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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

	1.1.4
	
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, for both Type-I and Type-II, additional support for disabling the redundant spatial bases corresponding to high spatial-frequency wave components to reduce PMI overhead and to reduce CBSR signaling


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 proposals:

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, Tejas Network
· Not support: vivo, Samsung, NTT DOCOMO, Ericsson, TCL, CMCC, Fujitsu, Nokia/NSB, Intel, CATT, Lenovo/MotM, Xiaomi, Fraunhofer IIS/HHI

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, Tejas Network
· Not support: vivo, Samsung, NTT DOCOMO, Ericsson, Google, TCL, CMCC, Fujitsu, Nokia/NSB, AT&T, Intel, CATT, Lenovo/MotM, Xiaomi, Fraunhofer IIS/HHI

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


	1.1.5
	Proposal 1.A.5: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, the UCI parameters are captured in the tables below for Scheme-A and Scheme-B:
· Note: The second column includes the location of the parameters when reported with two-part UCI
· FFS (RAN1#117): Select between Alt1 and Alt2 for Scheme-B

Scheme-A
	Parameter
	UCI
	Details/description
	Status

	RI
	Part 1
	Same as Rel-15 Type-I SP: RI=v
	Complete

	Wideband CQI for the first TB
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Subband differential CQI for the first TB (*)
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Wideband CQI of the second TB
	Part 2

Wideband
	Same as Rel-15 Type-I SP
Only present when v >4 
	Complete

	Subband CQI of the second TB (*)
	Part 2

Subband
	Same as Rel-15 Type-I SP
Only present when v >4
	Complete

	First SD basic vector selection indicator
	Part 2 

Wideband
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of Rel-15 Type-I SP codebookMode=1
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

	Second SD basis vector selection indicator
	Part 2 

Wideband
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of R15 Type-I codebookMode=1 
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

	Inter-pol co-phase selection indicator
	Part 2

Wideband or Subband (**)
	v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of R16 Type-I codebookMode=1
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending



Scheme-B
	Parameter
	UCI
	Details/description
	Status

	RI
	Part 1
	Same as Rel-15 Type-I SP: RI=v
	Complete

	Wideband CQI for the first TB
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Subband differential CQI for the first TB (*)
	Part 1
	Same as Rel-15 Type-I SP
	Complete

	Wideband CQI of the second TB
	Part 2

Wideband
	Same as Rel-15 Type-I SP
Only present when v>4
	Complete

	Subband CQI of the second TB (*)
	Part 2

Subband
	Same as Rel-15 Type-I SP
Only present when v >4
	Complete

	SD basis oversampling (rotation) factor q1, q2
	Part 1

Wideband
	v=1-4: Values of q1, q2 follow Rel-16 eType-II,  bit indicator
v=5-8: FFS
	v=1-4: Complete
v=5-8: Pending

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

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

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

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



(*): Not included when CQI reporting granularity is set to ‘wideband’
(**): Wideband when PMI reporting is set to ‘wideband’, Subband when PMI reporting granularity is set to ‘subband’


FL assessment: RI=5-8 design is still pending (RAN1#117). For Mode-B, 
· Alt1 is the simplest (most natural design) following the principle of free selection. 
· Alt2 (proposed by vivo) trades off overhead increase in Part 1 for potential overhead reduction in Part 2 UCI when PMI granularity is set to ‘subband’ (A-CSI or SP-CSI in PUSCH). 

	Support/fine: Samsung (2), NTT DOCOMO (2), ZTE (1), Qualcomm (2), AT&T, Google, Intel (2), Tejas Network (2), Fujitsu (2), Lenovo/MotM (2), OPPO (1), 

Not support:

	1.1.6
	[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

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

FL assessment: Candidate schemes proposed from Round-2

	





Support/fine: ZTE, Nokia/NSB, Intel, Huawei/HiSi, CEWiT, AT&T, Ericsson, Google, Samsung, Tejas Network, Fujitsu, vivo, OPPO, Xiaomi, Fraunhofer IIS/HHI

Not support:

	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, Fraunhofer IIS/HHI
· 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, cell-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. cell-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, CATT, OPPO, Xiaomi

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. 


	1.2.5
	
Proposal 1.B.5: For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, support “sequential ordering/indexing” as linearly increasing sequence with increment of 1, i.e. {x, x+1, x+2, x+3, …}

Question 1.B.5: 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 the following FFS: “Exact port indexing within each CSI-RS resource or across K CSI-RS resources”.
· The simplest (baseline) on “sequential ordering/indexing” is a linearly increasing sequence with increment of 1, i.e. {x, x+1, x+2, x+3, …}

FL assessment: This FFS refers to how sequential ordering/indexing is exactly defined. Initial view:

Linearly increasing: NTT DOCOMO, Qualcomm, Nokia/NSB, Ericsson, Samsung, Tejas Network, CATT, Lenovo/MotM, OPPO, Fraunhofer IIS/HHI



	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
· …

Proposal 1.E: For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, except for Parameter Combination 8 from Rel-17 FeType-II PS, all legacy Parameter Combinations from Rel-16 eType-II (regular), Rel-18 Type-II Doppler (regular), and Rel-17 FeType-II PS are supported


FL assessment: proposal from Lenovo agreed by Huawei

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.

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. 

	





Proposal 1.E:
Support/fine: Lenovo/MotM, Huawei/HiSi, NTT DOCOMO, Nokia/NSB, Ericsson, Tejas Network, CATT, OPPO, Xiaomi, Fraunhofer IIS/HHI

Not support (keep all): Google

	1.11
	
Proposal 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-15 Type-I)
· In addition, 3-bit scaling factor for soft restriction for RI=1 is supported with the scaling factor taken into account in CQI/PMI calculation
· FFS: Whether this is supported for RI=2-8
· 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][-bit CBSR] 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, CEWiT, ZTE, Nokia/NSB, Huawei/HiSi, CATT, vivo, [OPPO]

Not support: NTT DOCOMO (no soft), Lenovo/MotM (no soft),

	
	
	



Table 1B SLS results: issue 1 
	Company
	SLS results

	
	Issue #
	Metric
	Observation

	
	
	
	

	
	
	
	

	
	
	
	



Table 1C Additional inputs: issue 1
	Company
	Input

	NEC
	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 ignalling 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.
 

	Huawei, HiSilicon
	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.

	ZTE
	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 ignalling 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 ignalling 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?

