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1. Introduction 
[bookmark: _Hlk101465064]In RAN#94e, the Rel-18 WID for NR MIMO evolution for downlink and uplink was approved [1], in which two potential enhancements are for CSI enhancement for high/medium UE velocities and coherent JT (CJT) as shown below:
	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:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
4. 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:
· [bookmark: _Hlk102055940]Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


In this contribution, we will share our views for the CSI enhancements for high/medium UE velocities and coherent JT scheme respectively.
2. Type-II codebook refinement for CJT

2.1 CMR configuration for CJT
In RAN1#109-e meeting [2], we have the following agreement on the CMR configuration for CJT:
	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



For Rel-18 CJT scenario, we are mainly focusing on intra-site CJT and inter-site CJT. For intra-site CJT scenario, maybe UE could work well with only one QCL if these TRPs are located at one site, like Multi-Panel structure. However, for inter-site CJT scenario, there might be high probability that these TRPs are not QCLed. In current spec, one NZP CSI-RS resource can only be configured with only one TCI state.
Hence, if TCI state configuration of NZP CSI-RS resource will not be enhanced in Rel-18, at least in inter-site CJT scenario, UE may not work well with only one NZP CSI-RS resource being configured for multiple CJT TRPs, as illustrated in Opt1. If the ports of one NZP CSI-RS resource for CJT are divided into multiple port groups corresponding to multiple TRPs and each port group is configured with individual TCI state, then the CMR sharing between CJT and Single-TRP transmission seems not easy, which will result in large CSI-RS overhead.
Opt2 is a simple way by reusing Rel-17 Multi-TRP NC-JT CSI-RS configuration, i.e., K > 1 CSI-RS resources are configured for CJT transmission, and each of them is corresponding to one TRP. With this method, accurate CSI acquisition could be guaranteed in both intra-site and inter-site scenarios. Also, the CMR sharing between CJT and Single-TRP transmission is easy to realize, for the sake of CSI-RS resource overhead reduction.
Proposal 1: For NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT CSI enhancement, support Opt2:
	-	Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)

2.2 [bookmark: _Hlk111124184]Codebook structure for CJT
In RAN1#109-e meeting [2], we have the following agreement on the codebook structure for CJT:
	Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes down-selecting at least one or merging from the following codebook structures:
· [bookmark: _Hlk111128338]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):





Basically, the idea of both Alt1A. and Alt1B. is to concatenate multiple PMIs of different TRP/TRP groups with relative co-phasing and amplitude added. The difference between Alt1A. and Alt1B. is that Alt1B. need to redesign joint SD-FD basis, which could construct a sparser subspace than using separate SD and FD basis in Alt1A. For this reason, Alt1B. could achieve higher CSI accuracy with same overhead as Alt1A. However, Alt1B. need to redesign the joint SD-FD basis which have not been used in current CSI codebook design, it will bring much standardization efforts and great spec impact. Hence, we prefer Alt1A. comparing with Alt1B.
[bookmark: _Hlk111128314]Besides, for Alt2, when the delay difference between TRPs are not very large, with limited number of joint FD basis which is across N TRPs, a sparse subspace could be constructed and the overhead of  could be much reduced. It can achieve a good trade-off between throughout and PMI overhead. Therefore, we think both Alt1A. and Alt2 could be further studied.
Proposal 2: For Type-II codebook refinement for CJT mTRP, Alt1A. and Alt2 could be further studied:
· 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 
· 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):


2.3 [bookmark: _Hlk111131715]Spatial-domain and frequency-domain basis design for CJT
In RAN1#109-e meeting [2], we have the following agreement on the spatial-domain and frequency-domain basis design for CJT:
	Agreement
[bookmark: _Hlk111132470]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:
· [bookmark: _Hlk111132497]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



[bookmark: _Hlk111132488]Although the design of SD and FD basis is closely related with the codebook structure for CJT, the specification impact on current CSI framework of Alt2, Alt3 and Alt4 is obviously significant. In Alt2, Alt3 and Alt4, we need to redesign the basis which haven’t been used since Rel-16, the standardization effort is not trivial. Hence, we think Alt1 should be considered for Rel-16 Type-II codebook refinement for CJT, where the SD basis and FD basis are separate DFT basis.
Proposal 3: For Rel-16 Type-II codebook refinement for CJT mTRP, Alt1 should be considered:
· Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design

