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Introduction
At the 3GPP TSG RAN #94e meeting the new WI on MIMO Evolution for Downlink and Uplink [1] was 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 new 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.
Proposal 1: 
· Refinement of Rel-16 Type II PMI codebook should be prioritized
At the last RAN1 meeting the following agreement was made on the new PMI codebook structure for high/medium UE velocities. 
	Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes down selection from the following codebook structures (for discussion purposes):
· Alt1. Time-domain basis, 
· Alt1A: Time-domain basis commonly selected for all SD/FD bases, e.g.  
· Alt1B: Time-domain basis independently selected for different SD/FD bases 
· Alt2. Doppler-domain basis 
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case 
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.


[bookmark: _Hlk111118659]The codebook structure corresponding to Alt 1 and Alt 2 can have equivalent performance since they result in the same precoding matrix for the same PMI search implementation. The main difference between the alternatives is the order and layout of coefficients. Thus, Alt 1 or Alt 2 can be used for discussion purpose. Our preference is to use codebook structure description corresponding to Alt 2. Comparing Alt 2A and Alt 2B, Alt 2B seems more flexible. However, down-selection of Doppler-Domain basis per SD/FD basis vector can be achieved by using bitmap similar to K0 coefficient selection for Rel-16 Type II PMI codebook.
Proposal 2: 
· Codebook structure corresponding to Alt. 2A should be used at least for discussion purpose
· Down-selection of Doppler-Domain basis per SD/FD basis vector can be achieved by using bitmap similar to K0 coefficient selection for Rel-16 Type II PMI codebook
The following agreement was made at the last RAN1 meeting w.r.t. Doppler-domain transform. 
	Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes down selection from the following Doppler-/time-domain basis waveforms for codebook design: 
· Alt1. Orthogonal DFT (with or without rotation factor)
· Alt2. Oversampled DFT
· Alt3. Other waveforms, e.g. DCT, Slepian
· Alt4. Identity (i.e. no Doppler-/time-domain compression) 


Considering that spatial-domain and frequency-domain compression use orthogonal DFT basis, use of orthogonal DFT basis make sense for Doppler-domain compression due to UE implementation efficiency. 
Proposal 3: 
· Consider DFT basis with mutually orthogonal DFT vectors for Doppler-domain compression
At the last RAN1 meeting the following agreements were made for the assumptions on time instances for precoder calculation (CSI reporting window). 
	Agreement
On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, at least for discussion purposes, define the following:
· Assume a CSI report in slot n, and let the length of the DD/TD basis vector be N4 
· Note that basis vector has no span/window in time-domain, only length
· CSI-RS measurement window of [k,k+Wmeas –1], representing the window in which CSI-RS occasion(s) are measured for calculating a CSI report
· k is a slot index and Wmeas is the measurement window length (in slots)
· Note: In the legacy Rel-16/17 CSI, the CSI-RS occasion(s) are configured in CSI-ReportConfig
· CSI reporting window of [l,l+WCSI –1], associated to the CSI report in slot n 
· l is a slot index and WCSI is the reporting window length (in slots)
· CSI reference resource(s) in time-domain 
· The location of a CSI reference resource is denoted as nref (slot index)
Agreement
On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, consider at least the following alternatives for potential down-selection:
· Alt1: nref (CSI reference resource slot) as boundary 
· Alt1.A: l + WCSI –1 ≤ nref
· Alt1.B: l ≥ nref
· Alt1.C: l < nref and l + WCSI –1 > nref 
· Alt2: n (report slot) as boundary
· Alt2.A: l + WCSI –1 ≤ n
· Alt2.B: l ≥ n
· Alt2.C: l < n and l + WCSI –1 > n
· Alt3: End slot of Wmeas (k + Wmeas –1) as boundary 
· Alt3.A: l + WCSI –1 ≤ k + Wmeas –1 with the following as a special case: l=k, WCSI = Wmeas
· Alt3.B: l ≥ k + Wmeas –1
· Alt3.C: l < k + Wmeas –1 and l + WCSI –1 > k + Wmeas –1 with the following as special cases:
· l=k, l + WCSI = n
· l=k, l + WCSI > n
FFS: whether nref represents the slot index of Rel-15 CSI reference resource or a newly defined CSI reference resource.
FFS: whether/how the CSI measurement window and reporting window are configured.


As it can be seen from the above agreements, there are several alternatives for the CSI reporting window. In our view the performance improvement comparing to the previously specified PMI codebook can be achieved by the means of PMI prediction. In that case CSI reporting window shall be located after the CSI report (i.e. Alt 2B, l ≥ n).


