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Introduction
At the 3GPP TSG RAN #94e meeting the new WI on MIMO Evolution for Downlink and Uplink [1] were agreed. Two objectives of the WI correspond to the CSI enhancements including CSI enhancements for high/medium UE velocities and CSI enhancements for Coherent Joint Transmission (CJT).
	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
0. Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
0. UE reporting of time-domain channel properties measured via CSI-RS for tracking
1. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
1. Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off


In this contribution aspects related to the CSI enhancements for high/medium UE velocities and CSI enhancements for CJT are discussed. 
[bookmark: _Hlk47732020]Discussion
CSI enhancements for high/medium UE velocities
Rel-16 NR specification supports Enhanced Type II PMI codebook which uses spatial domain and frequency domain compression for increased efficiency of PMI reporting. In Rel-17 new PMI codebook was introduced. The Rel-17 codebook has better performance and overhead tradeoff comparing to Rel-16 PMI codebook. However, the Rel-17 codebook requires reciprocity of delay and angles in the UL and DL, it also requires specific gNB implementation and UE-specific beamformed CSI-RS transmission which complicates the system implementation. Thus, considering the above, in our view refinement of Rel-16 PMI codebook shall be prioritized for CSI enhancements for high/medium velocity. If Rel-17 Type II PMI codebook is considered, Doppler-Domain (DD) FDD partial reciprocity should not be assumed to align the design for DD compression for different codebooks.
Proposal 1: 
· Refinement of Rel-16 Type II PMI codebook should be prioritized
· If Rel-17 Type II PMI codebook is considered, Doppler-Domain FDD partial reciprocity is not assumed
At the last RAN1 meeting significant progress was achieved on the Type II PMI codebook design enhanced for high/medium UE velocities. One of the open topics for the new codebook is the design of indication for non-zero coefficients. The following agreement was achieved on bitmap reporting for non-zero coefficient selection. 
	Agreement
For the Type-II codebook refinement for high/medium velocities, down-select from the following alternatives: 
· Alt1. Q different 2-dimensional bitmaps are introduced for indicating the location of the NZCs, where the qth (q=1,…., Q) 2-dimensional bitmap corresponds to qth selected DD basis vector
· The number of selected DD basis vectors is denoted as Q
· This implies that for each layer, the location of NZCs in SD-FD can be different for different selected DD basis vectors.
· Alt2. A DD-basis-common per-layer 2-dimensional bitmap for indicating the location of NZCs used in Rel-16/17 Type-II is used
· This implies that for each layer, the location of NZCs in SD-FD is common across all the Q selected DD basis vectors
FFS: Further overhead reduction on bitmap(s)
FFS: Whether the number of NZCs is upper bounded across all DD basis vectors or per DD basis vector


Based on the above agreement there are two alternatives for the non-zero coefficients selection. One alternative corresponds to the separate selection of the non-zero coefficients per DD basis vector while the other alternative corresponds to common selection. For high UE velocities the channel is changing for each DD basis vector, so phases and amplitudes for the coefficients may change as well as optimal selection of non-zero coefficient position. Since it is agreed that L SD basis vectors and M FD basis vectors are the same for each DD basis vector, it is preferred to support separate selection of non-zero coefficients per each DD vector. Thus, we support Alt1 from the agreement above. 
Proposal 2: 
· Support separate non-zero coefficient selection per DD basis vector (Alt. 1)
Regarding the FFS on the upper bound for the number of non-zero coefficients across all DD basis vectors or per DD basis vector, in our view there is no need to limit the number of non-zero coefficients per DD basis vector. This constraint has no impact on the overhead while without this constraint UE may consider implementation for the selection of the non-zero coefficients with improved performance by allocating the coefficients across the DD basis vectors according to the predicted channel in optimal way. Constrained allocation of DD basis vectors can be considered for UE implementation, if needed. 
Proposal 3: 
· Maximum number of non-zero coefficients in W2 is limited across the W2 matrix. Additional constraint on the maximum number of non-zero coefficients per DD vector is not needed.
For the Alt1 in the above agreement the overhead for non-zero coefficients selection can be quite significant. In order to reduce the bitmap reporting overhead lossless compression methods (e.g. Huffman coding) can be considered. Lossless compression methods can use the knowledge about the probability of the zero or one in the bitmap which is determined by parameter beta. If parameter beta is significantly lower or higher than 0.5 the lossless compression can be applied to reduce the maximum overhead. For example, for beta = 1/8 the maximum overhead for the bitmap reporting can be reduced almost by half. Thus, we propose to consider the overhead reduction techniques (e.g. Huffman coding) for beta values equal or lower than 1/4.
Proposal 4: 
· Overhead reduction techniques (e.g. Huffman coding) can be considered if beta is equal or lower than 0.25
At the last RAN1 meeting the following agreement was made on the rotation factor for DD basis. 
	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