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

For companies ‘not supporting’ the 3 proposals below, please check the explanation above and below, and see if you change your mind:

P1.A.4: Please check ZTE explanation on the proposal
P1.B.3: Please check NEC compromise proposal (above) of supporting method#3 only for 128 ports
P1.B.4: Please check Huawei’s explanation (above) on the spec impact


	Samsung
	Proposal 1.A.5
We support Alt2, since 
· it is observed that the frequency at which a same SD basis vector is selected across two layers is small (only 25% shown in our SLS), and the occurrence of selecting a same SD basis vector across >2 layers when RI=3 or 4 is selected is practically zero, hence potential overhead reduction in Part 2 is small;
· when different SD basis vectors are selected, Alt1 incurs even more overhead ( bits). 


	NEC
	Proposal 1.A.6:
We would like some clarifications.
 For scheme 2, the two respective layers are same as legacy structure (two adjacent layers e.g. 1st layer and 2nd layer) or two non-adjacent layers, for the former one, the structure of precoders for layers 1-4 in case of RI=1-4 is different from the structure of precoders for layers 1-4 in case of RI=5-8, and for the latter one, same structure may be achieved. Maybe we need some definition of the two respective layers.
 For scheme 3, is it correct understanding that it applies to layers 5-8? Such as 1st beam is free selected for layer 5, subsequent 2nd, 3rd, 4th beam selected for layer 6, layer 7 and layer 8? Or it applies to all layers.
 For scheme 4, we can be fine.

	Ericsson
	Proposal 1.K

After some offline discussion, for the part on soft restriction, we can consider S=3 bit scaling factor can be supported per SD basis vector group.  And we can limit the proposal to rank 1 case and further study ranks 2-4.  

For the case with rank 1, the UE will select a single beam.  The following figure shows the case when soft CBSR scaling is not configured and the UE doesn’t not take into account the scaling factor in PMI calculation.  The UE selects the strongest beam whose side lobe will cause interference in the direction of the co-existing systems.  

[image: ]

The figure below shows the case when soft CBSR scaling is configured and the UE takes into account the scaling factor in PMI calculation.  The beam on the left has a scaling factor applied to limit interference to coexisting systems by the sidelobe.  The beam on the right may have a scaling factor 1 since there is not backoff is needed due to weak sidelobe.  In this case, the UE selects the beam on the right as opposed to the one on the left.  Hence, taking the soft CBSR scaling into account can result in proper beam selection which will yield improved results as shown in our Tdoc. 


[image: ]

Since multiple beams may be involved for ranks 2-4, we can study the soft CBSR scaling for ranks 2-4 further.


	CEWiT
	Proposal 1.A.6: Support

Question 1.B.4:
To elaborate more on this proposal, multiple antenna ports are grouped to form a single CSI-RS port and multiple CSI-RS resources are transmitted with different virtualization vectors. 
In the figure shown below, 4 antenna ports are grouped to form a single CSI-RS port and CSI-RS 1 uses virtualization vector {1,1,1,1}, CSI-RS 2 uses {1,j,-1,-j}, CSI-RS 3 uses {1,-1,1,-1} and CSI-4 uses {1,-j,-1,j}. The R19 UE, upon receiving all 4 CSI-RS resources can get the actual 128 port channel by combining all the CSI-RS resources (i.e., removing the virtualization vector) and can compute a 128 port R19 precoder. However, the R19 UE cannot get back the 128 port channel without knowing the virtualization vectors used by the BS.
[image: ]
The legacy Ues however will be configured to receive only one out of the 4 CSI-RS resources and the virtualization vector used by the BS is transparent to the legacy UE. Hence, the legacy UE computes a 32 port precoder and reports to the BS. Here, the legacy UE is being served with all available antenna ports.


[image: ]
To address the concerns regarding the NW implementation and overhead, 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.

Since each of the available TxRUs are sounded in all the 4 CSI-RS transmission occasions, 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.K: Support

	NTT DOCOMO
	Proposal 1.A.5:
For Scheme-B, for SD basis vector selection indicator for each layer, we support Alt-2 which has less feedback overhead. For inter-pol co-phase, we also support Alt-2.

Proposal 1.A.6:
For Scheme3, we’d like to clarify, to which layers the first SD beam or subsequent 2 beams or subsequent 3 beams is/are applied?

Question 1.B.5:
Support

Proposal 1.E:
Support

Proposal 1.K:
Do not support further enhancement on soft restriction.

	ZTE
	1.A.4:
For the second bullet, we are fine to remove it to accelerate the discussion progress, since there is consensus on maintaining the structure of current codebooks.
For the first bullet, there may be some ambiguity in our previous proposal. We don’t mean to change the codebook design. Only CBSR will be affected. 
In fact, we just propose to consider the pre/pos-restriction on the redundant SD bases before/while/after the group-based restriction. The restriction function can be enabled/disabled by RRC ignalling. The restriction will significantly reduce the CBSR overhead without performance degradation.
The detailed ignalling design can be left FFS to incorporate with the group-based CBSR. We believe that more discussions are needed and verification from other companies are welcomed. We also provide an example for the pos-restriction: the CBSR bits corresponding to the groups including the redundant SD bases will be omitted.

1.A.5:
Prefer Alt1.

1.A.6:
Support.
@NEC: To our understanding, the order or the permutation of the layers is not important. It does not influence the performance. UE only need to indicate which SD basis is used for two layers and which SD basis is used for one layer when the number of layers is odd. But, anyway, this is the next-level details, we can further discuss.

1.K:
Support.

	Mod V10
	Added conclusion 1.A.4

P1.K: revised per Ericsson’s comment

@NEC: Please check ZTE’s response on your question


	MediaTek
	Proposal 1.A.5: OK
Proposal 1.K: Support same as Rel-19 Type II and do not support soft restriction having beam computation impact at UE side.

	Qualcomm
	Proposal 1.A.5:
I think this proposal is only trying to address the issue “when reported as two-part CSI”
Then for the case “reported as one-part CSI” (e.g. wideband on PUCCH), we think it may also need FFS whether enhancement is needed for Scheme-B (since SD selection overhead now very depends on rank).
Editorial suggestion:
	Proposal 1.A.5: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, when reported as two-part CSI, the UCI parameters are captured in the tables below for Scheme-A and Scheme-B:
· FFS (RAN1#117): Select between Alt1 and Alt2 for Scheme-B
· FFS whether/how enhancement is needed for wideband CSI on PUCCH for Scheme-B
…


[Mod: Thanks. Added a bullet to address your comment. Please check the legend for the table re WB or SB. Meaning the table applies for both WB and SB. For NR, frequency granularity is configured independently for CQI and PMI]

We are generally fine with the two tables, and prefer Alt2 (CSI part2) for both SD and co-phase; 
Then one minor: Seems also straight-forward for the  bits also put into CSI part2.

