take into account the gNB applied backoff in PMI/CQI selection.  Hence, our proposal is to signal the scaling factors used for a group of beams so that the UE can take these scaling factors into account for PMI/CQI selection.  This is called ‘S-bit scaling factor for soft restriction’ in the proposal.  Note that we have done simulations comparing two implementation solutions to this spec enhanced solutions.  Our results show significant performance improvement for the spec enhanced scheme over two gNB implementation solutions.  Results are copied below, and companies are referred to our Tdoc (R1-2403476) for further details.
@ZTE:  you don’t need ‘amplitude in Type-I PMI reporting’ for this scheme.  What is signalled to the UE just scaling factors that would be applied by the UE when computing PMIs/CQIs.
	Scheme
	Mean user TP gain (%)
	5th percentile TP gain (%)

	Beam specific backoff at the network (via network implementation)
	baseline
	baseline

	Common backoff at the network (Baseline – via network implementation)
	-11
	-30

	Beam-group specific scaling factor aware PMI selection at the UE (spec enhancement needed)
	15
	58




	Nokia
	Q1.A.5

We can consider as baseline candidate scheme adding new (N1, N2) values for the Rel-15 Type-I ranks 5-8, i.e., 1st  beam is freely selected and the subsequent 2 beams (rank 5-6) or 3 beams (ranks 7-8) have fixed relation with the 1st, and one co-phasing across all layers 

A second candidate scheme: the 1st beam is freely selected and subsequent 2 beams (rank 5-6) or 3 beams (ranks 7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). One co-phasing across all layers 

Q1.B.3
Our preference is not to support mapping 3. Mappings 1 and 2 already support horizontal and vertical aggregation of resources and addresses the compatibility issue with legacy port layouts per resource. Supporting vertical and horizontal splitting together does not seem needed at this point.


	Google
	Q1.A.4
We failed to see the necessity for mode-C, interpol amplitude for Mode-B, large values of L. We can be open to CBSR signaling.

Q1.A.5
For RI=5-8, we think one way is to report the PMI per codeword based on the codebook for RI=1-4. Therefore, no new codebook could be required.

Q1.B.3
We slightly prefer not to support it.

Q1.B.3
We would like to understand the potential spec impact.

Q1.C.2
Support

Q1.C.3
Support

Q1.C.4
Support

Q1.E
Support

Q1.J.1
Support

Q1.K
Same as R19 Type2






	Mod V19
	P1.C.4: Added FFS from Huawei

	Intel
	Proposal 1.A.3: 
We are open to discuss extension of legacy Type I MP codebook (Scheme 1) and can accept the proposal as is. However, we don’t see strong need to further optimize the codebook design for multi-panel antenna arrays. 

Question 1.A.4: 
We are fine to consider Scheme 5 for codebook design as extension of Mode-A since it is very similar and can be described in the specification as one codebook with different range for the 2nd orthogonal beam.

Question 1.A.5: 
Support free beam selection per layer pair and independent inter-pol co-phasing per layer-pair.

Question 1.B.3:
Antenna aperture corresponding to Mapping method#3 applies only for K=4 case. For K = 2 we propose to consider mapping scheme with interlacing of CSI-RS ports/resources in N1 domain. 

Proposal 1.C.2:
We support this proposal in principle.

Proposal 1.C.3, Proposal 1.C.4: 
Ok.

Question 1.K:
Rel-15 Type I SP CBSR design should be the baseline. We are open to consider beam grouping + S bit scaling factor. 


	TCL
	Proposal 1.A.3
Support

Question 1.A.4:
Not support the bullets 1,2,4, and 5. Support bullet 3. 
We have updated our preferences in the table

Question 1.B.3: 
Support

Question 1.B.4:
Not support 

Proposal 1.C.2
Support

Proposal 1.C.3
Support

Proposal 1.C.4
Support

Proposal 1.J.1
Not support, regarding timeline we support reused Rel-18 CJT scheme.

Proposal 1.K:
Support


	CMCC
	Issue 1.1.3
Support to have Type-I MP CB considering Rel-15 MP CB are already there. And now that two schemes have been supported for Rel-19 SP CB, then maybe two schemes for MP CB are also possible, although it is up to the trade-off between performance and overhead.

Issue 1.1.4
We do not additional enhancement is needed, including Mode-C, interpol amplitude for Mode-B, larger value of L and some other.

Issue 1.2.3
NEC have a good point on the co-existence between 64 port CSI report and 128 port CSI report, method#3 is also a possible gNB implementation method, the RRC overhead with one additional value added is not a big deal.

Issue 1.2.4
No need for specification support, in this way, maybe another UE specific CSI-RS resource is needed.

Issue 1.3.2
OK with this proposal.

Issue 1.3.3
OK with this proposal.

Issue 1.3.4
OK with this proposal.

Issue 1.5
OK with this conclusion.

Issue 1.10.1
OK with this proposal, having two caps is good for commercial development of this feature.

Issue 1.11
OK with this, reusing Rel-19 Type-I CBSR can be the baseline.

	Mod V25
	Added conclusion 1.A.4


	LG
	Proposal 1.A.3
Support scheme 1.

