3GPP TSG RAN WG1 #111		          R1-2211221
Toulouse, France, November 14th – 18th, 2022
Agenda Item:     9.1.2
Source:	Spreadtrum Communications
Title:	Discussion on CSI enhancement for high/medium UE velocities and coherent JT
Document for:	Discussion and decision

Introduction
[bookmark: _Ref494215420]In RAN1#110bis-e meeting, RAN1 has discussed on Type-II codebook refinement for CJT mTRP, Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information, and UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking [1]. During the meeting, some important agreements have been achieved.
In this contribution, we provide our view on the detailed design for each of the features.

Discussion
CSI enhancement for CJT
Codebook parameters
During the last meeting, the configuration/determination of L parameter has been discussed, and the corresponding agreements can be found below.
	Agreement
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) on the L parameter:
· 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. gNB configures a common L parameter for all N CSI-RS resources via higher-layer signaling
FFS: Study on additional optimization for collocated multi-panel scenario
Agreement
On the SD basis selection for Type-II codebook refinement for CJT mTRP, support the following on the L parameter:
· 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, one L configured and {Ln} determined from configured L
· FFS: The value of Ln is taken from a pre-defined set
Agreement
On the SD basis selection for Type-II codebook refinement for CJT mTRP, on the L parameter, down select from the following alternatives (by RAN1#111):
· Alt1. Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling 
· FFS: The candidate values for Ln, e.g. follow the legacy specification 
· Alt2.  where Ltot is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of {Ln, n=1, ..., N} are reported by the UE 
· TBD: Whether for a given configured value of Ltot, the possible combinations of {Ln, n=1, ..., N} are fixed/pre-determined or gNB-configured via higher-layer (RRC) signaling
· TBD: Whether the value(s) of {Ln, n=1, ..., N} are reported implicitly or explicitly, and whether some value(s) don’t need to be reported 
· FFS: The candidate values for Ln
· Alt3. An L parameter is gNB-configured via higher-layer (RRC) signaling and {Ln, n=1, ..., N} are determined from the value of L 
· TBD: How to determine {Ln, n=1, ..., N} from L, e.g. L1=L and other Ln = L/2
· FFS: The candidate values for L
· Alt4. Lmax is gNB-configured via higher-layer (RRC) signaling and the relative value(s) of {Ln, n=1, ..., N} are reported by the UE 
· The relative value(s) of {Ln, n=1, ..., N} are reported by the UE, such that 
· TBD: Whether the value(s) of {Ln, n=1, ..., N} are reported implicitly or explicitly, and whether some value(s) don’t need to be reported
· FFS: The candidate values for Ln


Since different Ln parameter for each TRP is supported, Alt1 is the most straightforward solution among the four alternatives. UE will select SD basis independently for each TRP.
For Alt2, since the number of SD basis for nth TRP is determined/reported by UE, UE should compare the channel quality of each SD basis across all TRPs jointly. Compared with Alt1, Alt2 may achieve better performance by offering additional flexibility of the number of SD basis selected for each TRP. However, the reporting overhead of SD basis selection will be large without further limit the combinations of {Ln, n=1, ..., N}. On the other hand, if the combinations of {Ln, n=1, ..., N} are introduced, the performance gain may be compromised, and the additional evaluation will be need to compare with multiple candidate combinations.
For Alt3, in our views, the number of SD basis for each TRP is still controlled by gNB, which is similar with Alt1. Comparing with Alt1, the advantage of Alt3 is that it may save some RRC signaling bits. However, we think RRC overhead reduction by Alt3 is neglectable. On the contrary, Alt3 will lose some configuration flexibility, and therefore, the performance of Alt3 maybe worse than Alt1.
For Alt4, UE is allowed to report less number of SD basis across all TRPs than the gNB configured number. It is not clear to us how to determine the number of selected SD basis. If a threshold is defined to determine whether a SD basis is reported or not, additional RAN4 workload is required. If SD basis selection is UE implementation, there’s a risk that different may report different number of SD basis, and the performance cannot be guaranteed.
Therefore, Alt1 is preferred. 
Proposal 1: On the L parameter, support Alt1: Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling.

During offline discussion before this meeting [2], there’s an offline proposal on the introduction of FD basis selection offset for mode-1.
	Offline proposal 1.D.2: On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than RAN1#112) only one from the following schemes: 
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources from a gNB-configured set of FD basis candidates
· Alt2.  independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates (without any per-CSI-RS-resource FD basis selection offset)
· Alt3. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is independently selected across N CSI-RS resources from a gNB-configured set of FD basis candidates.
For all the above alternatives, the legacy FD basis selection indication scheme (combinatorial-based for N3≤19, window-based for N3>19) is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources


In our views, the FD basis offset can be introduced to achieve common FD basis window across all TRPs for mode-1. It is beneficial to achieve unified design for mode-1 and mode-2. Besides, the FD basis offset should be determined after FD basis selection is done, which is important to avoid additional UE complexity of joint optimization of FD basis offset calculation and FD basis selection. Therefore, Alt3 is preferred.
Proposal 2: Regarding FD basis selection offset for mode-1, support Alt3.
Regarding FD basis selection, it was agreed to follow the legacy rule. The detailed agreement can be found below.
	Agreement
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 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).


