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1. Type-II CJT

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

	1
	Type-II CJT 
	TRP selection/determination: down-select from Alt1 and Alt2

	2
	
	W2 quantization group + SCI: down-select from Alt1, Alt2, Alt3, and Alt4

	3
	
	(Related to #2): the need for strongest TRP indicator

	4
	
	SD and FD basis selection:
· per-layer vs layer-common, per-TRP vs TRP-common
signaling/configuration of relevant parameters (2N1N2 and L, N3 and M)

	5
	
	NNZC and bitmap design: 
· including per-TRP vs TRP-common



Note: Since the CMR agreement implies that one CSI-RS resource for CMR (spec entity) has a one-to-one correspondence with one TRP/TRP-group (use case), I will use “CSI-RS resource” from now on.


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

	4
	Question 1.1: As the Type-II CJT codebook is a refinement, legacy design should be reused as much as possible. Therefore, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II):
· SD basis selection is layer-common and polarization-common, with L, N1, N2, O1, O2 defined per Rel-16 specification
· FD basis selection is 
· For refinement based on Rel-16 regular eType-II: per-layer with Mv, pv, N3, and R defined per Rel-16 specification
· For refinement based on Rel-17 PS FeType-II: layer-common with M, N3, and R defined per Rel-17 specification
Do you agree?

Question 1.2: FD basis selection should follow the mode characteristic (i.e. mode 1 per-CSI-RS-resource, mode 2 common for all CSI-RS resources). For SD basis selection, there are three alternatives:
· Alt1. per-CSI-RS-resource SD basis selection, per-CSI-RS-resource L parameter 
· Alt2. per-CSI-RS-resource SD basis selection, common L parameter for all N CSI-RS resources
· Alt3. Common for all N CSI-RS resources (hence common L parameter for all N CSI-RS resources) 
Note: SLS results (UPT vs PMI overhead) on this issue will be instrumental 
Please share your preference and justify it.


Offline proposal 1.1: On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), for a given CSI-RS resource:
· SD basis selection is layer-common and polarization-common, with L, N1, N2, O1, O2 defined per Rel-16 specification for refinement based on Rel-16 regular eType-II, and per Rel-17 specification for refinement based on Rel-17 PS FeType-II
· FD basis selection is 
· For refinement based on Rel-16 regular eType-II: per-layer with Mv, pv, N3, and R defined per Rel-16 specification
· For refinement based on Rel-17 PS FeType-II: layer-common with M, N3, and R defined per Rel-17 specification
· FFS: Details on FD basis selection window
Note: The supported value(s) for each of the defined parameters are to be discussed separately (e.g. possibilities of adding new or removing existing value(s) in addition to those supported by legacy specification).


Offline proposal 1.2: On the SD basis selection for Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), SD basis selection is per CSI-RS-resource. 
· Down select from the following alternatives (RAN1#110bis-e):
· Alt1. Per-CSI-RS-resource Ln parameter 
· TBD: Whether {Ln, n=1, ..., N} are higher-layer configured by gNB, or the total  is higher-layer configured by gNB while {Ln, n=1, ..., N} are reported by the UE
· Alt2. Common L parameter for all N CSI-RS resources


	[109-e] Agreement
On the Type-II codebook refinement for CJT mTRP, the resulting codebook(s) are associated with at least the following parameters:
· Parameters for basis reporting, including 
· The number of basis vectors: gNB-configured via higher-layer signaling  
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Basis selection indicator(s): a part of CSI report 
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Quantized combining coefficients (W2): a part of CSI report
· FFS: details of quantization scheme
· Number of non-zero coefficients and bitmap to indicate non-zero coefficients, including whether it is per TRP/TRP-group (separate) or across all TRPs/TRP-groups (joint): a part of CSI report
· …


	5
	Question 1.3: There are two alternatives for the per-layer and per-polarization bitmap (indication of location of NZCs analogous to Rel-16/17 specification):
· Alt1. Common bitmap for all the N CSI-RS-resources 
· Total size =  (assuming CSI-RS-resource-common L and Mv)
· Locations of NZCs are common across N CSI-RS resources
· Alt2. Separate bitmaps for all N CSI-RS resources 
· Total size = 
· FFS: Per-CSI-RS-resource NNZC (number of NZCs) constraint vs. joint NNZC constraint across N CSI-RS-resources
Note: The exact design of bitmap seems related to the SCI design + W2 quantization, but selecting from the above alternatives can be done without it. 
Please share your preference and justify it.


Offline proposal 1.3: On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), regarding the location of non-zero coefficients (NZCs) indicated by bitmap (following legacy mechanism), for each layer, support separate bitmaps for all N CSI-RS resources 
· Total size =  where  is the bitmap size for CSI-RS resource n
· TBD: Whether  ( for mode 2) analogous to legacy, or further reduction of bitmap size is supported.
· FFS: Depending on the outcome of other issues, whether  or  
· FFS: Per-CSI-RS-resource NNZC (number of NZCs) constraint vs. joint NNZC constraint across N CSI-RS-resources

	




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

	Mod V0
	Please share your views on the 3 offline questions in TABLE 1

	Samsung
	Question 1.1
· SD basis selection: 
· agree with layer-common and pol-common, and parameters N1,N2,O1,O2. 
· The parameter L (and alpha for Rel.17-based) however can be different from legacy since the parameter combinations for CJT codebooks need to be discussed.
[Mod: There is no inherent/innate dependence of parameter definition (above) on parameter combination (a later issue once parameter definition AND possible value ranges are decided). In fact, it is the opposite (parameter definition precedes parameter combination). So proposing to wait for parameter combination discussion for deciding whether L is layer-common or specific is not technically sound. Please reconsider.]

· FD basis selection: 
· Layer-common vs layer-specific: we prefer to have the same solution for both Rel.16-based and Rel.17-based, unlike legacy wherein it is layer-specific for Rel.16 and layer-common for Rel.17
· Same to our comment on L, parameters Mv or M can be different from legacy
· N3 and R can be the same as legacy.
[Mod: Since the WID clearly says “refinement”, any proposal to deviate from legacy (other than extension for CJT) should be justified with overwhelming benefit. “Same solution” for Rel-16 and 17 doesn’t seem to be overwhelming since legacy has otherwise.]

Question 1.2
· Alt1 and Alt2 should be studied further. Alt3 is too restrictive for CJT across mTRPs, hence can be precluded.
· Per TRP L or one common L also requires further study. The issue with one common L can be large overhead, for example, when L=4 and N=4, then the number of SD basis vectors 2LN = 32, which can lead to very large PMI overhead (due to bitmap and #NZ coefs).
[Mod: Since we need to agree on this issue in this meeting (not for further study), I’ll note Samsung preference on Alt1] 
Question 1.3
· Alt2 makes more sense to us since NZ coefs are likely to be different across TRPs. Also, Alt1 assume the parameters (L,M) are TRP-common, which is too early to agree on, and should be part of parameter combination discussion.
[Mod: Since we need to agree on this issue in this meeting, I’ll note Samsung preference on Alt2]] 

	ZTE
	For Q1.1, we tend to agree with the proposal, if above is just relevant to a given TRP. For avoiding some ambiguities (implying the related parameters apply for all TRPs), Question 1 and Question 2 can be discussed together. Besides, note that we also prefer that Mv, pv, N3, and R can be configured per TRP/TRP group, i.e., per-CSI-RS-resource.
[Mod: Yes, this is simply per TRP, we already noted “following legacy”. Clarified in proposal 1.1]

For Q1.2, Alt 1 is preferred as a baseline (in such case, we may assume that, for each TRP/TRP-group, the number of SD-basis L can be configured per CSI-RS resource, right?). Then, the scenario for Alt2 may be relevant to the case of having similar boresights for different coordinated TRPs. It is much relevant to another typical case (for intra-cell). 

For Q1.3, Alt 2 is much reasonable. Regarding the total number of available L across all TRPs, we think that some further evaluation may be needed, but as a starting point, we think that we can assume that we have the different/individual values for L of each TRP. For instance, the main/dominant TRP/TRP-group (e.g., pre-determined by gNB due to largest RSRP) can be associated with a larger value of L. 

	Ericsson
	For Question 1.1, we agree with the moderator’s list. 

For Question 1.2:
· we think Alt3 is too restrictive since it does not allow different number of spatial beams to be selected for different TRPs.  In practice, different TRPs may see different spatial different spatial directions in the channel.  
· Having said that Alt 2 may also be not good since if the same L is configured for all TRPs, then the UE is forced to select the same number of spatial basis vectors per TRP.  
· Alt 1 is better as this allows the UE to select different number of spatial basis vectors per TRP.
· From a performance point of view, we may need to be study the following aspect as well, where the gNB configures a total number of L beams across all TRPs, and the UE decides how many beams are selected per TRP.  So suggest the following modification:

For SD basis selection, there are three alternatives:
· Alt1. per-CSI-RS-resource SD basis selection, per-CSI-RS-resource L parameter 
· Alt2. per-CSI-RS-resource SD basis selection, common L parameter for all N CSI-RS resources
· Alt3. Common for all N CSI-RS resources (hence common L parameter for all N CSI-RS resources) 
Study whether the UE can select and report a subset of the L spatial bases vectors when L is configured by the gNB.
Note: SLS results (UPT vs PMI overhead) on this issue will be instrumental 
[Mod: Actually this scheme has already been supported since Rel-16 via the NZC/bitmap feature. The UE can zero the coefficients associated with a particular SD basis vector. In this sense the FFS is not needed.]

For Question 1.3, we think Alt1 is too restrictive.  Alt 2 is a good starting point as it is more suitable in case the UE receives different TRPs with different power levels.

	MediaTek
	Question 1.1: Agree in principle. Additional comments:
· SD bases selection: Polarization-common, Layer-common, TRP-specific (according to codebook structure). The parameter L is discussed in Question 1.2. 
· FD bases selection: To minimize effort, retain legacy behavior, i.e., layer-specific for Rel-16 based enhancement and layer-common for Rel-17 based enhancement.
· Although we are still discussing Mode 1 (TRP specific FD bases) and Mode 2 (TRP common) codebook structures, we prefer that the parameter Mv (or pv) be configured common across all TRPs (i.e., across all CSI-RS resources) This Mv could represent the union of FD bases selected across all TRPs.

Question 1.2: Prefer Alt 1. 
· Agree with Samsung that Alt 3 is restrictive in the sense that given an L common across all TRPs, it might be computationally difficult for the UE to determine to decide the optimum split of SD beams across TRPs. This is due to that the fact that both the agreed codebook modes consist of TRP specific W1 matrices. And this becomes especially important because a UE might be in different LOS/NLOS conditions with respect to a particular TRP due to which the L parameter might vary per TRP.
· Due to the same reason mentioned above, it makes more sense to support Alt 1 or Alt 2. Having said this, we feel that the simulation effort of Alt 1 is significant and needs to be studied further. As an example, consider L=1, 2 or 4 per TRP and 4-TRP CJT. The number of combinations of L parameters would be 34=81, from which the optimum one needs to be found. Unfortunately, we couldn’t obtain the simulation results for this on time, and our tdoc contribution consists only of Alt 2.  However, for a real deployment, L would be configured by the gNB and would not need UE effort to compute the optimal combination.

Question 1.3: Prefer Alt 2.
Agree with Samsung and ZTE. It cannot be expected that the position and values of NZC are the same across TRPs. However, prefer that the NNZC constraint is across all TRPs, i.e., the parameter  be configured across all CSI-RS resources (TRPs).

	vivo
	Question 1.1
We agree that to have layer-common and polarization-common SD basis selection.
For FD basis, we are okay to have legacy design for Rel-16 and Rel-17 based enhancements, i.e., layer-specific for Rel-16 based and layer-common for Rel-17 based.

Question 1.2
We are okay to further study Alt 1 and Alt 2. Alt 3 seems not consistent with previous agreements as both Mode 1 and Mode 2 specify per-resource SD basis selection. 

