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The offline discussion for AI 9.1.2 is given below.

1. Type-II CJT

Priority for RAN1#110 (as announced offline)
	
	Issue
	Topic

	1
	Type-II CJT 
	FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II

	2
	
	FFS: Whether to prioritize or only support N_TRP={1,2} over {3,4}

	3
	
	FFS: Whether to prioritize/down-select between 1 and K>1 NZP CS-RS resources

	4
	
	Specification entity corresponding to a TRP/TRP-group

	5
	
	Supported codebooks structure(s): down-select from Alt1A, 1B, and 2

	6
	
	SD/FD basis design: down-select from Alt1, 2, 3, and 4 




Table 1 Type-II CJT: issues
	Topic
	Moderator comments and proposals
	Relevant agreements

	3
	Comment:
To establish proper correspondence between measurement and PMI reporting, the relation between NZP CSI-RS resource(s)/port(s) and the N TRPs/TRP-groups should be defined.
· For this purpose, the simplest and most natural possible definition is preferred to avoid unnecessary spec complication – especially due to pursuit of unjustified “flexibility” 
· When CMR comprises 1 NZP CSI-RS resource, equally partitioning the ports into N port-groups seems most natural
· When CMR comprises K>1 NZP CSI-RS resources, setting K=N (hence one resource corresponds to one TRP/TRP-group) seems most natural


Offline proposal 1.A: 
For the Type-II codebook refinement for CJT mTRP, the NZP CSI-RS resource(s)/port(s) configured as CMR in Resource Setting and the NTRP TRPs/TRP-groups are related as follows:
· When the CMR comprises 1 NZP CSI-RS resource (if supported), the associated CSI-RS ports are equally partitioned into NTRP port-groups
· When the CMR comprises K>1 NZP CSI-RS resources (if supported), one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)


Offline proposal 1.B: 
For the Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, at least the following is supported:
· The CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
· FFS: Whether/how to signal the mapping between NZP CSI-RS resource indices and TRP/TRP group indices

	Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· Opt1: 1 NZP CSI-RS resource, max # ports = 32
· FFS: whether/how to associate TCI states and CSI-RS ports
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
· FFS: The maximum number of ports per resource, and the total number of ports across all resources 
FFS: Whether to prioritize/down-select from the two options

Agreement
For the Type-II codebook refinement for CJT mTRP, further study the following issues:
· …
· Specification entity corresponding to a TRP (e.g. port-group, NZP CSI-RS resource)
· …

Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes down-selecting at least one or merging from the following codebook structures:
· [bookmark: OLE_LINK7]Alt1A. Per-TRP/TRP group (port-group or resource) SD/FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 

·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt1B. Per-TRP/TRP group (port-group or resource) joint SD-FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 

·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt2. Per-TRP/TRP group (port-group or resource) SD basis selection and joint (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):


	4
	
	

	5
	
	




Table 1.B Summary of inputs from Table 2

	
CMR, Opt1 (CMR 1 resource) vs Opt2 (CMR K>1 resources): 
· Support (equal priority for) both Opt1 and Opt2: Samsung, DOCOMO, ZTE, AT&T
· Down-select to only (prioritize) Opt1:  Qualcomm
· Down-select to only (prioritize) Opt2: MediaTek, Apple, vivo, LG, OPPO, NEC, CMCC, Xiaomi, CATT, Huawei, HiSi, Ericsson, Intel, Fraunhofer IIS/HHI, Lenovo, Google, Spreadtrum, DOCOMO (ok), IDC 
· Some discussion points:  
· QCL: If >1 QCLs are needed, Opt2 is more natural and requires no spec changes
· Opt1 can be more suitable for intra-site CJT, while Opt2 inter-site CJT

Codebook structures:
· Alt1A: ZTE (co-scaling), Apple, LG, CMCC, Xiaomi, CATT, AT&T, Intel, Lenovo, Google, Spreadtrum, NEC
· Alt1B: Huawei, HiSi, 
· Alt2: Qualcomm, MediaTek, vivo, LG, OPPO, CMCC, Xiaomi, AT&T, Fraunhofer IIS/HHI, DOCOMO, Spreadtrum, IDC, Nokia/NSB, 
· Some discussion points:
· Alt2 allows better UPT vs PMI overhead trade-off due to better FD compression, with less spec impact (reuse of Type-II legacy design) and potentially lower UE complexity. It is also claimed that Alt1A reuses the Type-II legacy design by simply replicating it N times.
· For Alt1A/B, to handle large inter-TRP delay/phase offsets, wideband co-scaling is not sufficient. Sub-band co-scaling is needed. But this is already/implicitly included in Alt2.

Whether to prioritize/down-select refinement for Rel-16 vs Rel-17 Type-II codebooks:
· Support (equal priority for) both Rel-16 eType-II and Rel-17 FeType-II: 
· Down-select to only (prioritize) Rel-16 eType-II: Apple, AT&T, Google, DOCOMO, MediaTek, NEC ,CATT
· Down-select to only (prioritize) Rel-17 FeType-II:

NTRP={1, 2, 3, 4}:
· Support (equal priority for) all NTRP={1, 2, 3, 4}: Apple, CATT, AT&T, Google, DOCOMO, MediaTek, ZTE, NEC
· Down-select to only (prioritize) NTRP={1, 2}:


Basis (SD and FD) function:
· Alt1: Apple, AT&T, DOCOMO, ZTE, NEC,CATT
· Alt2: 
· Alt3: 
· Alt4:






Table 2 Type-II CJT: inputs from companies
	Company
	Input

	Mod V0
	Please share your views on offline proposal 1 in TABLE 1

	Samsung
	We support the two bullets on CMR (i.e. both 1 and >1 NZP CSI-RS resources). Regarding the two sub-bullets (on the mapping), our view is as follows:
· First of all, the mapping can also be fixed.
[Mod: Unclear what “fixed” mapping entails]
· Since TRPs can be coordinate among themselves, NW can decide the set (S) of TRPs for CJT operation, and trigger a CSI report accordingly. Some signaling about the NW decision may be needed when the set (S) of TRPs can include all or a subset of coordinating TRPs. We suggest to include this aspect in proposal 1.
[Mod: This is related to TRP selection/determination, not Proposal 1. Please propose this when the time comes, but not here yet.]

	Qualcomm
	Re CMR
In our view, possible pros. and cons. for the two CMR options can be
	
	Opt1: 1 NZP CSI-RS resource partitioned equally into N port groups (representing N TRPs)
	Opt2: N>1 NZP CSI-RS resources with the same number of ports (representing N TRPs)

	Possible pros.
	Compact RS pattern
	· QCL is free to be configured same or different b/w any 2 TPRs 
· Shared CSI-RS with sTRP CSI – higher efficiency from system level

	Possible cons.
	No support of more than 1 QCLs
	Risk for higher UE complexity possibly due to larger number of ports than Rel-16/-17 Type-II if not limited <=32



It can be observed that the comparison of Opt1 and Opt2 strongly depends on whether 1 QCL is sufficient. In our view, similar as Rel-15 multi-panel codebook, 1 QCL can also work well with CJT-PDSCH. Besides, considering UE complexity, we support Opt1. 

Re codebook structure
Support Alt2 joint codebook due to its similarity to Rel-16 eType-II – with only W1 modified, and existing implementations can largely be reused.
Another benefit of Alt2 joint codebook is, UE complexity is irrelevant with CSI hypothesis. For 4-TRP case, there can be at most 24-1=15 hypotheses for all possible sTRP or mTRP combinations (and a subset of these hypotheses can be configured according to one alternative in one of #109-e agreements).
· For Alt2 joint codebook, since W1 selection basically is also TRP selection, hypothesis of TRP combination does not even need to be configured
· For Alt1 separate codebook with co-phase/-amplitude b/w TRPs, UE complexity increases with number of hypotheses configured. Besides, 
· The additional step of co-phase/-amplitude would also bring extra complexity
· UE complexity may also increase depending on how to handle rank>1
· E.g. for 2 rank-2 TRPs {A,B}, co-phase/-amplitude may need to consider two cases: {layer#1TRP-A-co-layer#1TRP-B, layer#2TRP-A-co-layer#2TRP-B} , or, {layer#1TRP-A-co-layer#2TRP-B, layer#2TRP-A-co-layer#1TRP-B} – not to mention even higher rank-3/-4
· Should UE be forced to report a common rank for each separate TRP? If not, how to handle the co-phase/-amplitude issue with different ranks?
[Mod: Good points]


	DOCOMO
	We think the two options for CMR configuration are appliable for different scenarios, and we’re open to support both. 
Regarding the mapping between NZP CSI-RS resource indices and TRP/TRP-group indices, we do not think higher-layer signaling is always needed. For example, when 4 NZP CSI-RS resources are configured, they could be regarded as from 4 TRPs, in this case, no addition higher-layer signaling is needed.
[Mod: Since a UE can be configured with >1 resources already without any CJT use case in mind, this solution may be incomplete in itself]

In addition, does it mean a new explicit parameter ‘TRP/TRP-group indices’ will be introduced in higher-layer signaling?
[Mod: No. Personally I don’t think explicit TRP/TRP-group indices are necessary for CJT codebooks.]


