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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Following two objectives related to CSI enhancement are listed in MIMO Evolution for Downlink and Uplink WID [1].
	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:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


In this contribution, we discuss CSI enhancement for high-medium UE velocities and coherent JT(CJT) within the above WID scope.
Views on CSI enhancement for high/medium UE velocities
Following agreements on CSI enhancement for high/medium velocities were achieved in RAN1#109-e.
	Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes refinement of the following codebooks, based on a common design framework:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two

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.

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) 

Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes the following CSI measurement and calculation aspects:
· Potential refinement on Resource setting configuration on CSI-RS (for CSI and/or tracking) for measuring a burst of CSI-RS, including the applicable time-domain behaviors
· Whether/how UE-side or gNB-side prediction is assumed for CQI/PMI/RI calculation 
· Potential enhancements on CQI definition and calculation procedure in relation to the PMI of Rel-18 Type-II codebook for high/medium velocities
· Potential enhancement on definition of CSI reference resource

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

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)

Agreement
The work scope of TRS-based TDCP reporting includes down selection from the following TDCP parameters:
· Alt1. Doppler shift
· Alt2. Doppler spread
· Alt3. Cross-correlation in time 
· Alt4A. Relative Doppler shift of a number of peaks in CIR 
· Alt4B. Relative Doppler shifts of different TRSs
· Alt5: CSI-RS resource and/or CSI reporting setting configuration assistance

Agreement
On the Type-II codebook refinement for high/medium velocities, for codebook structures with TD or DD basis (Alt1 or Alt2 from codebook structure agreement), the codebook(s) include at least the following additional codebook parameters:
· Doppler-/time-domain (DD/TD) basis vector length
· Parameters for DD/TD basis vector selection, including 
· The number of DD/TD basis vectors 
· If applicable, Basis selection indicator(s)
· FFS: restrictions on the basis vector selection
· If applicable, the total number of available DD/TD basis vectors (not needed for orthogonal DFT basis set), whether explicitly or implied from another parameter (e.g. oversampling factor)

Agreement
For the Type-II codebook refinement for high/medium velocities, further study the following issues:
· The need for basis type indicator, if both a trivial basis (e.g. identity) and a non-trivial (e.g. DFT) basis are supported, and if so, whether implicit or explicit
· The need for DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) 

Agreement
On potential refinement of Resource setting configuration associated with Type-II codebook refinement for high/medium velocities, study the following options to assess whether/how the legacy Resource setting configuration needs to be enhanced for “burst” measurement:
· Periodic (P) CSI-RS: periodicity and offset
· Semi-persistent (SP) CSI-RS: activation/deactivation, periodicity, and offset
· Aperiodic (AP) CSI-RS: triggering, offset of a group of AP CSI-RS resources   
FFS: Support for K>1 NZP CSI-RS resources association with Type-II codebook refinement for high/medium velocities
FFS: Whether specification support for jointly utilizing two types of CSI-RS time-domain behaviors is needed 

Agreement
The TRS-based TDCP reporting is down selected from the following alternatives:
· 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)