Figure 1. CSI reporting window timeline
Alternatively, the performance improvement can be achieved via time-domain averaging within CSI measurements window without prediction, which can be done for the configuration with a single Doppler-domain vector. The performance gains shown by UE side precoder prediction and channel averaging are shown via simulation results presented below in this contribution.
Proposal 4: 
· Support Alt 2B for CSI reporting/measurements (l ≥ n)
Link level simulations were carried out with UE side channel prediction for 3 ms ahead of CSI measurements assuming 60 km/h UE speed. System with 8 Tx ports at the gNB and 4 Rx ports at the UE was considered with TDL-C channel (300 ns) and medium correlation across ports. CSI measurement window with 10 CSI-RS instances and 1 ms gap was considered. DFT size 8 were used for Doppler domain compression with processing of precoders corresponding to 5 latest CSI-RS measurements and 3 predicted precoders. Spectral efficiency (SE) curves are presented below for MCS corresponding to CQI 5 with different number of Doppler-domain basis vectors.
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Figure 2. Link level evaluation results for Doppler-domain CSI compression with UE-side prediction for different number of Doppler-domain basis vectors
As it can be seen from the evaluation results, the performance for 1 and 2 Doppler-domain basis vectors is similar while significant performance gains are observed with 4 and 8 Doppler-domain basis vectors.
Also, link level simulation results were obtained for 10 ms gap between CSI measurements to the corresponding PDSCH. For this case it is assumed that CSI prediction is not performed and PMI is obtained by using Doppler-domain compression across 8 CSI-RS measurements with single Doppler domain basis vector selected and reported by the UE.
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Figure 3. Link level evaluation results for PMI with single Doppler-domain basis vector
As it can be observed from the above results. Reporting of robust PMI with single Doppler domain basis vector leads to performance improvement comparing to the legacy Rel-16 PMI codebook.
For the CSI report with Doppler-domain CSI compression it is assumed that PMI is calculated based on multiple CSI-RS occasions in time. In some cases, PMI report with Doppler-domain compression may require lower periodicity 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 be the case that CQI and RI require more frequent reporting comparing to PMI with Doppler-domain compression. Thus, we propose to study separate reporting of PMI and CQI/RI with different periodicities.
Proposal 5: 
· Study separate reporting of PMI and CQI/RI with different periodicities
There are two alternatives considered at the last RAN1 meeting for Time Domain Channel Properties (TDCP) reporting. 
	Agreement
The work scope of TRS-based TDCP reporting includes down selection from the following TDCP reporting formats:
· Alt1. Stand-alone reporting (no inter-dependence with other CSI/UCI parameters)
· Note: This doesn’t preclude multiplexing with other UCI parameters (e.g. CSI, ACK, SR, …) on PUCCH/PUSCH, if applicable
· Alt2. Inter-dependent and reported with other CSI parameter(s)


In our view TDCP report shall correspond to a separate CSI quantity since it is measured via TRS but not via CSI-RS for CSI reporting. Thus, it should not depend on any other parameters in UCI (Alt 1 in the above agreement). 
Proposal 6: 
· TDCP corresponds to a stand-alone CSI quantity and does not depend on other CSI quantities in UCI
CSI enhancements for CJT
Similar to the CSI enhancements for medium/high UE mobility, we prefer to prioritize refinement for Rel-16 Type II PMI codebook for CJT CSI. 
Proposal 7: 
· Refinement of Rel-16 Type II PMI codebook should be prioritized
At the last RAN1 meeting the following agreement was made on the number of TRPs supported for CJT CSI reporting. 
	Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the support of NTRP={1, 2, 3, 4} cooperating TRPs for CJT CSI report
· FFS: Signaling of NTRP, e.g. higher-layer (RRC) vs. dynamic 
· FFS: Determination of NTRP, e.g. NW-configured vs UE-selected  
· FFS: Whether to prioritize or only support NTRP={1, 2}


In our view there is no need to prioritize the case with two TRPs (NTRP = 2) if the design can be easily extended to a larger number of TRPs (NTRP = 3, 4). At the same time, there is no need to over-optimize the design for NTRP = 3, 4. So, RAN1 should strive to common design for NTRP = 2, 3, 4.
Proposal 8:
· Strive for common design of CJT CSI for different number of TRPs (NTRP = 2, 3, 4).
Different alternatives for CMR configuration were considered at the last RAN1 meeting. It was agreed to consider at least the following two options described in the RAN1 agreement below.
	Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· Opt1: 1 NZP CSI-RS resource, max # ports = 32
· FFS: whether/how to associate TCI states and CSI-RS ports
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
· FFS: The maximum number of ports per resource, and the total number of ports across all resources 
FFS: Whether to prioritize/down-select from the two options