	MediaTek
	Re CMR:
We tend to agree with the pros and cons described by Qualcomm for the two options. However, from implementation perspective, we prefer Opt 2, N>1 CSI-RS resources representing N TRPs/ TRP groups. The reasons are as follows:
· Port grouping in a single CSI-RS resource lacks backward capability and impacts channel estimation from current CSI implementation
· New QCL and TCI state framework (if supported) is needed for port grouping in a single CSI-RS resource
· Possibility of sharing the same resource setting for joint mTRP / sTRP CSI report
Since the number of ports per CSI-RS resource and total number of ports is still under discussion, we think UE complexity due to large number of ports can be possibly controlled by corresponding UE capability.
Further, we think that a group of co-located TRPs can share a single CSI-RS resource since it is expected that the channel characteristics for co-located TRPs (e.g. co-located multi-panel) are similar. With such a TRP group concept, Option 1 is implicitly accounted for in Option 2.
[Mod: Good points]

Re codebook structure:
Agree with Qualcomm to support/prioritize Alt 2 codebook structure.
From our simulation results, we observe that Alt 2 structure can achieve a better throughput than Alt 1A while incurring a much lower feedback overhead. Alt1A with wideband co-phasing suffers a significant performance loss, and the overhead and UE computational complexity mainly arises due to subband co-phasing. Layer specific subband co-phasing would further increase UE complexity and overhead.
However, Alt 1A has the advantage that the per TRP eType II precoders may be used for sTRP hypotheses. Therefore, we are fine to have it as our second preference.
We do not support Alt 1B structure since the design and parameterization of joint SD-FD bases may require considerable effort. Considering legacy (separate) SD-FD bases, the joint SD-FD bases can be obtained as , in which case, performance and overhead would be the same as Alt 1A.


	ZTE
	Regarding CMR
In general, those two candidate solutions have different appropriate scenarios. Specifically, we have:
· Opt1: 1 NZP CSI-RS resource, max # ports = 32 (i.e., Port-group wise as agreed in Rel-15)
· Only 1 TCI state can be indicated for CSI-RS ports in the resource.
· Note: It can accommodate Type-II port-selection CSI codebook, and saves specification effort in terms of PMI definition, power-offset, etc.
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRP groups)
· Support more than 32 ports in total, and then each of resource can be indicated with individual TCI state.
· Note: It may accommodate the flexible configuration for TCI state(s) and other resource-level parameters.
For the signaling perspective, the TRP-group is just relevant to whether we need to provide additional information of ‘Ng’ besides for ‘N1’ and ‘N2’ for describing the number of port groups in a resource, as what we did for Rel-15 multi-panel CSI.

Re codebook structure:
We support Alt-1A: Per-TRP/TRP group (port-group or resource) SD/FD basis selection + relative co-phasing/amplitude (including WB and/or SB)). Quite align with legacy CSI codebook. Besides, UE only need to provide additional parameter of ‘Indication of relative offset of reference FD basis per TRP with respect to a reference TRP’.

Then, for Alt-2, our concern is relevant to how to handle the case of large-Delay that may introducing a severe frequency-selective fading, and we may need to have a very small frequency granularity (like RB or half-RB level) for handling this case. Consequently, ‘Delay/frequency difference(s) across TRPs’ should be considered for gNB pre-compensation, and then after that, the UE can report the corresponding CSI based on the codebook. 

	Apple
	FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II
Refinement of Rel-16 regular Type II codebook should have higher priority compared to Rel-17 PS Type II codebook

FFS: Whether to prioritize or only support N_TRP={1,2} over {3,4}
Strive to have a common Type II codebook refinement to support up to 4 TRPs

FFS: Whether to prioritize/down-select between 1 and K>1 NZP CS-RS resources
Only one CSI-RS resource can be configured as CMR per TRP/TRP-group
FFS: select one of the following alternatives 
Alt 1: All TRPs/TRP-groups share the same CSI-RS resource 
Alt 2: Each TRP/TRP-group is configured with independent CSI-RS resource
FFS: Limitation on the total number of CSI-RS ports as CMR configured across all TRPs, e.g., 32

Specification entity corresponding to a TRP/TRP-group
Specification entity corresponding to a TRP/TRP-group
Alt 1: If all TRPs/TRP-groups share the same CSI-RS resource, different TRP/TRP-groups can be associated with different CSI-RS ports, similar as Type I MP. 
Alt 2: If each TRP/TRP-group is configured with independent CSI-RS resource, different TRP/TRP-groups can be associated with different CSI-RS resource

Supported codebooks structure(s): down-select from Alt1A, 1B, and 2
Support codebook structure Alt 1A

SD/FD basis design: down-select from Alt1, 2, 3, and 4
Support SD/FD basis design Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design

	vivo
	Re CMR -Offline proposal 1
We support the second bullet, i.e., Opt 2 in last meeting’s agreement, and we don’t see the need to have the first bullet, which is Opt 1. Essentially the second bullet can achieve whatever the first bullet can do. Hence we don’t need to specify two features for same functionality.
· For Opt 1, we cannot configure more than one QCL for a CSI-RS resource, so it cannot work for CJT CSI acquisition without a tremendous change on the current TCI framework. 
· Further, although Opt 2 uses more CSI-RS resources, its complexity can already be limited by the current CPU occupation rule and active CSI-RS resource/port rule. But for Opt 1, we need further specification enhancement on the above two rules to limit the UE complexity for CSI derivation of CJT.
· We think for either Opt 1 or Opt 2, the total number of CSI-RS ports for codebook search should be no more than 32, as we don’t have a codebook with more than 32 ports in the current specification.

Re CB structure
We are open to simulate different cases, but we support to prioritize Alt 2, which requires the smallest change on the current eType II CB for CJT use case.


	LG
	Re CMR -Offline proposal 1
We have similar view with vivo regarding the same functionality of Opt 1 and 2. In this sense, supporting one of the two options seems enough. Considering legacy R-17 NCJT CMR configuration, which configures 2 CMRs for 2 TRPs, we prefer Opt 2. We also support to fix the mapping between port and TRP without additional signaling.

Re CB structure
We are open to support Alt 1A or Alt 2.

	OPPO
	Re CMR
We prefer Opt2. We don’t see the need to further support Opt.1.  Opt.1 only supports 32 ports across TRPs, and can only support one common TCI state for CSI-RS from different TRPs. If further enhancement on TCI state, e.g. multiple TCI states per resource, is not introduced, there would be performance loss. If Opt.2, which has good backward compatibility to S-TRP/NC-JT, is supported, We don’t need Opt.1 anymore.

Re CB structure
Alt.2 is preferred. 
Compared to Alt.1B and Alt.2, Alt.1A needs higher CSI overhead. Alt.1B may reduce the overhead via joint SD-FD basis selection. However, the performance of joint SD-FD basis selection needs further justified, and significant specification impact to current CSI framework is needed. We need to redesign the basis which have been used since Rel-16. For Alt.2, the SD basis is selected per TRP/TRP group considering the beams would be different for different TRPs//TRP groups. The FD basis and coefficients are reported across TRPs//TRP groups. By proper reporting design, Alt.2 can support CJT via slightly higher overhead than single TRP. That is, Alt.2 can achieve a good trade-off among overhead, specification impact and performance.
[Mod: Good points] 


	NEC
	Re CMR

We are fine with offline proposal 1, and if down selection is needed, we prefer Opt. 2 (one CSI-RS resource per TRP).

Re CB structure

In general, we prefer per TRP SD basis selection and across TRPs joint FD basis selection. And in fact, we think Alt 1A and Alt 2 can be equivalent if FD basis is common across TRPs.

For example, if FD basis is common for Alt 1A, 
And for current Alt 2,

If so, the only difference between Alt 1A and Alt 2 is whether relative co-phasing/amplitude is needed across TRPs. And we support relative co-phasing/amplitude. So if Alt 1A or Alt 2 is updated, we are fine with either one:

Update of  Alt 1A, 
Or update of Alt 2,

With relative co-phasing/amplitude (including WB and/or SB)
[Mod: Per the agreement, we cannot update alternatives (merging is fine but not by changing codebook structures). But based on your comments, your preference is indeed Alt2 (not Alt1A). The co-scaling in Alt2 is not needed since it can be absorbed into each of the N component precoders. I’ll note NEC as Alt2 supporter.


	CMCC
	Re CMR:
We prefer Opt 2, like the CMR configuration framework in R17 NCJT scenario.
For Opt 2, one CSI-RS resource can only be configured with one QCL in current spec. However, at least for inter-cell CJT scenario, it cannot work well for accurate CSI acquisition. 

Re CB structure
We are open to consider Alt 1A. or Alt 2.
However, for Alt 1B, the joint SD-FD basis need to be redesigned, which does not appear in current spec. The standardization effort for Alt 1B seems not trivial.