Question 1.3
We also think Alt 2 is more reasonable for CJT case. It is too restrictive to let all resources have same NZC locations.
But for Alt 2, we prefer to make the sub-bullet more general like the following 
· Total size = , where Bn is the size of bitmap for each CSI-RS resource.
The intention is for Mode 2, as common FD basis is selected for resources, it should be a common Mv for all the resources, hence it is not correct to have  as a parameter.
Further, the updated formulation does not limit potential enhancements on bitmap design. The NZC bitmap is one of the main contributors for legacy eType II CB, and it will occupy higher overhead if multiple bitmaps are reported for multiple resources. The design of bitmap should be carefully studied.
[Mod: I don’t think using Mv,n is an issue even for mode-2 since this would simply be reduced to Mv,n=Mv. Hence, it is still correct (there is nothing incorrect about this). I can add a note.  
But I understand vivo would like to study if bitmap design optimization can be done. Also note that the overhead a.w. bitmap relative to the overall PMI remains of similar percentage compared to sTRP. It is unclear that bitmap optimization can net to any significant improvement in UPT vs overhead trade-off. 
For now, I added FFS to be resolved by (before) Nov.]


	Qualcomm
	Question 1.1: Agree

Question 1.2: 
For a more general case, Alt 1 would have better performance (eval results will be provided in our 110bis contribution). Besides, in our evaluation, better performance is observed based on that each  for each TRP n=1,…,NTRP is according to UE determination – same view as Ericsson mentioned.
As for Alt3, although it seems restricted for a more general case, it can still be useful for multi-panel case, same as Rel-15. 
[Mod: Only one alternative can be supported, else we would end up with too many variations. I’ll note Qualcomm for Alt1]

Question 1.3: 
First of all, it should be clarified for Alt1, the “” stands for total  or per-TRP .
If  stands for a common value of per-TRP , it seems restricted for a more general case, similar as above question 1.2. This restricted Alt1 may only need to be studies for multi-panel case.
If  stands for , then the sized- bitmap seems natural for FD-joint CB (mode 2 CB).
[Mod: From the wording it should be quite clear (both from the context and syntax) that L is for each TRP. Note the wording “CSI-RS-resource-common”. But I changed L to Ln in proposal 1.2 to make this even clearer]

For Alt2, each sized- bitmap is natural for FD-independent CB (mode 1 CB). Besides, if  is a common value  for all TRPs, total size can also have a simpler form = .


	DOCOMO
	Question 1.1
Agree to follow legacy design.

Question 1.2
Alt3 is appliable to intra-site multi-panel scenario only. Considering current workload, suggest deprioritizing this scenario.
The difference between Alt1 and Alt2 is whether the L can be different for each TRP. If the RSRP gap from different TRPs is large and gNB knows such information based on L1-RSRP report, it is beneficial for gNB to configure different L for different TRPs to reduce the reporting overhead.
Hence, Alt1 is preferred.

Regarding E///’s suggestion on ‘gNB configures a total number of L beams across all TRPs, and the UE decides how many beams are selected per TRP’, additional reporting of UE selected SD beam number per TRP is needed, which increases UE complexity and reporting overhead. In addition, it is not clear to us whether ‘a subset of the L basis vectors’ includes zero vectors or not.

Question 1.3
Considering inter-site M-TRP and codebook mode 1, Alt2 should be supported. And this alternative can be also applied to codebook mode 2 as well even though the TRP-common Mv is sufficient for codebook mode 2.



	Apple
	Question 1.1
Agree

Question 1.2
For FD basis, our understanding is that we agreed on two modes to address different deployment scenarios, i.e., colocated and non-colocated. Similarly, it is also arguable that SD basis should have two modes. 
Therefore, it might be more reasonable to support both Alt3 and one of (Alt1, Alt2) 
[Mod: Supporting >1 would result in too many variations – also concern from DOCOMO and last meeting decisions. Please choose an alternative that works for all relevant scenarios] 

Question 1.3
To us, the issue is not whether bitmap should be per TRP or across all TRPs, since bitmap is bitmap. The issue is how to control the maximum number of NZC, in terms of 
· Does NW configure one maximum number of NZC across all TRPs, or separate maximum number of NZC per TRP
· Is UE allowed to report a smaller number of NZC than what NW configures 
[Mod: The two are the same issue since bitmap is an indictaor of NZC locations  The mechanism you described has been established since Rel-16]

We would prefer to have one maximum number of NZC across all TRPs, and UE is allowed to report a smaller number of NZC than what NW configures, and flexibly split NZC among different TRPs.
[Mod: This is Alt2, whether the N bitmaps are combined into one giant bitmap is simply a spec editor format preference. UCI omission can be discussed independently of such format]

Then whether it is per TRP bitmap or bitmap across all TRPs, we think it is the same, maybe it will have some impact on UCI omission, in which case we should jointly discuss it.
[Mod: I will note Apple as Alt2]

	Google
	Q1.1: Agree

Q1.2: We think Alt2 should be more reasonable than others. If L is separate, how to decide different L for different CSI-RS resources? Alt3 is like a multi-panel transmission instead of a multi-TRP transmission. 
[Mod: TRP-common SD basis selection doesn’t seem common  (technically inferior except for co-located and co-oriented panels) since TRPs are geographically separated. So if TRP-specific SD absis selection is done, whether L is the same or different doesn’t affect SD basis selection.]
[Google: To clarify a bit more, I do not mean to consider TRP-common SD basis selection, but I meant TRP-common number of beams. I am not sure about the use case for TRP-specific number of beams (L).]

Q1.3: We think Alt2 should be a straight-forward solution. 

	LG
	Question 1.1
Agree

Question 1.2
We have already agreed Mode 1 and 2, both of which support Per-TRP/TRP group (port-group or resource) SD basis selection. So, Alt 3 is not align with the agreement and should be precluded. Our preference is alt 1, which can save feedback overhead using different L per TRP and provide scheduling flexibility. 

Question 1.3
Alt 1 is too restrictive. Given that different SD/FD basis can be selected per TRP in Mode 1, the location of NZC should be different per TRP. Support Alt 2.



	OPPO
	Question 1.1
We are fine with the proposal. 

Question 1.2
Alt.3 is not consistent with the definition of mode 1 and mode 2 agreed last meeting. Between Alt.1 and Alt.2, Alt.1 can provide higher flexibility and avoid unnecessary overhead for bitmap indication. If necessary, gNB can still configure the same value of L for different TRPs with Alt.1. Though there is no sufficient evaluation for these two alternatives, Alt.1 is preferred at this stage. 

Question 1.3
Alt.2 is preferred. Alt.1 is too restrictive for bitmap indication and configuration of L and M. Regarding per-CSI-RS-resource NNZC constraint vs. joint NNZC constraint across N CSI-RS-resources, the latter is preferred, which can provide more flexibility and better performance is expected.


	Huawei, HiSilicon
	Question 1.1: 
· SD basis selection
· Agree with layer-common and polarization-common SD basis selection, with legacy N1, N2, O1, O2. Parameters L is related to Question 1.2, and can be discussed there.
· FD basis selection：
· For refinement based on Rel-17 PS FeType-II, agree with layer-common FD basis selection.
· For refinement based on Rel-16 regular eType-II, the mixture of layer-specific and layer-common FD basis selection can be considered to reduce the indication overhead. For the X strongest TRPs, FD basis is layer-specific; while for the other N-X TRPs, FD basis is layer-common (where 1≤X≤N-1).
· N3 and R can be different from legacy. Since the propagation delay differences among TRPs may lead to more frequency selectivity, a finer frequency domain granularity should be studied further.
· Parameters Mv (pv) or M can be part of parameter combination discussion, which is also related to Question 1.2.
[Mod: I believe you may confuse parameter definition with parameter value range. I clarified this in proposal 1.1]

Question 1.2: 
· Share similar view that Alt3 is too restrictive for CJT and not consistent with previous agreement with per TRP/TRP group SD basis selection. Alt 1 is better than Alt2 since the spatial sparsity and channel quality are different across all TRPs. We share similar view with Ericsson and QC a total number of basis can be configured by gNB to control the overhead and Ln per TRP is reported by UE. It can be observed in evaluation that this can bring much performance benefit. To make it clearer, a further proposal can be added as below:
Alt 1A: per-CSI-RS-resource SD basis selection, per-CSI-RS-resource Ln (reported by UE), and a total L= parameter for all N CSI-RS resources

[Mod: I don’t think we need another Alt1A. I added FFS re the constraint. L is changed to Ln per your comment. 
Re Ericsson’s comment, please check my response to Ericsson]
· For FD basis selection for both codebook modes, we prefer that a common number of FD basis across TRPs to avoid the varying NZC bitmap size. Then the total size of bitmap can be  for TRP common .

Question 1.3:
Alt2 is preferred since the positions of NZC may be different across TRPs. And we prefer the joint NNZC constraint across TRPs. UE can jointly select NZC across TRP and the number of NZC per TRP can be implied by per TRP bitmap.


	Xiaomi
	For Q 1.1, we agree to reuse the legacy design as much as possible.

For Q1.2, support Alt 2. Since gNB doesn’t know which CSI-RS resource should be configured with large L and which should be configured with small L. If different L is supported, it means that UE need to calculate all combinations of different L for different TRP/TRP group, which increases the UE complexity.  Thus we prefer common L parameter for all N CSI-RS resource. While for SD basis selection, per CSI-RS resource can be supported since different TRP/TRP group may have different location or different panel boresight.

For Q1.3, support Alt 2. Since SD basis is selected per TRP/TRP group for both mode 1 and mode 2, the bitmap for all N CSI-RS resources is very likely to be different.

	Intel
	Q1.1: Agree.
Considering the following agreement the basis design including vector selection shall be fully reused from Rel-16. 
Agreement
For the Rel-18 Type-II codebook for CJT mTRP based on the Rel-16 Type-II codebook, SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design

Q1.2: We don’t see any need to consider Alt 3 since different CSI-RS resource correspond to different antenna arrays. Hence, SD basis is different. We are fine to consider Alt 1 and Alt 2 further as part of parameter combination determination for the new codebook. 

Q1.3: Alt 2 makes more sense since the coefficient values can be very different across TRPs (e.g. coefficient with a given SD/FD vector with relative amplitude 1 for the 1st TRP may have relative amplitude 0 for the 2nd TRP).

	Mod V18
	Added proposals 1.1, 1.2, and 1.3 based on companies’ inputs. Please comment on the proposals. 

This is the current situation:
Offline proposal 1.1:
· Support/fine: ZTE, Ericsson, MediaTek, vivo, Qualcomm, DOCOMO, Apple, Google, LG, OPPO, Xiaomi, Intel
· Not support: Samsung (redefine L/alpha for SD, redefine M/Mv for FD, same solution for Rel-16 and 17 for FD), Huawei/HiSi (for Rel-16 based, new FD basis selection),CATT (layer-common for FD selection)
· Neutral: IDC

1.2:
· Alt1: Samsung, ZTE, Ericsson, MediaTek, vivo, Qualcomm, DOCOMO, LG, OPPO, Huawei/HiSi, Intel
· Alt2: vivo, Google, Xiaomi, Intel
· Alt3: Apple, IDC 
· A number of companies commented that this is not applicable in most mTRP deployment scenarios
· Alt 4: per-CSI-RS-resource SD basis selection, one joint L parameter combination for all N CSI-RS resources
· CATT
· Example: One joint configuration on multiple parameters for N TRPs, UE can select and report one explicit combination for C-JT transmission hypothesis based the predefined configuration.
1.3:
· Alt1: IDC
· Alt2: Samsung, ZTE, Ericsson, MediaTek, vivo, Qualcomm, DOCOMO, Apple, Google, LG, OPPO, Huawei/HiSi, Xiaomi, Intel ,CATT


	InterDigital
	For 1.2 and 1.3, we believe that Alt3 (Q1.2) and Alt1 (Q1.3) are important to control and prevent excessive feedback overhead.
[Mod: Since the KPI is not only overhead, but UPT vs overhead trade-off, given the majority view, it would be appreciated if IDC can demonstrate that there is no significant UPT loss with this alternative.]

	Spreadtrum
	Question 1.1:
We agree with FL that legacy design should be reused as much as possible. 
Question 1.2:
Since the number of strong SD basis associated with different TRPs may be different, Alt3 will cause performance loss. Comparing with Alt2, Alt1 allows UE to select the SD basis (and also some further steps) for each TRP independently, which will simplify the PMI calculation complexity. Thus, we prefer Alt1.
Question 1.3:
The bitmap for each TRP should be determined separately. Alt2 is more reasonable.

	DOCOMO
	Support Offline proposal 1.1.

For Offline proposal 1.2, for the ‘TBD’ bullet under Alt1, we have following suggestion.
· Split the bullet into two sub options.
[Mod: At this stage it suffices to keep this TBD. I’ll list the options in later rounds as you suggested]
· Clarify whether Ln =0 is included or not, especially for the option where total value is RRC configured and Ln is UE reported.
[Mod: Ln=0 is not a valid option (implying the TRP is de-activated) so there is no need to mention this. This issue is discussed in TRP selection/determination]
For Offline proposal 1.3, support with an editorial change.
· Total size =  where is the bitmap size for CSI-RS resource n


	NEC
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Offline proposal 1.1: Support. We are fine with the note that parameter values can be further discussed. And we also think finer frequency domain granularity should be supported.