2.4 TRP selection scheme for CJT
In RAN1#109-e meeting [2], we have the following agreement on the TRP selection/determination scheme for CJT:
	Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting):
· [bookmark: _Hlk111142422]Alt1. N is gNB-configured via higher-layer (RRC) signaling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· FFS: In addition to one transmission hypothesis, whether reporting multiple transmission hypotheses (with the same N value or possibly different N values) is supported
· Alt3. The UE reports CSI corresponding to K transmission hypotheses 
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· FFS: supported value(s) of K, and whether the K transmission hypotheses are gNB-configured or UE-reported



For the Alt2 in this agreement, UE need to report the number of N which is UE-selected as a part of CSI report. Also, the PMI(s) corresponding to selected N(s) are needed to be reported. There are two possibility about relationship between the reported N(s) and the corresponding PMI(s). The first relationship is that the reported N(s) and the corresponding PMI(s) are reported in one CSI report. It means gNB need to allocate PUCCH/PUSCH resources assuming the PMI of NTRP TRPs are reported, then if UE reports the CSI of N < NTRP TRPs, some PUCCH/PUSCH resources will be wasted. The second relationship is that the reported N(s) and the corresponding PMI(s) are reported in two different CSI report or two different parts of one CSI report. It seems have great spec impact on current specifications.
For Alt3, the K transmission hypotheses means UE need to process K CSI(s) and report all the K CSI(s) in one CSI report, which will bring great challenge on UE implementation and UCI payload.
Hence, we prefer Alt1 as the TRP selection scheme for CJT, since gNB could choose the best N for each UE considering the globally optimal scheduling scheme based on the overall channel condition and traffic load in the CJT area.
Proposal 4: For the TRP selection/determination scheme in Rel-16 Type-II codebook refinement for CJT mTRP, Alt1 should be considered:
· Alt1. N is gNB-configured via higher-layer (RRC) signaling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· Note: only one transmission hypothesis is reported

3. [bookmark: _Hlk111134215]Type-II codebook refinement for high/medium UE velocities

3.1 [bookmark: _Hlk111134289]Codebook structure for high/medium UE velocities
[bookmark: _Hlk111140343]In RAN1#109-e meeting [2], we have the following agreement on the codebook structure for high/medium UE velocities: 
	Agreement
[bookmark: _Hlk111140530][bookmark: _Hlk111140542]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.



Basically, Alt1 and Alt2 are mathematically equivalent, no matter using  with time-domain basis or using  with doppler-domain basis. However, the codebook structure in Alt2 seems more similar with legacy Rel-16 Type-II codebook, it is more straightforward and simpler to adopt Alt2 for this feature, rather than Alt1. When UE need to report a large number of PMI, i.e., the length of the DD/TD basis vector N4 is quite large in Alt1 or Alt2, Alt3 will cost much more overhead than Alt1 or Alt2, due to multiple   need to be reported without compression.
Furthermore, for Alt 2A and Alt 2B, Alt 2B will definitely depict the channel more accurately, however, it will cost very much PMI overhead since the total number of TD/FD basis and the corresponding coefficients in  are dramatically increased. In addition, the mathematical formula of Alt2B is not easy to describe. Therefore, considering the specification readability and the trade-off between throughput and PMI overhead, we prefer to adopt Alt2A as a starting point for the codebook structure for high/medium UE velocities.
Proposal 5: For the codebook structure of Type-II codebook refinement for high/medium velocities, support Alt2A: 
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 

3.2 CSI reporting and measurement for high/medium velocities
In RAN1#109-e meeting [2], we have the following agreements on the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities: 
	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
[bookmark: _Hlk111144024][bookmark: _Hlk111144059]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:
· [bookmark: _Hlk111144047]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