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



1.1. Discussion on codebook structure and doppler-domain basis
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In last meeting, three codebook structures were discussed and which are classified by Alt1, Alt2 and Alt3 shown in above agreements. From mathematically perspective, although there is some different representation of Kronecker product between Alt1 and Alt2, they are equivalent. Since Alt2 is closer to R16 eTypeII codebook structure, Alt2 can be defined as baseline for discussion. In addition, the difference between Alt2A and Alt2B is whether selected doppler domain basis can be common for all spatial domain (SD) and frequency domain (FD) basis vectors or independent for different SD/FD basis vectors. In fact, the doppler information may looks different in terms of respective transceiver beam pairs, e.g. AOD/ZOD-to-AOA/ZOA, it is natural that the number and/or corresponding index of doppler basis should be independent for different SD/FD, so Alt2B seems reasonable. However, the indicator of corresponding index may need extra signaling overhead in CSI, e.g. introducing bitmap indicator which is related to the value of , on the contrast, Alt2A has regular design to indicate doppler basis like compression in frequency domain in Rel-16, it is more unified.
Regarding Alt3, if multiple  are reported together, we think it is same as Alt2 without compression (saying is identity), so Alt3 can be seen as a special case of Alt2. Considering the value of  could be a smaller number, for example, calculating limited W2 due to aspects like high UE speed, UE CPU capability or algorithm design, the sparse property in doppler domain is no longer satisfied, or the power of projection of corresponding DFT basis are all worth reserving, etc.., Therefore, it is better to report multi- concurrently, which may not necessarily bring high overhead in these cases. 
[bookmark: _Ref111124949]
For codebook structure of medium/high-velocity CSI, support Alt2A and Alt3 for further study.
Based on the progress in last meeting, the waveforms of doppler-domain (DD) basis are also classified into four alternatives. In our opinion, the introduction of DD basis is mainly to play the role of compression to reduce the overhead in CSI reporting. Hence orthogonal DFT basis (Alt1) is straight-forward if doppler domain compression is supported. Regarding rotation based DFT basis, the rotation factor O1 and O2 have been introduced for vertical and horizonal beams selection in spatial domain while rotation factor is not introduced for paths selection in frequency domain. Whether rotation factor is introduced in doppler-domain should be further studied based on simulation.
Regarding oversampled DFT (Alt2), these reported DFT basis is not orthogonal anymore and traditional algorithm of direct projection of non-orthogonal DFT basis is not reasonable, some other algorithms e.g. matching pursuit (MP) applied for compressive sensing may be introduced. We think the scheme Alt2 mainly serves for channel prediction in gNB’s side, however, we observed that there are unacceptable performance degradation for channel prediction applied in gNB compared with channel prediction applied in UE based on our simulation shown in section 2.2, so Alt2 can be precluded. Regarding other waveforms (Alt3), more simulation is also needed to prove its pros.
Regarding Identity (Alt4), as we mentioned above, no doppler-domain compression as one special case should be taken into account, so Alt4 should be supported. 
[bookmark: _Ref111124953]
For doppler-domain basis waveforms, support Alt4. Alt1 can also be considered is Doppler domain compression is supported, where whether supporting rotation factor is FFS.
[bookmark: _Ref111018589]Discussion on CSI measurement and reporting
CSI reporting in enhanced Type II codebook can be measured by means of prior channel information in measurement window and/or subsequent prediction channel information which is up to UE implementation or capability. Also, whether to assume gNB’s prediction based on reported PMI was discussed briefly in last meeting. In order to compare the prediction performance in terms of , we introduced two classical channel prediction algorithms: Auto Regressive (AR-based) and oversampled DFT (DFT-based) for evaluation, the detailed parameters are listed in Table 5 in appendix and the performance curves are illustrated in Figure 1 and Figure 2. 
· The legend ‘NO prediction’ means legacy behavior where  is achieved from the CSI-RS occasion at the end of CSI measurement window and calculate  of each future predicted occasion  as given by the equation
 