Question 1.B.3: 
Not Support. Method 1 and 2 is sufficient.

Proposal 1.K:
We support group-based CBSR granularity as we agreed for R-19 type II CBSR.

	OPPO
	Proposal 1.A.3:
We also think Type-I multi-panel (MP) codebook refinement in Rel-19 should be low priority.

Proposal 1.A.5:
We prefer Mode-B-like SD basis selection and independent co-phasing selection for each layer.

Question 1.B.4:
It is unclear to us the specification impact for this TXRU virtualization.

Question 1.C.2/3/4:
Support.

Conclusion 1.E:
Fine.

Proposal 1.J.1:
Regarding the timeline, support to introduce two UE capabilities. For Capability 2, if companies think the scaling of the legacy Z/Z’ by ceil(P/32) is too relaxed, we are also fine to reuse the timeline of CJT, where r can be reported by UE capability or r=legacy Z2’. 

Question 1.K:

Conclusion 1.A.4:
Fine

	Fujitsu
	Proposal 1.A.3
Support, and also support MTK’s suggestion to align SP codebook design.

Question 1.A.4:
No need to support Mode C, and no need to enhance other optimizes.

Question 1.B.3: 
Support

Question 1.B.4:
Agree with FL assessment.

Proposal 1.C.2
Support

Proposal 1.C.3
Support

Proposal 1.C.4
Support

Proposal 1.J.1
Support


	CATT
	Question 1.A.4: 
Additional support for Mode-C： Not support
Additional support for interpol amplitude for Mode-B: Not support
Additional support for larger values of L：Not support
Question 1.B.3:
We prefer not to introduce new mapping method since method 1 and 2  are sufficient.


	KDDI
	Question 1.B.3: 
We are ok if the majority wants to support method 3.

Question 1.B.4:
We would like to understand specification impact too, as some companies mentioned.

Proposal 1.C.2
Support

	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

	2.1.1
	
Proposal 2.A.2: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, with the Rel-16 eType-II codebook and KS={1,2,3,4}, support M=2 with a maximum of 16 ports per resource , [R=1 only,] and a maximum UCI payload of 1706 bits.  
· The value of M={1, 2} is NW-configured via higher-layer (RRC) signalling
· The maximum value of M is subject to UE capability 

FL assessment: Summary re FFS
· Support/fine with no restriction: Huawei/HiSi, Xiaomi, NEC, CEWiT, LG, Sharp 
· OK with restrictions: OPPO, Fujitsu (RI and PC restrictions) 
· OK with ≤16 ports per resource, with KS={1,2,3,4} (same as proposal 2.A) + max UCI payload=1706 bits (proposal 2.A.2): MediaTek, Samsung, Qualcomm, Ericsson (ok), ZTE (ok), Huawei/HiSi (ok)
· Not support: vivo, IDC, Apple, NTT DOCOMO

	Support/fine: MediaTek, Qualcomm, Samsung, Ericsson (ok), ZTE (ok), Huawei/HiSi (ok), CEWiT, NEC, NTT DOCOMO (ok), Lenovo/MotM, Intel, TCL, CMCC, OPPO, 


Not support: vivo, 


	2.6.2
	 
Proposal 2.F.2: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, the M CRIs (each with  bits) are separated indicated 
· FFS: whether to support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (≤M) of KS CSI-RS resources, including whether further reduction in the number of hypotheses is supported, i.e. reporting (M – MR) CRIs (each with  bits)

FL assessment: based on Alt3 OFFLINE agreement


Question 2.F.2: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, please share your view on whether the following overhead reduction schemes should be supported:
· CRI/resource-common RI value (indication): 
· Support/fine: NTT DOCOMO, Xiaomi, TCL, Huawei/HiSi, CATT
· Not support (CRI/resource-specific RI): vivo, Samsung, NEC, Qualcomm, NTT DOCOMO, Lenovo/MotM, Ericsson, Nokia/NSB, Google, Intel, CMCC, MediaTek, Fujitsu
· SD basis selection:
· Alt1. CRI/resource-common SD basis selection:
· Support/fine: CEWiT
· Not support: vivo, Samsung, NEC, Qualcomm, AT&T, Lenovo/MotM, Ericsson, Nokia/NSB, Google, Intel, MediaTek, Fujitsu, Huawei/HiSi
· Alt2. Differential SD basis selection:
· Support/fine: CEWiT, Xiaomi, ZTE
· Not support: vivo, Samsung, NEC, Qualcomm, AT&T, Lenovo/MotM, Ericsson, Nokia/NSB, Google, Intel, MediaTek, Fujitsu, Huawei/HiSi
· Alt3. CRI/resource-specific SD basis selection:
· Support/fine: vivo, Samsung, NEC, Qualcomm, AT&T, Lenovo/MotM, Ericsson, Nokia/NSB, Google, Intel, TCL, CMCC, MediaTek, OPPO, Fujitsu, Huawei/HiSi
· Not support:
· Differential WB CQI (the wideband CQI(s) associated with the 2nd, …, M-th CRI(s) is calculated differentially with respect to the 4-bit largest wideband CQI(s) associated with the 1st CRI into Bd<4 bits):
· Support/fine: NTT DOCOMO, ZTE, Huawei/HiSi
· Not support (No differential, Bd=4): vivo, Samsung, Qualcomm, Lenovo/MotM, Ericsson, Nokia/NSB, Google, Intel, TCL, CMCC, MediaTek, Fujitsu
· 1-bit differential SB CQIs associated with the 2nd, …, M-th CRI(s), calculated differentially with respect to the 2nd, …, M-th WB CQI(s)
· Support/fine: Huawei/HiSi
· Not support (No differential, legacy 2-bit): vivo, Samsung, Lenovo/MotM, Ericsson, Fujitsu Nokia/NSB, Google, Intel, TCL, CMCC, MediaTek
· CRI encoding:
· Alt1. Joint CRI encoding via bitmap:
· Support/fine: Xiaomi, ZTE, TCL, Fujitsu, [CMCC], [HONOR]
· Not support: Samsung, NEC
· Alt2. Joint CRI encoding via combinatorial:
· Support/fine: Samsung, NEC, Xiaomi, NTT DOCOMO, ZTE, Ericsson, Google, Intel, TCL, Fujitsu 
· Not support:
· Alt3. M separate CRIs where each CRI follows legacy Rel-15 CRI-based reporting
·  Support/fine: Qualcomm, CMCC, MediaTek, OPPO
· Not support: Samsung