For the above agreement two alternatives are considered w.r.t. the rotation factor for DD basis. One of the alternatives considers selection of the rotation factor per SD basis vector. Considering that DD profile for each SD basis vector can be different, rotation factor per SD basis vector can improve the performance. However, assuming that common selection of DD basis vectors across all SD basis vectors is supported, it is not clear if introduction of rotation factor can significantly improve the performance. Thus, our preference is Alt1 (No rotation factor for DD basis).
Proposal 5: 
· Considering that common selection of DD vectors across Spatial Domain (SD) and Frequency Domain (FD) vectors is supported, rotation factor per SD vector is not preferred
One of the important aspects of the CSI reporting for newly introduced PMI codebook with DD compression is CQI reporting. The CQI calculation procedure and assumed precoding matrix for CQI calculation are clearly specified for legacy PMI codebooks. One of the main assumptions which should be defined for CQI calculation with the new PMI codebook is the assumption on the channel which is used for effective channel calculation for CQI. UE prediction is done at the UE side and it is not clear if UE should use predicted channel for CQI calculation or CQI calculation should be based on measured channel. In our view it is better to align the channels assumed for PMI and CQI calculation. So, we propose to support CQI calculation based on predicted channel used for the PMI calculation at the UE.
Proposal 6: 
· Support CQI calculation based on predicted channel used for the PMI calculation at the UE
Also, since reporting of multiple precoding matrixes corresponding to multiple DD units is supported for the new PMI codebook, it is not clear if one CQI or multiple CQIs should be considered for the corresponding CSI report. Thus, we propose to consider the following alternatives. 
· Alt.1: Single CQI for a DD unit (e.g. the first DD unit) is reported
· Alt.2: Multiple CQIs are reported with one CQI per each DD unit 


Proposal 7: 
· At least the following methods are considered for CQI reporting
·     Alt.1: Single CQI for a DD unit (e.g. the first DD unit) is reported
·     Alt.2: Multiple CQIs are reported with one CQI per each DD unit 
In some cases, PMI report with DD compression may require longer period of PMI update comparing to the legacy PMI codebooks since legacy PMI codebooks are sensitive to channel variation due to UE speed (Doppler). However, CQI and RI depend not only on the channel but also on the interference observed at the UE receiver. Thus, considering dynamic interference for non-full buffer traffic it may happen that CQI and RI require more frequent reporting comparing to PMI with DD compression. Thus, we propose to study separate reporting of PMI and CQI/RI with different periodicities.
Proposal 8: 
· Study separate reporting of PMI and CQI/RI with different periodicities
At the last RAN1 meeting the following agreement was made on Time Domain Channel Properties reporting. 
	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


The TDCP report based on Doppler profile and time-domain correlation profile are considered based on the above agreement. The main use cases of TDCP reporting can be supported by any type of TDCP reporting including Doppler profile-based TDCP and correlation profile-based TDCP. In our view TDCP reporting based on Time-domain correlation profile corresponds to simpler UE implementation. Thus, we prefer to support TDCP reporting based on Time-domain correlation profile.
Proposal 9: 
· Support TDCP reporting based on Time-domain correlation profile
CSI enhancements for CJT 
According to the previous RAN1 agreement the PMI codebooks for CJT corresponds to refinement of Rel-16 and Rel-17 Type II PMI codebooks. One of the important parameters which is defined for the legacy codebooks corresponds to the number of SD basis vectors L selected at the UE. This parameter is configured by higher layers (RRC) and have significant impact on performance, overhead and PMI search complexity. The following agreements on the parameter L configuration for CJT PMI codebook were made at the last RAN1 meeting. 
	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