Proposal 1.A.5:
No input from us. But looking forward to seeing more candidates.

Question 1.B.5: Input from us:
· For method 1 (N1-dimension split/aggregation)

where k=0, 1, …, K-1 is the CSI-RS resource index, with  denoting CDM group index within CSI-RS#k, and  denoting index within a CDM group.
· For method 2 (N2-dimension split/aggregation)

[Mod: To avoid contentious discussion, I will use textual description at least at this point. The exact mapping equation(s) will be up to the editor. It seems you are proposing linearly increasing indexing]


	Nokia
	P1.A.4

We don’t think these deactivations of beams are needed or useful. I suppose the deactivation has to be done by dynamic signalling based on previous reports in which certain beams were not used?


P1.A.6

For Scheme 3 we would like to clarify that the layers are mapped to the selected SD beams following legacy Rel-15 for RI=5-8

Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD beams following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j}
Some questions for clarifications on schemes 2 and 4:
· Scheme 2. To be able to evaluate the scheme we need to know what is the candidate set for the selection of beams and if combinatorial indication is used to calculate the overhead.
· Scheme 4. It’s not clear how the two PMIs are calculated. If they follow Mode B, how many SD beams in total are reported, from 3 to 8?

Q1.B.4
No. Virtualisation of TXRUs to CSI-RS ports should be NW implementation

Q1.B.5

 The legacy the SD beam definition



for a single resource implies the linear mapping between port  and a 3-dimensional array of indices  and size  following the order: , such that 

For Mapping 1 (horizontal aggregation), i.e. , aggregated port  is obtained by following the index order implied by the SD beam structure: , i.e.:  such that

For Mapping 2 (vertical aggregation), i.e., , aggregated port  is obtained by changing the index order:  such that

An equivalently Mapping 2 that allows to support legacy UEs on a single resource can also be obtained by following the index order implied by the SD beam structure: , i.e.:  such that 

[Mod: To avoid contentious discussion, I will use textual description at least at this point. The exact mapping equation(s) will be up to the editor. It seems you are proposing linearly increasing indexing]

P1.E
Support
P1.K


	AT&T
	
Conclusion 1.A.4: OK

Proposal 1.A.5 & Proposal 1.A.6: OK



	Mod V16
	P1.A.5: added bullet to clarify 2nd column info

P1.A.6: revision per Nokia comments. Scheme 2 description is incomplete and needs clarification from ZTE regarding SD basis vectors 


	Ericsson
	Proposal 1.A.6:
Support.
Question 1.B.5
Linearly increasing should be sufficient.  As for the exact formula, there seems different proposals according to comments form companies.  Such details can be discussed later.
Proposal 1.E:
Ok


	Google
	Proposal 1.A.5:
Support.

Proposal 1.A.6:
Support.

Proposal 1.E:
We prefer keeping all the parameter combinations.



	Huawei, HiSilicon
	Proposal 1.A.5: one question for clarification, for inter-pol co-phase selection indicator for each layer, does Alt 1 requires any bit?

Proposal 1.A.6: 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. Using two antenna groups each consisting of 4 antennas can reduce the complexity, while achieving most gain of rank 8. In this way, each UE antenna group of 4 antennas can derive one rank 1~4 PMI, and the rank 5~8 can consist of the two rank 1~4 PMIs. Therefore, scheme 4 can be a design to support low complexity receiver. To be more specific, the following is proposed:

· Scheme4: concatenate two rank 1~4 PMIs for rank 5~8 to reduce UE complexity, where CQI for each CW is derived assuming it’s received by one antenna group of 4 antenna ports.

Question 1.B.4: as we commented previously, the precoders or OCCs applied to each 32-port CSI-RS resource is cell specific and known to UE, that Rel-19 UE can derive the by resolving OCCs. Therefore, it should be following:
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 cell-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 cell-specific beamformed CSI-RS for pre-Rel-19 UEs) require specification support:

Proposal 1.K: the proposal is not clear the enhancement is based on legacy type I or legacy type II CBSR design. In our understanding, the type-I design is based on legacy type-I design with further extension that each bit in the CBSR is associated with a set of X1X2 SD basis vectors. We propose to clarify it in proposal.

· -bit 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 



	Intel
	Question 1.A.4: 
While certain beam selection probability is observed in simulations, it can be different at least in some practical deployments, especially considering that CSI design for massive MIMO antennas with up to 128 ports shall be future proof and apply for variety of deployments (e.g., serving UAV UE, high rise buildings, etc.). Thus, we can’t accept reducing flexibility for CBSR. So, enabling/disabling of high frequency beams should be at least configurable via RRC which is similar to CBSR based on beam groups. 
For PMI overhead reduction, CBSR has no impact on PMI overhead so it is not clear if we need to introduce it now. 
 Proposal 1.A.5: 
Given that the maximum PMI payload size is the same we are open to consider both Alt. 1 and Alt. 2. We have slight preference for legacy design (SD basis in part 2) given that code rate for part 1 can be lower than part 2. 
 Proposal 1.A.6:
Ok with proposal. Support Scheme 2. It seems that Codebook for Scheme 3 is a subset of codebook for Scheme 2 – we are not sure if overhead reduction for Rank 5-8 is important given that Rank 1-4 (Scheme-B) have higher or same overhead. 
Question 1.B.5: 
It is not clear what is the impact of different ordering. Does it have similar effect as mapping issue we are still discussing (Question 1.B.3)?

	ZTE
	P1.A.6:
@Mod @Nokia: Regarding scheme 2, each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD basis vectors.

	Samsung
	Question 1.B.5
We also agree that linearly increasing indexing is sufficient for both method 1 and method 2. The exact port mapping as Nokia described can depend on codebook structure (swapping the two vectors in Kronecker product) and seems up to Editor. 

We prefer linearly increasing indexing with swapping the vectors in Kronecker product. 

Proposal 1.A.6
Support.


	Tejas
	Question 1.A.4: 
We are fine with the FFS, as the deactivation of SD bases is claimed to reduce CBSR overhead with no significant performance degradation. 

Proposal 1.A.5:
For Scheme-B, we support Alt-2 with SD basis vector selection indicator in Part 2. For the inter-polarization co-phase also, support layer specific option in Alt-2.