	Xiaomi
	Re CMR
We prefer option 2. Since TCI state is configured per CSI-RS resource in legacy system and with Option 2, the CSI-RS for CJT can be shared with S-TRP.

Re codebook structure
Both Alt 1A and Alt 2 can be considered. Alt 1A is more suitable for inter-site mTRPs but the CSI feedback overhead for FD basis indication will be high. Alt 2 is more suitable for intra-site mTRPs. 

	CATT
	Re CJT scenario and N_TRP
Based the discussed simulation assumptions in last e-meeting, both co-located TRPs and distributed TRPs should be considered for Rel-18 CJT scenario. For co-located layout, ideal synchronization and backhaul can be assumed in practical deployments; For distributed layout, the throughput of cell edge use can be improved for a more balanced service quality. 
Based the provided simulation results in last e-meeting, as the number of TRPs increases, both co-located and distributed layouts have significant gain for cell average and cell edge. Therefore, both N_TRP= {1, 2} and {3, 4} should be supported for CJT scenario. 

Re CMR
In order to be consistent with existing QCL assumption and Rel-17 MTRP CMR configuration, we support Opt 2 on each resource representing one TRP. Moreover, since there are usually 32- port gNB deployments in the existing NR system, no restriction should be added on the total number of ports across all resources in order to efficiently achieve CJT enhancement through reusing the existing gNB deployments.

Re Codebook structure
For less specs impact and UE computational complexity, we prefer to prioritize only one codebook structure for CJT. Since the delay paths have large differences across all the TRPs, codebook Alt 1-A with independent SD/FD basis per TRP is preferred for flexibility. 
Considering the feedback overhead of Wf and co-phasing/ amplitude, layer-common Wf and co-phasing/amplitude incorporated in W2 can be considered.


	Huawei, HiSilicon
	For CMR
We support option 2 (N>1 NZP CSI-RS resources). In addition to the benefits mentioned by companies, N>1 NZP CSI-RS resources can save CSI-RS resources. For N CMRs, CJT UEs can reuse CSI-RS resource with S-TRP UEs without additional CSI-RS overhead. For the example shown in the following figure, the CJT UE2 can reuse the cell specific CSI-RS #1 and #3. However, if 1 CMR, a specific CSI-RS resource #2 has to be configured, which increases CSI-RS resource overhead.

[image: ]
UE complexity is mainly determined by the total number of CSI-RS ports, but not 1 CMR or N CMRs. And the maximum number of CSI-RS ports can be discussed in UE features, similarly as the Rel-15 UE features on the maximum number of CSI-RS resources, CSI-RS ports etc.
For QCL, as discussed in EVM, the CJT scenarios are mainly intra-site and inter-site cases for outdoor. This is different from Rel-15 multi-panel scenarios, where the panels are co-located and have the same orientation. The intra-site and inter-site scenarios for CJT will require different QCL for different TRPs. So with multiple CMRs, it is more flexible to support the different scenarios of CJT.
For codebook structure
We support Alt 1-b. For multi-TRP CJT, the joint SD-FD eigenvectors which comes from the statistical eigen-basis of joint SD-FD subspace is much sparser than 2D-DFT/DFT basis. It is because the eigen-basis match the UE-specific statistical subspace better. Therefore, if the spatial and/or frequency domain basis in the codebook structure are selected from the statistical eigenvectors for the corresponding domain, the CSI precision can be improved.
The gain of Alt 1-b is illustrated in our contribution (R1-2203151), which is also copied below. It can be observed that joint SD/FD eigenbasis can achieve a significant performance gain.

[image: ]
On difference between codebook structures Alt 1 and Alt 2, the difference is mainly whether the FD basis is common for different TRPs. The complexity can be similar depending on UE implementation. For example, for both Alt 1 and Alt 2, UE can select the TRPs by RSRP, and then perform one SVD over the concatenated channel matrix of the selected TRPs.

	AT&T
	
· FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II
We support to prioritize Rel-16 type II codebook

· FFS: Whether to prioritize or only support N_TRP={1,2} over {3,4}
We support N_TRP={1,2,3,4}

· FFS: Whether to prioritize/down-select between 1 and K>1 NZP CS-RS resources
We support both options (Opt1 & Opt2). 

· Supported codebooks structure(s): down-select from Alt1A, 1B, and 2
We support Alt2 and Alt1A. Alt2 provides an optimized codebook structure (overhead/Performance) for the scenario of co-located mTRPs where channel (for each TRP) is likely to have similar mutual frequency\delay characteristics with the channels of the rest of the TRPs. However, in the distributed or non-co-located mTRP scenario, channels may not have similar frequency\delay characteristics due the different locations of the mTRPs. Therefore, Alt1A will be a good alternative in the case of distributed mTRP.
[Mod: Good points]

· SD/FD basis design: down-select from Alt1, 2, 3, and 4
We support to prioritize Alt1.


	Ericsson
	On CMR: Option 2 is preferred
Regarding offline proposal 1, we are not sure if both options need to be supported.  According to comments made above, it seems some companies think Option 1 only supports one QCL.  Although 1 QCL per resource assumption is made in the case of Rel-15 multi-panel codebook, the multiple panels may be co-located whereas in the case of Rel-18 CJT, the TRPs participating in CJT are generally not co-located.   Hence, if option 1 is to be pursued, then one would have to associated one QCL with each port group which may lead to additional specification impact related to TCI configuration (i.e., multiple TCI states may need to be configured per NZP CSI-RS resource).
[Mod: proposal 1 is just to establish a baseline correspondence (added “if supported” in the revised version 1.A). Also added 1.B (super-majority wants Opt2 only). But in case 1.B cannot be agreed, 1.A is still a useful agreement to have]

Since different CMRs are used in the case of multi-TRP CSI introduced in Rel-17 for NCJT, using different NZP CSI-RS resources to represent different TRPs (as proposed in Option 2) is more inline with what has been specified in Rel-17 multi-TRP CSI feature.  Hence, we have a preference for Option 2 as it can handle the different scenarios envisioned for Rel-18 CJT.
[Mod: Good points]



On codebook structure:  Alt.2 is preferred

For alt.1A, per TRP type II PMI is calculated and wideband co-phase/co-amplitude are used to combine beams from different TRPs.  As MediaTek pointed out, wideband co-phase is not expected to provide good combining performance if there is a large delay difference between TRPs, which would cause a fast phase rotation across PRBs, and a wideband co-phase cannot align phase in most of PRBs between TRPs.  Some companies pointed out that Alt.1A is good when large delays are present between TRPs. As a matter of fact, it is the opposite.  With wideband co-phasing in ALt.1A/1B, it would be worse than subband co-phasing, which is naturally performed in Alt2.   As pointed out by QC, with per TRP PMI in Alt.1A/1B, the rank is presumably determined per TRP. If different ranks are determined for different TRPs, how to determine a common rank could be an issue.  Even if the same rank is determined, pairing layers among TRPs could also be an issue, as pointed out by QC.    Also, non-zero coefficients in Alt.2 are selected globally among TRPs while they are selected locally per TRP in Alt.1A,. Therefore, Alt.2 should achieve better performance than Alt.1A.  In addition, as pointed out by other companies, Alt.2 has the same code structure as legacy Rel16/17 type II codebook and thus, fewer spec changes are expected.   Given that, we prefer Alt.2. 
[Mod: Good analysis]


	Intel










	Re CMR:
If there is a down-selection, we prefer option-2 considering the following reasons. It allows multiple QCL assumptions at the UE side which could be beneficial for better channel estimation of CSI-RS ports. It allows re-use of 1-TRP CSI-RS for CJT CSI-RS within the network which is more efficient considering that normally a small fraction of UEs would be chosen for CJT.  

Re CB structure
We have a slight preference towards Alt1A. We think Alt1A has more commonality between legacy and C-JT codebook at the UE. This is especially beneficial since for some UE implementations the PMI computation for CJT and 1-TRP can be re-used. We tend to agree that theoretically its possible to achieve more compression with Alt 2 but we prefer to not optimize codebook structure for CJT but instead have a more efficient implementation.   


	Fraunhofer IIS/ Fraunhofer HHI
	Re CMR: 
We prefer Opt 2. 
Opt 1 supports only one QCL assumption, whereas Opt 2 supports multiple QCL assumptions. Using a single QCL assumption may work well only in the case of co-located TRPs. As the TRPs are mostly not co-located in CJT case, a single QCL assumption may result in an inaccurate channel estimation. Since Opt 2 supports multiple QCL assumptions/TCI states, channel estimation quality may be accurate with Opt 2. 
Re codebook structure:
We prefer Alt 2. Per Alt 1A and Alt 1B, the precoders for different TRP/TRP groups are calculated separately and each TRP/TRP group is further scaled with a SB or WB relative co-phasing and/or co-amplitude value, whereas per Alt 2, the precoders for different TRP/TRP groups are calculated jointly. Based on our observation, compared to Alt 2, Alt 1A with wideband co-phasing and/or co-amplitude results in significant performance loss and incurs additional complexity in addition to higher feedback overhead.