According to the above agreement, the parameter L can be different for different CSI-RS resources where a CSI-RS resources correspond to different TRPs. However, it is not decided if the value of the parameter L per TRP is configured by the gNB or selected at the UE side. Assuming that the maximum L value is limited to a reasonable value the overhead for reporting of Ln per TRP is low comparing to the total PMI reporting overhead. Thus, potential throughput gains and UE complexity difference should be considered to decide on the Ln value determination approach. The UE complexity for the selection of SD basis vectors is not significant if the same metrics is used for both approaches. Considering that gNB may not have enough information to configure proper Ln, we prefer UE side selection of Ln. Thus, we propose to support constraint on the maximum number of SD vectors across all TRPs with Ln selection at the UE (Alt.2)
Proposal 10: 
· [bookmark: _Hlk118492750]Support constraint on the maximum number of SD vectors across all TRPs with  selection at the UE (Alt.2)
The following agreement on the CSI report and CSI-RS measurements was made at the last RAN1 meeting. 
	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


For the CSI measurements additional constraint on the timing of CSI-RS transmission for K CSI-RS resources is considered (same slot constraint). Reception of all the configured CSI-RS resources in one slot may improve the performance avoiding the effect of channel aging. Also, for some UE implementations it may be not possible to maintain phase and amplitude consistency for reception of CSI-RS in different slots (e.g. due to AGC). However, CSI-RS resource transmission in different slots may be beneficial for gNB resource allocation and scheduling flexibility, especially if UE-specific CSI-RS transmission is used. Thus, in our view the additional constrain for the timing of CSI-RS resources reception is not needed. Aspects related to UE implementation can be considered as part of UE features discussion.
Proposal 11: 
· Same slot constraint for the CSI-RS resources can be considered for UE capability discussion
One of the important aspects which was considered at the last RAN1 meeting is the CSI-RS resource (TRP) configuration and selection. It was agreed that UE selection of N TRPs out of NTRP TRPs configured to the UE is supported. However, it is still not agreed if the N value is always selected by the UE or it can be configured by the gNB via RRC. If configuration of maximum N value by the gNB is supported then the overhead of bitmap reporting for coefficient selection can be reduced, hence reducing the maximum overhead of CSI reporting. Thus, we prefer to support the RRC configuration for the maximum number of selected CSI-RS resources N at the UE to achieve reduction of the maximum overhead value.
Proposal 12: 
· Consider support RRC configuration for the maximum number of selected CSI-RS resources N at the UE to achieve reduction of the maximum overhead value
At the last RAN1 meeting the following agreement was made on the W2 amplitude quantization groups and SCIs. 
	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


One scheme for W2 quantization group (Alt1) is agreed while another scheme for W2 quantization group (Alt3) is supported in addition as working assumption. In our view the working assumption can be confirmed assuming that Alt1 corresponds to the baseline W2 quantization group design while Alt3 can be supported as an optional feature. 
Proposal 13: 
· Confirm WA on W2 quantization group design. Consider Alt.1 (W2 amplitude quantization group per polarisation) as a basic feature and Alt.3 (W2 amplitude quantization group per polarization per TRP) as an optional feature
At the last RAN1 meeting the following agreement was made on the parameters for configuration of new Type II PMI codebook for CJT. 
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameters, for a given CSI-RS resource, the supported value(s) of the following parameters follow the legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II) specification: 
· N1, N2, N3, O1, O2 
· M (only for design based on Rel-17 PS FeType-II)
For the following parameters, decide in RAN1#111 whether the supported value(s) follow the legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II) specification or further refinement is needed: 
· R: including, e.g. supporting only R=1, or supporting larger R values
· Mv/pv (Rel-16 regular eType-II): including, e.g. supporting smaller pv values such as {1/8, 1/4, 1/2} for v=1,2 and/or removing larger legacy value(s)
· : including, e.g. supporting smaller values such as {1/16, 1/8, 3/8} 
Note: The outcome of Parameter Combination discussion will further restrict the supported combinations of parameter value(s)
FFS: For N>1, whether the maximum 2N1N2 (identical to the number of CSI-RS ports used for CMR) is limited to 32 just as in legacy specification