Proposal 1.A.6:
Support the proposal in principle. 

Question 1.B.3:
Support.

Question 1.B.5:
Support FFS.

Proposal 1.E:
Support.


	CATT
	Question 1.A.4:
deactivation of the redundant spatial bases to reduce CBSR signalling: Not support
deactivation of the redundant spatial bases to reduce PMI overhead: Not support

Question 1.B.4: No

Question 1.B.5:  prefer linear increasing ordering

Proposal 1.E: Ok
Proposal 1.K: Ok



	Fujitsu
	Proposal 1.A.5: 
Support. For scheme B, we prefer Alt2.
Proposal 1.A.6:
Support. 
Question 1.B.4: The benefits on TXRUs virtualization is unclear. In addition, we have agreed that K CSI-RSs should share the same QCL, so if different CSI-RSs is precodered separately, the beams of K CSI-RSs will be different, which cannot be align with same QCL assumption.


	Lenovo/ MotM
	Conclusion 1.A.4:
Support

Proposal 1.A.5:
For Scheme B SD basis vector selection indicator, our preference is to report Part 2 WB.
With respect to the reported field, we prefer Alt2, with v fields, however this is conditioned on reporting the SD basis indicator on Part 2 WB.  

Proposal 1.B.5:
We prefer monotonic port indexing (linearly increasing)

Proposal 1.E:
Support

Proposal 1.K:
To clarify on our position based on the included bullets:
· Bullet 1 (1-bit hard restriction): support
· Bullet 2 (soft restriction): preference 1: only hard restriction, and preference 2: reuse Type-II  CBSR framework
· Bullet 3 (migrating N1,N2 from CBSR IE): we are fine given that it is up to RAN2’s decision on whether to adopt
· Bullet 4 (port grouping): we are OK


	Vivo
	1.A.6
For the following part in Scheme 2, does it mean some layers have lower resolution in terms of phases than other layers? Or this is just to describe that only M codepoints for two layers are needed due to the next sub-bullet (to maintain orthogonality)? If the intention is the later, the text is not clear enough. We can simply say something like “M (e.g., M=4) codepoints for each select SD basis”, and the next bullet describes the details of how to use the M codepoints.
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;

1.K
Our preference is similar as Huawei. For Type I reporting, we don’t see the need to use the structure of Type II CBSR. Hence we suggest to extend Rel-15 Type I with group-based CBSR granularity, where each bit indicates X1X2 beams. Thus we suggest the following change. 
Proposal 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 Rel-15 Type I)
· In addition, 3-bit scaling factor for soft restriction for RI=1 is supported with the scaling factor taken into account in CQI/PMI calculation
· FFS: Whether this is supported for RI=2-8
· 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).


	ZTE
	@Intel
Thanks for the suggestion. We would like to clarify that the redundant SD bases we proposed is independent of  deployments and does not rely on the channel. We also think that there might be other deployment-dependent redundant SD bases and we welcome future studies on various deployments for further proof.
@Nokia
Thanks for the suggestion but there might be some misalignment and we would like to make some clarifications. The redundant SD bases are independent of the channel and the set of redundant SD bases is not UE specific and does not rely on UE measurement and reporting. Consequently,they might be enabled/disabled by RRC signaling instead of dynamic signaling. 

For one thing, we have proved that the physical beam space is only a subset of the beam space spanned by the Kronecker-product based SD base, which is consistent with recent studies. The fact is that the physical angle constraint is ignored in Kronecker-product operation. For another, we have verified that there are such redundant SD bases in system level simulation for both Type-I and EType-II codebooks. We’ve observed that there is a region in which SD bases were not selected and the disabling of these SD bases did not affect the throughput performance. Based on our theoretical study and simulation results, we believe that there are redundant SD bases.


@MOD: based on Nokia’s suggestion, we think that it might be better if we replace deactivation with disabling in 1.A.4, that is:

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 proposals:

For both Type-I and Type-II, additional support for disabling of the redundant spatial bases corresponding to high spatial-frequency wave components to reduce CBSR signalling

	Xiaomi
	Conclusion 1.A.4:
OK

Proposal 1.A.6:
We are fine. But other schemes could not be precluded at this stage.

Question 1.B.4:
We do not see there are specification impact. gNB’s implementation could solve the issues. 

Proposal 1.E:
OK

	Fraunhofer IIS/HHI
	Conclusion 1.A.4: support
Proposal 1.A.6: Support 
Question 1.B.3: Support
Question 1.B.5: Support linear increment ordering 
Proposal 1.E: Support 


	Mod V36
	Revision to address comments. Added P1.B.5




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 , 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, AT&T, Google, Sharp, Xiaomi, 


Not support: vivo, 


	2.5.2
	[116bis] Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, on the configured KS>1 NZP CSI-RS resources, reuse the legacy CMR and IMR rules for the Rel-15 CRI-based reporting. This includes:
· All the KS NZP CSI-RS resources are associated with a same CSI-RS resource set
· KS CSI-IM resources can be configured (implying one-to-one correspondence between KS CMRs and KS CSI-IMs)
FFS: Whether all the KS NZP CSI-RS resources share a same Pcoffset and PcoffsetSS
FFS: Whether or not NZP CSI-RS resource for interference measurement can be configured. FFS further details.

Proposal 2.E.2: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, on the configured KS>1 NZP CSI-RS resources, reuse the legacy IMR rule for the Rel-15 CRI-based reporting for NZP CSI-RS resource for interference measurement, i.e. only 1 NZP CSI-RS resource for interference measurement can be configured


Proposal 2.E.3: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, on the configured KS>1 NZP CSI-RS resources, Pcoffset and PcoffsetSS are CSI-RS-resource-specific (i.e. configured independently across resources)


FL assessment: This follows legacy Rel-15 CRI-based reporting which should be the baseline. For 2.E.2, if consensus cannot be reached, the outcome would be that NZP-IMR is not supported.  