	Lenovo
	Re CMR: Support Alt1
- First of all, our preference is to down select between Option 1 and Option 2. We do not see enough motivation to support both options, which would significantly raise the spec impact
- Our preference is Alt1. We agree with QC’s comparison, and in our understanding if each TRP is mapped to a distinct NZP CSI-RS resource without restriction, the complexity would be significantly large (up to 128 CSI-RS ports if up to 4 TRPs is supported with 32 ports per resource). Regarding the QCL assumption, in our understanding, the coherence assumption is mostly valid when the TRPs/panels are co-located, and hence supporting 1 QCL assumption would suffice, and if not, the UE can be configured to NCJT CSI framework which supports 2 QCL assumptions

Re codebook structure
We prefer Alt1A. Although it appears that Alt2 would have potentially lower CSI feedback overhead due to using a common FD basis transformation for all TRPs, the size of this FD basis, i.e., value of M, needs to be large under Alt2  in order to capture the peak paths for all TRPs. 
- We believe the co-amplitude scaling in Alt1A can be important to balance the power gain across different TRPs due to minor pathloss variations. This would enable a better codebook resolution for weaker TRPs, rather than using low amplitude values in the codebook with a lower resolution  
- Regarding co-phasing, we agree with MTK, Ericsson that wideband co-phasing may not be very beneficial, so we are open to discuss sub-band co-phasing as a potential variant of Alt1A

	Mod V20
	Please check Table 1. 
Based on the inputs (please check Table 1.B for summary), I revised proposal 1 into proposal 1.A and added proposal 1.B (super-majority clearly goes to Opt2 only)

	Spreadtrum
	Re CMR -Offline proposal 1
We prefer to support option 2 only. For option 1, the current TCI framework should be changed to support multiple QCL Type-D RS for a single CSI-RS resource. Also, for QCL Type-A RS indication, additional discussion is required. For option 2, TCI indication is still resource level. Regarding the applicable scenarios, option 2 is the only solution to support both intra-cell and inter-cell MTRP.
Re CB structure
Alt1A is more reliable when the stronger FD bases from different TRPs are not within a single search window. Alt2 is simpler from UE calculation perspective. So, we are open to Alt1A and AltB. But for Alt1B, joint SD-FD basis is a new terminology and will lead to further discussion.

	Google
	Our views added.

Regarding 1 CMR vs N CMRs, in addition to QCL issue, we are also wondering how Pc and Pc_ss can be defined for 1 CMR case?
[Mod: Good point]

	DOCOMO
	Our views are added in the summary table.
And we support Offline proposal 1.B.

	InterDigital
	Re CMR
We prefer Opt2 with a restriction on total aggregated ports <32. The configuration of CMRs per TRP allows the reuse of CSI-RS for different hypothesis (sTRP vs mTRP) which follows similar principles established in Rel-17 with NC-JT reporting. Moreover, the specification impact is lower compared to Opt1 which requires configurations of port groups and multiple TCI states per CMR. 

Re CB structure
We prefer Alt2 as it is a natural extension of existing Type-II codebook design with an aggregated multi-TRP block diagonal structure for W1. Alt1A and Alt1B require more effort to introduce explicit co-phasing/co-amplitude reporting, and additionally joint SD-FD basis for Alt1B.

	vivo3
	Re proposal 1.A and 1.B
As what we discuss here is about RRC configuration, the number of TRPs to be configured in these proposals should be NTRP instead of N per last meeting’s denotation, where N is the number of TRPs reported by UE. Hence the following revision needs to be made.
[Mod: Correct, thanks for the good catch. The relation between N and NTRP will be handled in TRP selection/determination issue]

Offline proposal 1.A: 
For the Type-II codebook refinement for CJT mTRP, the NZP CSI-RS resource(s)/port(s) configured as CMR in Resource Setting and the NTRP TRPs/TRP-groups are related as follows:
· When the CMR comprises 1 NZP CSI-RS resource (if supported), the associated CSI-RS ports are equally partitioned into NTRP port-groups
· When the CMR comprises K>1 NZP CSI-RS resources (if supported), one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
· 
Offline proposal 1.B: 
For the Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, at least the following is supported:
· The CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
· FFS: Whether/how to signal the mapping between NZP CSI-RS resource indices and TRP/TRP group indices


	Mod V29
	Slight revision on proposals 1.A and 1.B per vivo’s correction


	Nokia/NSB
	We support both P1.A and P1.B.

CMR configuration: Option 2 has some advantages, including the possibility to indicate different Pc ratios for different TRPs. One drawback, if R17-Type-II-CJT is supported, is the multiplication of UE-specific resources that need to be configured. Option 1 has the advantage of a more flexible configuration, because the same Port Group may be used for different TRPs depending on the CJT scheduling set, but the limitation of 1 TCI state common across all TRPs, although this is not a problem in case of co-sited TRPs, and in general, QCL assumptions are not really needed for CSI calculations in FR1.
TRP entity definition: we agree with FL that explicit TRP/TRP group index association to CMR/Port group is not needed

Codebook structure: we prefer Alt 2, for similar reasons expressed by Ericsson and QC. Alt 1 targets separate TRP processing of W2, followed by calculation of co-amplitude and co-phase factors, which does not seem to provide any benefit in either complexity or performance.
 

	ZTE2
	Please review our additional input in the summary table. 

In our views, resource-level or port-group level TRP/TRP-group-mapping corresponds to different scenarios. After reviewing companies input, it seems that there may be flexibility for individual TCI configuration for resource level for inter-site TRP, but on the other hand, for intra-site TRP, it is unclear why we still need to have resource level mapping if the port-group level is sufficient (also more efficient).  


	NEC2
	Our view added in the summary table.

Regarding codebook structure, we are also fine with Alt 1A. We agree that wideband co-phasing is not needed, while we think wideband relative amplitude across TRPs is useful, which can reflect at least pathloss difference between TRPs, and can also be applied for TRP selection (e.g. TRP not selected when ). So for Alt 2, at least wideband relative amplitude can be further discussed, is that correct understanding?
[Mod: Sorry, No. As I said above we don’t want to change agreement on how Alt2 looks like. In addition, as pointed out WB relative amplitude doesn’t offer any benefit for Alt1A, and there is no reason why it does so for Alt2. I removed NEC from Alt2 ]
 

	CATT2
	Add our additional views in the above Table.

	Mod V35
	No change in proposals 1.A and 1.B



2. Type-II Doppler

Priority for RAN1#110 (as announced offline)
	
	Issue
	Topic

	7
	Type-II Doppler
	FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II

	8
	
	Supported codebooks structure(s): down-select from Alt1A, 1B, 2A, 2B, and 3

	9
	
	DD/TD basis design: down-select from Alt1, 2 ,3, and 4

	10
	
	CSI measurement and reporting: Configuration of CSI-RS occasion 

	11
	
	CSI measurement and reporting: CSI reference resource 

	12
	
	CSI measurement and reporting: The need (configuration) for CSI reporting window




Table 3 Type-II Doppler: issues
	Topic
	Moderator comments and proposals
	Relevant agreements

	8
	Offline question 2: Two questions were brought up during the email discussion in RAN1#109b-e:
a) Alt1 and Alt2 can be equivalent: Is the equivalence conditional? If they are equivalent unconditionally, it is better to select, e.g., Alt2 to better focus down-selection process.
· Note: The formulation is only for discussion purposes. The exact formulation in the spec is up to the editor
b) Comment 2: Example mathematical formulation for Alt1B/2B (for illustrative purposes)?

Offline proposal 2.A: For the Type-II codebook refinement for high/medium velocities, down-select from the following codebooks structures:
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Note that  may be the identity as a special case
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.
.

	Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes down selection from the following codebook structures (for discussion purposes):
· [bookmark: OLE_LINK1]Alt1. Time-domain basis, 
· Alt1A: Time-domain basis commonly selected for all SD/FD bases, e.g.  
· Alt1B: Time-domain basis independently selected for different SD/FD bases 
· Alt2. Doppler-domain basis 
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case 
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.

	10
	Offline question 3: The 9 alternatives can be illustrated as follows (along with the comparison with the legacy CQI timeline). Note that legacy timeline doesn’t incorporate CSI-RS measurement window. 