Offline proposal 1.2: Support the proposal. And slightly prefer Alt 2, while we can follow majority views.

Offline proposal 1.3: Support the proposal.

	CATT
	Our views added in “Mod V18”.
Question 1.1
For SD selection, we are fine with the proposal for layer-common and polarization-common. 
For FD selection, as the number of CJT TRP increased, the feedback overhead of FD selection will be increased significantly, shown by the following example. Therefore, if there is no obvious performance degradation by evaluation, layer-common FD basis selection is preferred in order to reduce PMI feedback overhead at this stage. 
[Mod: Since legacy is baseline (remember WID says “Refinement”, the burden of proof should be on any proposal deviating from legacy. If CATT can demonstrate beyond reasonable doubt that this is the case with thorough SLS, companies may be able to consider)
For example, if the number of TRPs for joint PMI reporting is , the overhead for FD basis selection and reporting is will be 
, 
, 
Where r is the transmission layers,  is the number of FD basis configured by gNB or selected by UE
For example of N=4, =20, R=1 and =0.25, as the transmission layers r increase from 1 to 4, the overhead of FD basis selection ranges from 44 to 128 bits, which incurs significant reporting overhead. 


Question 1.2
Considering more flexible SD basis selection, we prefer separate Ln parameter selected and reported by UE. However, UE might need to report SD/FD basis allocation result for gNB decoding of CSI. Furthermore, this allocation result can be included in the Part I of the CSI or the field I of the PMI. Hence, the computation complexity of UE and the overhead of allocation result reporting would increase. 
Therefore, our suggestion is to introduce the following new alternative for trade-off with the flexibility and the feedback overhead. For Alt 3, a new joint configuration on multiple parameters for N TRPs is to be defined in specs. Compared with UE reporting in Alt 1, based the joint configuration in the specs, the computational complexity of UE and the overhead of allocation result reporting can be reduced. 
The following example in Table 1 can be referenced for Alt 3. In this table, some combinations only include a part of N TRPs. Hence, it is equivalent to the configuration/selection on number of TRPs for C-JT, whether it is gNB-configured or UE-selected. However, lots of combination could be defined especially as the number of TRPs increases. Therefore, various possible combinations and the exact values can be discussed based on the subsequent simulation results.   
[bookmark: _Ref111213473]Table 1 One joint configuration for C-JT transmission hypothesis
	
	The parameters of SD basis
	The parameters of FD basis

	
	
	
	
	
	
	
	
	

	1
	2
	2
	N/A
	N/A
	0.125
	0.125
	N/A
	N/A

	2
	2
	3
	N/A
	N/A
	0. 25
	0.25
	N/A
	N/A

	3
	2
	2
	2
	N/A
	0.125
	0.25
	0.125
	N/A

	4
	2
	2
	2
	2
	0.125
	0.25
	0.25
	0.125

	5
	2
	3
	3
	3
	0.125
	0.125
	0.125
	0.125

	…
	…



Offline proposal 1.2: On the SD basis selection for Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), down select one from the following alternatives:
· Alt1. per-CSI-RS-resource SD basis selection, per-CSI-RS-resource Ln parameter 
· TBD: Whether {Ln, n=1, ..., N} are higher-layer configured by gNB, or the total  is higher-layer configured by gNB while {Ln, n=1, ..., N} are reported by the UE
· Alt2. per-CSI-RS-resource SD basis selection, common L parameter for all N CSI-RS resources
· Alt3. per-CSI-RS-resource SD basis selection, one joint L parameter combination for all N CSI-RS resources
· Example: One joint configuration on multiple parameters for N TRPs, UE can select and report one explicit combination for C-JT transmission hypothesis based the predefined configuration.
[Mod: This proposal is included in Alt1 already. No need to add Alt3]
 
Question 1.3
We are fine with the offline proposal 1.3.

	Fraunhofer IIS/HHI
	Question 1.1: Agree with the SD basis selection being layer-common and polarization-common. However, regarding FD basis selection, we have not observed any significant loss when using layer-common FD selection (reduced feedback overhead) compared to layer-specific FD selection per TRP. However, for the sake of progress, we can support layer-specific FD selection per Rel. 16 specification and layer-common FD selection per Rel. 17 specification.
[Mod: Thanks for your understanding] 

Question 1.2: Support Alt 1 

Question 1.3: Support Alt 2
Support TRP specific bitmap. Supporting TRP common bitmap can be too restrictive as it cannot be guaranteed that energy distribution of the precoder coefficients is the same across all TRPs.

	Apple
	For proposal 1.2, we are fine with Alt 1.  

	InterDigital
	We cannot agree with the FL proposal for 1.3. In our view, it is not necessary to have different L and Mv, and then different bitmap structure and size per TRP. We should be able to assume a same L and Mv per TRP where per TRP channel, a different bitmap is reported.   
[Mod: Read my comment on your misunderstanding below. I will now put IDC in Alt2  ]

There is a problem in the formulation of Alt1. The current definition is calling for having a same bitmap for all TRP which does not make sense. Instead, Alt.1 should say a common bitmap structure. So, here is our modified proposal for Q 1.3.
[Mod: Read below.] 
 
Question 1.3: There are two alternatives for the per-layer and per-polarization bitmap (indication of location of NZCs analogous to Rel-16/17 specification):
· Alt1. Common bitmap structure for all the N CSI-RS-resources 
· Total size =  (assuming CSI-RS-resource-common L and Mv)
· Locations of NZCs are common across N CSI-RS resources
· Alt2. Separate bitmaps for all N CSI-RS resources 
· Total size = 
· FFS: Per-CSI-RS-resource NNZC (number of NZCs) constraint vs. joint NNZC constraint across N CSI-RS-resources
[Mod: You completely misunderstand/misinterpret/misread the intention of Alt1. Your “revised” description of Alt1 is simply Alt2 but with TRP-common L and Mv (Ln=L, Mv,n=Mv, which is NOT PRECLUDED – read my previous comment to vivo). Note that whether Ln=L is a part of issue 1.2, not 1.3 (read 1.2 again please). Likewise, as I mentioned to vivo, Mv,n=Mv is just a special case. 

Not only that, but your comments are based on an outdated version. Please check proposal 1.3 in TABLE 1. Next time before commenting please check the most recent version of the proposal (which is already available when you commented)  Copied here for your utmost convenience (please scroll up to TABLE1):

Offline proposal 1.3: On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), regarding the location of non-zero coefficients (NZCs) indicated by bitmap (following legacy mechanism), support separate bitmaps for all N CSI-RS resources 
· Total size =  where is the bitmap size for CSI-RS resource n
· TBD: Whether  ( for mode 2) analogous to legacy, or further reduction of bitmap size is supported.
· FFS: Per-CSI-RS-resource NNZC (number of NZCs) constraint vs. joint NNZC constraint across N CSI-RS-resources


	Mod V32
	Minor revision on proposal 1.2 to separate basis selection from L parameter issue

	InterDigital
	@FL: Thanks very much for your further explanation. We did see and review the updated proposal last time but were not sure if it would address our concern if we don’t refer back to the original Alt1.

Given your explanation and the updated proposal, we would be OK with the current proposal with the following minor clarifications to 1.3, which should be agreeable to everyone.

Offline proposal 1.3: On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), regarding the location of non-zero coefficients (NZCs) indicated by bitmap (following legacy mechanism), support separate bitmaps for all N CSI-RS resources 
· Total size =  where is the bitmap size for CSI-RS resource n
· TBD: Whether  ( for mode 2) analogous to legacy, or further reduction of bitmap size is supported, e.g., , Ln=L, etc.
· FFS: Per-CSI-RS-resource NNZC (number of NZCs) constraint vs. joint NNZC constraint across N CSI-RS-resources
[Mod: Added as a separate bullet to better reflect the intention – since this depends on the outcome of other discussions]

Note: We understand that discussion related to L is part of issue 1.2, however we want to make sure that it is not precluded because of this discussion. Also, the case  may not be limited to Mode2. For example, even in Mode 1, we could have the same number (Mv) of DFT vectors, but still have independent FD basis selection across N TRPs.


	Samsung
	We are OK with offline proposals 1.1, 1.2, and 1.3 for progress with one clarification FFS on FD window in proposal 1.1:
· FFS: the details on FD basis selection window

Also, suggest to clarify that the bitmap is per layer (same as legacy) in Proposal 1.3.
[Mod: Thanks for the compromise and understanding. Added both]

	Qualcomm
	We do not agree with the V32 revision of proposal 1.2.
Per-TRP SD basis selection may work with more general deployment, while shared SD basis selection across TRPs can be natural for multi-panel.
In our view, from practical deployment perspective, co-located TRPs/panels would more likely get earlier use than distributed TRPs, which makes some specific design for multi-panel useful.
Besides, we believe it will not cause too many variations. Multi-panel is only doing “subtraction” over more general deployment e.g. shared SD basis selection.
Lastly, signaling perspective can also be simple. Since network fully knows the deployment (which is static), an RRC configuration is enough.
[Mod: This is my understanding. Qualcomm wants Alt1+Alt3, but it seems the super-majority only wants Alt1. Proposal 1.2 includes a part of Qualcomm’s preference which represents super-majority. While proposal 1.2 is not perfectly aligned with Qualcomm’s preference, this is what the super-majority of the group supports and half of what Qualcomm wants is included. Please reconsider and compromise (appreciated)]

	MediaTek
	Proposal 1.1: Support

Proposal 1.2: Support Alt 1. However, we share the concern with DOCOMO regarding UE complexity of selecting and reporting the number of SD beams Ln. Further, from a spatial beam perspective, we think it can create a similar effect of interference fluctuation as TRP selection (i.e., UE selecting a very low value of Ln is equivalent to less spatial interference and vice-versa). We would rather prefer the gNB to configure Ln for each TRP n. Such a gNB configuration extends from the Rel-16 configuration of L.
[Mod: This will be discussed in later rounds  also related to TRP selection]

Proposal 1.3: Support
Regarding NNZC, our preference is a joint constraint across all the N CSI-RS resources. 
[Mod: Noted, we will try to finalize this in this meeting too]

	Lenovo
	We are fine with the offline proposals in their current form

	Sharp
	Proposal 1.1: Support

Proposal 1.2: Support Alt. 1

Proposal 1.3: Support 

	Mod V43
	Minor revision on proposal 1.2 and 1.3 per IDC and Samsung inputs.

	Apple
	Proposal 1.1: Support

Proposal 1.2: Slightly prefer Alt2

For Proposal 1.3: Support, one minor editorial thing as pointed out also by other companies 
Total size =  where  is the bitmap size for CSI-RS
[Mod: Thanks, sorry I missed this last time]

	AT&T
	We are fine with the offline proposals 1.1,1.2, &1.3.

	ZTE2
	Proposal 1.1: Regarding ‘FFS: Details on FD basis selection window’, at least for Mode 1: Per-TRP/TRP-group SD/FD basis selection), we think the following details should be considered as a starting point.
· To report relative offset of reference FD basis per TRP/TRP group with respect to a reference TRP/TRP group.
· The window of FD basis is reported per TRP/TRP group.
[Mod: Thanks, I will start this discussion in later rounds after 1.1 is finalized]

Proposal 1.2: Support both Alt1 and Alt2 after further reviewing this issue. It may be relevant to CJT scenarios: Alt-1 is much relevant to inter-site CJT, and Alt-2 is much relevant to intra-site CJT (especially having the same boresight for different TRP antenna groups). We only need to consider the increase the maximum number of L (e.g., 6 or more). Based on that, we may soften the main bullet of this proposal. Then, for Alt-1, the UE may determine Ln, but not report this information implicitly due to only necessity of indicating the SD-bases.

Offline proposal 1.2: On the SD basis selection for Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), SD basis selection is per CSI-RS-resource. 
· Down select one from the following alternatives or support both (RAN1#110bis-e):
· Alt1. Per-CSI-RS-resource Ln parameter 
· TBD: Whether {Ln, n=1, ..., N} are higher-layer configured by gNB, or the total  is higher-layer configured by gNB while {Ln, n=1, ..., N} are reported/determined by the UE
· Alt2. Common L parameter for all N CSI-RS resources
[Mod: I removed “one” which serves the same purpose. Please also keep in mind if Alt1 is supported, Alt2 can be achieved by the NW by simply configuring the UE with Ln=L. Therefore supporting both Alt1 and Alt2 are not necessary – strictly speaking.]
Proposal 1.3: Support.