FL assessment: Finalizing this is important before we can discuss UCI multiplexing for sub-band CSI (UCI list, two-part UCI)


	[bookmark: _Hlk127656417]
	
	

	
	
	



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
	[bookmark: _Hlk164099502]Company
	Input

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

	vivo
	2.A.2
We don’t support M=2 for Type II.  We are not convinced about the benefit of M=2 given the high complexity. 
From performance perspective, we are not clear about its benefit compared with M=1 for multi-beam solution. NW can already get multiple beams in Type II reporting. 
In terms of complexity, to derive multiple CQIs/PMIs based on eType II codebook increases the UE complexity a lot compared with legacy codebook. The number of performed SVDs, the number of CSI hypothesis, the number of channel and interference estimations and so on are all much more than legacy eType II, especially we already support high-complexity features like R=2 in legacy eType II.

2.F.2
We support independent reporting of RI/PMI/CQI, so we don’t support the 1st, 2nd and 4th bullets, and we support Alt 3 for SD basis selection. The overhead saving of these schemes is marginal. There is no point to do such optimizations given they may need to sacrifice the performance.

	CEWiT
	Proposal 2.A.2: Support

Question 2.F.2: 
Overhead reduction for SD basis selection should be supported at least for Type-II if M=2 is supported

	Samsung
	2.F.2
Our preference is not to introduce dependency on RI/PMI/CQI across CRIs. Hence we support resource-specific RI, resource specific SD basis selection, and no differential WB CQI across CRIs. 

For CRI encoding, we support Alt2, since it is simple and can reduce overhead (Ks choose M).



	NEC
	Proposal 2.A.2: 
OK

Question 2.F.2: 
Support CRI specific RI, CQI, and SD selection.
For CRI encoding, we are fine with Alt 2.


	Qualcomm
	Proposal 2.A.2:
We’d like to add a sub-bullet (similar as the Round1-agreed for Type-I):
	· The maximum value of M is subject to UE capability




Question 2.F.2:
CRI/resource-common RI: Not support
SD basis selection: Alt3
Differential WB CQI: Not support
CRI encoding: Either Alt3, or an sorting order e.g.  codepoints for M=4


	Xiaomi
	Proposal 2.A.2:
Support

Question 2.F.2:
Support resource common RI value. Regarding SD basis selection, we support Alt2.
Regarding CRI encoding, we support both Alt1 and Alt2.

	AT&T
	Question 2.F.2
SD basis selection: support Alt3 with specific SD basis selection as it provides higher flexibility for the decision of MU pairings.  


	NTT DOCOMO
	Proposal 2.A.2:
We’re okay with this version. Please remove DCM from ‘not support’.

Question 2.F.2:
We think other overhead reduction methods, e.g., SD basis selection, differential CQI, are related to whether CRI/resource-common RI value is supported or not. If CRI-specific RI value is supported, there seems to be less intention to consider further overhead reduction methods.
Regarding CRI-common RI value, although our first preference is to support it, after checking the comments from companies for first round input, support of CRI-specific RI value is technically sound to us. So we’re okay to support CRI-specific RI value.
Then, for CRI encoding, Alt2 becomes our first preference.

	ZTE
	2.A.2
Support.

2.F.2
For CRI or RI: Support differential WB CQI reporting. Open to discuss resource-common RI reporting. 
For SD bases: Support independent SD bases selection. However, we observed from SLS that, the channel of different analog beams are correlated. So, the selected SD bases for different beams are close to each other. Then we can encode the selection SD bases in a differential way. As shown in the following figures, with more than 90% possibility, the offset of i1,1 or i1,2 between the first beam and the other beams is equal or less than 3.
[image: ][image: ]
Figure 1 CDF of the offsets of i1,1 and i1,2 between different CRIs for Type-I codebook
For CRI encoding: We are open to discuss joint encoding via bitmap or combinatorial number.