Comparing Alt1, Alt2, and Alt3, what are the pros and cons among the three groups of alternatives (since they only differ in terms of time references)? Can the group select one of the three at this point to better focus the discussion? 
Note: Whether “UE-side prediction” is assumed in CQI calculation or not is related to A, B, or C

Offline proposal 2.B: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, down-select at least one from the following alternatives:
· Alt1.A:  l + WCSI –1 ≤ nref
· nref (CSI reference resource slot) as boundary 
· Alt1.B:  l ≥ nref
· nref (CSI reference resource slot) as boundary
· Alt2.B: l ≥ n
· n (report slot) as boundary
· Alt3.B: l ≥ k + Wmeas –1 
· End slot of Wmeas (k + Wmeas –1) as boundary





	Agreement
On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, at least for discussion purposes, define the following:
· Assume a CSI report in slot n, and let the length of the DD/TD basis vector be N4 
· Note that basis vector has no span/window in time-domain, only length
· CSI-RS measurement window of [k,k+Wmeas –1], representing the window in which CSI-RS occasion(s) are measured for calculating a CSI report
· k is a slot index and Wmeas is the measurement window length (in slots)
· Note: In the legacy Rel-16/17 CSI, the CSI-RS occasion(s) are configured in CSI-ReportConfig
· CSI reporting window of [l,l+WCSI –1], associated to the CSI report in slot n 
· l is a slot index and WCSI is the reporting window length (in slots)
· CSI reference resource(s) in time-domain 
· The location of a CSI reference resource is denoted as nref (slot index)

Agreement
On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, consider at least the following alternatives for potential down-selection:
· Alt1: nref (CSI reference resource slot) as boundary 
· Alt1.A:  l + WCSI –1 ≤ nref
· Alt1.B:  l ≥ nref
· Alt1.C: l < nref and l + WCSI –1 > nref 
· Alt2: n (report slot) as boundary
· Alt2.A: l + WCSI –1 ≤ n
· Alt2.B: l ≥ n
· Alt2.C: l < n and l + WCSI –1 > n
· Alt3: End slot of Wmeas (k + Wmeas –1) as boundary 
· Alt3.A: l + WCSI –1 ≤ k + Wmeas –1 with the following as a special case: l=k, WCSI = Wmeas
· Alt3.B: l ≥ k + Wmeas –1
· Alt3.C: l < k + Wmeas –1 and l + WCSI –1 > k + Wmeas –1 with the following as special cases:
· l=k, l + WCSI = n
· l=k, l + WCSI > n
FFS: whether nref represents the slot index of Rel-15 CSI reference resource or a newly defined CSI reference resource
FFS: whether/how the CSI measurement window and reporting window are configured


	11
	
	

	12
	
	



Table 3.B Summary of inputs from Table 4

	
Codebook structures:
· Alt1A/B: LG, CATT, Google (1A)
· Alt2A/B: Samsung, Qualcomm, DOCOMO (2.A), MediaTek, ZTE, Apple (2.A), vivo, LG, OPPO (2.A), NEC (2.A), CMCC (2.A), CATT, Huawei/HiSi (2.A), Ericsson (2.A), Intel, Fraunhofer IIS/HHI, Lenovo, Google (2.A), Spreadtrum
· Alt3: vivo, 
· Some discussion points:
· Almost all companies agree that Alt1 and Alt2 are mathematically equivalent. Some companies commented that Alt2.A also covers Alt2.B (which I tend to agree).

CSI reporting/measurement:
· Alt1.A: Qualcomm, DOCOMO, LG, Intel, Xiaomi 
· Alt1.B: Qualcomm, ZTE, LG, OPPO, CMCC, Intel
· Alt1.C: Qualcomm, ZTE, LG, NEC
· Alt2.A: Intel
· Alt2.B: MediaTek, vivo, OPPO (1st pref), NEC, CMCC, CATT, Huawei, HiSi, Ericsson, Intel, Google, IDC 
· Alt2.C:
· Alt3.A: Samsung, DOCOMO, MediaTek (no need to define Wmeas), Apple (gNB-side prediction ), Fraunhofer IIS/HHI (gNB-side prediction ), Google, IDC
· Alt3.B: Samsung, OPPO, NEC, CMCC, IDC
· Alt3.C: Samsung, NEC
· Some discussion points:
· Concern on x.C (UE complexity): MediaTek, Spreadtrum, Xiaomi
· Concern on gNB-side prediction (e.g. Alt3.A): vivo, Ericsson, ZTE, Nokia/NSB
· UE-side (only) prediction (x.B) is supported by a number of companies, at least as an optional feature

Whether to prioritize/down-select refinement for Rel-16 vs Rel-17 Type-II codebooks:
· Support (equal priority for) both Rel-16 eType-II and Rel-17 FeType-II: 
· Down-select to only (prioritize) Rel-16 eType-II: Apple, DOCOMO, MediaTek, NEC, Xiaomi
· Down-select to only (prioritize) Rel-17 FeType-II:

DD basis:
· Alt1: Apple (no rotation), DOCOMO (no rotation), MediaTek (no rotation), NEC, Xiaomi (with rotation factor)
· Alt2:
· Alt3:
· Alt4: 





Table 4 Type-II Doppler: views from companies
	Company
	Input

	Mod V0
	Please share your views on the offline questions 2 and 3 in TABLE 3

	Samsung
	Offline question 2
· In our view, Alt1 and Alt2 are different. Alt1 can be viewed as ‘non-transformed-domain’ compression in time. Alt2 can be viewed as ‘transformed-domain’ compression in Doppler.
· Between the two, Alt2 is a simple extension of R16 codebook from 2D to 3D, and is also simpler from spec perspective (e.g. codebook description).
Offline question 3
· It is beneficial if the CSI reporting window includes measurements (e.g. NW can predict/extrapolate if it wants to). So, Alt 3 is preferable.

	Qualcomm
	Re offline question 2 (codebook structure)
In our understanding, Alt1 and Alt2 codebook structures are mathematically equivalent.
Even if Wt (in Alt1) Wd (in Alt2) are assumed to be selected from time-domain and Doppler-domain basis set respectively (the two sets, both written as e.g. N4*N4 matrix, are conjugate to each other), the selected TD/DD bases can still result in two mathematically same matrices: Wt and Wd
Therefore, the coefficients  (in Alt1) and  (in Alt2) are also same – only differ in how these in-total 2L*M*S coefficients are arranged: 
· Matrix  (in Alt1): Size-2LM*S
· Matrix  (in Alt2): Size-2L*MS
(Note that parameter S denotes the number of selected TD bases)
Alt2 can be slightly preferred for discussion due to its similarity to conventional discussions in Rel-16 eType-II

Besides, we think Alt1A or Alt2A structure does not preclude per-SD/FD-basis selection of TD bases (as proposed in Alt1B or Alt2B). For instance, by assuming a large value of S, and with certain  coefficients being specified as zero, per-beam TD basis selection can be achieved.
[Mod: Good points] 

Re offline question 3 (CSI report window WCSI)
First of all, thanks FL for the nice figure.
However, we have a comment for the note on legacy in the figure. We agree that legacy can be treated as “l=nref, WCSI=1,” but measurement window was never defined in existing the standards. “k<=nref, Wmeas=1” only holds when timeRestrictionForChannelMeasurements is configured, where k is restricted as a most recent CSI-RS occasion no later than slot nref – otherwise, no definition on Wmeas.
In our view, to be more aligned with legacy mechanisms, we should also avoid to introduce the definition of Wmeas, but keep on only defining WCSI. As for how many CSI-RS occasions are measured for extrapolation/prediction, it can still be UE implementation. Therefore, we can’t accept Wmeas-based Alt3, which assumes Wmeas anyhow needs to be already defined.
We support Alt1 for its alignment with legacy.

Furthermore, among the sub-alternatives A, B, or C, it should be noted that firstly they may not differ in report overhead, although with different TD basis length N4. Alt1A is gNB-prediction, while Alt1B and 1C require UE to predict; Alt1C gives gNB flexibility/choice to either trust UE prediction, or to predict itself based on the recovered precoder series no later than slot nref
[Mod: Correct, this is my understanding as well.]


	DOCOMO
	Offline question 2: 
· We are generally open with either Alt1 or Alt2 as we do not see a significant difference between them. But Alt2 is slightly preferred as it is more aligned with Rel-16 eType II codebook description.

Offline question 3: 
· Firstly, the definition of CSI reporting window is a bit unclear to us now. It may affect the down-selection of the depicted alternatives. We expect that the definition of CSI reporting window would be “the window for which CSI is reported in slot n (CSI report slot)”. Not sure if it is common understanding or not. 
[Mod: As explained in the last meeting several times, this term refers to the window in which the CSI reporting is valid/intended for. It has nothing to do with when the CSI is reported. The window may or may not include slot n, depending on the agreed measurement scheme(s). Perhaps there is a better term for this, but anyway this is used for discussion purposes, not for specification terms.]
· If the definition of CSI reporting window is “the window for which CSI is reported in slot n (CSI report slot), we prefer to support at least the case where CSI reporting window overlaps with CSI-RS occasion, like in Alt1.A or Alt3.A. Other sub-alternatives within Alt1 or 3 can be additionally supported to achieve UE reporting of “predicted CSI” based on extrapolation.  


	MediaTek
	Offline question 2
· We think Alt1 and Alt2 are mathematically equivalent, unconditionally. We agree with Qualcomm’s analysis on the equivalence. As  already involves a Kronecker product, we prefer not to have another one on the left-hand side. Therefore, Alt2 is more preferable.
· For Alt1A and Alt1B to represent independent selection per SD/FD basis, it requires that  consist of all selected SD bases,   consist of all selected FD bases, and the basis selection is carried out in . We can go with this unless there is better mathematical formulation.