· The legend ‘AR x, diff=y’ means UE perform prediction based on Auto Regressive. ‘x’ means the length of AR coefficients, ‘y’ means differential order, where ‘0’ means no differential operation and ‘1’ means channel of any adjacent CSI-RS occasion perform subtraction operation to improve AR stationary property. 
· The legend ‘DFT basis’ means limited orthogonal DFT basis in delay domain and oversampled DFT basis in doppler domain are selected by algorithm of Orthogonal Matching Pursuit (OMP) and to predict future channel. The corresponding performance can be regard as what prediction can do best in gNB’s side, since the codebook structure also comprises two-dimensional DFT basis. The reason we do not adopt orthogonal DFT basis in doppler domain is orthogonal DFT basis has periodic property in the future occasion and which is not suitable for prediction. 
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[bookmark: _Ref111019591] UMi-NLOS (30km/h) prediction performance in case of 2-ms period CSI-RS
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[bookmark: _Ref111023242]UMi-NLOS (30km/h) prediction performance in case of 4-ms period CSI-RS
According to the simulation results, we have the following observations:
· AR based prediction has best performance compared to DFT-based and DFT-based prediction has little gain compared to the performance without prediction. 
· Medium/large length of measurement window is beneficial to AR based prediction, for instance, UE achieves AR8 coefficients by exploiting 16 CSI-RS occasion with 2-ms period in measurement window to predict channel in the 10-th ms and the performance of NMSE is about -10dB. 
· CSI-RS periodicity and velocities should be appropriately matched. For example, in this simulation there is significant performance advantage with 2-ms periodicity over 4-ms periodicity. However, 4-ms periodicity can also provide performance gain when we use 32 CSI-RS occasion to do measurement for prediction. Further, 4-ms periodicity may be more beneficial for lower-speed cases to reduce CSI-RS overhead.
[bookmark: _Ref111124882]
It is effective that UE adopts Auto Regressive to predict channel based on prior raw channel information, on the contrary, there is little performance gains if gNB predicts channel based on DFT basis and corresponding projection coefficients reported in CSI.
[bookmark: _Ref111124903]
For CSI prediction in UE side,
In medium/high velocity scenario, it requires a number of CSI-RS occasions (e.g., >10 occasions) for UE measurement to achieve acceptable performance.
With sufficient number (e.g., 16, 32, …) of CSI-RS occasions for measurement, UE can predict CSI in a larger size of CSI reporting window (e.g., more than 10 ms) 
The configuration of CSI-RS for measurement (e.g., periodicity) needs to match the UE speed.
In last meeting, how to define the CSI reporting window was discussed and classified with 9 categories as shown in the copied agreements above. As per our simulation and observations, channel prediction in UE’s side is preferable, if UE can predict multiple  for time domain occasions after the CSI report slot, these  can be reported together, whether to compress depends on the number of . 
For this medium/high-velocity CSI enhancement, either gNB or UE needs to perform prediction. Without any prediction, there is no need for UE to feed back this CSI for multiple slots as gNB will anyway just use the CSI of the latest slot. Hence the comparison is UE side prediction v.s. gNB side prediction. Based on our evaluation, UE side prediction (e.g., using algorithms like AR) can achieve good performance. We don’t think gNB side prediction is a good choice due to the following concern on performance. 
· The CSI acquired by gNB is projected and quantized coefficients. The performance loss of using prediction algorithms on these compressed coefficients is large compared with using them on unquantized channel coefficients in UE side.
· gNB can only perform prediction on sub-band level precoder. For UE side, prediction algorithm can be used on RB-level channel samples and then computes sub-band level CSI. Compared with this UE side prediction, the performance loss of using subband-level CSI to predict subband-level CSI can be large.
To support UE prediction like Alt 2B, some specification clarification is needed to make sure gNB and UE have same understanding on what time location the reported CSI corresponds to. This is also related with how a CSI is tested in RAN4. In the current specification, such time location is defined in CSI reference resource. Specifically, the current CSI reference resource definition achieves two functionalities
1) Define what time location the reported CSI corresponds to.
2) Define what RS occasions can be used for CSI calculation to reserve sufficient time for UE processing.
The definition of CSI reference resource in UE prediction needs adjustment to make sure gNB understands the CSI corresponds to a future CSI reporting window, and meanwhile keeping the functionality of 2). This aspect requires further study in RAN1.
[bookmark: _Ref111124957]
For timeline of medium/high-velocity CSI, support Alt2.B with the number of  >=1.
Based on Observation 2, we need sufficiently large number of CSI-RS occasions to measure. In the case of the 2-ms periodicity case in the simulation, 16 CSI-RS occasions mean at least 32-ms to measure CSI-RS. In 30kHz SCS, it is 64 slots. Such huge delay makes to trigger aperiodic CSI-RS nearly impossible as it introduces large CSI latency. It does not make sense that gNB triggers CSI-RS and wait more than 64 slots to get the CSI. Further, if the CSI-RS periodicity is larger, saying 4-ms, more CSI-RS occasions will be needed to ensure the performance, e.g., 32 occasions in our evaluation. Such latency will increase to 256 slots, which is not practical at all. This issue does not exist for periodic CSI-RS or semi-persistent CSI-RS based aperiodic CSI report, as the CSI-RS can be sent before the triggering of the CSI.
[bookmark: _Ref111124961]
For medium/high-velocity CSI, support to trigger this CSI type based on measurement of periodic and semi-persistent CSI-RS.
FFS whether aperiodic CSI-RS can also be supported
Discussion on TDCP
The purpose of reporting TDCP is to assist gNB to configure suitable CSI-RS configuration, reporting configuration, and/or parameters configuration related to codebook. Regarding TDCP type, we do not think doppler shift can represent channel aging, since frequency offset estimation based on TRS may be caused by doppler offset of main path and/or the impairment of oscillator which is hard to distinguish. For example, assuming 30km/h velocity with 3.6GHz centre carrier, the max doppler shift is about 100Hz, however, 0.1ppm impairment of oscillator will cause 360Hz. If frequency offset is mainly contributed by oscillator which has same effect of phase reversal in channel, it has nothing to do with channel aging. For doppler spread and cross-correlation in time, which are Fourier transformation of each other, for example, if U-shaped doppler spread PSD is assumed, the correlation in time satisfy Bessel function of zeros order, hence reporting of doppler spread or cross-correlation is appropriate. 
Regarding TDCP reporting, it is better to adopt stand-alone report since it does not change rapidly in general which is not necessary to be specifically designed to reported together with other UCIs. 
[bookmark: _Ref111124965]
For TDCP, support stand-alone report in the form of doppler spread or correlation in time.