	Mod V12
	P2.A.2: Added UE cap bullet per Qualcomm 


	Lenovo/ MotM
	Proposal 2.A.2:
Support in general, OK with port/RI restriction but RI constraint to be ‘1’ is too restrictive.  We suggest adding an FFS instead that addresses the allowed parameter combinations + RI restriction + max ports

Question 2.F.2:
Most payload overhead is in PMI, we do not see enough motivation to support CRI/RI/CQI overhead reduction.

	Ericsson
	Question 2.F.2:
· No support for CRI/resource-common RI value indication.  Similar to other comments, we don’t prefer to couple the Ris corresponding to different CRIs.
· For SD basis selection, we prefer Alt 3.  Again, we prefer to keep SD basis selection independent for different resources (hence, support resource specific).
· We don’t support neither differential WB CQI nor 1-bit differential SB CQIs.  
For CRI encoding, we prefer Alt 2

	Nokia
	Q 2.F.2
Our preference is to report the M CSIs in UCI without any sharing or differential encoding of indicators


	Google
	Q 2.A.2
Why is the maximum UCI payload 1706 bits?
[Mod: This is the max payload for Polar code, mentioned in 212 and 213]
Q 2.F.2
We think everything should be CRI specific. Do not support differential report.


	Mod V19
	No revision

	Intel
	Proposal 2.A.2: Ok

Question 2.F.2: In summary, we prefer separate RI/PMI/CQI reporting, and optimized CRI reporting via index of combination.
RI: Support CRI/resource-specific RI.
SD basis: Support CRI/resource-specific SD basis selection (Alt 3).
CQI: Support legacy CQI reporting design (CRI/resource-specific).
CRI: Support Joint CRI encoding via combinatorial (Alt 3).


	TCL
	Proposal 2.A.2
Support

Question 2.F.2
Support resource common RI value.
Regarding SD basis selection, we support Alt3.
Regarding WB CQI, and SB CQI, we not support differential.
Regarding CRI encoding, we support both Alt1 and Alt2.


	CMCC
	Proposal 2.A.2:
OK with this proposal.

Question 2.F.2:
After reconsidering, it seems the potential overhead reduction is limited and will bring some performance loss, additional trouble in UCI omission and mapping, so we prefer CRI specific RI, CQI, and SD selection now. 
And for the CRI encoding, considering simple UCI omission and mapping rule, Alt 3 is our first preference.

	MediaTek
	Question 2.F.2: Our view as follows:
RI: Do not support CRI/resource-specific RI.
SD basis: Support CRI/resource-specific SD basis selection (Alt 3), do not support Alt1 and Alt2
CQI: Support legacy CQI reporting design (CRI/resource-specific), do not support differential.
CRI: Support M separate CRIs where each CRI follows legacy Rel-15 CRI-based reporting (Alt 3)

	Mod V25
	No revision

	OPPO
	Proposal 2.A.2:
Support. We see the benefit to support M=2 for scheduling flexibility and MU-MIMO gain.

Question 2.F.2:
For SD basis selection, support Alt3. For CRI encoding, we prefer Alt3 which follows that of NCJT CSI and is simpler. The other enhancements seem unnecessary since the overhead reduction is too small.

	Fujitsu
	Proposal 2.A.2:
Support

Question 2.F.2:
CRI-specific RI/SD basis/CQI basis without differential scheme and enhancement is sufficient.
For CRI encoding, we support Alt 1 and Alt 2.

	Huawei, HiSilicon
	Proposal 2.A.2:
Support.

Proposal 2.F.2:
Regarding RI, support CRI/resource-common RI.
Regarding SD basis, support Alt1 and can live with Alt2.
Regarding CQI, support differential WB/SB CQI.
Regarding CRI, open to discuss and the decision should be made based on overhead analysis

Furthermore, given that the gNB may not be able to serve the UE with its preferred analog beam decided based on traffic requirement and UE distribution if all the M reported beams are selected by the UE, we suggest to add the following FFS below CRI encoding:
FFS: one or more CRI(s) is indicated by the gNB

	CATT
	Question 2.F.2:
CRI/resource-common RI value (indication): Support


	Mod final
	Added proposal 2.F.2 from OFFLINE agreement




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

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

	3.1.2
	[116] Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, support the following:
· …
· FFS: One-part or two-part UCI on PUSCH (analogous to Rel-18 TDCP)
· …


Proposal 3.A.2: For the Rel-19 aperiodic standalone CJT calibration reporting, at least for a CJT calibration report consisting only one type, support one-part UCI on PUSCH 

FL assessment: Since UE reports for all configured NTRP resources/resource sets, there is no reason to support two-part UCI.