	2.E.2:
Support/fine: NTT DOCOMO (ok), CATT, Samsung, Xiaomi, New H3C, CMCC, LG, Sharp, vivo, Ericsson, CEWiT, NEC, Intel, AT&T, MediaTek, HONOR, Ruijie, Qualcomm, Apple, Samsung, Lenovo/MotM (ok)

Not support: ZTE (KS), Huawei/HiSi (KS), Google (KS), Fujitsu (KS), OPPO (KS)


2.E.3:
Support/fine: Samsung, NTT DOCOMO, MediaTek, AT&T, Huawei/HiSi, Ericsson, Google, Sharp, CATT, Fujitsu, Lenovo/MotM, OPPO

Not support: vivo (same value), Xiaomi,

	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, SD basis selection is signalled per CRI (per CSI-RS resource)


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

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, Sharp 
· SD basis selection:
· Alt1. CRI/resource-common SD basis selection:
· Support/fine: CEWiT, Huawei/HiSi
· Not support: vivo, Samsung, NEC, Qualcomm, AT&T, Lenovo/MotM, Ericsson, Nokia/NSB, Google, Intel, MediaTek, Fujitsu, Sharp, Intel
· Alt2. Differential SD basis selection:
· Support/fine: CEWiT, Xiaomi, ZTE, Huawei/HiSi
· Not support: vivo, Samsung, NEC, Qualcomm, AT&T, Lenovo/MotM, Ericsson, Nokia/NSB, Google, Intel, MediaTek, Fujitsu, Sharp, Intel
· 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, Sharp, Intel
· 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, Sharp,
· 1-bit differential SB CQIs associated with the 2nd, …, M-th CRI(s), calculated differentially with respect to the 2nd, …, M-th WB CQI(s)
· Support/fine: Huawei/HiSi
· Not support (No differential, legacy 2-bit): vivo, Samsung, Lenovo/MotM, Ericsson, Fujitsu Nokia/NSB, Google, Intel, TCL, CMCC, MediaTek, Sharp,

	
Support/fine: vivo, Samsung, NEC, Qualcomm, AT&T, Lenovo/MotM, Ericsson, Nokia/NSB, Google, Intel, TCL, CMCC, MediaTek, OPPO, Fujitsu, NTT DOCOMO, Sharp, Intel, CATT


Not support: Huawei/HiSi, Xiaomi, 
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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.



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

	Samsung
	Proposal 2.A.2
Ok with R=1 to avoid excessive UE complexity.

Proposal 2.E.2
Ok.

Proposal 2.E.3
Ok.

Proposal 2.F.2
Support   


	NTT DOCOMO
	Proposal 2.E.2:
Although our first preference is to have Ks NZP-IMR for inter-UE interference measurement for different beams, we can accept 1 NZP-IMR if it is majority view.

Proposal 2.E.3:
OK

Proposal 2.F.2:
Support

	ZTE
	2.F.2:
Support differential SD basis indication (i1,1 and/or i1,2) for Type-I codebook (NOT differential SD basis selection). For different CRIs, the SD basis for Type-I codebook (i1,1 and/or i1,2) can be independently selected. However, since the channel for different CRIs/beams are corelated, the selected SD bases are close to each other across different CRIs/beams. As shown in the following figure, the offsets of i1,1 and i1,2 across different CRIs/beams are equal or less than 3 with over 90% possibility. So, the UE can report the SD bases (i1,1 and/or i1,2) differentially but with almost no performance loss.
[image: ][image: ]
CDF of the offsets of i1,1 and i1,2 between different CRIs for Type-I codebook

	Mod V10
	No revision


	MediaTek
	Proposal 2.E.2 and 2.E.3 Support

	AT&T
	
Proposal 2.A.2: Support

Proposal 2.E.2 & Proposal 2.E.3: Support

Proposal 2.F.2: Support


	Mod V15
	No revision

	Huawei, HiSilicon
	Proposal 2.A.2:
Generally fine. Prefer to not add more restrictions. 

Proposal 2.E.2:
Support to configure Ks NZP CSI-RS resources for interference measurement.

Proposal 2.E.3:
Support.
Proposal 2.F.2
Prefer common/differential SD basis selection.

Question 2.F.2
Our position is already well captured.

	Ericsson
	Proposal 2.E.3
The previous FFS is “Whether all the KS NZP CSI-RS resources share a same Pcoffset and PcoffsetSS”.  In this proposal, I guess we have to clarify that the Pcoffset and PcoffsetSS doesn’t need to be the same right?  Or does ‘CSI-RS-resource-specific’ imply that these can be same or different?


	Google
	Proposal 2.A.2:
Support.

Proposal 2.E.2:
We also think Ks NZP CSI-RS for IM should be considered.

Proposal 2.E.3:
Support

Proposal 2.F.2:
Support



	Sharp
	Proposal 2.A.2: we are fine with the proposal.
Proposal 2.E.2: Support
Proposal 2.E.3: Support, no restriction is needed.
Proposal 2.F.2: Support.
Question 2.F.2: Regarding CRI/resource-common RI value, we don’t support it because a rank adaptation is performed based on each PMI and a corresponding CSI. Regarding SD basis selection, we support Alt 3. Regarding differential CQI, we prefer 4-bit.

	Intel
	Proposal 2.F.2: 
We support separate indication of CQI/PMI for different CRIs. 

	CATT
	Proposal 2.E.3: Ok
Proposal 2.F.2: OK


	OPPO
	Proposal 1.A.5:
For scheme B, Alt 1 is preferred. 

Proposal 1.A.6:
Fine with the proposal. 
 
Question 1.B.4:
We understand why this needs additional specification support. However, this TXRU virtualization method would restrict the mapping vector (precoder) applied to 128 ports, and the gain for pre-R19-UE is unclear to us with restricted precoder. Furthermore, compared to omni-directional mapping method, directional CSI-RS resources would also introduce additional scheduling restriction to legacy UE.  

Question 1.B.5:
Fine with linearly increasing sequence

Proposal 1.E:
Fine.
 

	Fujitsu
	Proposal 2.E.2: Considering MU scheduling in Rel-19 HBF, we support Ks NZP CSI-RS for IM. 

Proposal 2.E.3: Support


	Lenovo/ MotM
	Proposal 2.A.2:
Prefer to remove the RI restriction value of 1. We are also OK with limiting the selected PC, not clear how a fixed value for overhead has been derived. 

Proposal 2.E.2:
OK to support for the sake of progress. Ks IMRs incur significant RS overhead. Please remove Lenovo from opponent list 

Proposal 2.E.3:
Fine

Proposal 2.F.2:
Support

Question 2.E.2:
Prefer reusing legacy behavior, i.e., separate RI/CQI/basis reporting for each CRI. Most overhead is in PMI field and proposed modifications offer marginal gains


	vivo
	2.A.2
We still have concern on the benefit vs complexity for UEs. Our position keeps unchanged.

2.E.3
Although the parameters are resource-specific, a same value should be assumed by UE. We don’t see the need to have multiple values.