Views on CSI enhancement for coherent JT
In the previous RAN1 meeting, several meaningful and valuable research topics and input emerged for CSI enhancement for CJT. Some preliminary evaluations were provided to demonstrate performance improvements of CJT scheme over STRP transmission scheme. In the following sections, our further views on CSI enhancement for CJT are provided.
CSI resource setting
On CSI resource setting, the following agreement was reached in the last meeting.
	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 Opt1, only one CMR is used for mTRPs’ channel measurement. Therefore, the CMR may be divided into multiple port groups, and each port group corresponds to a TRP. It means the definition of the port group should be introduced in spec. Besides, as different TRPs may be non-QCLed, multiple TCI states are needed for the CMR, which is contrary to the legacy rule that one CMR is associated with one TCI state.  In particular, the impact may be somewhat greater for SP or AP CSI-RS triggering. Hence Opt. 1 generally requires large specification change on the current TCI framework.
For Opt2, the problem of different TRPs may have different TCI states can be solved with multiple CMRs corresponding to multiple TRPs. In essence, Opt2 can achieve whatever Opt1 can do based on our understanding. Therefore, we support the Opt2 from last meeting’s agreement, and we don’t see the need to have Opt1.
Another concern for Opt2 is about the UE complexity for PMI acquisition due to “max # ports = 32” in Opt1. We think for either Opt1 or Opt2, the total number of CSI-RS ports for codebook search should be no more than 32, as we don’t have a codebook with more than 32 ports in the current specification. Further, although Opt. 2 uses more CSI-RS resources, its complexity can already be limited by the current CPU occupation rule and active CSI-RS resource/port rule. But for Opt. 1, we need further specification enhancement on the above two rules to limit the UE complexity for CSI derivation of CJT.
[bookmark: _Ref111124969]
Support Opt2, K>1 NZP CSI-RS resources with the same number of ports, for a CJT measurement hypothesis measured on multiple CMRs where each CMR corresponds to a TRP.
For either Opt1 or Opt2, the total number of CSI-RS ports for codebook search should be no more than 32.
CSI reporting setting
According to the following agreements, the channel information exceeding two TRPs may need to be reported for the CJT CSI. Multiple collaborative TRPs may not be co-located, e.g. in Indoor Hotspot. It looks that the feedback overhead, signaling overhead and UE complexity may increase compared to non-CJT or STRP transmission. Therefore, the design of CJT CSI reporting should consider overhead and complexity reduction.
	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}
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):
· 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



In medium or high load scenarios, UE-common or UE-group-common RS configuration is a general method to save the RS overhead compared with UE-specific signaling configuration. However, reducing signaling configuration flexibility may have other negative effects, such as feedback overhead and UE complexity. For example, if 4 CMRs corresponding to 4 TRPs are configured in a CJT CSI reporting setting for a group of UEs, it means all UEs in the group will measure 4 CMRs and acquire PMI by 4 measured channels, even if some UEs have significantly lower received power for some CMRs than others.
To overcome the negative effects caused by the reduced flexibility, one straightforward way to reduce feedback and complexity is to allow UE to recommend selected TRPs, which can bring flexibility for both gNB and UE. In the same example, as shown in the following figure, if TRP recommendation is enabled and the UE can report the CJT CSI only for the collaboration set instead of the measurement set, the feedback overhead can be reduced compared to reporting of CSI for all TRPs. Besides, the matrix dimension of UE operations also decreases, thus reducing the computation complexity of UE.