	Xiaomi2
	For proposal 1.2, we slightly prefer Alt 2. If majorities prefer Alt 1, we can accept it only when Ln is higher-layer configured by gNB.

	InterDigital
	Support offline (V43) Proposals 1.1, 1.2 and 1.3. 

	Sony
	We support offline proposals 1.1, 1.2 and 1.3.

	Huawei, HiSilicon
	For first bullet of offline proposal 1.1, if we reuse the legacy value L, then different values should be used for refinement for Rel-16 and Rel-17, as the range of this value is different.  To be strictly following legacy, it should be as “L defined per Rel-16 specification for refinement based on Rel-16 regular eType-II, and per Rel-17 specification for refinement based on Rel-17 PS FeType-II”.
[Mod: Thanks for the good wording suggestion. Done.]
For the second bullet of offline proposal 1.1, because of the delay difference between TRPs, the frequency selectivity would be a problem and a larger R is still a good way to resolve. Therefore, we would prefer to have “FFS R” at this stage.
[Mod: We have a note that the value range is FFS (agree that larger R may be needed). I added this in the note which should address your point]

	Mod V55
	Minor revision on proposals without any change in content




2. Type-II Doppler

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

	6
	Type-II Doppler
	FFS: Whether to prioritize/down-select refinement of Rel-16 vs Rel-17 Type-II

	7
	
	Supported RI values

	8
	
	Codebook structure + basis: down-select from Alt2A, 2B, and 3 (basis Alt1 and Alt2)

	9
	
	UE-side prediction: down-select from Alt1B and Alt2B

	10
	
	Whether “UE assumes gNB-side prediction” (spec support) is supported

	11
	
	CSI-RS (proposal 2.G)






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

	11
	Question 2.1: Observation:
· In Alt3 “multiple  and a single  and  report” entails a reporting format rather than codebook structure (i.e. it applies to any basis or codebook structure).  
· Re basis, each alternative only applies to a codebook structure
Can the two agreements be rearranged as follows? New wording is highlighted in red (following the WID, SD/FD bases are unchanged from legacy)

[Potential rearranged agreement]
For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures (by RAN1#110bis-e):
· Alt1: Doppler-domain orthogonal DFT basis commonly selected for all SD/FD bases reusing the legacy Rel-16 (and, if supported, Rel-17) , , and , e.g. 
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2: Doppler-domain orthogonal DFT basis independently selected for different SD/FD bases reusing the legacy Rel-16 (and, if supported, Rel-17) , , and 
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt3. Doppler-domain basis is the identity (no Doppler-domain compression) reusing the legacy Rel-16 (and, if supported, Rel-17) , , and , e.g. 
In addition:
· Note: Detailed designs for SD/FD bases including the associated UCI parameters follow the legacy Rel-16 (and, if supported, Rel-17) specification
· FFS: Whether one CSI reporting instance includes multiple  and a single  and  report.
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1 and Alt2) is RRC-configured or reported by the UE


Question 2.2: If the answer to question 2.1 is YES (at least in principle, wording can be refined), please share your preference (Alt1 vs Alt2 vs Alt3, the FFS points) and justify it.  
· Note: SLS results (UPT vs PMI overhead) on this issue will be instrumental 


Offline proposal 2.1: For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select at least one from the following codebooks structures (by RAN1#110bis-e):
· Alt1: Doppler-domain orthogonal DFT basis commonly selected for all SD/FD bases reusing the legacy  and , e.g. 
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt3. Doppler-domain basis is the identity (no Doppler-domain compression) reusing the legacy , , and , e.g. 
In addition:
· Note: Detailed designs for SD/FD bases including the associated UCI parameters follow the legacy specification
· FFS: Whether one CSI reporting instance includes multiple  and a single  and  report.
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1 and Alt2) is RRC-configured or reported by the UE



Offline proposal 2.2: For the Rel-18 Type-II codebook refinement for high/medium velocities, support the following codebook structure where N4 is gNB-configured via higher-layer signaling:
· For N4=[1], Doppler-domain basis is the identity (no Doppler-domain compression) reusing the legacy , , and , e.g. 
· For N4>[1], Doppler-domain orthogonal DFT basis commonly selected for all SD/FD bases reusing the legacy  and , e.g. 
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components

	
	[110] Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one 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.

[110] Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, on the DD/TD basis waveforms:
· Down-select or combine from the following Doppler-/time-domain basis waveforms:
· Alt1. Orthogonal DFT
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2. Identity (i.e. no Doppler-/time-domain compression)
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1) is RRC-configured or reported by the UE


	12
	Question 2.3: Please share your preference (Alt1.B vs Alt2.B, including potential set of values of WCSI in slots) and justify it.  
· Note: SLS results on this issue will be instrumental to assess, e.g. for a given choice of “boundary”, how many slots in WCSI is needed to ensure good performance for the Doppler codebook.
· Note: The discussion on the DD/TD compression unit will be a separate topic




Offline proposal 2.3: On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, support UE “predicting” channel/CSI after the slot with a reference resource (l ≥ nref) where the location of CSI reference resource is configured (from multiple candidate values) by gNB via higher-layer signalling
· Candidates of CSI reference resource location include the legacy slot location and slot n
· FFS: Possible value(s) of WCSI


	[110] Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1.B:  l ≥ nref
· nref (a CSI reference resource slot) as boundary
· Alt2.B: l ≥ n
· n (report slot) as boundary






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

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

	Samsung
	Question 2.1
· Yes
Question 2.2
· We prefer Alt1 since it can include both Alt2 and Alt3. For instance, Doppler domain compression parameter (say D) can be set to a value which can allow different DD basis selection for different SD/FD bases for Alt2 (e.g. via bitmap) and identity matrix (no Doppler compression) for Alt3.
· Re the FFS on rotation factor, we support a rotation factor for Doppler basis in principle. The need for different rotation factors for different SD components require further study.
· Re the FFS on “whether one CSI reporting includes multiple W2 and single W1/Wf”, we have some concern if multiple CSI reporting instances are used for reporting multiple W2. First, it departs from the legacy Type II CSI reporting. Second, it can lead to the issue of inter-dependency across multiple reports and error propagation due to CSI reporting decoding failure, which should be avoided.
Question 2.3: we prefer Alt1.B due to the following reasons.
· The value of W_CSI should depend on UE speed. For low speed UEs, W_CSI can be longer, but for relatively higher speed UEs, W_CSI needs to be shorter.
· The prediction accuracy reduces (or prediction error increases) as we move further in future slots. 
· The starting point of the prediction should be as close to the measurement window as possible. And the length (#future slots) for prediction should be up to a slot wherein the impact of prediction error on performance is small. In some cases, it may happen that the ‘optimal’ prediction window shouldn’t be in future at all, i.e., W_CSI should lie within [n_ref, n]. This case can’t be supported with Alt2.B.

	ZTE
	For Q 2.1, Yes, we share the same views. 

For Q2.2, we prefer Alt1. Although we tend to agree that Alt1 may includes Alt3 if DD-basis is identical, we prefer to have DFT-based basis waveform (e.g., having different rotation factors) as for DD-basis. In our views, we may have the interpolation for H between predicted instances, and then subsequent CSI compensation can provide additional information for improving performance. If not, it is quite difficult for gNB to do the W-based interpolation between neighboring instances due to the same reason why we have UE-side prediction rather than gNB.    



Besides, Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC configured, and we are open to further consider whether the number of selected DD/TD basis vectors is reported by the UE from multiple modes.

Question 2.3: Alt1.B is supported. From perspective of CSI prediction, we sympathize that Alt2.B may be much dedicated to providing predicted CSI, but the performance gain may be marginal due to much larger latency between report instance and using the result for subsequent transmission. In our views, we prefer to have a well fallback solution between legacy and predicted/Doppler-related. Then, if going with Alt1.B, the CQI definition may be clear, and otherwise we may have to discuss a new reference for CQI determination for accommodating Alt. 2.B


	Ericsson
	Regarding Question 2.1, we need some changes to the rearranged proposal to capture what we already agreed in RAN1#110.  The rearranged proposal does not capture some aspects agreed in RAN1#110.  For example, Alt2A and Alt 2B had the following note:

· Note that  may be the identity as a special case

However, in the rearranged proposal, we will be down selecting one of Alt 1, Alt 2 or Alt 3.  If Alt 1 or Alt 2 are selected, then the agreed note above cannot be satisfied and we’ll end up with the case of Doppler domain compression all the time.  Also, a second point is that  cannot follow legacy Rel-16 as  will include combining coefficients taking into account the selected Doppler domain bases.  So, we think some revisions are needed to fully capture what we agreed in RAN1#110.  We suggest the following revision:

For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures (by RAN1#110bis-e):
· Alt1: Doppler-domain orthogonal DFT basis commonly selected for all SD/FD bases reusing the legacy Rel-16 (and, if supported, Rel-17) , , and , e.g. 
· The Doppler-domain basis are orthogonal DFT bases, and  may be the identity as a special case
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2: Doppler-domain orthogonal DFT basis independently selected for different SD/FD bases reusing the legacy Rel-16 (and, if supported, Rel-17) , , and 
· The Doppler-domain basis are orthogonal DFT bases, and  may be the identity as a special case
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt3. Doppler-domain basis is the identity (no Doppler-domain compression) reusing the legacy Rel-16 (and, if supported, Rel-17) , , and , e.g. 
In addition:
· Note: Detailed designs for SD/FD bases including the associated UCI parameters follow the legacy Rel-16 (and, if supported, Rel-17) specification
· FFS: Whether one CSI reporting instance includes multiple  and a single  and  report.
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1 and Alt2) is RRC-configured or reported by the UE
[Mod: Agree on the comment re W2_tilde, but removing “orthogonal DFT” is incorrect. It is quite clear that the Note in the agreement doesn’t guarantee the support of Identity since it uses “may be” (it is still contingency). But if you want to ensure that the rearranged agreement doesn’t rule out the support of Identity as one of the basis choices, we can simply change “down select one” to “down select at least one”]

Regarding Question 2.2, we need some changes to the re-arranged proposal as we commented above.  Based on our preliminary result, we don’t see much gain for selecting Doppler-domain basis independently for different SD/FD bases.  We think the case with Doppler domain compression (i.e.,  containing orthogonal DFT vectors) and without Doppler domain compression (i.e.,  being identity matrix) both need to be supported.
[Mod: I’ll add Ericsson on Alt1 and Alt3]

Regarding Question 2.3, we have one question for clarification.  This proposal is only related to when UE side prediction is assumed (note that the agreement says ‘when UE-side prediction is assumed’ explicitly).  If we select one of the alternatives, then does the selected alternative also apply for the case if UE assumes gNB-side prediction?  
[Mod: No, this is a separate issue]
As for the two Alternatives, one question regarding the figure.  According to the figure, in Alt 1B, l+WCSI-1 is less than n. But the agreement in RAN1#110 simply says l ≥ nref for Alt 1B.  May be some update is needed to the figure to align with the agreement in RAN1#110.  We are open to discuss both alternatives. 
[Mod: Sorry for the confusion from the illustration. Thanks for the catch. Updated the figure]


	MediaTek
	Question 2.1: Yes

Question 2.2: Alt3 should be supported, at least for small  values.
Our SLS results do not show competitive performance for . Even if interpolation is performed, we found that calculating a joint PMI for all slots within the same TD unit (Scheme 3) is more robust and attains a better performance than calculating individual PMIs for each slot (Scheme 2). Schemes 2 and 3 are illustrated in the figure below. Frequent precoder updates incurs dynamic interference. It would be challenging to set right MCS values.




Question 2.3: We support Alt2.B. 
Following the assumption of UE-side prediction, the CSI before the CSI reporting slot  cannot be directly applied by gNB and thus is redundant. 
How UE performs prediction should be up to UE implementation. Our understanding is that even if Alt2.B is supported, “sample and hold” is still a valid scheme for UE. Starting position of CSI reporting window only affects how UE “reports” but not how UE predicts. Actually, the prediction performance is governed by the difference between  and . We remark that if CSI-RS periodicity is no smaller than CSI feedback/scheduling delay, then UE may not need to predict CSI for the interval  at all.
The following table shows the performance comparison between Alt1.B and Alt2.B. For Alt1.B, the , , RI, and CQI are calculated based on the latest available CSI-RS transmission occasion. For Alt2.B, the  , , RI, and CQI are calculated based on the predicted CSI after the reporting slot . Alt2.B can provide a 6% more gain than Alt1.B for the case of UMa 30km/h. Thus, it should be worth the specification effort of refining the reference for CQI determination.