Generally, the main difference between Alt1, Alt 2 and Alt3 is the different boundary to divide the CSI(s) into past CSI and future CSI. Meanwhile, Alt X.A supports gNB-side prediction (UE only report past CSI), Alt X.B supports UE-side prediction (UE only report future CSI), Alt X.C supports gNB-side prediction and UE-side prediction (UE report both past CSI and future CSI). However, since gNB can only use the received quantized eigenvectors in the subband level to preform channel prediction, the prediction accuracy of gNB-side prediction is very questionable only with these compressed coefficients in PMI. On the other hand, UE could obtain the raw channel of each RB, which will guarantee the prediction accuracy effectively. Therefore, we prefer UE-side prediction, Alt1.B, Alt2.B and Alt3.B could be further studied. And the selection of boundary could be discussed later.
Proposal 6: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, Alt1.B, Alt2.B and Alt3.B could be further studied: 

· Alt1.B:  l ≥ nref
· Alt2.B: l ≥ n
· Alt3.B: l ≥ k + Wmeas –1

4. TRS-based reporting of time-domain channel properties (TDCP)
In RAN1#109-e meeting [2], we have the following agreements on the TRS-based reporting of time-domain channel properties (TDCP): 
	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
· [bookmark: _Hlk111145153]Aiding gNB to determine 
· [bookmark: _Hlk111145171]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

Agreement
For Rel-18 CSI enhancements, proceed to support and specify the following features (the previously agreed work scopes apply):
· Type-II codebook refinement for CJT mTRP 
· Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information
· UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking
· The use case of aiding gNB-side CSI prediction is to be confirmed in RAN1#110

Agreement
[bookmark: _Hlk111145321][bookmark: _Hlk111145385]The TRS-based TDCP reporting is down selected from the following alternatives:
· [bookmark: _Hlk111145376]Alt1 (stand-alone): TDCP reporting comprises auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction 
· Aperiodic reporting is supported
· FFS: Whether periodic, semi-persistent and/or event-triggered (UE-initiated) reporting are supported 
· Alt2 (non-stand-alone): TDCP reporting corresponds to a subset of the UCI parameters associated with a codebook/PMI for high/medium velocities, reported by the UE and measured via TRS 
· FFS: The associated codebook(s)/PMI(s)



In current spec, TRS can only be configured with only 1 port, it is not sufficient for channel measurement. Besides, in the case of Type-II Doppler codebook being specified, the need to tie the TDCP reporting with a codebook/PMI for high/medium velocities seems not necessary. In addition, stand-alone TDCP reporting may also helpful to enable these different use cases, like aiding gNB to determine CSI reporting configuration, CSI-RS resource configuration parameters and precoding scheme, aiding gNB-side CSI prediction. Therefore, we prefer stand-alone TDCP reporting without linkage to any codebook or any other UCI.
Proposal 7: For TRS-based TDCP reporting, support Alt1 (stand-alone): 
· [bookmark: _GoBack]Alt1 (stand-alone): TDCP reporting comprises auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction 

5. Conclusion
Proposal 1: For NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT CSI enhancement, support Opt2:
	-	Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
Proposal 2: For Type-II codebook refinement for CJT mTRP, Alt1A. and Alt2 could be further studied:
· 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 
· 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):

Proposal 3: For Rel-16 Type-II codebook refinement for CJT mTRP, Alt1 should be considered:
· Alt1 (separate, legacy DFT): SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design
Proposal 4: For the TRP selection/determination scheme in Rel-16 Type-II codebook refinement for CJT mTRP, Alt1 should be considered:
· Alt1. N is gNB-configured via higher-layer (RRC) signaling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· Note: only one transmission hypothesis is reported
Proposal 5: For the codebook structure of Type-II codebook refinement for high/medium velocities, support Alt2A: 
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
Proposal 6: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, Alt1.B, Alt2.B and Alt3.B could be further studied: 

· Alt1.B:  l ≥ nref
· Alt2.B: l ≥ n
· Alt3.B: l ≥ k + Wmeas –1
Proposal 7: For TRS-based TDCP reporting, support Alt1 (stand-alone): 
· Alt1 (stand-alone): TDCP reporting comprises auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction 
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