Diagram of measurement set and collaboration set
Initial simulation results in Figure 4 and Figure 5 depict the performance of UE-side TRP recommendation based on CMR reception power. If the CMR reception power of a TRP is less than the reception power corresponding to the strongest TRP minus a power gap, this TRP is not involved in the CJT CSI calculation, i.e., UE reports the CSI for TRP(k) based on a power gap as follows.

Where  denotes the largest CMR reception power among TRPs in the measurement set and  denotes the CMR reception power of TRP(k).
We evaluated three threshold values of RSRP gap, 10 dB, 15 dB, and 20 dB, respectively, for Indoor Hotspot with 4 TRPs in the measurement set and for Intra-site CoMP scenarios with three TRPs in the measurement set, respectively. According to the following simulation results, TRP recommendation causes marginal performance loss, but it reduces significant feedback overhead because more than 50% of UEs do not need to report CSI for all TRPs in the measurement set.
[image: ][image: ]
[bookmark: _Ref111021081]Performance and UE percentage statistics for Indoor Hotspot
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[bookmark: _Ref111021098][bookmark: OLE_LINK1] Performance and UE percentage statistics for Intra-site CoMP(Outdoor2)
[bookmark: _Ref111124914]
[bookmark: _GoBack]TRP recommendation causes marginal performance loss, but it reduces feedback overhead and UE complexity significantly because more than 50% of UEs do not need to measure CSI of all TRPs based on simple TRP selection rules and do not need to report CSI for all TRPs in the measurement set.
Therefore, we propose to support the UE recommendation of TRPs to reduce the feedback overhead, signaling overhead, and UE complexity.
[bookmark: _Ref111124974]
Support Alt2, i.e., N is UE-selected and reported as a part of CSI report where N{1,..., NTRP }, to reduce the feedback overhead, signaling overhead, and UE complexity.
Regarding how the UE selects N TRPs, we think that this is an implementation of the UE and does not need to be specified. A simple approach is the recommended method of TRPs based on CMR received power, which is involved in our evaluation. In addition, UEs can also select TRPs based on computational capability, CPU capability, power saving, etc.
Another issue about the CSI reporting setting is whether the UE reports CSIs corresponding to multiple transmission hypotheses. In our view, for the Type-II codebook refinement for CJT mTRP, only one transmission hypothesis is involved in the CJT CSI report. 
First, because a CJT hypothesis may use more than 2 CSI-RS resources, more CPUs are needed than a NC-JT hypothesis. If more measurement hypotheses are configured, it may cause constant strain on available CPU resources due to excessive numbers. 
Then, compared with Type-I codebook, the Type-II codebook refinement for CJT also introduces the extra computation complexity. Multiple transmission hypotheses may need more computation time, which results in greater reporting latency and more severe CSI aging. 
Besides, multiple transmission hypotheses mean a huge UCI payload and also cause a larger transmission burden. 
Therefore, we support the configuration of only one CJT hypothesis for measurement and reporting by UE.
[bookmark: _Ref111124978]
Support the configuration of only one CJT hypothesis for measurement and reporting by UE.
PMI
Regarding the CJT PMI acquisition, the key issues are the codebook type, basis design, codebook structure and PMI reporting. The following agreements were reached on these key issues.
	Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes refinement of the following codebooks:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two
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
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):

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
· Strongest coefficient indicator(s) (SCI(s)): a part of CSI report
· FFS: One per TRP/TRP-group or common for all TRPs
· FFS: Additional need for strongest TRP indicator