	CSI-RS periodicity 5 slots, #CSI-RS = 10

	 (slots)
	
	
	
	

	UMa
30km/h
	Alt1.B
	20.1%
	10.2%
	0.3%
	-5.3%

	
	Alt2.B
	26.6%
	16.1%
	7.7%
	0.1%

	Rma
60km/h
	Alt1.B
	19.2%
	14.5%
	12.1%
	9.5%

	
	Alt2.B
	20.3%
	15.5%
	13.1%
	8.7%




	vivo
	Question 2.1
Yes

Question 2.2
We are wondering after the re-arrangement, does Alt 1 or Alt 2 contain the configuration that the Doppler compression matrix is identity? 
· If that is the case, we think it is clearer to add the following note back in Alt 1 and Alt 2
Note that  may be the identity as a special case
[Mod: Please check my response to Ericsson]
Further, we think for UE prediction, at least N4=1 should be supported. In this case, there is no compression. UE can just predict CSI of one future slot and feed it back based on legacy codebook. This is to achieve UE prediction with lowest effort from UE. 
We also agree with MTK that Alt 3 should be supported at least for small N4 values.
[Mod: Added vivo to Alt3]

Question 2.3
We support Alt 2B. At least it should be supported as it is purely UE prediction. We are not sure how the CSI of slots before slot n is useful if gNB cannot ensure good performance for gNB prediction.
For CQI derivation, we think CQI of future slots needs to be reported by UE. It is not possible for gNB to predict future CQI as interference is not predictable from gNB side. Reference resource definition shall be revisited given UE actually reports CSI of future slots. From this perspective, Alt 1B can be combined with Alt 2B when the reference slot in Alt 1B is a slot after slot n. The figure provided by FL is just an example of Alt 1B where the reference slot locates in the slot with legacy CSI reference resource.


	Qualcomm
	Question 1.1: Agree
[bookmark: OLE_LINK1]
Question 1.2:
We don’t support Alt3, due to it would have much larger overhead than Alt1 or Alt2.
Some proponent companies mainly want Alt3 for smaller  case e.g. , claiming that it may have similar report overhead as the case with TD compression.
However, smaller N4 also means shorter CSI window, which corresponds to more frequent feedback – larger overhead. – For evaluation with fair comparison, we should use per-same-duration the report overhead for different schemes based on 
A figure is provided below for intuitive illustration. 
[image: ]

Question 1.3:
As depicted in the above figure, our new evaluation assumes a same window size  for both Alt1.B and Alt2.B (and different Alt2.B cases with different starting slot ), and similar performance are obtained (will be provided in our 110bis contribution).
Based on the new eval results, we now don’t have strong preference b/w Alt1.B and Alt2.B. Alt1.B may still be slightly preferred for reusing existing ref resource and CQI – less standard efforts.


	DOCOMO
	Question 2.1/2.2
We agree it would be good to reflect WID’s intention. Meanwhile, it might be a bit questionable whether “reusing the legacy Rel-16 (and, if supported, Rel-17) W_1, W ̃_2, and W_f” is really correct, especially for W ̃_2 because we think it will be a bit different in Rel-18 from any approach we had now (it may be just a size of matrix or something non-technical though). As it seems to be trying to capture WID’s intention, we think it might be safer to remove W ̃_2 from any of the alternatives. 
[Mod: Done per Ericsson’s comment as well]
Also, for the added note and FFS, can we confirm whether the bullets without the explicit relation to the alternative(s) would be intended for any of the alternatives? For example, the second bullet (i.e., added FFS) seems relevant to Alt3, but we are not sure. 
[Mod: This is a next-level discussion once the alternative is decided]
Question 2.3
Since Alt1.B is a superset of Alt2.B, we prefer Alt1.B.

	Apple
	Question 2.1/2.2
We support Alt1 based on Kronecker operation and TD basis is DFT

Question 2.3
We prefer Alt2, i.e., CSI report slot

	Google
	Q2.1: We agree with the revision from Ericsson
[Mod: Please check response to Ericsson, W2_tilde is removed and “at least” is added]

Q2.2: We support Alt1. In channel estimation, usually the time domain interpolation is based on a single Doppler instead of per-layer Doppler. Similarly, for CSI compression, we think layer-common DD-basis should be sufficient.

Q2.3: We think the two Alts can be merged, where l can be n_ref after n. For UE prediction, the reported CSI should correspond to the slot after CSI report, otherwise, the NW needs to perform CSI prediction as well.


	LG
	Question 2.1
We are fine with the FL’s rearrangement.

Question 2.2
Our preference is Alt 2 considering the fact that beam direction of each SD basis can be fully/partially aligned with or opposite to UE’s moving direction, so each SD basis experience the different level of time varying channel. In this sense, different DD basis set selection for each SD basis is beneficial and it reduces feedback overhead since the number of DD basis can be minimized for each SD basis. The same benefit can be achieved by using different DD basis set selection per FD basis as well. 

Regarding FFS wither single or multiple CSI reporting instances for multiple W2, we have similar view with Samsung and prefer a single instance if multiple W2 is supported.

Question 2.3
We prefer Alt1B. If Alt 2B is supported, there should be mismatch between CSI reporting window for PMI and CSI reporting window for legacy CQI because legacy CQI is still calculated based on reference resource slot before reporting slot n but PMI is calculated for time instances after reference resource slot. Therefore, if Alt 2B is supported, enhancement for CQI and reference resource slot should be considered together in order to avoid the mismatch. Considering work load and specification impact, Alt 1B is preferable, in our view.


	OPPO
	Question 2.1: Yes

Question 2.2: we prefer Alt1 or Alt 2. 
In our view, DFT basis is also beneficial for N4=2 at low overhead. To avoid all zero W2 per layer reporting at each time instance, UE may need at least 2*N4 NZC for identity basis while the precoder is wideband. For example, with K0=4 (PC1), UE cannot report frequency selective precoder for identity basis. But for DFT basis, UE is able to report frequency and/or time varying precoder. The gain is significant in our evaluation (~ 10%) .

Question 2.3: we slightly prefer Alt2B. 
Alt 1.B requires more UE complexity and overhead, but we don’t see significant gain (w/o gNB’s processing) in our SLS.

	Huawei, HiSilicon


	Question 2.1
Generally, we are fine with the updated proposal. But following the current agreement in RAN1#109 meeting, refinements on both Rel-16 and Rel-17 are supported. Therefore, we prefer to update it as reusing the legacy Rel-16 (and, if supported, Rel-17), or more generally reusing the legacy Rel-16 (and, if supported, Rel-17).
[Mod: I cannot make this change since the decision whether to support Rel-17-based design in addition to Rel-16-based design (super-majority) is still pending (there was no agreement in #109 to support refinement based on both Rel-16 and 17 – the agreement was only regarding work-scope and FFS down-selection was included). This will be discussed separately. To resolve your comment, I removed “Rel-16 (and, if supported, Rel-17) altogether.]

Question 2.2
· We support Alt 1. For Alt1 and Alt2, Alt2 is a special case of Alt1 as Alt1 could select Doppler-domain basis independently by the bitmap of . In addition, with UE side channel prediction, the Wf basis and Wd basis can be remapped to be around index 0, similar to Rel-16 Wf basis remapping. So both the Wf and Wd basis can be concentrated around index 0. Therefore, selecting Doppler-domain basis commonly is enough for all SD/FD bases. We don’t support Alt 3 as the overhead of Alt3 is significantly higher than the overhead of Alt1 and Alt2 for per-slot channel prediction. 
· We support Doppler-/time-domain (DD/TD) basis vector length (N4) and the number of selected DD/TD basis vectors (for Alt1 and Alt2) is RRC-configured.

Question 2.3
Support Alt2B. As UE-side prediction is assumed, UE will report the predicted CSI that will be used in slots later than report slot n. In current spec, the definition of CSI reference resource slot nref is earlier than report slot n, which means the PMI in the period from CSI reference resource slot nref to report slot n is useless for gNB. Hence it is straightforward and reasonable to select report slot n as boundary.

	Xiaomi
	Question 2.1: Agree with the rearranged agreement. 

Question 2.2: We are open for the three alternatives. However, for Alt1 and Alt2, DD basis can be independently selected  for SD/FD basis. DD basis can also be jointly selected with FD basis. Therefore, we prefer the following FFS should be added for Alt1 and Alt2.

FFS: Whether the DD/TD basis are jointly selected with FD basis for Alt1 and Alt2. 
[Mod: This FFS is clearly against WID where it is stated that FD and SD bases cannot be changed. So this FFS cannot be added]

Question 2.3: We share same view with LG. Alt1.B is preferred.

	Intel
	Q2.1: Regarding “reusing the legacy Rel-16 (and, if supported, Rel-17) , , and ”, does it mean that every aspect of the design is reused? We are fine to reuse selection of vectors and coefficients design, however, based on our simulation results different number of bits is required for quantization of coefficients if Doppler-Domain compression is considered. 
[Mod: Please see revision where W2_tilde was removed per Ericsson and DOCOMO input as well]

Q2.2: Based on preliminary evaluation results our preference is Alt 1 with DFT-based Doppler-Domain compression.

Q2.3: Our preference is Alt 2.B since precoding matrixes before the report cannot be efficiently used by the gNB considering that UE-side prediction is applied.  

	Mod V18
	Added proposals 2.1 and 2.2 based on companies’ inputs. Please comment on the proposals. 

Need more discussion on issue 2.3

This is the current situation:

2.1:
· Support/fine: Samsung, ZTE, MediaTek, vivo, Qualcomm, Apple, LG, OPPO, Huawei/HiSi, Xiaomi, Intel, IDC, DOCOMO, NEC,CATT, Fraunhofer IIS/HHI
· Not support: Ericsson (remove “orthogonal DFT”), Google (same as Ericsson)
· The comment has been addressed by adding “at least” 
2.2:
· Alt1: Samsung, ZTE, Ericsson, Qualcomm, Apple, Google, OPPO, Huawei/HiSi, Intel, DOCOMO, NEC,CATT, Fraunhofer IIS/HHI
· Alt2: LG, OPPO
· Alt3: Ericsson, MediaTek, vivo, IDC,CATT
2.3:
· Alt1B: Samsung, ZTE, Qualcomm, DOCOMO, LG, Xiaomi, NEC, Fraunhofer IIS/HHI
· Alt2B: MediaTek, vivo, Qualcomm (2nd pref), Apple, OPPO, Huawei/HiSi, Intel, Google ,CATT


	Google2
	2.3: in our view, Alt1B and 2B can be merged as we commented before, but if we need to choose one of them, we would like to choose Alt2B. Our view is added above.
[Mod: Please check the new proposal 2.3 along the line of your suggestion]

	Spreadtrum
	Question 2.1:
We are fine with the update.
Question 2.2:
Compared with Alt2B, we prefer Alt2A, for the reason that it is the straightforward extension of legacy Rel-16 Type-II/Rel-17 PS Type-II codebook, and much simple. Alt3 would result in much UCI overhead since it is per occasion    reporting and there is no compression on PMI.
Question 2.3:
Considering that only the PDSCH scheduling after CSI report can benefit from the CSI report, the predicted CSI corresponding to the slot after CSI report is more useful. We prefer  Alt2.B.

	DOCOMO
	We added our view in ‘Mod V18’ summary.

We support Offline proposal 2.1 and 2.2.

	NEC
	Our views added in “Mod V18”.
Proposals 2.1 and 2.2: Support.
Proposal 2.3: Support Alt 1B. In our understanding, the CSI within the duration between n_ref and n is more accurate, and the codebook comprising the duration is better for quantization and can provide more “accurate” information to network.

	CATT
	Our views added in “Mod V18”.
Question 2.1: Support
Question 2.2: We support Alt1 and Alt3.
Question 2.3: We prefer Alt2B.

	Fraunhofer IIS/Fraunhofer HHI
	
Our views have been added in “Mod V18”.