	Support/fine: Intel, vivo, Samsung, Nokia/NSB, Ericsson, Qualcomm, NTT DOCOMO, Google, OPPO, Apple, MediaTek, Fujitsu, Xiaomi, AT&T, ZTE, Lenovo/MotM, TCL, KDDI, MediaTek, OPPO, CATT


Not support (2-part): LG (2-part), Huawei/HiSi


	3.1.3
	
Proposal 3.A.3: For the Rel-19 aperiodic standalone CJT calibration reporting, an ‘invalid’ quantization state/hypothesis is supported for frequency offset and phase offset CJT calibration reporting
· Note: already supported as ‘out-of-range’ for the (Dn,offset, dn) reporting
· FFS (RAN1#117): The need for a condition/event for ‘invalid’ to be specified as a UE procedure e.g. RSRP-based


FL assessment: As argued by proponents ‘invalid’ is crucial to prevent UE from reporting based on unreliable measurements from e.g. CSI-RS with weak SNR (often unknown to NW). Functionally it is equivalent to ‘OOR’ or ‘NULL’ often used for DL/UL signalling in 3GPP. It only costs 1 out of 16-32 codepoints.

	Support/fine: Apple, AT&T, Ericsson, NTT DOCOMO, Qualcomm, Samsung, Sony, vivo, OPPO, Nokia/NSB, KDDI, Sharp, MediaTek, Fujitsu, IDC, Xiaomi, CATT, Huawei/HiSi, NEC, AT&T, Google, Intel, TCL, Lenovo/MotM (ok)


Not support: ZTE 


	3.2.2
	
Proposal 3.B.2: For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for delay offset reporting Dn,offset, i.e. (AD, MD), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AD ={0.5CP, 0.75CP, CP, 1.5CP, 2CP, , , } where CP and  denote the length of the cyclic prefix for symbols l≠0, l≠7.2 within a slot and the SCS, respectively
· FFS: Further down-selection of the above candidate values for AD, including the use of a same unit for all supported values
· MD ={32, 64}
· FFS: If TDD TX/RX timing misalignment report is supported, whether different set of candidate MD values is needed
In addition, the inside/outside range for the 1-bit indicator dn is equal to [0, CP].
FFS: Further implicit/explicit restriction(s) on candidate value(s) depending on the CSI-RS configuration


FL assessment: This proposal was agreed OFFLINE


	Support/fine: ZTE, vivo, OPPO, CATT, Samsung, Xiaomi, NEC, Nokia/NSB, Ericsson, Sony, Sharp, NTT DOCOMO, Huawei/HiSi, Google, Intel, TCL, KDDI, OPPO, Fujitsu, CATT


Not support: 


	3.5.2
	
Proposal 3.E.2: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding phase offset reporting, the value n, indicates a uniformly quantized phase between 0 and A[where A= 2]

FL assessment: Either O to A, or -A to A, doesn’t really matter since phase is circular every 2. The value(s) of A can be chosen accordingly depending on this.

	Support/fine: Nokia/NSB, Samsung, CMCC, Sharp, Qualcomm, NEC, Xiaomi, ZTE, Lenovo/MotM, Google, Intel, TCL, KDDI, OPPO, Fujitsu, Sony, CATT  


Not support: 


	3.5.3
	
Proposal 3.E.3: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding phase offset reporting, decide, by RAN1#117, whether >1 is supported and, if so, decide from the following candidates: 
· Alt1. >1 phase offsets associated with different subbands
· Including the supported value(s) of and subband sizes (in RBs)
· Alt2. One phase offset + slope
· Alt3. One phase offset + DL/UL time misalignment 
Note: Assume the agreed use case 3.3 with TDD reciprocity TX-RX timing offset on at least one of the configured NTRP TRPs


FL assessment: NW vendors/interested operators are encouraged to share their views on the assumed timing offset value(s) to assess the necessity of this feature in real-life deployment scenarios

	Support/fine: Samsung, NEC (1 or 2), Qualcomm (2 or 3), ZTE (2), Huawei/HiSi, Google, Intel, TCL (2), OPPO (3), Sony (3), CATT (1)


Not support: 


	3.6.1, 2
	
[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)


[bookmark: _Hlk163785876]Proposal 3.F.1: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-Dd’ (Doffset+d) or ‘cjtc-F’ (frequency offset), periodic TRS (‘CSI-RS for tracking’) resource set is used for each of the NTRP NZP CSI-RS resource sets
· Extend the maximum allowed number of TRS resource sets to 4 (note: legacy supports max. 3 from Rel-18 TDCP)
· FFS: Whether all the resources across the NTRP TRS resource sets are configured with the same bandwidth
· FFS: Whether aperiodic TRS resource set can also be used
· FFS: Whether CSI-RS for CSI can also be used
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional time separation between RSs 
· FFS: The exact number of CSI-RS resource(s) within each TRS resource set
· FFS: applicable type(s) if joint reporting of both Doffset/d and FO is supported


Proposal 3.F.2: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), single-port CSI-RS(s) for CSI is used 
· FFS: Whether multi-port CSI-RS for CSI can also be used 
· FFS: Whether All the ‘CSI-RS for CSI’ resources within each resource set follow the legacy pre-Rel-19 rules of CSI-RS resources associated with a same resource set, and whether only 1 or NTRP >1 resource sets are used
· FFS: The exact number of CSI-RS resource(s) within each resource set
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional restrictions e.g. time separation between RSs 


FL assessment: The above proposals are synthesis from Tdocs and offline comments I received. 