As it can be seen from the above agreement, support of R = 1 and larger R values is considered. The parameter R has significant impact for UE complexity due to the larger number of SVD operations for larger R value for Rel-16 Type II PMI codebook. For Rel-16 Type II PMI feedback R = 1 is supported as basic feature and R = 2 is supported as optional feature. For CJT PMI codebook due to large delay for signal propagation corresponding to different TRPs for inter-TRP scenario, larger R value may be beneficial. Thus, we propose to support at least R =1 and R = 2 for the new PMI codebook. 
Proposal 14: 
· Support R = 1 and R = 2 for the number of PMI subbands per CQI subband
Also, in the above agreement the limit for the number of CSI-RS ports across the CSI-RS resources is FFS. In our view there is no need to limit the number of CSI-RS ports across CSI-RS resources since this aspect can be covered by UE capability signalling. 
Proposal 15: 
· Limitation on the number of ports to be not larger than 32 is not needed since it can be handled by UE capability design
The following agreements were made at the last RAN1 meeting on the indication of non-zero coefficient selection. 
	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.
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


In our view legacy bitmap reporting design (Alt1 in the above agreement) can be supported. If overhead reduction is required, lossless compression techniques can be considered (e.g. Huffman coding) if parameter beta is lower or equal to 0.25. 
Proposal 16: 
· Support legacy bitmap reporting for non-zero coefficients selection (Alt.1)
· Overhead reduction techniques (e.g. Huffman coding) can be considered for beta value equal or lower than 0.25
Since Type II PMI codebook for CJT contains precoder for multiple TRPs, it may be beneficial to report CQIs for single-TRP transmission assuming part of precoding matrix reported by the UE for CJT corresponding to the TRP. I.e. in that case PMI reported for CJT can be applied for single-TRP transmission.
Proposal 17:  
· Reporting of single-TRP CQI can be considered together with PMI for CJT
Conclusion
In this contribution aspects related to the CSI enhancements for high/medium UE velocities and CSI enhancements for CJT were discussed. The following proposals were made.
Proposal 1: 
· Refinement of Rel-16 Type II PMI codebook should be prioritized
· If Rel-17 Type II PMI codebook is considered, Doppler-Domain FDD partial reciprocity is not assumed
Proposal 2: 
· Support separate non-zero coefficient selection per DD basis vector (Alt. 1)
Proposal 3: 
· Maximum number of non-zero coefficients in W2 is limited across the W2 matrix. Additional constraint on the maximum number of non-zero coefficients per DD vector is not needed.
Proposal 4: 
· Overhead reduction techniques (e.g. Huffman coding) can be considered if beta is equal or lower than 0.25
Proposal 5: 
· Considering that common selection of DD vectors across Spatial Domain (SD) and Frequency Domain (FD) vectors is supported, rotation factor per SD vector is not preferred
Proposal 6: 
· Support CQI calculation based predicted channel used for the PMI calculation at the UE
Proposal 7: 
· At least the following methods are considered for CQI reporting
·     Alt.1: Single CQI for a DD unit (e.g. the first DD unit) is reported
·     Alt.2: Multiple CQIs are reported with one CQI per each DD unit 
Proposal 8: 
· Study separate reporting of PMI and CQI/RI with different periodicities
Proposal 9: 
· Support TDCP reporting based on Time-domain correlation profile
Proposal 10: 
· Support constraint on the maximum number of SD vectors across all TRPs with  selection at the UE (Alt.2)
Proposal 11: 
· Same slot constraint for the CSI-RS resources can be considered for UE capability discussion
Proposal 12: 
· Consider support RRC configuration for the maximum number of selected CSI-RS resources N at the UE to achieve reduction of the maximum overhead value
Proposal 13: 
· Confirm WA on W2 quantization group design. Consider Alt.1 (W2 amplitude quantization group per polarisation) as a basic feature and Alt.3 (W2 amplitude quantization group per polarization per TRP) as an optional feature
Proposal 14: 
· Support R = 1 and R = 2 for the number of PMI subbands per CQI subband
Proposal 15: 
· Limitation on the number of ports to be not larger than 32 is not needed since it can be handled by UE capability design
Proposal 16: 
· Support legacy bitmap reporting for non-zero coefficients selection (Alt.1)
· Overhead reduction techniques (e.g. Huffman coding) can be considered for beta value equal or lower than 0.25
Proposal 17:  
· Reporting of single-TRP CQI can be considered together with PMI for CJT
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