Question 2.1: Agree 
Question 2.2: We support Alt 1. We have concerns with high feedback overhead resulting from multiple W2 reporting in Alt 3.
Question 2.3: Based on our evaluations, Alt 1.A, and Alt 2.B result in the same performance due to the following reasons. For both alternatives, CSI-RS is measured only on the CSI-RS transmission occasions present between slot and slot  and multiple CQIs are reported for N4 slots (one CQI per N4/x slots) and not a single CQI. The only difference between Alt 1.A and Alt 2.B is the location of the CQI reference resource. For Alt 1.A, CQI reference is , whereas for Alt 2.B, the CQI reference is slot . When multiple CQIs are reported, the CQIs are calculated on the predicted channel for every N4/x slots and the reported CQIs will be the same for the slots  to . Therefore, both alternatives must and should result in the same performance. If a single CQI is reported for all N4 slots, then we expect some difference in the performance between the alternatives. 

Having said that, we slightly prefer Alt 1.A. 

	Mod V31
	Question: re proposal 2.2, would the proponent of the current proposal 2.1 (Alt1 in proposal 2.1) be open to accepting the following revision?
· For small values of N4 (including N4=1): Alt3 in proposal 2.1
· For larger N4 values: Alt1 in proposal 2.1

Added proposal 2.3:
· The motivation for this proposal is to combine Alt1.B and 2.B. Basically if the location of reference resource can be configured (including slot n), this resolves the concern from both sides
· In addition, it allows configurability as a function of, e.g. UE speed


	Fraunhofer IIS/Fraunhofer HHI
	We have strong concerns with Alt 3 regardless of any N4 value. We don’t support N4 = 1. There is no sound reason as to why N4 = 1 is to be supported. One of the main reasons to exploit time-domain correlation/Doppler-domain compression is to reduce frequent CSI-RS measurement and reporting. With N4 = 1, UE measures as well as reports CSI rather frequently like in Rel. 16. Supporting N4 = 1 does not help solving the mentioned problem.
Regarding N4 = 2, some companies claim that the feedback overhead of N4 = 2 for Alt 3 is equal to the feedback overhead when two TD/DD components are assumed. This is not true as for Alt 1, each FD component is not always associated with all TD/DD components. This means the total number of significant non-zero coefficients associated with Alt 1 will be much smaller than the total number of significant non-zero coefficients associated with Alt 3. Therefore, we cannot support Alt 3 even for smaller N4 values.
We support only Alt 1 for higher N4 values (N4 >2) as well as for smaller N4 values (N4 = 2).


	Vivo2
	We don’t agree with the current proposal 2.2. We think to have smaller N4 values clearly has its own use case. Especially for N4=1, this is the least effort UE should pay to support UE prediction, which is the only agreed functionality for this topic. Considerable gain can be achieved for this based on our initial SLS results like the following. 
	
	SE gain

	eType II, no prediction 
	0%

	eType II, no prediction, ideal feedback
	25%

	eType II, AR prediction (8 CSI-RS occasions, N4=1, Alt 2B)
	17%



For such small N4 values, we only need Alt 3 as compression may not be useful to save overhead. Further, we don’t agree with the comment that small N4 values would mean more frequent CSI reporting, as this is anyway aperiodic CSI reporting triggered based on gNB’s demand. How frequent the CSI reporting is eventually depends on gNB’s need to schedule data. 
Therefore, we think this proposal 2.2 should at least consider the support of N4=1 and other small N4 values.

	DOCOMO
	For proposal 2.2, yes we are open to consider no DD compression in case of small N4, although our best preference is Alt 1 in proposal 2.1 in any case. Moderator’s suggestion looks good. 
We also support proposal 2.3. 

	Samsung
	Ok with proposal 2.1 and 2.2.
Re proposal 2.3, although our preference is Alt1.B since it is more inclusive (include 2.B), we can be open to this proposal for progress.

	Qualcomm
	Although we are OK with the description of proposal 2.3, we still want to point out our view regarding new reference resource later than legacy.
Since reference resource is defined not only for PMI, but also for CQI, it also implicitly means CQI prediction.
For PMI prediction, phase extrapolation of H is enough, while for CQI prediction, amplitude of H also needs to be extrapolated – not sure how this works accurately, at least not work fine with MMSE extrapolation (since the time-correlation decays with larger lag, it results in smaller amplitude of  for more future prediction)
Moreover, more future CQI also means interference prediction. 

	MediaTek
	Regarding Proposal 2.2, we support FL’s latest update, i.e.,:
· For small values of N4 (including N4=1): Alt3 in proposal 2.1
· For larger N4 values: Alt1 in proposal 2.1

As mentioned earlier we see the benefits of small N4 and furthermore in cases of N4= 1,2 compressions can lead to performance degradation.

Regarding Proposal 2.3 For UE-side prediction, from the perspective of specification, gNB does not need to know the precoder is predicted before or after slot n.
gNB only needs to know what precoder should be applied after slot n. It is UE’s job to report the best predicted CSI based on its capability. If a UE can only predict CSI well before slot n, say n-1, this UE can still report the CSI predicted for slot n-1 and gNB applies it after slot n. In this sense, Alt 1B cannot outperform Alt2B, and vice versa.
For less capable UEs, Alt 2B can work if these UEs report the last predicted CSI, even if it is before slot n. This can be considered as “prediction and hold”. For more capable UEs, Alt 1B can work but it requires UE to disregard the assumption that the CSI reference is nref. Our simulation results show that calculating W1, Wf, RI, CQI based on predicted CSI can provide a better performance, especially in the UMa scenario.
Alt 1B has a critical weakness: Redundancy. 
If TD unit is of size 1, n- nref = 3 and N4 = 10, then it means Alt1B can have 40% redundancy as the reported CSI for slots n-3, n-2, n-1, n are useless for gNB, assuming UE-side prediction.
Another example is TD unit is of size 5, n- nref = 3 and N4 = 2, where Alt1B has 50% redundancy. Such high ratio of redundancy is clearly unacceptable.

	Lenovo
	Re: Question 2.1
In our understanding both Alt1 and Alt3 correspond to a single W1, Wf and multiple W2, with the only difference is that Wd is a DFT-based matrix in Alt 1 whereas Wd is an identity matrix in Alt3. We prefer to leave an option in which Wd can toggle between both alternatives. We are OK whether this is incorporated as a joint Alt1+Alt3 or as a note in Alt1
[Mod: This toggling is not precluded in the formulation of 2.1 (“at least one”) – you can see this in my latest question (see above) re proposal 2.2 where the N4-based toggling is a part of the design.]
Re: Question 2.2: We prefer to keep Alt1, Alt3
[Mod: please see my V43 comment below]
Re: Question 2.3: We are fine with the latest version

	Sharp
	We are fine with proposal 2.1 and 2.2.

Proposal 2.3: We have similar views on CQI prediction raised by some companies. We prefer Alt. 1B

	Ericsson2
	To respond to the claim by some that “there is no sound reason as to shy N4=1 is to be supported”, we have shown evaluation results in our previous Tdoc for a case where feeding back a single predicted W2 with Alt 3 provides most of the gain.  Please see the results below from our Tdoc last meeting.  Since a single predicted W2 provides most of the gain and compression is not needed for this case.  So, N4=1 is still relevant and should be supported.
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In our tdoc, we also showed another case where compression is beneficial.  
We don’t support the current Offline proposal 2.2.  We think both Alt 1 and Alt 3 should be supported.  Regarding the Question from FL related to proposal 2.2, we think supporting Alt3 for smaller values of N4 and adopting Alt1 for larger values of N4 may be a reasonable approach

	Mod V43
	No revision of offline proposals

For proposal 2.2, depending on additional inputs, I may reformulate it to down selection between Alt1-only and Alt1 (smaller N4) + Alt3 (larger N4). 


	Apple
	Proposal 2.1: Prefer Alt1.

Proposal 1.2: Support
We prefer to have a unified solution to cover all the length of N4
When N4 = 1, (assume there is no R like FD basis), for length 1 orthogonal basis, there is no difference between identify and DFT. 
For smaller N4, any orthogonal basis can be used to fully represent the PMI and to achieve trade-off between compression (overhead) and PMI accuracy. 
Unless there is strong justification, we do not support to have two sets of orthogonal bases for different range of N4

	ZTE2
	Proposal 2.1: Support Alt1

Proposal 2.2: Support. 

Regarding potential reformulation raised by FL, ‘Alt1 (small N4) + Alt3(larger N4)’, we are not convinced why we need to distinguish two alternatives based on different value of N4. 
· Besides for Alt1(small N4) as clarified by Apple, we may significantly reduce the reporting overhead by using DFT-bases for Alt3, if our understanding is correct (also main motivation for using DFT-basis). 
· Then, based on our evaluation and some other proponents, the time-domain interpolation of H in UE-level based on several prediction samples can significantly improve CSI, compared with gNB-side interpolation based on W2.

	Xiaomi2
	We can support both Alt 1 and Alt3 for proposal 2.1. But , how to  determine the DD/TD basis type, i.e., DFT basis or identity  can be  FFS. 
Although we slight prefer Alt1.B,  we are fine with proposal 2.3 as the current revision..

	vivo3
	On Proposal 2.3
We are okay to proceed following the direction in the latest 2.3. Just for the candidates on reference slot location, Alt 2B should be formulated as slot n+n_offset, where n_offset >= 0. In Alt 2B, the start of the CSI reporting window may not just be slot n, it should be slot l >= n. For example, if N4=1, the predicted slot (which makes sense) should be a slot after slot n. Hence we have the following suggestion.
[Mod: Alt2B as agreed in previous meetings uses n as the starting point, not n+offset (please check the agreements). The variable is W_CSI. Since your revision constitutes a new scheme, I can’t include this at this point unless the group agrees.
But removing “two” is fine]

Offline proposal 2.3: On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, support UE “predicting” channel/CSI after the slot with a reference resource (l ≥ nref) where the location of CSI reference resource is configured (from multiple candidate values) by gNB via higher-layer signalling
· Candidates of CSI reference resource location include the legacy slot location and slot n+noffset, where noffset is a number >= 0
· FFS: Possible value(s) of WCSI


	InterDigital
	Support offline Proposals 2.1 and 2.3.
For the progress, we could support Proposal 2.2, however our primary preference is Alt3.

	Sony
	We support proposals 2.1 and 2.3.

	Mod V55
	Revised proposal 2.1 by removing Alt2 (supported by only by 1 company, and is actually a special case of Alt1 via the use of NZC selection)
 
Revised proposal 2.2 by adding Alt3 for N4=1

Minor revision on proposal 2.3 per vivo suggestion




3. TDCP 

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

	13
	TDCP
	TDCP parameter(s): down-select from AltA, AltB, and AltC

	
	
	

	
	
	





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

	13
	Question 3.1: Based on the latest discussion for AltA vs AltB during the offline session (e.g. based on Ericsson’s Tdoc R1-2207505), we have the following initial observation:
· Since Doppler profile is derived from a measured TD correlation profile, TDCP based on TD correlation profile incurs less UE computational complexity (since the extra processing for deriving a Doppler profile is non-existent)
· Reporting a few partial Doppler parameters (e.g. Doppler spread, shift) is insufficient for inferring UE speed or TD channel variation for the use cases of interest. Hence if TDCP is based on Doppler profile, a more complete profile needs to be reported.   
· If Doppler profile is needed, it can still be derived from TDCP based on correlation profile at the NW side.
Please comment on the above assessment and share your view on AltA vs AltB vs AltC. 


Offline proposal 3.1: For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on quantized amplitude of time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
Note: Different alternatives may or may not apply to different use cases  

	[110] Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
Note: Different alternatives may or may not apply to different use cases  





Table 6 TDCP: inputs from companies
	Company
	Input

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

	Samsung
	We agree with the three observations. Among the three alts, (auto-)correlation seems another good direction in addition to Doppler profile. So, we are open to study both AltA and AltB further.

	ZTE
	AltA is preferred. 

For Alt-B, in our views, it seems to provide a list of average Doppler shift (separately determining for different TRS pair/lags), due to that the following phi (much relevant to Rx phase difference between two different time instances) divided by a given time period is equivalent to Doppler shift, if our understanding is correct.

,

Besides, we think that for mTRP mode, it is also useful for high mobility case (like providing relative Doppler shift from different TRSs, much more general). With the help of more than one sites, the relative Doppler shift can well present the relative mobility/speed compared with different TRPs. Simple and efficient. 
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For Alt-C, the motivation is good, but we are wondering how the UE emulates gNB scheduling/resource-allocation situations in time.