	



P3.F.1: 
· Support/fine: Qualcomm, Huawei/HiSi, Samsung, vivo, Ericsson, ZTE, NTT DOCOMO, NEC, Xiaomi, Lenovo/MotM, Google, Intel, TCL, OPPO, Fujitsu, Sony, CATT
· Not support: 


P3.F.2: 
· Support/fine: Qualcomm, Huawei/HiSi, Samsung, vivo, Ericsson, ZTE, NTT DOCOMO, NEC, Xiaomi, Lenovo/MotM, Google, Intel, TCL, OPPO, Fujitsu, Sony, [CATT]
· Not support: 


	3.6.3
	
Proposal 3.F.3: For the Rel-19 aperiodic standalone CJT calibration reporting, assuming the Rel-17/18 unified TCI framework, regarding TCI/QCL, the following is assumed:
· Based on the legacy support of up to 2 TCI states for PDSCH-CJT 


FL assessment: This proposal was agreed OFFLINE


This needs to be concluded before we can proceed further on QCL issues for CJTC reporting 

Question 3.F.3: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding QCL assumptions assuming the Rel-17/18 unified TCI framework, please share your preference for the following two options:
· Opt1. Based on the legacy support of up to 2 TCI states for PDSCH-CJT, 
· use the 2 TCI states for PDSCH-CJT as follows: the first for the reference TRP nref, and associate the QCL assumptions for the other (NTRP-1) TRP(s) to the second TCI state 
· assuming the reference TRP nref is already compensated, use (only) one TCI state for PDSCH-CJT for the QCL assumptions of the other (NTRP-1) TRP(s)
· Opt2. For PDSCH-CJT, increase the maximum number of TCI states from 2 (legacy) to 4 reference TRP nref

Opt1:
· Support/fine: NTT DOCOMO, Qualcomm, Samsung (ok), Qualcomm, Xiaomi, ZTE, Lenovo/MotM, Ericsson, Google
· Not support: 
Opt2.:
· Support/fine: Samsung, Huawei/HiSi
· Not support: NTT DOCOMO, Qualcomm

	
Support/fine: NTT DOCOMO, Qualcomm, Samsung (ok), Qualcomm, Xiaomi, ZTE, Lenovo/MotM, Ericsson, Google, TCL, OPPO, Fujitsu, CATT

Not support: 

	
	
	

	
	
	



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

	
	Issue #
	Metric
	Observation

	ZTE
	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
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	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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	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
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	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

	Samsung
	Proposal 3.A.2
Support

Proposal 3.A.3:
Support.

Proposal 3.E.3
The time misalignment assumption of 65 ns should be baseline to evaluate SB phase offset reporting. 
Also, we support Alt1, and the supported values of Sigma and the size of SB should be determined based on SLS results under the assumption of time misalignment. 

Question 3.F.3.
We prefer option 2 for flexible design although we understand the spec impact may not be small.  

	NEC
	Proposal 3.A.3: 
OK

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

Proposal 3.E.3: 
Support, and we can be fine with Alt 1 and Alt 2.

Proposal 3.F.1/3.F.2: 
Support.

	Qualcomm
	Proposal 3.B.2:
We’d like to add two more values for AD (which correspond to CSI-RS freq density 1 and 0.5 respectively) 
AD = {CP, …, , , …}

Proposal 3.E.2:
Support, and I feel we can try [0,2] i.e. A=2

Proposal 3.E.3:
OK with the proposal, and we prefer either Alt2 or Alt3, but not Alt1 (since less economic)

Proposal 3.F.2: Support

Proposal 3.F.1: We can be OK.
Our first preference is not to call such CMR (for delay and FO) as TRS, but broader as CSI-RS resource set – but given that there are the last two FFSs, we are OK:
· FFS: additional time separation between RSs 
· FFS: The exact number of CSI-RS resource(s) within each TRS resource set

We want to point out that, 
1. Delay does not need TRS’s 4 CSI-RSs, but 1 can be sufficient; FO does not need TRS’s 4 CSI-RSs either (2 can be sufficient) – note that TRS overhead is quite large, considering the freq density 3
2. For FO precision, we want to FFS whether TRS’s at most 18-symbol time interval is enough (whether need to be extended to longer like 4 or 5 slots)

Question 3.F.3: Opt1 is our second preference, and we’d like to add our first preference:
	· Opt3: For PDSCH-CJT, single-TCI can be possible for the case: PDSCH transmitted from N-1 TRPs is with delay/FO compensated to the anchor TRP (thus delay-QCL and Doppler-QCL are invalid for the N-1 TRPs, and only rely on the anchor TRP)



[Mod: Opt3 can be merged (and reworded) with Opt1 since this is based on what legacy supports]


	Xiaomi
	Proposal 3.A.2: support

Proposal 3.B.2: fine 

Proposal 3.E.2: support 

Proposal 3.F.1&2: fine

Proposal 3.F.3: prefer Opt 1.