Offline question 3
· The sub-alternatives C are not acceptable to us as it incurs high complexity at the UE side and large feedback overhead. For sub-alternatives C, UE not only needs to perform CSI prediction but also calculates CSI for the observed CSI-RS occasions. We do not see any benefit of giving gNB flexibility to dynamically determine whether to rely on UE’s prediction.
· UE-side prediction, i.e., sub-alternatives B, should be supported as we can observe clear gains. We prefer Alt 2.B, as gNB does not need to know the past CSI that cannot be used directly for PDSCH transmission.
If infra vendors have confidence in gNB-based prediction, we can support Alt3.A as it does not require UE to perform any CSI prediction. We note that Wmeas is not needed to describe Alt3. Our understanding is that “slot k + Wmeas –1” can be replaced by “the latest CSI-RS occasion no later than CSI reference resource”. 

	ZTE
	Re offline question 2 (codebook structure)
We share the same views with QC, DCM and MTK. Regarding CSI structure, we do not identify much difference between the following two alternatives, and then the open issue is relative to independent/joint selection of FD/SD/DD-basis (applicable range).
· Alt-1  :  in size-2LM*S
· Alt-2 :  in size-2L*MS
· Alt-3 (as another alternative):  in size-2LS*M

Re offline question 3 (CSI report)
Firstly, we do not identify the necessity of reporting historical information (gNB prediction based on Tx precoding information is not stable, based on our evaluation), and generally speaking, channel prediction should be based on ‘H’ rather than ‘W’. So, we have concerns on Alt 1/2/3.A. Then, for the rest options, we may need to consider how many CQI(s) should be reported in the report. If a single one, and if the gNB need to emulate the CQI changes based on predicted PMI, we think that supporting Alt-1B/C is straightforward. 


	Apple
	FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II
Refinement of Rel-16 regular Type II codebook should have higher priority compared to Rel-17 PS Type II codebook

Supported codebooks structure(s): down-select from Alt1A, 1B, 2A, 2B, and 3
Support either one of the codebook structure Alt 1A Alt 2A

DD/TD basis design: down-select from Alt1, 2 ,3, and 4
Support DD/TD basis design Alt1. Orthogonal DFT without rotation factor

CSI measurement and reporting: Configuration of CSI-RS occasion 
Consider support configuration of a burst of time domain equally spaced CSI-RS as CMR.

CSI measurement and reporting: CSI reference resource 
CSI measurement and reporting: The need (configuration) for CSI reporting window
 is used to define the minimum time required for CSI processing,  should be the last CSI-RS resource in the CSI-RS measurement window
As basic feature, UE is not required to perform CSI prediction, i.e., 
Additionally as UE optional feature, we can consider UE to perform CSI prediction, i.e., ., 


	vivo
	Re question 2
We agree that TD basis, e.g.,  and DD basis, e.g.,  are mathematically equivalent. 

Re question 3
We support Alt 2B. with both WCSI=1 and WCSI>1 as it achieves higher performance gain. 
For this Doppler domain CSI enhancement, either gNB or UE needs to perform prediction. Without any prediction, there is no need for UE to feed back this Doppler domain CSI for multiple slots as gNB will anyway just use the CSI of the latest slot. 
Hence the comparison is UE side prediction v.s. gNB side prediction. Based on our evaluation, UE side prediction (e.g., using algorithms like AR) can achieve good performance. We don’t think gNB side prediction is a good choice due to the following concern on performance.
· The CSI acquired by gNB is projected and quantized coefficients. The performance loss of using prediction algorithms on these compressed coefficients is large compared with using them on unquantized channel coefficients in UE side.
· gNB can only perform prediction on sub-band level precoder. For UE side, prediction algorithm can be used on RB-level channel samples and then computes sub-band level CSI. Compared with this UE side prediction, the performance loss of using subband-level CSI to predict subband-level CSI can be large.
[Mod: Good points]

Therefore, we support Alt 2B as it is the one to support UE side prediction. 

In addition, we agree with QC that CSI-RS measurement window and W_meas should be UE implementation as in the current specification.


	LG
	Re question 2
We agree that Alt 1 and 2 are mathematically equivalent even though they may have different impact on implementation. We are open to support either Alt 1 or Alt 2. Alt 1B/2B can be considered to minimize accuracy loss due to TD compression and its mathematical expression, if supported, is up to editor or discussed later after it is agreed in principle.

Re question 3
Since legacy CSI is already calculated based on CSI reporting window “l=nref, WCSI=1,” it is natural to discuss how to extend CSI reporting window based on nref, which corresponds to Alt 1. Regarding A/B/C, it may depend on UE capability. Specifically, if UE can conduct channel extrapolation, A, B and C can be supported and one of them is configured depending on whether gNB side prediction is possible. If UE cannot conduct channel extrapolation only A is possible.


	OPPO
	Re question 2
We agree Alt 1 and Alt 2 are equivalent. Alt 2A is slightly preferred for its similarity to legacy codebook. We think the bitmap can be freely selected, thus Alt 2A is more flexible. 
Re question 3
We prefer to UE prediction, e.g Alt X.B. We are also open to gNB prediction if the need and benefits are justified. For simplicity we slightly prefer Alt 2B since the N4 value may be the smallest.


	NEC
	Re question 2

We also agree Alt 1 and Alt 2 are equivalent. And Alt 2A is preferred. 

Re question 3

We also prefer UE side prediction. So the CSI reporting window at least should end later than the boundary (i.e. Alt 1B/C, Alt 2B/C, Alt 3B/C). 
In addition, we prefer the reporting window also covers part of measurement window (where the PMI is measured and reflects measured channel well). So we slightly prefer Alt 2C or Alt 3C.


	CMCC
	Re offline question 2 (codebook structure)
We agree that Alt 1 and Alt 2 are mathematically equivalent. However, we prefer Alt 2 as it is more similar with current codebook. And Alt 2A is preferred.
Re offline question 3 (CSI report window WCSI)
We also prefer UE side prediction. If UE have the capability to predict some future CSI information, it is more natural to directly report the future CSI. Therefore, we prefer Alt 1B, Alt 2B or Alt 3B.

	Xiaomi
	Re offline question 2 (codebook structure)
We also agree that Alt 1 and Alt 2 are mathematically equivalent. However, for Alt1,  and   are more suitable to jointly selected, while  and  are more suitable to jointly selected for Alt2. This leads to different performance and indication overhead of basis pair (i.e., SD and FD basis pair, FD  and TD/DD basis pair). From this perspective, Alt 1 is different from Alt2. Hence, the codebook structure should be down selected based on the tradeoff between performance, feedback overhead and computation complexity.

Re offline question 3 (CSI report window WCSI)
We think legacy CSI-RS reference resource can work for CSI prediction.  For Alt1.B and Alt 1.C, they need UE predict the future CSI which increases the UE’s computation complexity.

	CATT
	Re question 2
Either Alt1 or Alt2 is fine as they are mathematically equivalent.

Re question 3
We prefer Alt2.B. 
UE-side prediction can have better performance than gNB-side prediction, so we support UE-side prediction. Among the alternatives of UE-side prediction, it’s better to only report the multiple PMIs at time slot >n. Because the PMIs at time slot <=n are outdating due to the scheduling delay and including it in the CSI report will increase the feedback overhead. Therefore, Alt2.B is preferable.


	Huawei, HiSilicon
	For offline question 2:
From our understanding Alt 1 and Alt 2 are equivalent, and we slightly prefer Alt 2 as it’s simpler, more straightforward and more readable. The mathematical formulation of Alt 2A can be a starting point.

For offline question 3:
We prefer to use UE side prediction, because with feedback PMI, gNB cannot track the Doppler shift of each beam and the accuracy of prediction is degraded significantly. To resolve this issue, UE will have to feedback the full channel so that gNB can track the Doppler shift of each beam, otherwise UE side prediction is preferred.
With UE side prediction, UE only needs to feedback the channel after the slot of reporting. Therefore, Alt 2B is preferred. For Alt 1 and Alt 3, any reporting before reporting slot is not necessary.


	Ericsson
	On offline Question 2, we agree with others that Alt 1 and Alt 2 are mathematically equivalent. We think Alt2A is a cleaner representation and hence we have a slight preference for Alt 2A.  We share the understanding with QC that Alt 2A can cover Alt 2B.

One offline Question 3, from our early results, we observe that UE side prediction is feasible and beneficial  under certain conditions.  For the case with UE side prediction, UE would be predicting CSI in the CSI reporting window  starting in a future slot  after slot n in order to be used for gNB scheduling .  Hence, we think  Alt 2B  should be supported in Rel-18.  As for gNB side prediction or the combined UE+gNB prediction,   we echo VIVO’s concerns, and further study is needed in our view on whether it is feasible.