	Ericsson
	Alt-B is preferred. Note that the phase of the autocorrelation doesn’t contain any useful information. The phase depends on the RX downspreading frequency used by the UE. A different choice of RX downspreading frequency results in a linear phase rotation in tau (i.e. the autocorrelation lag) of the autocorrelation function. The UE selects the RX downspreading frequency based on the frequency of the RX signal which is subject to Doppler shift. Thus, the phase rotation of the autocorrelation carries no information about the average Doppler shift. Also, the phase rotation is small. Since the phase of the autocorrelation doesn’t contain any useful information, we think that the UE should report either
· The absolute value of the autocorrelation
or 
· The absolute value of the autocorrelation times the sign of the real part of the autocorrelation

for a number of autocorrelation lags tau.

This will save signaling overhead.

To ZTE: No the phase of phi divided by the autocorrelation lag doesn’t give the Doppler shift, it gives a kind of average frequency offset relative to the UE RX downspreading frequency. Since the UE selects the RX downspreading frequency based on the frequency of the RX signal, the phase of phi is typically small. It’s the absolute value of phi that is useful for the use cases addressed by this WI, not the phase. Generally, we think that companies arguing for reporting of Doppler shifts need to show what gains this can give in the use cases agreed in this WI (which doesn’t include any multi-TRP use cases), and also show how the UE can estimate Doppler shifts.


	MediaTek
	Question 3.1: We agree with FL’s assessment. 
Our first preference is AltC. 
AltA and AltB cannot take UE’s implementation into account. Instead, AltC allows UE to provide the preferred configuration based on its CSI measurements. The Doppler profile and the time-domain correlation profile received by gNB must be quantized, and thus it may affect gNB’s decision accuracy on CSI-related configuration. Supporting AltC does not imply that gNB has to exactly follow UEs’ preferences. On the contrary, AltC is merely to assist gNB making decisions in a best-effort manner to suit UEs’ needs.
Our second preference is AltB as the implementation effort is less than AltA.

	Vivo
	We are okay to further study Alt A v.s. Alt B to evaluate performance of these two in multiple use cases.
We don’t think Alt C is practical, as it is not possible for UE to know gNB’s implementation on switch points for different configurations.

	Qualcomm
	Our preference: AltC > AltB > AltA
Regarding AltB v.s. AltA from UE implementation perspective, AltB is more friendly due to that anyway it is an intermediate step to calculate Doppler spread.
Regardless of AltB or AltA, the explicit definition/formula should be defined (which although, is not even an issue for AltC) – otherwise there is no aligned understanding b/w gNB and UE. Regarding this, AltB is also more preferred than AltA, since time-correlation has almost no ambiguous understanding for its definition, while Doppler spread depends very on proprietary implementation.
For AltB, our main question would be, how does gNB make decision with (e.g. CSI-RS/report periocidity, one of the agreed use cases) based on the reported time-correlation, since the scheduling strategy depends on the UE-specific channel, which in the field is not explicitly known, unlike TDL-A etc. for simulation.


	DOCOMO
	We slightly prefer AltB. 
We share the same observation provided in the table 5. On the other hand, a potential cons for AltB from our perspective is that, as doppler shift/spread may vary slower than power in time domain, AltB may require smaller periodicity for reporting compared with AltA. Having said that, we think AltB’s benefit observed in the table 5 can be more critical. 

For AltC, while we can understand it could be more UE implementation-friendly, we agree it may not be very realistic for UE to consider gNB implementation well. Therefore, it is not preferred by us. 


	Apple
	Either option is okay for us. 
But we do not prefer to have too mathematically formulation of the selected report quantity and avoid too much further discussion on how to handle multiple path etc. If there is any need to further restrict the UE implementation, it can be moved to RAN4 during performance requirement phase.

	Ericsson 2
	Regarding Qualcomm’s question on how gNB makes a decision based on Alt B we want to stress that for the gNB to make good decisions for the agreed use cases, the gNB needs to know how fast the channel varies. That’s what decides e.g. what CSI-RS/report periodicity is needed. How fast the channel varies is directly given by the autocorrelation. No additional information on the channel is needed. Alt. B is thus ideal for the task at hand.

The Doppler spread or the UE velocity on the other hand doesn’t give direct information on how fast the channel varies. To know accurately how fast the channel varies based on the Doppler spread or the velocity one would need additional information about the channel, i.e. the form of the Doppler power spectrum.

Exactly how the gNB will utilize the autocorrelation to take decisions will clearly be left for implementation but we can sketch some examples/alternatives:
1: The gNB selects CSI-RS/report periodicity as (or based on) an autocorrelation level crossing point. This way one can limit the channel variability over the CSI-RS/report periodicity. The longest period that keeps the channel variation within a certain limit is selected. The level crossing point can be calculated based on the autocorrelation for a number of autocorrelation lags in several ways, e.g. a) interpolation or extrapolation b) Curve fitting to the autocorrelation for a number of other autocorrelation lags followed by calculation of the level crossing point for the fitted curve.
2: The gNB takes the decision based on the autocorrelation for a certain lag. E.g. to decide whether to use 5ms periodicity or not, the gNB use a threshold for the autocorrelation for an autocorrelation lag of 5ms. The autocorrelation at 5ms lag could be a) an explicit UE measurement of the autocorrelation for a 5ms lag b) calculated though interpolation or extrapolation of UE measurements of the autocorrelation for a number of autocorrelation lags, or c) calculated through curve fitting to the autocorrelation for a number of autocorrelation lags followed by calculation of the value of the fitted curve at 5ms lag.
2. The gNB takes a decision based on a threshold on the second derivative of the autocorrelation at zero lag (or equivalently based on a threshold on the second moment of the Doppler power spectrum). The second derivative of the autocorrelation at zero lag is calculated e.g. based on curve fitting to the autocorrelation for a number of autocorrelation lags, where the second derivative at zero lag is one of the curve fitting parameters.

Alt C is not acceptable to us. The gNB needs to take the decision based on information from multiple UEs, load situation etc. There is no way the UE can make a good choice based on the limited information it has access to. Also, a general TDCP report can be used for a large number of gNB decisions while Alt C can only be used for one single purpose.


	Google
	Support Alt A. 

Alt B is unclear to us. There are 4 symbols for a TRS, does it require to report correlation between every two symbols? In addition, the overhead for Alt B is too big.

It looks Alt C cannot work without dynamic activation/deactivation or update for CSI-ReportConfig. 

	LG
	We are open for Alt A and B. Regarding Alt C, we have similar understanding with vivo, docomo and ericsson in terms of limited information at UE side.

	OPPO
	We are open to Alt A and Alt B based on companies’ evaluation.

	Huawei, HiSilicon

	We prefer Alt A. For Alt C, The UE may not have the full knowledge of the multiple factors that gNB should consider in configuration.  Comparing between Alt A and Alt B, we think the Doppler profile parameter is more useful, for example, Doppler information can be used to assist gNB side prediction when the beam of TRS is used for PDSCH, or be used for pre-compensation between MTRP by gNB implementation. 

	Xiaomi
	Alt A is not only used for aiding gNB to determine CSI reporting configuration and CSI0RS resource configuration for FDD system, but also for aiding gNB implementation in CSI prediction for TDD system. I.e., Alt A can be used for the two cases, while Alt B and Alt C cannot achieve the target. Thus, Alt A is preferred. 

	Ericsson 2
	Regarding Google’s comments on overhead for AltB, we think there is some misunderstanding on the time-domain correlation profile. One example for Alt B is normalized time domain correlation is defined as below, which should not have overhead issue. But of course, that depends on how the autocorrelation value is quantized.



The details on quantization and measurement can still be discussed under the direction of time-domain correlation, and we do believe this is the most straight forward measurement and report quantity compared to the alternatives from Alt A. And as we’ve showed in contribution from last meeting, autocorrelation can be used for the use cases we’ve agreed for TDCP reporting.

We would also like to understand from ZTE, Huawei and Xiaomi about your view on Alt A:
 Alt A currently lists multiple reporting quantities as examples, which reporting quantity are you referring to for Alt A? How does UE measure your preferred quantity from TRS?


	Mod V18
	This is the current situation
· AltA: Samsung, ZTE, vivo, Google, LG, OPPO, Huawei/HiSi, Xiaomi, CATT
· AltB: Samsung, Ericsson, MediaTek (2nd pref), vivo, Qualcomm (2nd pref), DOCOMO, LG, OPPO
· AltC: MediaTek, Qualcomm 
· Not acceptable: Ericsson

Moderator: I’d like to hear from AltA-only proponents whether AltB is acceptable to them – especially since AltB is simpler to calculate and Dopple can be obtained from correlation as long as the correlation profile is sufficient. 


	IDC
	We are OK to remove AltC, and have further discussion on alternatives A and B.
On another point, besides the Doppler or time-correlation report, we believe that the TDCP should also contain a measure of the reliability of measurement.

	Google
	We think one possible way forward is that the reported TDCP should be based on amplitude and Doppler shift for each path. 

Doppler shift can be more efficient than phase shift from channel correlation. For 2-slot TRS, if we report channel correlation, we need to report both intra-slot and inter-slot channel correlation. But for Doppler shift, one Doppler shift report should be enough. In our view, fundamentally, what really helps is the amplitude and Doppler shift related information from some strongest paths. We can further study how to report such information.  


	Spreadtrum
	Support AltA.
For AltA, in our understanding, it could provide additional help for gNB to predict DL channel evolution in time and calculate precoding for TDD system where SRS is used for achieving DL channels. Time-domain correlation profile for AltB could also assist gNB to predict channel evolution in time. However, compared with time-domain correlation profile in Alt B, the definition of Doppler related parameters in Alt A is clearer. For Alt C, it seems only to be applied for the use case of CSI measurement and reporting configuration. However, gNB and UE may have different implementation considerations.

	Mavenir
	AltA is preferred. 
For AltB, the overhead is too big due to the presence of multiple lags in time correlation calculations. As we pointed out in previous email discussion, to give the same sufficient information as Doppler shift, the time correlation must be reported together with corresponding lags, even in Ericsson’s normalized time correlation solution. Only if the overhead is proved to be acceptable, AltB can be equivalent to AltA as a candidate TDCP report. 
We are OK to remove AltC since the UE-side CSI selection may not be optimized for the network due to the lack of overall/global information and other reasons mentioned above.

	NEC
	We are OK to remove Alt C, and fine with either Alt A or Alt B.

	Ericsson 2
	Thanks all for sharing your views.
Regarding Google’s comments on Alt A, we’d like to further clarify and ask some questions: 
To get unambiguous and accurate measurements of Dopplershift per peak one needs both intra and inter slot measurements, just as for measurements of the autocorrelation. This has nothing to do with the choice of TDCP reporting quantity but rather with the UE speed. Note also, that even if we base the TDCP quantity on the Autocorrelation, one possibility is still to report one single quantity such as e.g. a level crossing point or the second moment of the Doppler power spectrum. Do you have simulation results on per peak Doppler shift estimation based on the TRS? We implemented such an algorithm but found the accuracy disappointing and reverted back to the use of the autocorrelation function (as reported in our contribution to the last meeting). Maybe you have achieved better performance than us?

On Mavenir’s comment on overhead for Alt B, we share different views. The overhead in reporting the Autocorrelation for a small number of autocorrelation lags (say four) with a much lower periodicity than the normal CSI-reporting is completely negligible compared to the normal CSI-feedback overhead. Note that the normalized autocorrelation is smaller than one and wouldn’t require many bits to report. Note also, that even if we base the TDCP quantity on the Autocorrelation, one possibility is still to report one single quantity such as e.g. an autocorrelation level crossing point or the second moment of the Doppler power spectrum (as estimated based on the Autocorrelation). This is a choice we could make if we later see that the overhead in reporting the autocorrelation for multiple lags would become too large. Our understanding is, however, that this won’t be the case. We would appreciate if you could give some details on what Alt. A quantity you want and how to measure it as well as simulation results showing achievable accuracies.

Reply to Spreadtrum: Autocorrelation is very well defined while there are many alternative definitions for Doppler spread. Definition of the autocorrelation is very close to how the UE would actually measure it. Essentially you can just replace the channel in the definition with the matched filter output per subcarrier. 

Again, we would like to raise our question to Alt-A proponents: Alt A currently lists multiple reporting quantities as examples, which reporting quantity are you referring to for Alt A? How does UE measure your preferred quantity from TRS?

	CATT
	Our views added in “Mod V18”.
Although we suggest that different use cases should be considered separately, we prefer Alt A in this stage. Because we think the Doppler profiles in Alt A can cover all the use cases for TDCP.

	Fraunhofer IIS/HHI
	At this stage, we prefer Alt A. 