In our view option 2 should be supported for CJT CSI since it is straightforward from the QCL configuration perspective. Since it is expected that different TRP may correspond to different QCL assumptions for CSI-RS reception it should be allowed to configure QCL separately which requires additional standardization efforts for option 1. Also, configuration of K > 1 CMR allows to reuse the same CSI-RS resources as CMRs for single TRP CSI and CJT CSI. If needed, in order to control UE complexity, total number of CSI-RS ports across the K CMRs can be limited to 32 by using UE capability signaling. 
Proposal 9: 
· Support configuration with K > 1 CSI-RS resources for CJT CSI (Option 2)
At the last RAN1 meeting the following agreement was made on basis design for the spatial-domain (SD) and frequency-domain (FD) compression for CJT. 
	Agreement
On the spatial-domain (SD) and frequency-domain (FD) basis design for the Rel-16 Type-II codebook refinement for CJT mTRP, down-select from the following alternatives:
· Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design
· Alt2 (joint, DFT): joint SD-FD DFT-based basis
· FFS: Details on DFT parameters, e.g. length, oversampling (if any), rotation (if any)
· Alt3 (joint, eigenvector): joint SD-FD eigenvector-based basis 
· FFS: eigenvector codebook design, parametrization
· Alt4 (separate, eigenvector): SD basis and FD basis are separate, using eigenvector-based basis 
· FFS: eigenvector codebook design, parameterization


The most straightforward way to extend a Rel-16 Type II codebook for CJT is to consider the same design for SD and FD compression (i.e. DFT). Since it is expected that angles and delays for different TRP may differ it is preferred to support Alt 1 in the above agreement which corresponds to the separate DFT basis for different TRPs. For Alt 3 and 4 more advanced basis is considered which corresponds to eigenvector basis. Initially during Rel-15 Type II PMI codebook discussion eigenvector basis was considered but have not been agreed. From our perspective, if we want to optimize SD and FD compression basis, PMI codebooks for single TRP operation are required to be updated first. After eigenvector basis is agreed for single-TRP it can be extended to multi-TRP. Thus, we prefer to stick for the legacy DFT basis for SD and FD for CJT PMI codebook.
Proposal 10: 
· Support legacy DFT basis for SD and FD compression per TRP for CJT CSI (Alt 1)
The following agreement was made at the last RAN1 meeting on the codebook structure for CJT PMI codebook.
	Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes down-selecting at least one or merging from the following codebook structures:
· Alt1A. Per-TRP/TRP group (port-group or resource) SD/FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 

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

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



In our view codebook structure corresponding to Alt. 1A shall be considered at least for discussion purpose. It is more general comparing to Alt. 2 and allowing to benefit from reuse of legacy PMI search since existing PMI search can be carried out NTRP times following by co-phasing factor search. Also, for codebook structure corresponding to Alt 1A network may derive single-TRP CSI based on CSI for CJT which may substantially reduce PMI reporting overhead. The detailed definition of W2 and Wf as well as co-amplitude and co-phase coefficients can be discussed further. If needed, Wf matrixes corresponding to different TRP can be forced to be the same which is the case for Alt. 2.
Proposal 11: 
· Consider codebook structure corresponding to Alt. 1A at least for discussion purpose
Link level simulations were carried out for CJT with PMI codebook structure corresponding to Alt 1A with different assumptions on the number of bits and subband/wideband reporting for co-phase coefficient between TRPs. System with 2 TRPs, 4 Tx ports per TRP and 4 Rx ports at the UE was considered with TDL-C channel (300 ns) and medium correlation across ports. Spectral efficiency (SE) curves are presented below for MCS corresponding to CQI 5.
[image: ]
Figure 4. Link Level evaluation results for CJT with PMI codebook structure corresponding to Alt 1A
As it can be observed from the above results, subband reporting of co-phasing coefficient outperforms wideband reporting. Also, performance improvement is observed for larger number of bits for the co-phasing coefficient.
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
Proposal 2: 
· Codebook structure corresponding to Alt. 2A should be used at least for discussion purpose
· Down-selection of Doppler-Domain basis per SD/FD basis vector can be achieved by using bitmap similar to K0 coefficient selection for Rel-16 Type II PMI codebook
Proposal 3: 
· Consider DFT basis with mutually orthogonal DFT vectors for Doppler-domain compression
Proposal 4: 
· Support Alt 2B for CSI reporting/measurements (l ≥ n)
Proposal 5: 
· Study separate reporting of PMI and CQI/RI with different periodicities
Proposal 6: 
· TDCP corresponds to a stand-alone CSI quantity and does not depend on other CSI quantities in UCI
Proposal 7: 
· Refinement of Rel-16 Type II PMI codebook should be prioritized
Proposal 8:
· Strive for common design of CJT CSI for different number of TRPs (NTRP = 2, 3, 4).
Proposal 9: 
· Support configuration with K > 1 CSI-RS resources for CJT CSI (Option 2)
Proposal 11: 
· Consider codebook structure corresponding to Alt. 1A at least for discussion purpose
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