	Intel
	For offline question 2:
We slightly prefer Alt 2 as its more straightforward and readable. for the time being we can keep both 2A and 2B codebook structures on the table.

For offline question 3:
We think there are 2 use-cases for this codebook – 1) UE side prediction 2) without UE side prediction but deriving a robust PMI based on multiple past CSI-RS instances (possibly with 1 doppler-domain basis vector selected). For UE side prediction we could consider Alt-2  and for the robust PMI we could consider Alt-1.
We also prefer to use UE side-prediction as a feature because gNB side prediction performance is very much limited due to PMI quantization/rank limitation/feedback delay etc. 
[Mod: Note that Alt1.B alos enables UE side prediction. The difference between Alt1 and Alt2 is merely the “reference”]

	Fraunhofer IIS/Fraunhofer HHI
	Offline question 2: 
Agree with majority view that Alt 1 and Alt 2 are mathematically equivalent. For the sake of simplicity, we also prefer Alt 2 as it is a straightforward extension to Rel. 16/ Rel.17 Type II codebooks. 
Offline question 3: 
In our understanding, prediction can also be performed on the precoder coefficients when precoder is calculated for multiple slots and subbands  in a wideband manner i.e., a single SVD is used to calculate the precoder coefficients . Otherwise, if the precoder is calculated per subband and slot separately, the phase relation between the subbands and slots is lost, and the prediction results in an inaccurate CSI.   
Prediction can be performed at the gNB as well as the UE side. gNB-side prediction can be simple as the UE has to perform only CSI computation and the gNB predicts the channel/precoder based on the reported CSI, whereas for UE-side prediction, UE must perform both CSI computation as well as prediction and reports the precoder for the future slots. Since, UE-side prediction is a complex process, we think UEs should not be forced to perform prediction, rather it should be a choice. Therefore, we suggest discussing this issue together with UE capability. 
On the other hand, gNB side prediction provides flexibility in the sense that the received CSI from the UE can be flexibly used to predict CSI for varying number of future slots depending on the channel conditions. (gNB can use the CSI report to predict CSI for a longer time interval in a slowly moving UE environment or for a shorter time interval in a faster moving UE environment). 
Based on our simulation results, UE side prediction outperforms gNB side prediction only by a small margin. The impact of quantization on the channel/precoder coefficients is minor as long as the Doppler components are reported with a moderate resolution. 
Therefore, our first preference is gNB side prediction with . 

	Lenovo
	Re offline question 2 (codebook structure)
We share the same views with QC, others on the equivalence between Alt-1 and Alt-2. We prefer Alt-2 since it is simpler, more straightforward and a more natural extension to Rel-16/17 codebooks.

Re offline question 3 (CSI report)
We agree with ZTE analysis on limitation of gNB prediction based on UE precoder feedback (the precoder coefficients represent a compressed, transformed version of the channel that may not be very useful when used for channel prediction). However, it is clear that not all UEs can support UE prediction which requires significantly higher memory and complexity to enable efficient CSI prediction. In our opinion, gNB prediction should be supported as a basic feature, whereas UE side prediction is supported optionally for UEs capable of pursuing CSI prediction calculations

	Mod V20
	Please check Table 3 for new proposals (proposal 2.A and 2.B) based on the inputs received so far (please check summary in Table 3.B)

	vivo2
	We think it may be too early to preclude Alt 3 in codebook structure. We support this Alt as it does not bring any performance loss due to compression. Further, whether compression can save overhead depends on N4 value. If the supported N4 values are not large, Alt 3 does not bring higher CSI overhead compared with Alt 1 or 2. 
[Mod: Got it]

	Qualcomm2
	Re Offline proposal 2.B
We think it would still be worth for Alt1.C to be studied before directly removed.
Compared to AltB, AltC would have a larger N4 value for a same prediction length, thus higher Doppler resolution for TD compression at the same CSI overhead (e.g. same number of TD basis selected)
[Mod: At least 2 companies voice strong concern on Altx.C ]

	Spreadtrum
	Offline question 2
We also think that Alt-1 is mathematically equivalent to Alt-2. We prefer Alt 2, since it is the straightforward extension of legacy Rel-16 Type-II/Rel-17 PS Type-II codebook
Offline question 3
We think AltX.A and AltX.B can be considered. We tend to agree that CSI prediction at gNB side may be worse than CSI prediction at UE side. But we think that CSI predication at UE side would require much higher UE complexity, e.g., extrapolation operation and larger buffer size. Thus, it should depend on UE’s capability on whether to support CSI prediction at UE side. 
For the mixed case, i.e., AltX.C, we prefer not to support it. Since extrapolation and compression operation are needed at UE side, which would increase UE’s complexity, but the benefit for AltX.C is not clear to us.

	Google
	Our views are provided.

Regarding codebook structure, we are open to Alt1A and Alt2A. It seems Alt1A and Alt2A are fundamentally the same. For CSI measurement, we think both high performance UE (with CSI prediction) and low performance UE (CSI measurement based on actual CMR instances) should be considered.
[Mod: The most likely outcome would be to have this feature (e.g. supporting UE-side prediction as in 2.B) as optional while the legacy/legacy-like measurement/reporting timeline is still supported for Type-II high speed codebook]

	DOCOMO
	Our views are added in the summary table.


	InterDigital
	Our preference is primarily Alt3, as it seems more consistent with the current structure of R16/17 codebook, and also requires less specifications work.
If we must select from Alt 1 and 2, we prefer to go with Alt2.


	Mod V29
	Added Alt3 to proposal 2.A. Proposal 2.B remains the same


	Nokia/NSB
	@FL: we think it’s worth clarifying that Alt3 is actually a special case of Alt2A, i.e. there is a single CSI report with multiple CSIs. One suggestion could be to remove Alt3 and add an FFS to Alt 2A: “FFS: whether the identity is the only supported Wd”.  Anyway, this is already covered by Alt 4 in issue 9, in our understanding.
[Mod: I tend to agree but some proponents of Alt3 such as vivo want to keep this separate. We can work on better formulation of Alt2A so that Alt3 is clearly an option. This is also related to the choice of basis function as you pointed out. Perhaps the two issues can be considered jointly once we vet out some alternatives on each issue.]

Small comment on terminology, although this does not have any spec impact because these terms are not used in the specs. Using the term “time-domain basis vectors” (Wt) rather than “Doppler-domain basis vectors” in the discussion sounds more consistent with legacy terminology “spatial-domain” (rather than angular-domain) and “frequency-domain” (rather than delay-domain) bases. 
 
Codebook structure. We agree with others that Alt 1 and Alt 2 are algebraically equivalent and express a precoder as a linear combination of temporal-frequency-spatial basis vectors:
[image: ]
In our view, introducing TD/DD compression only makes sense for , i.e., if a UE reports more than 2 PMIs per report. If a UE reports 2 PMIs in a report and the number of selected TD/DD bases is D=2, there is no compression gain (if D=1, this is the same as reporting a single PMI).
For UE-side prediction, we are not sure about the gain in reporting >2 PMIs per report. For gNB-side prediction, we observed that prediction is very poor because time-correlation of reported PMIs is affected by random phase jumps in eigenvectors. For the moment, our preference is for the special case in the note of Alt 2A.

 CSI measurement and reporting: in our understanding, in all three alternatives, option A supports gNB-side prediction (UE reports past CSIs), Option B supports UE-side prediction (UE reports future CSIs), Option C supports both UE- and gNB side prediction (UE reports both past and future CSIs). Because we don’t see any possible gain in gNB-side prediction, we support Option B. Out preference is for Alt 3, because if a UE reports 2 CSIs in one report, one CSI may correspond to the latest CSI-RS measurement occasion and the second CSI is predicted, whereas in the other alternatives, both CSIs would be predicted CSIs
[Mod: For Alt3, additional restrictions may be needed to ensure UE-side prediction only. Else, Alt2.B seems to be the simplest alternative for UE-side prediction].


	ZTE2
	Update our additional views in the above summary. 






Regarding gNB and UE side prediction, we share the same views with vivo and E///. Besides for above mentioned, in our thought, gNB side prediction is much relevant to how to guarantee the performance for -based prediction. Technically speaking, the matrix is calculated by , which means that a Doppler basic vector in channel information, , may be cancelled out, but also some more mixed Doppler shift over different Doppler basis are introduced. As a result, it can be observed that, for each NZP elements for  across the list of instances, we can observe too many Doppler basis vectors, even for LOS scenarios. But, on the other hands, for H-based prediction in UE side, the original Doppler information can be reserved well, and it is beneficial for guaranteeing the performance of Doppler-prediction/extrapolation.


	NEC
	Our view updated in the summary table.

	Xiaomi2
	Update our views in the above summary. 