	Apple
	In our view, doppler spread the channel coherence time are equivalent, which indicates how fast the channel fades, i.e., decorrelates in time. 
Doppler shift is separate thing which is due to the Doppler effect between Tx and Rx when they are none-stationary to each other.

So AltA and AltB can be the same which is just to give NW some information about the channel time domain fading properties.

However, doppler spread is already defined as QCL properties, without any mathematical enforcement, which should be the baseline as the solution.

The direction of this discussion starts to be less and less practical. In our view, we are very much against certain mathematical formulation from Infra-vendor to force UE to measure something that their researcher believes.  NW can configure DMRS/SRS on UL to measure whatever they want and implement the algorithm that their researchers like, and for those second order statistics, it is reciprocal between DL and UL. However, it appears that infra-vendor knows how to do it and has so many mathematic equation that is almost academia, and instead of doing it by themselves, they would want to use 3GPP to force UE to measure it. We do not like to be an implementation team for the researcher from infra-vendor. 

In the end, we can only specific a rough concept in RAN1 and, if there is any further demand, it can be moved to RAN4. Just like the past, those channel properties, i.e., 5 QCL properties, are never accurately specified and cannot be accurately specified. We do not like to implement according to the researchers from some other companies. If infra-vendor knows how to do it, then, I guess we do not need this objective.  

In our view, among doppler spread and coherence time, we choose one, and then stop further discussion on how to mathematically formulate it, how to handle multi-path, how many to report, etc. 

	Mod V31
	Question to proponents of AltB:
Can we reformulate AltB as follows (to ensure that Doppler information can be obtained from correlation)?

· AltB. Based on a quantized (including amplitude and phase) time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts


	Ericsson
	No, for a single TRP scenario the phase of the Autocorrelation function doesn’t carry any useful information and would just result in increased overhead. Also, we believe that UE manufacturers may have problems with phase jumps that may make it hard to estimate the phase of the Autocorrelation, especially across TRS bursts. Thus, it should be possible to configure a measurement of the absolute value of the Autocorrelation without the phase.

There are two reasons why the phase of the autocorrelation is useless in a single TRP scenario.
1. The UE selects it’s RX downspreading frequency based on a frequency estimate of the RX signal. The RX downspreading frequency is thus not the TX frequency but the Dopplershifted RX frequency. The phase of the autocorrelation will thus, not capture the Dopplershift.
2. A change of RX downspreading frequency results in a phase rotation of the autocorrelation function over the autocorrelation lag. The selection of RX downspreading frequency is not captured by the spec. It’s left to UE implementation. Thus, the phase of Autocorrelation will just reflect the UE implementation of RX downspreading frequency selection and UE estimation errors of the RX frequency. 

One may note that the phase of the autocorrelation is typically small since UE manufacturers typically select the RX downspreading frequency as some sort of ‘power weighted average of the RX frequency’.

If one assumes that the UE use the same RX downspreading frequency towards all TRPs in a multi TRP scenario, then the relative phase of the autocorrelation function towards different TRPs carries information on the relative Dopplershift of the signals from the different TRPs. Clearly, however, we should not let this fact dictate how to design the TDCP measurement for our main use cases. In fact, if one wants a measurement of the relative Dopplershift between different TRP’s it would be better to simply define a separate measurement of the relative Dopplershift between different TRP’s, rather than to include the phase in the TDCP autocorrelation report. That would give much lower overhead and give UEs implementation freedom to design the relative Dopplershift measurement in the best way.

The issue of whether we want a measurement of the relative Dopplershift between different TRPs should not be mixed up with the question between Alt A, B and C. It should be handled as a separate question.

Proposal for AltB:

· AltB. Based on a the quantized (including amplitude of and phase) time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts


	Qualcomm
	We agree with Ericsson that the phase of time-correlation is not needed for AltB, since it would require Rx phase continuity, which may not even be assured b/w the 2 consecutive slots for existing TRS

	MediaTek
	We also agree with Ericsson’s input regarding phase information being redundant for AltB, leading to extra overhead without performance benefits. 

	Lenovo
	We prefer to keep Alt C. The issue raised by Ericsson regarding the lack of knowledge at UE, this can be resolved if the UE selects configuration parameters from a pool of candidate configurations that are RRC configured.

Regarding Alt A and Alt B, we believe both alternatives are similar with different transformations, however our preference is Alt B, which is more straightforward. We also agree with Ericsson, QC, MTK that phase information is not needed

	Sharp
	Our preference is Alt. B. 

	Mod V43
	Added proposal 3.1 (remove AltC – see the situation below) and refine AltB description

· AltA: Samsung (2nd pref), ZTE, vivo, Google, LG, OPPO, Huawei/HiSi, Xiaomi, Fraunhofer IIS/HHI, Mavenir, Apple, CATT
· AltB: Samsung (1st pref), Ericsson, MediaTek (2nd pref), vivo, Qualcomm (2nd pref), DOCOMO, LG, OPPO, Sharp, Lenovo (2nd pref) 
· AltC: MediaTek, Qualcomm, Lenovo 
· Not acceptable: Ericsson


	Apple
	AltB can be our second preference. 

	ZTE2
	Thanks so much for technical discussion. 

It seems no companies challenge that Doppler spread is baseline/target. The only difference for Alt1 (like Doppler shift per resource, maximum Doppler shift, relative Doppler shift) or Alt2 (autocorrelation function) is whether or how to simplify this metrics.  

Technical speaking, as mentioned by other companies, if our understanding is correct, a single autocorrelation information is insufficient, right? So, a list of autocorrelation(s) due to the presence of multiple lags in time correlation calculations should be reported in the CSI reporting, and then the report overhead is too big. Could proponent companies nicely clarify how many lags are needed. It seems that measurement window should be specified, right?

But, on the other sides, we can assume that Doppler profile information is extracted from autocorrelation. Widely used in the current spec, and either way the UE need to calculate them for demodulation. We fail to see why supporting this Doppler profile may increase the UE complexity. 

Therefore, we still prefer Alt-1.

	Ericsson 
	Reply to ZTE2:

No, Doppler spread isn't the baseline. What we are after for the agreed usecases is a measure of how fast the channel varies with time, i.e. the autocorrelation. Dopplerspread is just an indirect measure of the channel variability and as we have shown, not a very good one. Thus, the Autocorrelation is the baseline measure.

On the question about overhead, we have provided our view to address the concern from Mavenir, just copy it here:
 
The overhead in reporting the Autocorrelation for a small number of autocorrelation lags (say four) with a much lower periodicity than the normal CSI-reporting is completely negligible compared to the normal CSI-feedback overhead. Note that the normalized autocorrelation is smaller than one and wouldn’t require many bits to report. Note also, that even if we base the TDCP quantity on the Autocorrelation, one possibility is still to report one single quantity such as e.g. an autocorrelation level crossing point or the second moment of the Doppler power spectrum (as estimated based on the Autocorrelation). This is a choice we could make if we later see that the overhead in reporting the autocorrelation for multiple lags would become too large. Our understanding is, however, that this won’t be the case. We would appreciate if you could give some details on what Alt. A quantity you want and how to measure it as well as simulation results showing achievable accuracies.



	ZTE3
	Let’s take it easy. ^ ^ The following is just a technical analysis for cross review for proponents and opponents.

The following highlighted part is our agreement for usage. No doubt that auto-correlation is an instantaneous variable, and we fail to understand why it should be considered as baseline measurement in this TDCP report. Does it mean that the gNB need to update the configuration of CSI reporting and CSI-RS resource per slot, if this parameter is changed a little bit large? 

On the contrary, the widely used Doppler spread is to capture the long-term channel variability and is relevant to channel-coherence time. We believe that the latter is directly to determine the periodicity of CSI measurement and report. 


Agreement
The work scope of TRS-based TDCP reporting focuses on the following use cases for evaluation purposes:
· Targeting medium and high UE speed, e.g. 10-120km/h as well as HST speed
· Aiding gNB to determine 
· CSI reporting configuration and CSI-RS resource configuration parameters, 
· Precoding scheme, using one of the CSI feedback based precoding schemes or an UL-SRS reciprocity based precoding scheme
· Aiding gNB-side CSI prediction


FYI, since there are too many discussion about Doppler spread definition and coherence time. So, please review the following section from book ‘Fundamentals of wireless communication’, David Tse. 

[image: ]
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	InterDigital
	In our view, the main benefit of AltC is in its higher certainty from gNB/NW operation perspective, meaning that since it is directly based on the measurement and its observed reliability, a UE can suggest a CSI configuration that is suited for the observed channel. However, in Alts. A and B, UE is obliged to report TDCP, even if due to low SNR or other impairments, the accuracy of its measurement is erroneous and not reasonable. Then, when gNB receives the TDCP report, it will react to it without knowing whether the measurement was reliable or not.
From our perspective, Alts A and B could work properly only if we define a UE behavior for when the accuracy of TDCP measurement is not sufficiently high.

Having said that, we support AltA or AltB, if a reliability aspect of the measurement is considered and a corresponding UE behavior for TDCP reporting is studied. Otherwise, we find AltC would be a better way-forward.


	Ericsson3
	To ZTE3:  In the very same section of the textbook you referenced, there is the following sentence that is highlighted below:

[image: ]


As shown in Ericsson's previous contribution, estimating maximum Doppler shifts based on channel peaks is very complex


	Mod V55
	No revision on proposal. 

This is the current situation. 
· AltA: Samsung (2nd pref), ZTE, vivo, Google, LG, OPPO, Huawei/HiSi, Xiaomi, Fraunhofer IIS/HHI, Mavenir, Apple (1st pref), CATT 
· AltB: Samsung (1st pref), Ericsson, MediaTek, vivo, Qualcomm, DOCOMO, LG, OPPO, Sharp, Lenovo, Apple (2nd pref) 
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Table 1: Evaluation results for Alt.3 compared to Rel-16 Type Il baseline and ideal UE prediction with 32
Tx, 4 R, and 30 km/hr

Throughput gain over Rel-16 Type Il codebook for 30 km/hr

RU Rel-16 type Il parameter combinations per TRP
Rel-18 Type Il (Alt3) — | Rel-18 Type Il (Alt3) — | Ideal UE Prediction of
1 UE Predicted W2 | 5 UE Predicted W2's 5W2's
50% Mean 9% 7% 12%
Cell edge 8% 9% 23%
70% Mean 17% 15% 17%
Cell edge 28% 32% 37%
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2.3.1 Doppler spread and coherence time

An important channel parameter is the time-scale of the variation of the
channel. How fast do the taps /,[m] vary as a function of time m? Recall that

hy[m] = Za‘;(m/W)sinc[z —1.(m/W)W]

= Y a,(m/W)e P Wsine[¢ — 7,(m/W)W].  (2.42)

Let us look at this expression term by term. From Section 2.2.2 we gather that
significant changes in a; occur over periods of seconds or more. Significant
changes in the phase of the ith path occur at intervals of 1/(4D;), where
D, = f.7/(1) is the Doppler shift for that path. When the different paths
contributing to the ¢th tap have different Doppler shifts, the magnitude of
h,[m] changes significantly. This is happening at the time-scale inversely
proportional to the largest difference between the Doppler shifts, the Doppler
spread D:

D, :=max £|7/(1) - 7,(1). (2.43)
iLJj
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where the maximum is taken over all the paths that contribute significantly to
a tap.” Typical intervals for such changes are on the order of 10 ms. Finally,
changes in the sinc term of (2.42) due to the time variation of each 7,(¢) are
proportional to the bandwidth, whereas those in the phase are proportional
to the carrier frequency, which is typically much larger. Essentially, it takes
much longer for a path to move from one tap to the next than for its phase
to change significantly. Thus, the fastest changes in the filter taps occur
because of the phase changes, and these are significant over delay changes
of 1/(4Dy).

The coherence time 7, of a wireless channel is defined (in an order of
magnitude sense) as the interval over which /,[m] changes significantly as a
function of m. What we have found, then, is the important relation

T.=—. (2.44)
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The coherence time, T, of a wireless channel is defined (in an order of magnitude
sense) as the interval over which h,[m] changes significantly as a function of m. What
we have found, then, is the important relation

T,= . (2.45)

We could also view a phase change of
7/4 to be significant, and thus replace the factor of 4 above by 8. Many people instead
replace the factor of 4 by 1. The important thing is to recognize that the major
effect in determining time coherence is the Doppler spread, and that the relationship
is reciprocal; the larger the Doppler spread, the smaller the time coherence.