For FD basis selection, there’s a FFS on FD basis selection window. First of all, RAN1 has agreed two modes to support both independent FD basis selection per TRP and common FD basis selection across all TRPs. Besides, for refinement based on Rel-16 regular eType-II CB, FD basis selection window should be UE determined and reported when N3>19. While for refinement based on Rel-17 PS FeType-II CB, FD basis selection window should be gNB configured. 
For refinement based on Rel-16 regular eType-II CB, if mode 2 is configured, common FD basis window shall be supported to enable common FD basis selection across TRPs. Besides, if mode 1 is configured, in general, independent FD basis selection window per TRP is more straightforward. Minit should be reported for each TRP. On the other hand, if FD basis offset is reported, common FD basis selection across TRPs can achieve the same FD basis selection flexibility as independent FD basis selection window. The overhead of the two selection methods are similar. Therefore, in order to achieve unified design for both mode 1 and mode 2, we prefer common FD basis selection window determination.
Proposal 3: On codebook refinement based on Rel-16 regular eType-II, support common FD basis selection window for both mode 1 and mode 2.
For refinement based on Rel-17 PS FeType-II CB, no matter whether mode 1 or mode 2 is configured, gNB should be able to guarantee that the candidate FD basis for different TRPs can be cover by a single FD basis window. Therefore, we prefer to configure common FD basis selection window across all TRPs.
Proposal 4: On codebook refinement based on Rel-17 PS FeType-II, support common FD basis selection window for both mode 1 and mode 2.
On W2 quantization group and Strongest Coefficient Indicator (SCI) design, the following agreements have been agreed.
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, for each layer: 
· One (common) SCI applies across all N CSI-RS resources
· Further down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table considering transmission power difference between multiple TRPs
· For each of the amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· Alt3. One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
FFS: The need for “strongest” TRP/TRP-group indicator in addition to the SCI
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook



Regarding the working assumption, we support to confirm it. The use case of Alt3 is that when the pathloss difference between UE and multiple TRPs are too large, Alt1 will result in low quantization accuracy of NZCs corresponding to weaker TRPs. Besides, for Alt3, UE can perform CSI omission per TRP, and gNB can construct the codebook corresponding to a subset of N TRPs.
Proposal 5: For W2 quantization group design, confirm the working assumption on supporting Alt3.
Regarding the location of non-zero coefficients (NZCs), RAN1 has agreed to support separate bitmap per TRP.
	Agreement
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 bitmap per each CSI-RS resource 
· 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
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the bitmap(s) for indicating the locations of NZCs, down-select from the following alternatives for the size of the bitmap for CSI-RS resource n (Bn) (by RAN1#111):
· Alt1. Analogous to legacy,  ( for mode 2)
· Alt2. Non-rectangular bitmap, i.e., NZC bitmap allowing different lengths for different SD/FD basis vectors.
· TBD: How to determine the lengths for different SD/FD basis vectors


There are two alternatives of bitmap design. Between the two alternatives, Alt1 follows legacy rule and the combination coefficient for each SD-FD basis pair is indicated separately. While for Alt2, it seems the indication is not one-to-one between each bit and a SD-FD basis pair, and the examples illustrated by supporting companies are not clear enough. In general, overhead reduction for bitmap will degrade performance to some degree. Also, the additional complexity due to low overhead solution may cause difficulty to follow legacy rule for the other codebook design, such as bitmap priority, CSI grouping/omission, etc.
Proposal 6: Regarding bitmap design, support Alt1: Analogous to legacy,  ( for mode 2)
For Rel.17 Type II PS codebook, it was agreed that the bitmap is not reported if all the coefficients are non-zero, i.e., . Similarly, we suggest to introduce this feature to Rel.18 Type II codebook for CJT. Additionally, the dropping of bitmap can be conducted either per TRP or jointly for all TRPs. Therefore, we have the following proposal.
Proposal 7: For Rel.18 Type II codebook for CJT, the bitmap is absent when all the coefficients are non-zero. 
· FFS: The absent for the bitmap corresponding to each CSI-RS resource is determined separately or jointly

CSI measurement and reporting
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, 
· Only CSI reporting over PUSCH is supported 
· FFS: Whether AP only, or both AP and SP (following legacy), is supported
· An associated Resource Setting includes a CMR comprising K≥1 NZP CSI-RS resources from one CSI-RS resource set 
· Periodic, semi-persistent, and aperiodic NZP CSI-RS are supported
· The supported CSI-RS resource parameter settings follow the legacy specification (without additional enhancement)
· FFS: Whether or not the K NZP CSI-RS resources are constrained to be in the same slot


Based on the agreement above, there’s a FFS on whether to limit the K CSI-RS resource to be in the same slot. From performance point of view, if K CSI-RS resource are transmitted within the same slot, it is straightforward to calculate PMI for CJT. On the other hand, if K CSI-RS resources are transmitted across multiple slots, the calculated PMI for CJT maybe less accurate. 
In Rel.17, two CMRs within the same CMR pair configured for NCJT measurement hypothesis to be restricted within up to 2 continuous slot(s). For CJT, ideal backhaul and synchronization is assumed for all TRPs. Therefore, the requirement for channel measurement should also be enhanced, we think it’s necessary to limit the K CSI-RS resource to be within the same slot.
Proposal 8: For CJT, support to configure K NZP CSI-RS resources to be transmitted in the same slot.