	Mod V35
	No revision on proposals 2.A and 2.B



3. TDCP 

Priority for RAN1#110 (as announced offline)
	
	Issue
	Topic

	13
	TDCP
	TDCP parameter(s): down-select from Alt1, 2, 3, 4A, 4B, and 5

	14
	
	TDCP reporting format: Standalone vs. non-standalone pros and cons, more details on each alternative

	15
	
	Confirming “gNB-side prediction” as a use case





Table 5 TDCP: issues
	Topic
	Moderator comments and proposals
	Relevant agreements

	14
	Offline question 4: For Alt2 (non-stand-alone), 
a) Is TDCP always reported together with CQI/PMI/RI/(CRI) associated with a codebook?
b) Other than Rel-18 Type-II for high/medium velocities, which other codebook(s) should be considered? 
c) Since TDCP is measured from TRS, it is clearly not conditioned on other UCI parameters it is reported together with. Is that a common understanding? 

Offline proposal 3.A: The TRS-based TDCP reporting comprises stand-alone auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction
· Not conditioned on other UCI parameters
· Not reported together with CQI/PMI/RI/(CRI) associated with a codebook
· Note: This does not prevent TDCP reporting from being multiplexed with other UCI parameters on PUCCH and/or PUSCH

	Agreement
The TRS-based TDCP reporting is down selected from the following alternatives:
· Alt1 (stand-alone): TDCP reporting comprises auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction 
· Aperiodic reporting is supported
· FFS: Whether periodic, semi-persistent and/or event-triggered (UE-initiated) reporting are supported 
· Alt2 (non-stand-alone): TDCP reporting corresponds to a subset of the UCI parameters associated with a codebook/PMI for high/medium velocities, reported by the UE and measured via TRS 
· FFS: The associated codebook(s)/PMI(s)




Table 5.B Summary of inputs from Table 6

	
Stand-alone (Alt1) vs non-stand-alone (Alt2):
· Alt1: Samsung, Qualcomm, DOCOMO, MediaTek, ZTE, Apple, vivo, LG, OPPO, NEC< CMCC, Xiaomi, Huawei, HiSi, Ericsson, Intel, Fraunhofer IIS/HHI, Lenovo, Google, Spreadtrum, Nokia/NSB, 
· Alt2: Xiaomi (for gNB-side prediction)

gNB-side prediction as a use case:
· Yes: CATT (at least TDD)
· No: Qualcomm, 

TDCP types:
· Alt1. Doppler shift
· Apple, CATT, Xiaomi
· Alt2. Doppler spread
· Apple, CATT, ZTE, Xiaomi 
· Alt3. Cross-correlation in time 
· Alt4A. Relative Doppler shift of a number of peaks in CIR 
· CATT, Xiaomi 
· Alt4B. Relative Doppler shifts of different TRSs
· ZTE
· Alt5. CSI-RS resource and/or CSI reporting setting configuration assistance
· MediaTek





Table 6 TDCP: inputs from companies
	Company
	Input

	Mod V0
	Please share your views on offline question 4 in TABLE 5

	Samsung
	Offline question 4
· a) and b): In our view, TDCP is a separate report, should not be linked to a codebook or CSI parameters.
· c) yes, we don’t think TDCP can be conditioned on other UCI parameters

	Qualcomm
	· Regarding all the questions a), b) and c) listed above, we share same view as Samsung for TDCP as a separate and independent report.
· Regarding use cases, gNB-side CSI prediction should not be considered due to TRS being single-port and thus difficult to obtain the spatial-domain channel properties.
Besides, in our view, for the focus of this study, no additional use case than the agreed ones (CSI-related config assistance) should be added

	DOCOMO
	· a) and b): we do not see the need to link TDCP with any codebook or CSI parameter.
· C) yes, we don’t think TDCP can be conditioned on other UCI parameters. 


	MediaTek
	We share the same view as Samsung and Qualcomm.

	ZTE
	We think that as a first point, the TDCP information should be considered to be reported individually, rather than being combined with other UCI or CSI codebook. 

Technically speaking, the TDCP is to report the long-term information rather than co-phase between different TRP that is related to UCI or UE Rx precoding assumption. Then, we are open to further consider co-phase information for assisting inter-TRP synchronization (introduced by Doppler impact)

	Apple
	TDCP parameter(s): down-select from Alt1, 2, 3, 4A, 4B, and 5
TDCP parameters: consider Alt1. Doppler shift, and, Alt2. Doppler spread

TDCP reporting format: Standalone vs. non-standalone pros and cons, more details on each alternative
TDCP reporting format: support Alt1. Stand-alone reporting (no inter-dependence with other CSI/UCI parameters)



	vivo
	Re question 4
We think TDCP report should be a stand-alone Doppler spread report, which is not conditioned on other UCI parameters.

	LG
	We support stand-alone TDCP report, which is not conditioned on other UCI parameters.

	OPPO
	We think TDCP report should be a stand-alone report. 

	NEC
	We prefer TDCP report as stand-alone report.

	CMCC
	Re question 4
We prefer TDCP report be a stand-alone report.

	Xiaomi
	We support Alt1. But Alt2 can also be considered if gNB can predict the future CSI based on codebook/PMI by using the reported TDCP.

	CATT
	Re use case of gNB-side CSI prediction 
Both FDD and TDD system suffer the same problem of CSI expiration. Type II codebook refinement has been supported for FDD in last e-meeting, however, there is no solution supported for TDD system. 
For the TDD system, if gNB obtains multiple Doppler shifts of multiple delay paths by TRS and current  by SRS, gNB can predict future channel . Then, gNB can calculate the precoder more accurately that matches the current channel. As shown in figure below, 1-2 dB gain can be achieved by 5 Doppler shifts reporting, with the enhanced matching algorithms between the delay paths estimated by gNB via SRS and the delay paths by UE via TRS.
[image: ]
Therefore, we support gNB-side CSI prediction as a use case at least for TDD system. 

Re question 4
We think both alternatives can be studied for this stage. 
· For TDD system, Alt 1 is straightforward solution for Doppler reporting; 
· For FDD system, how to predict the future PMI by using Doppler information still needs discussion. Regarding the regular CSI reporting based Type II codebook for FDD, the selection of FD basis vector by UE can be regarded as the selection of delay path information by UE. Hence, if the UE can jointly report Doppler information and the selected FD basis vector, the gNB can directly weight the multipath Doppler information onto multiple FD basis vectors, which is equivalent to prediction on the future channel and precoders similar as Type II codebook refinement. In addition, the UE computational complexity and the overhead of CSI-RS burst transmission resource will be relatively reduced. Therefore, we think Alt 2 also needs to be studied for FDD.  

	Huawei, HiSilicon
	We prefer a standalone TDCP reporting without linkage to any codebook or any other UCI.

	Ericsson
	TDCP is a stand-alone report and is not conditioned on other UCI parameters.  

	Intel
	We agree that TDCP doesn’t rely on other CSI components.

	Fraunhofer IIS/ Fraunhofer HHI
	We are not in favor of associating TDCP to any of the codebook parameters. In our view, it shall be a separate and independent report.

	Lenovo
	We believe TDCP can be represented as a standalone CSI report quantity, e.g., not necessarily represented as a subset of PMI parameters, however, since only a few combinations of report quantities are allowed to be configured, it seems reasonable to tie the TDCP reporting to the potential Rel-18 codebook for high speed. Anyway, it is better to address this question once it is agreed what parameters are reported as part of TDCP to decide whether standalone reporting is needed vs. non-standalone reporting

	Mod V20
	Please check Table 5 for a new proposal 3.A based on the unanimous support for stand-alone TDCP reporting (check Table 5.B for summary) 

	Spreadtrum
	We also prefer one standalone TDCP reporting, which is not conditioned on any UCI or codebook.

	Google
	Our views are provided. 
For TDCP types, we would like to clarify how Doppler shift and Doppler spread are measured in Alt1 and Alt2. It looks the Doppler shift from some weak paths do not need to be considered.
[Mod: Good point. The next step should include at least down-selection/merging from the 6 alternatives, along with more detailed description along the line of your question. For instance, whether to report the strongest (peak in Doppler profile), maximum (=Doppler spread), or average Doppler shift.  

	Mod V29
	No revision on proposal 3.A

	Nokia/NSB
	Support. TDCP reporting is standalone non-codebook based CSI reporting, independent of other codebook-based CSI reporting.

	ZTE2
	Add our additional views in the above Table.

	CATT2
	Add our additional views in the above Table.
Regarding the good discussion on the definition of one Doppler shift, we think Doppler shift of multipath weighting can also be considered.
For the use case of adjustment CSI reporting and resource configuration, the single Doppler shift/spread reporting can be considered by gNB’s implementation. However, for the use case of gNB-side CSI prediction, only reporting a single Doppler shift/spread cannot predict the multipath channel accurately through our theoretical analysis and evaluation. Therefore, our suggestion is to discuss TDCP types for different use case separately.
[Mod: This is a good point, but perhaps we need to finalize the pending use case of “gNB-side prediction” (we agreed to finalize this in RAN1#110). It seems that this use case now becomes controversial. I will finalize this issue first before discussing TDCP types. ]

	Xiaomi2
	Update our views in the above summary.

	Mod V35
	No revision on proposal 3.A
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