	Xiaomi
	Proposal 2.A.2:
Support

Proposal 2.E.2:
Support

Proposal 2.E.3:
The motivation of CSI-RS-resource-specific is not clear to us. 

Proposal 2.F.2:
We prefer to differential SD basis selection reporting for saving feedback overhead.

	Mod V36
	P2.E.3 note to clarify




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

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

	3.3.2
	
Proposal 3.C.2: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding frequency offset reporting,  and  represents an ‘invalid’ state


FL assessment: Implication of previous agreements

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


Not support: 


	3.3.3
	
Proposal 3.C.3: For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for frequency offset reporting FOn, i.e. (AFO, MFO), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AFO = {0.01ppm, 0.1ppm, 0.2ppm, f, f/2, f/4,f/8, 1/(4t), 1/(8t), 1/(16t), 1/(32t), 1/(128t)} where f and t denote the SCS and duration of one OFDM symbol, respectively
· FFS: Further down-selection of the above candidate values for AFO, including the use of a same unit for all supported values
· MFO = {16,32}
FFS: Whether additional restriction(s) based on CSI-RS configuration is supported, including implicit configuration of quantization range


FL assessment: OFFINE agreement

	Support/fine: ZTE, vivo, Samsung, Xiaomi, NEC, Nokia/NSB, Ericsson, Qualcomm, AT&T, Google, Huawei/HiSi, Sharp, Intel, CATT, OPPO, Fujitsu, Lenovo/MotM, vivo


Not support: 


	3.5.4
	
Proposal 3.E.4: For the Rel-19 aperiodic standalone CJT calibration reporting, the resolution parameters for n, i.e. M, are NW-configured via higher-layer (RRC) signalling from the candidate values {16, 32}, where .

FL assessment: Based on Tdocs

	Support/fine: Qualcomm, Samsung, ZTE, Nokia/NSB, Ericsson, Google, Sharp, Intel, CATT, OPPO, Fujitsu, Lenovo/MotM, Xiaomi


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 (sub-band phase reporting) is supported and, if so, decide the value(s) of and sub-band size(s): 
· FFS: UCI design, e.g. to reduce overhead, including FD compression

FL assessment: Need reformulation per comments from online sessions

	Support/fine: Samsung, NEC, Qualcomm, ZTE, Huawei/HiSi, Google, Intel, TCL, OPPO, Sony, CATT, Ericsson, Sharp, Samsung, CATT, Lenovo/MotM


Not support: 


	3.6.3
	[113] Agreement
On unified TCI framework extension for S-DCI based MTRP, the following two alternatives are supported for PDSCH-CJT applying both indicated joint TCI states (if the UE supports two indicated joint/DL states for PDSCH-CJT):
· Alt1: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA
· Alt2: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} of the second indicated joint TCI state
Introduce a UE capability on which alternative(s) is supported, and either one of above alternatives can be configured by RRC according to the UE capability
Note: In Rel-18, RAN1 has no consensus to support Alt3
· Alt3: PDSCH DMRS port(s) is QCLed with the DL RS of the first indicated joint TCI state with respect to QCL-TypeA and QCLed with the DL RS of the second indicated joint TCI state with respect to QCL-TypeB


Proposed conclusion 3.F.3: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding QCL assumptions, each the NTRP DL-RSs can be configured with a TCI state via RRC signaling
‘The DL-RS’ refers to the CSI-RS configured for CJT calibration measurement

Proposal 3.F.4: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding QCL assumptions for PDSCH, at least the following are supported: 
· Scheme A: The PDSCH DMRS port(s) are QCLed with the DL-RS associated with the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeA except for {Doppler shift, [Doppler spread]} 
· Scheme B: The PDSCH DMRS port(s) are QCLed with the DL-RS associated with the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeA except for {average delay, [delay spread]}


FL assessment: OFFLINE agreement

	
















Support/fine: Samsung, NTT DOCOMO, Google (alt formulation), Sharp, CATT (X ports), [Qualcomm], OPPO (alt formulation), KDDI, Fujitsu, Lenovo/MotM

Not support: Ericsson (average delay), Huawei/HiSi (Doppler shift, average delay)

	
	
	

	
	
	



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

	
	Issue #
	Metric
	Observation

	ZTE
	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
	3.3
	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: ]

	Samsung
	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
	3.5
	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
	
	
	

	
	3.3
	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

Description automatically generated][image: A graph of a number of numbers

Description automatically generated with medium confidence] 


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

Description automatically generated]




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.C.2
Support.

Proposal 3.E.3 on M for PO reporting 
Ok with M=16 or 32. 


Proposal 3.F.3
Ok with the proposal. 


	NTT DOCOMO
	Proposal 3.C.2:
Support. 

Proposal 3.F.3:
Generally support. Regarding delay offset compensation, just for clarify, it could be good to mention that the resulted QCL assumption for the other indicated joint TCI State(s) “with respect to QCL-TypeA except for QCL parameters {average delay, delay spread}” is essentially equivalent to QCL-TypeB {Doppler shift, Doppler spread}
[Mod: Thanks for the good catch, corrected]


	ZTE
	3.C.3:
When TRS is used to measure the FO, suggest to add a quantization range as , where  is the symbol length, and  is the maximum measurable FO.
Besides, we can further study implicit configuration of FO quantization range if CSI-RS is supported for FO measurement.

3.E.3:
Should the codepoints be ?
[Mod: Thanks for the good catch, corrected]

3.F.3:
We share the similar view with DOCOMO for delay compensation. Prefer to configure two TCI states with QCL-TypeA and QCL-TypeB.


	Mod V10
	3.C.3: Added FFS per ZTE
3.F.4: Fixed typo per ZTE
3.E.F: Use QCL B instead of A with muting for D/d per DOCOMO and ZTE

	Qualcomm
	Proposal 3.C.2: OK

Proposal 3.C.3:
We’d like to hear more about maximum FO (AFO) input from infra
Then for FO precision, it is based on AFO and quantization bits – we think some FO for phase prediction over a typical CSI feedback periodicity should be guaranteed (e.g. 20msec) 
Then based on a maximum FO (AFO) input from infra, we will input our calculation.