Agreement
For the Type-II codebook refinement for CJT mTRP, further study the following issues:
· The need for the following additional parameters:
· Receiver side information by per RX reporting or per layer, e.g. information related to the left singular matrix U of the channel
· Indication of relative offset of reference FD basis per TRP with respect to a reference TRP
· Information related to the windows for FD basis
· Delay/frequency difference(s) across TRPs
· Specification entity corresponding to a TRP (e.g. port-group, NZP CSI-RS resource)
· For codebooks with per-TRP/TRP-group SD/FD basis (structure Alt1A/1B), whether to support co-amplitude/phase as a part of CSI report (explicit) or not (implicit)
· Design details of reference amplitudes and differential amplitudes in W2: 
· Whether/how supported parameter combinations are refined from Rel-16/17

Agreement
On the W2 coefficient quantization scheme for the Type-II codebook refinement for CJT mTRP:
· At least for N=2, reuse the following components of the legacy Rel-16/17 per-coefficient quantization scheme: 
· Alphabets for amplitude and phase
· Quantization of phase and quantization of differential amplitude relative to a reference, reference amplitude (with SCI determining the location of one reference amplitude), where the reference is defined for each layer and each “group” of coefficients 
· Further study the following:
· For larger N values, if supported, whether/how to improve throughput-overhead trade-off using, e.g. lower-resolution alphabets for amplitude and/or phase than legacy, or higher/same resolution alphabets but smaller number of coefficients than legacy 
· What constitutes a “group” (e.g. per polarization across TRPs/TRP-groups, per polarization per TRP/TRP-group, per TRP/TRP-group), the number of “groups” per layer for phase and amplitude (1 ≤Cgroup,phase ≤ N, 1 ≤ Cgroup,amp ≤ 2N), and how to indicate/configure “grouping” 




Codebook type
Regarding codebook type, we believe that most conclusions or designs corresponding to the R16 eType-II codebook can be reused for the R17 FeType-II codebook, and even the legacy R17 FeType-II codebook can be reused in CJT scenario. Therefore, we propose to give higher priority to the PMI refinement based on R16 eType-II codebook over R17 FeType-II codebook.
[bookmark: _Ref111124982]
Prioritize PMI refinement based on R16 eType-II codebook over R17 FeType-II codebook.

Basis design
Currently, the codebook designs in R15/R16/R17, the basis vector design is based on the DFT vector. Introducing eigenvector-based basis results in quite large specification impact. Compared to DFT basis indications, basis indications based on eigenvectors cannot be indicated using indices. Such design requires amplitude quantization and phase quantization processing like coefficients, which means great feedback overhead. Therefore, we think the basis design based on the DFT vector should be reused in the CJT basis design. For joint SD-FD DFT-based basis design, we cannot see any technical difference from a separate SD-FD DFT-based basis. However, this may affect unnecessary change and complexity on UCI coding for SD and FD basis vectors, which may have a great impact on the specifications. Therefore, on the SD and FD basis design for the Rel-16 eType-II codebook refinement for CJT mTRP, we support Alt1, i.e., SD basis and FD basis are separate, where each fully reuses the legacy Rel-16 DFT-based design.
[bookmark: _Ref111124985]
Support Alt1, i.e., SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design.

Codebook structure
For the codebook structure, there are three types agreed in the last RAN1 meeting. We think all the structures can work in the proposed simulation scenario, but the specification impacts and PMI calculation approaches among different codebook structures may be different.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Alt1A means TRP-specific PMI acquisition. Further, to track and compute the differential amplitudes and phases among TRPs, an exhausted search is needed for the CJT PMI acquisition, which may cause a significant computation complexity as the number of ergodic combinations increases exponentially. Besides, the feedback of amplitude reference and phase among TRPs also need to specify. 
For Alt1B, a new basis set may need to be introduced where each element of the set corresponds to a beam-delay pair. Therefore, beam-delay pair searching is a new feature to UE implementation compared with the legacy separate SD and FD selection, and how to indicate the selected beam-delay pair should also be specified. Besides, extra amplitude reference and phase among TRPs are also needed in this structure. 
However, for Alt2, the PMI structure has limited modification compared with the regular R16 eTypeII codebook structure, which may mean less impacts for the CJT PMI acquisition, and even enhancement of the SD bases acquisition and indicator only can work.
Some simulation results based on Rel-16 codebook refinement are given for Alt1A and Alt2. The following assumptions were employed in addition to the evaluation parameter configuration shown in the following table.
The employed assumptions for Rel-16 codebook refinement schemes 
	