	AT&T
	Proposal 3.A.2 & Proposal 3.A.3: Support


	Mod V12
	P3.E.2: Added 2pi

P3.F.3: Added Opt3 from Qualcomm

	Huawei, HiSilicon
	Proposal 3.A.2: if “out-of-range” or “invalid” is supported in proposal 3.A.3, then such TRPs may have very low RSRP and need not be reported. In this way, two-part UCI is more beneficial to reduce reporting overhead.

Proposal 3.A.3: We can accept it.

Proposal 3.B.2: we propose to add two values of AD for CSI-RS with rho=1 and TRS with rho=3:

· AD ={CP,, , , …} where CP and  denote the length of the cyclic prefix and the SCS, respectively

Proposal 3.E.3: we don’t see the need to support >1.

Proposal 3.F.1: propose to add an FFS on possible configuration of both delay offset and frequency offset, since it’s of high probability that TRPs have to be calibrated on both delay and frequency offsets.

Proposal 3.F.1: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-Dd’ (Doffset+d) or ‘cjtc-F’ (frequency offset), periodic TRS (‘CSI-RS for tracking’) resource set is used for each of the NTRP NZP CSI-RS resource sets
· …
· FFS: joint configuration of both cjtc-Dd and cjtc-F

Question 3.F.3:
For option 1, there are two problems. 1) because the reference TRP is reported by UE, network may select some other TRP as the anchor TRP depending on the scheduler. And in legacy PDSCH-CJT indication, there’s flexibility which TCI is indicated for which TRP/RS, no need to fix it as reference TRP. 2) The current QCL types cannot support the compensation of delay offset. Therefore, we propose the following option:
· Based on the legacy support of up to 2 TCI states for PDSCH-CJT, use the 2 TCI states for PDSCH-CJT as follows: 
· the first TCI state as typeA, 
· and the second TCI state as {Doppler spread, average delay, delay spread} or {Doppler shift, Doppler spread, delay spread} or {Doppler spread, delay spread}
[Mod: This is outside the topic of this question and will be discussed in next round after we conclude this issue]
For option 2, we support it.


	Lenovo/ MotM
	Proposal 3.A.2:
Support

Proposal 3.A.3: 
UE behavior is not clear. What threshold is set for selecting the ‘invalid’ value? What if different Ues select thresholds or always select a single TRP? Should the threshold for selecting ‘invalid’ be network configured? Given that Rel-18 CJT CB already includes (optionally) a UE-based TRP selection framework in CSI Part 1

Proposal 3.E.2: 
Support 

Proposal 3.F.1 and 3.F.2: 
Support. For Proposal 3.F.1 and 3.F.2, we propose adding “when ReportQuantity is ‘cjtc-Dd’ (Doffset+d) and/or ‘cjtc-F’ (frequency offset)” until a decision on the number of multiplexed types is supported as of Proposal 3.A.2

Proposal 3.F.3:
Option 1 is preferred, however all QCL assumptions (Type-A/B/C) assume Doppler shift property is QCLed, which is not precise in this case. A similar issue had occurred in Rel-17 HST-SFN for Doppler pre-compensation scheme and was resolved by “deactivating” Doppler properties from QCL Type-A. At this stage we propose adding an FFS on the underlying QCL assumptions across both hypthoetical QCL source and destination RSs

	Ericsson
	Proposal 3.B.2:
We have different CPs defined in NR (e.g., extended CP, normal CP).  Also, the normal CP has one duration for symbols l=0 and l=7 within a slot, and another duration for symbols  within a slot.  In our understanding, the CP duration in this proposal refers to the CP duration for symbols  within a slot which should be clarified.
Also, for different candidate values of , we prefer to use the same units.  We suggest to give all the candidate values as some scaled values of CP.  For example, something like, ‘’, where , , … are scalar values.

Question 3.F.3
Ok with Option 1.


	Nokia
	Proposal 3.B.2
For , we are fine with either CP or , because they are approximately the same. Regarding QC suggestion, we also support .

	Google
	
Proposal 3.A.2
Support

Proposal 3.A.3
OK

Proposal 3.B.2
Support

Proposal 3.E.2
Support

Proposal 3.E.3
We failed to see the necessity for >1 PO.

Proposal 3.F.1
Support

Proposal 3.F.2
We think TRS can still be used. If we consider mixed PO/FO/TO, it is unnecessary to configure two different CMRs.
[Mod: Since BF CSI-RS is needed for PO report, and TRS is cell-specific, this is not possible]

Proposal 3.F.3
We think another way is to configure 1 TCI state. Thus, the NW performs TO/FO pre-compensation for the TRS from all TRPs. Therefore, we would like to propose the following:
· Opt 3. Based on the legacy support of 1 TCI state for PDSCH-CJT
· Support the NW to configure the periodic TRS to follow the indicated TCI state
[Mod: Included in Opt1]





	Mod V19
	P3.B.2: Added clarification on CP length per Ericsson comment, removed df/14 per Nokia comment since it is close to CP

P3.F.1: Added FFS per Huawei and Lenovo

	Intel
	Proposal 3.A.2: even when CJT calibration report includes multiple types, one part UCI needs to be supported as UE reports all configure resource/resource sets. It would be good to remove the "at least for a CJT calibration report consisting only one type,"
[Mod: It’s ok to clarify else we’d get repeated and unnecessary complaints about this again like in round-1 especially sinc we haven’t decided the support for joint reporting]

Proposal 3.A.3: we are fine.