Proposal 3.E.3:
(Similar comments as ZTE, but already resolved)

Proposal 3.F.3: Sorry seems need to have some long comments for this proposal.
First about phase report.
We are supportive to the concept of a linkage b/w SRS and CSI-RS, but we think whether this “linkage” is defined as QCL or other descriptions, should be further considered.
	· For each TRP, the associated 1-port CSI-RS for CSI is QCLlinked to a configured SRS resource 
· FFS the definition of the “linked” (QCLed or other)




As for PDSCH DMRS QCL to CSI-RS, since CSI-RS generally is not related to Doppler-QCL but only delay-QCL (reasons explained below, under other bullets), we are fine
Second about FO report and compensation
This bullet is generally fine, at least it is with only a single Doppler shift.
We only have a small question (but still a small concern):
Let aside Doppler-QCL, let’s say delay-QCL: Seems we are defining the first TRP/TRS as a first delay-TCI, while the NTRP-1 > 1 TRPs as a second delay-TCI – if we can define multiple TRPs/TRSs as a single delay-TCI, all NTRP TRPs/TRSs can be defined as a single one delay-TCI?
Lastly about delay-only report and compensation
We haven’t change our view in Rel-18: PDSCH with >1 Doppler shifts is not Coherent-JT-PDSCH (we understand what we do in Rel-19 for Doppler/phase compensation is to erase such non-coherent phase, and to guarantee phase coherence).
Therefore, we think for this bullet:
· [bookmark: OLE_LINK2]Either, we assume ideal same frequency (Doppler+XO) from each TRP – thus single Doppler shift;
· Or, we assume FO-compensated for NTRP-1 TRP(s) to the TRP nref (delay + FO compensation) – thus also single Doppler shift


	Nokia
	3.C.2
Support

3.C.3

We propose
· (AFO, MFO) = (,16) where  denotes the SCS
· (AFO, MFO) = (, 32) where  denotes the SCS
3.D.3
Shouldn’t it be  ?

3.E.3
what caused some confusion from my side is that for alt 2 and 3, actually, only one phase difference is reported, so , so the purpose of reporting subband phase-difference is not clear. Alt 1 can be used to reduce the measurement noise by averaging, at the gNB, over multiple subband measurements, whereas Alt 2 and 3 seem to be about joint reporting of phase offset and timing alignment error. So Alt 2 or 3 cannot be used for either measurement noise reduction at the gNB nor noise reduction at the UE because the UE would report the phase offset of the first subband rather than a WB measurement. Besides Alt 2 and 3  seem equivalent to multiplexing two different calibration measurements, a timing offset and a phase offset.
Our suggestion is to consider the merit of reporting subband phase offset as per Alt 1 only versus wideband phase offset.

3.F.3

It’s not clear why for calibration measurements, the UE needs to make an assumption on the PDSCH being QCL-ed with the reference TRP. The reference TRP is just used for reporting the delay/frequency offset between TRPs. Depending on which TRP the PDSCH is QCL-ed with, the NW will compensate delay/frequency accordingly.
So we think that the PDSCH should be be QCL-ed with the serving TRP

	AT&T
	
Proposal 3.C.2 & Proposal 3.C.3: Ok


	Mod V15
	Revisions to address comments

	Ericsson
	Proposal 3.C.2
Support

Proposal 3.C.3
Similar to the delay offset case, we think (AFO, MFO) does not need to be configured as pairs.  Suggest to have AFO and MFO configured independently and we can have a set of candidate values for these two parameters.  We are fine to start with 0.1 and 0.2 ppm for AFO 

Proposal 3.E.4: support
Proposal 3.E.3: Ok to study these alternatives until next meeting.

3.F.3
For the second bullets under (Dn,offset, dn), isn’t it that the network will only pre-compensate for delay offset for the other TRPs and the network doesn’t pre-compensate for delay spread.  Then, the second subbullet should be as follows:
· For other (NTRP-1) TRP(s), the PDSCH DMRS port(s) are QCLed with the associated TRS resource set(s) of the other indicated joint TCI state(s) with respect to QCL-TypeA except for QCL parameters {average delay}

Then, we need to address the case when both delay offset and frequency offset are pre-compensated by the network.  For this case, we 
· For other (NTRP-1) TRP(s), the PDSCH DMRS port(s) are QCLed with the associated TRS resource set(s) of the other indicated joint TCI state(s) with respect to QCL-TypeA except for QCL parameters {average delay, Doppler Shift}

For the DL/UL phase offset reporting part, for the first sub-bullet, we suggest a similar change as Qualcomm:
· For each TRP, the associated 1-port CSI-RS for CSI is QCLlinked to a configured SRS resource 
· FFS the definition of the “linked” (QCLed or other)
As for the second bullet, the 1-port CSI-RS is only used for measuring phase offset.  Assuming the network will pre-compensate the phase offset, not sure why PDSCH DMRS port(s) need to be QCLed with this 1-port CSI-RS since phase offset is not one of the QCL parameters.



	Google
	Proposal 3.C.2:
OK

Proposal 3.C.3:
OK

Proposal 3.E.4:
OK

Proposal 3.F.3:
We think the proposal needs reformulation. In our view, the TCI indication should not be based on the what kind of CSI report is configured. We can just list what kind of the TCI indication mechanism is supported. We suggest the following proposal:

Proposal 3.F.3: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding QCL assumptions assuming the Rel-17/18 unified TCI framework, support the following schemes:
· Scheme 1: One TCI state is indicated for PDSCH
· Support the NW to configure the periodic TRS to follow the indicated TCI state
· Scheme 2: Two TCI states are indicated for PDSCH
· Scheme 2A: The PDSCH DMRS port(s) are QCLed with the DL-RS in the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeA except for {Doppler shift, Doppler spread} 
· Scheme 2B: The PDSCH DMRS port(s) are QCLed with the DL-RS in the first TCI state with respect to QCL-TypeA and QCLed with the DL-RS in the second TCI state with respect to QCL-TypeB
· For frequency offset reporting (when ReportQuantity is ‘cjtc-F’), when TRS is used for measurement, reuse the legacy Rel-18 unified TCI feature where:
· For one TRP, the PDSCH DMRS port(s) can be QCLed with its associated TRS resource set of one of the joint TCI states with respect to QCL-TypeA
· For the other (NTRP-1) TRP(s), the PDSCH DMRS port(s) are QCLed with the associated TRS resource sets of the other joint TCI state with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} 
· Note: This is analogous to Rel-17 SFNSchemeB
· For (Dn,offset, dn) reporting (when ReportQuantity is ‘cjtc-Dd’), when TRS is used for measurement:
· For one TRP, the PDSCH DMRS port(s) can be QCLed with its associated TRS resource set of one of the joint TCI states with respect to QCL-TypeA
· For the other (NTRP-1) TRP(s), the PDSCH DMRS port(s) are QCLed with the associated TRS resource set(s) of the other joint TCI state with respect to QCL-TypeB
· For DL/UL phase offset reporting (when ReportQuantity is ‘cjtc-P’), decide, by RAN1#117, whether/how:
· For each TRP, the associated 1-port CSI-RS for CSI is linked to a configured SRS resource (and if so, the linking mechanism)
· For each TRP, the PDSCH DMRS port(s) are QCLed with its associated 1-port CSI-RS for CSI




	Huawei, HiSilicon
	Proposal 3.C.3: 
· Fine to discuss the AFO and MFO separately.
· The maximum measurable range is determined by interval between RS symbols, therefore, similar view with ZTE to add .
· The measurement resolution is determined by total time duration of measured CSI-RS symbols.