CSI enhancement for High/medium velocity UE
Codebook parameters
During the last meeting, it has been agreed that DD basis can be either identity or orthogonal DFT basis depending on the value of N4. When orthogonal DFT basis is used, whether rotation factor can be supported or not needs further study.
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, when N4>1, down-select from the following alternatives (by RAN1#111) for the orthogonal DFT DD basis:
· Alt1. No rotation factor
· Alt2. A rotation factor is selected for each SD basis vector
· FFS: Supported values of rotation factor
Note: At least two companies opine that Alt2 is not aligned either with the agreement in RAN1#110bis-e or WID objective #1


Regarding Alt2, since RAN1 have agreed that Doppler-domain orthogonal DFT basis commonly selected for all SD/FD bases reusing the legacy  and , we tend to agree with the comment that ‘rotation factor selected for each SD basis vector’ has been precluded by previous agreement. Therefore, we support Alt1.
Proposal 9: For DD basis, support Alt1: no rotation factor.
Another open issue is the determination of Q parameter, i.e. the number of reported DD basis.
	Agreement
For the Type-II codebook refinement for high/medium velocities, for N4>1, study the supported values for Q from (but not limited to) the following candidates, in conjunction with the supported values of N4 and DD units:
· Alt1. Q is determined as a function of N4, e.g., Q=2 for N4=2, and Q=ceil(N4/2) for N4>2
· Alt2. Q is selected from multiple candidate values, e.g., {2, 3, 4, …,} (or a subset thereof, e.g. {2, 3}), the maximum value is FFS
· Alt3. Only single value is supported, e.g. Q=2 only or Q=4 only


For SD basis selection and FD basis selection, L and Mv are both configured by gNB. Therefore, similar as L and Mv, we prefer to determine Q value by gNB configuration as well. Regarding the candidate values of Q, we think it should not be conditioned by N4. Besides, multiple candidate values can be supported to offer better flexibility. Therefore, we prefer Alt2.
Proposal 10: Regarding the candidate values of Q, support Alt2.

CSI enhancement for TRS based TDCP reporting
In RAN1#110bis-e, after extensive discussions, for TRS based TDCP reporting, three alternatives was down selected to two.
	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 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  
FFS: The need for a measure of confidence level in the TDCP report, and/or UE behaviour when the quality of TDCP measurement is not sufficiently high
FFS: TDCP parameter(s) signaled with respect to each alternative


For AltA, in our understanding, it could provide help for gNB to predict DL channel evolution in time and calculate precoding for TDD system when SRS is transmitted. 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, Doppler related parameters are already defined in spec. Also, Time-domain correlation profile is only intermediate parameter. When gNB received the TDCP report, it has to calculate Doppler by itself. Therefore, we prefer Alt1.
Proposal 11: For the parameters of TRS based TDCP reporting, AltA is preferred.

Conclusion
In this contribution, we provide our view on CSI enhancement for high/medium UE velocities and coherent JT. The following proposals and observations are achieved:
CSI enhancement for CJT
Proposal 1: On the L parameter, support Alt1: Each of the {Ln, n=1, ..., N} is gNB-configured via higher-layer (RRC) signaling.
Proposal 2: Regarding FD basis selection offset for mode-1, support Alt3.
Proposal 3: On codebook refinement based on Rel-16 regular eType-II, support common FD basis selection window for both mode 1 and mode 2.
Proposal 4: On codebook refinement based on Rel-17 PS FeType-II, support common FD basis selection window for both mode 1 and mode 2.
Proposal 5: For W2 quantization group design, confirm the working assumption on supporting Alt3.
Proposal 6: Regarding bitmap design, support Alt1: Analogous to legacy,  ( for mode 2)
Proposal 7: For Rel.18 Type II codebook for CJT, the bitmap is absent when all the coefficients are non-zero. 
· FFS: The absent for the bitmap corresponding to each CSI-RS resource is determined separately or jointly
Proposal 8: For CJT, support to configure K NZP CSI-RS resources to be transmitted in the same slot.
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CSI enhancement for High/medium velocity UE
Proposal 9: For DD basis, support Alt1: no rotation factor.
Proposal 10: Regarding the candidate values of Q, support Alt2.

CSI enhancement for TRS based TDCP reporting
Proposal 11: For the parameters of TRS based TDCP reporting, AltA is preferred.
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