Proposal 3.B.2: we are fine.

Proposal 3.E.2: agree with 2 \pi. 

Proposal 3.E.3: we are fine with the proposal. we think wideband reporting for phase offset is sufficient.  

Proposal 3.F.1: we dont have a strong position here (can be up to UE capability)

Proposal 3.F.2: support


	TCL
	Proposal 3.A.2: 
Support

Proposal 3.A.3: 
Support

Proposal 3.B.2: 
Support

Proposal 3.E.2: 
Support

Proposal 3.E.3: 
Support, we prefer to Alt2.

Proposal 3.F.1/3.F.2: 
Support.

Proposal 3.F.3
We support Alt1.


	KDDI
	Proposal 3.A.2: Support.

Proposal 3.E.2: Support.

Proposal 3.B.2: We agree with Ericsson’s clarification regarding CP length, and also think that it is better to say like “the cyclic prefix for symbols  within a subframe, where  is the subcarrier spacing configuration”.

	MediaTek
	Proposal 3.A.2: Support
Proposal 3.A.3: Support

	Mod V25
	Added proposal 3.F.3

	OPPO
	Proposal 3.A.2:
Support.

Proposal 3.A.3: 
Support. When the measured offset is out of range, it can be reported. 

Proposal 3.B.2: 
We prefer the value of AD in unit of CP length, as suggested by Ericsson, which can be be applied to both normal CP and extended CP.

Proposal 3.E.2: 
Support 

Proposal 3.E.3: 
We prefer Alt3, which seems can be achieved by combination of wideband phase reporting and current time offset reporting. 

Proposal 3.F.1/2: 
Support. For phase offset, the density of CSI-RS can be lower than time/frequency offset for overhead. 

Proposal 3.F.3:
We prefer Option1 and fine with the proposal. We don’t think new QCL type is needed, and the QCL type for SFN-HST can be reused if needed.


	Fujitsu
	Proposal 3.A.2
Support

Proposal 3.A.3
OK

Proposal 3.B.2
Support

Proposal 3.E.2
Support

Proposal 3.F.1/2
Support

Proposal 3.F.3
Support Opt.1.

	Sony
	Proposal 3.A.3: Can support.
Proposal 3.B.2: Okay.
Proposal 3.E.2: Can support.
Proposal 3.E.3: We prefer Alt3.
Proposal 3.F.1: Can support.
Proposal 3.F.2: Can support.

	CATT
	Proposal 3.A.2: Support

Proposal 3.E.2: Support

Proposal 3.E.3: Support. We agree with Samsung that the time misalignment assumption of 65 ns should be baseline to evaluate SB phase offset reporting. 
We support Alt1. The overhead is not large because only aperiodic standalone CJT calibration reporting is considered.
 Alt 2 and Alt 3 are equivalent. Since we discuss phase offset reporting in this proposal, reporting of different offset combinations require more complicated RS designs and constraints. Joint reporting of different offsets should be discussed separately later. 
The performance of Alt 2/3 is also limited by FFT point resolution for time misalignment estimation in addition to quantization error. The differences between estimated then quantized time misalignment and true value can be larger than tens of ns, causing serious performance degradation.  
  
Proposal 3.F.1: we are ok with the proposal

Proposal 3.F.2: As proposed in our contribution, X-port () CSI-RS(s) can be used to improve calibration accuracy when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset). UE can measure X-port CSI-RS(s) and report one or more DL phase offsets for each CSI-RS pair. Therefore, Proposal 3.F.2 can be modified as follows:
	Update Proposal 3.F.2: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), single-port CSI-RS(s) or multi-port CSI-RS(s) for CSI is used 
· FFS: Whether All the ‘CSI-RS for CSI’ resources within each resource set follow the legacy pre-Rel-19 rules of CSI-RS resources associated with a same resource set, and whether only 1 or NTRP >1 resource sets are used
· FFS: The exact number of CSI-RS resource(s) within each resource set
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional restrictions e.g. time separation between RSs 


[Mod: Added FFS since this isn’t yet agreeable to many companies]
[bookmark: _GoBack]
Proposal 3.F.3: We don’t support Proposal 3.F.3. Whether Rel-17/18 unified TCI framework can be used for the Rel-19 aperiodic standalone CJT calibration reporting is for further study. In Rel-17/18, unified TCI cannot be applied for periodic CSI-RS. 

	Mod final
	P3.B.2 and P3.F.3 from OFFLINE agreements are added
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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



within 1 slot	-22	-21.5	-21	-20.5	-20	0.95099999999999996	0.47799999999999998	0.125	7.0000000000000001E-3	within 2 slots	-22	-21.5	-21	-20.5	-20	-19.5	-19	0.79100000000000004	0.58450000000000002	0.32100000000000001	0.1895	7.5499999999999998E-2	3.1199999999999999E-2	1.44E-2	SNR/dB

BLER



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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