Proposal 3.F.3:
· For frequency offset reporting, the frequency shift can be compensated for PDSCH, but the Doppler spread cannot be compensated, therefore, the QCL for other TRPs should only exclude {Doppler shift}.
· For delay offset compensation, the delay spread cannot be compensated either, so the QCL for other TRPs should be typeA excluding {average delay}.
· Propose to add a case when both delay offset and frequency offset are compensated by TRP, where only {Doppler spread, delay spread} remained for other TRPs.


	Sharp
	Proposal 3.C.2: Support
Proposal 3.C.3: Support
Proposal 3.E.3: Support
Proposal 3.E.3: We prefer Alt 1 to consider the frequency selectivity.
Proposal 3.F.3: Support

	Intel
	Proposal 3.C.2: okay

Proposal 3.C.3: okay

Proposal 3.E.4: okay

Proposal 3.E.3: updated proposal looks.

Proposal 3.F.3: 

Just for clarification, the term "reporting" in the sub-bullets is a bit confusing. 
We think QCL assumption at the UE side is for CJT PDSCH reception, not for reporting - is this correct understanding ?

Then, assuming this is for CJT PDSCH reception, we agree to follow Rel-17 SFN specification framework. We think its better to formulate it in the way the current specification is:
 
UE assumes that PDSCH DM-RS port(s) are QCLed with the DL
RSs of both indicated TCI-States with respect to [QCL-TypeA] except for QCL parameters [Doppler shift, Doppler spread] of the second indicated joint TCI state.

UE assumes that PDSCH DM-RS port(s) are QCLed with the DL
RSs of both indicated TCI-States with respect to [QCL-TypeA] except for QCL parameters [QCL-Type B] of the second indicated joint TCI state


	Samsung
	Proposal 3.E.3
Support. 


	CATT
	Proposal 3.C.2: ok
Proposal 3.C.3: ok
Proposal 3.E.4:  ok
Proposal 3.E.3: Support. 
Proposal 3.F.3: generally ok. 
In the first sub-bullet under the 3rd bullet, “the associated 1-port CSI-RS” should be modified to “X-port CSI-RS (X)” since multi-port is for FFS.
 

	OPPO
	Proposal 3.C.2:
Fine.

Proposal 3.C.3:
Similar to delay offset reporting, a same unit is preferred for different candidates, e.g. ppm instead of SCS.

Proposal 3.E.3:
Fine with current version. We think by original Alt3, subband reporting is not needed. 

Proposal 3.F.3:
For delay/frequency offset reporting, we prefer Google’s version. Since how to configure TCI states for each TRP is transparent to UE and specification, we only need to define the QCL assumptions for PDSCH, rather than how to configure the QCL. 
For phase offset reporting, we don’t think the PDSCH DMRS ports should be always QCLed with the 1-port CSI-RS for phase measurement. For example, it can also be QCLed to TRS or CSI-RS for BM by current spec., which is up to gNB.


	Sony
	Proposal 3.C.2:
Support. 

Proposal 3.E.3:
Support to study until the next meeting.

	KDDI
	Proposal 3.C.2:
Support.

Proposal 3.F.3:
Basically fine with this direction, but we also have the same understanding as indicated from Intel that those are QCL assumptions at the UE side for CJT PDSCH reception, not for reporting.

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

Proposal 3.F.3:
Since joint reporting for Doffset/d and FO still needs further discussion, our suggestion is to add an FFS about QCL assumption for both delay offset and FO compensated.


	Lenovo/ MotM
	Proposal 3.C.2:
Uniform alphabet is fine but can proponent(s) clarify on the value MFO? Is it to be decided later? 

Proposal 3.C.3:
Based on Proposal 3.C.2, our understanding is that AFO is to be set by a rule (formula in Proposal 3.C.2) whereas MFO can be NW configured. The current version of the proposal is not clear enough on the unit of MFO (is it a fraction of PPM?) 

Proposal 3.E.4:
Fine

Proposal 3.E.3:
Fine to discuss in RAN1#117

Proposal 3.F.3:
· Support for time and freq offset reporting
· For phase offset reporting, more clarification is needed. Does the “associated 1-port CSI-RS” refer to the CSI-RS linked to reference TRP? For linking mechanism, we prefer using spatialrelationinfo in SRS config 


	vivo
	3.C.2
OK

3.C.3
OK. Based on the following requirement from RAN4, it seems no need to have AFo to exceed 0.2ppm.
[image: ]

	Xiaomi
	Proposal 3.C.2: support

Proposal 3.E.4: support

Proposal 3.F.3: 
First, it is possible to use only one TCI state, thus it is better to clarify in the main bullet that when two TCI states are configured.
In addition, as commented by some companies on the offline meeting, UE can’t differentiate different TRP. Can we use the wording similar to the alt 2 and alt 3 discussed for R18 CJT for frequency offset and delay offset report respectively?

	Mod V36
	Revised per comments 

	Qualcomm
	Proposal 3.E.3: Apologies for the late input.
Current version basically already preclude Alt2 and Alt3, and directly come to Alt1’s further details.
Probably we still need these three Alternatives FFS to next meeting.

Note that this is Rx-Tx phase mis-alignment, there is no channel component (no multi-path delay components) in the “subband phases” (of Alt1).

What caused for the frequency-selective phase is only Rx-Tx timing misalignment b/w TRPs

But we understand companies may need more time to think about this, thus we propose to postpone this proposal to next meeting.
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Table 6.5.1.2-1: Frequency error minimum requirement

BS class Accuracy

o Wide Area BS 0.05 ppm
Medium Range BS 0.1 ppm

Local Area BS 0.1 ppm