	Alt2
	Alt1A

	Codebook configuration
	

	PMI acquisition 
	Independent selection of SD per TRP.
Joint selection of FD basis among TRPs following legacy method for FD basis acquisition and coefficient quantization.
	Independent PMI acquisition per TRP.
The TRP-specific amplitude coefficients are selected by the eigenvalues associated with each TRP. Based on the selected amplitude, the TRP-specific phase coefficient is further selected based on the channel.
The setting of candidate coefficient set:
· Amplitude:
· Phase:8 PSK



[image: ]
 Performance comparison of different CJT PMI acquisitions for Indoor Hotspot
[image: ]
 Performance comparison of different CJT PMI acquisitions for Intra-site CoMP(Outdoor2)
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]According to the simulation results, Alt2 performs better than Alt1A.  This is mainly because the modelling of TRP-specific amplitude/phase coefficients in Alt 1A cannot provide sufficient accuracy to acquire an optimal joint precoder for each subband.  Besides, during the evaluation process, we observed that searching for the TRP-specific amplitude/phase in Alt1A causes a significant computation complexity, which is very unfriendly to UE implementations.
[bookmark: _Ref111124920]
For some potential schemes of codebook structure
Compared to Alt1A, Alt2 has performance gain.
Searching for the TRP-specific amplitude/phase in Alt1A may cause a significant computation complexity.
[bookmark: _Ref111124989]
Regarding codebook structures, support Alt2, i.e., Per-TRP/TRP group (port-group or resource) SD basis selection, and joint (across N TRPs) FD basis selection.

PMI reporting
As the SD basis acquisition of Alt2 is different from the legacy acquisition, the PMI reporting of Alt2 may need to enhance at least for SD basis indication. As for the feedback/indication of the FD basis and coefficient matrix, there were many preliminary options discussed at the last meeting. We categorize the preliminary options into two key features, which requires careful study based on SLS.
[bookmark: _Hlk110865531]KF1: Separate selection of FD basis
KF2:  TRP level reference amplitude.
Introducing the KF1 may lead to more flexibility and perhaps can reduce the feedback overhead or improve the performance. In the PMI parameters, the parameters associated with KF1 are i1,5, i1,6,l, i1,7,l. The following table gives some analysis of the sequence length, where T represents the number of TRP.
The sequence length and remarks of PMI parameters for different FD basis selection method.
	PMI parameters
	Joint selection of FD basis across TRP
	Separate selection of FD basis per TRP
	Remarks

	i1,5
	
or

	
or

	When T = 4 and , 

	i1,6,l
	
or

	
or

	Same conclusion as i1,5.

	i1,7,l
	
	
	When T = 4 and , the length of the sequence is the same. When T = 4 and , separate selection of FD basis saves a lot of bits. 



For i1,5 and i1,6,l, joint selection of FD basis across all TRPs may save the bit length because the increment of the number of FD basis can be introduced inside the logarithmic function. Regarding i1,7,l, separate selection of FD basis may save the bit length only when the number of FD basis of joint selection is greater than the number of FD basis of separate selection. Therefore, for FD indication, there is a critical threshold value greater than or equal to 1 for the relationship between the total sequence length of separate selection and the total sequence length of joint selection with respect to the number of respective FD bases. When the number of FD bases of joint selection is smaller than the number of FD bases of separate selection multiplied by the critical threshold value, there may even be cases where the total sequence length of separate selection is greater.
Regarding KF2, i.e., TRP-level reference amplitude, it may be possible to obtain two types of gain, one of which is an increase in quantitative range, and the other is an increase in quantitative accuracy. However, the smallest value of the legacy differential amplitude alphabet shown in Table 5.2.2.2.5-3 of 38.214 [2] is , which means the quantitative range corresponding to the power is about 21dB, and the coefficients whose differential power is less than 21dB will not be reported. In our opinion, this range may be sufficient, further extension will not provide meaningful performance gain. Regarding quantitative accuracy, except for introducing a higher accuracy alphabet, reusing legacy alphabets cannot improve quantitative accuracy.
In order to test the performance gain obtained from KF1 and KF2, we conduct system level evaluation below. The description of the simulation cases is shown in the table below.
The descriptions of simulation cases
	Simulation cases
	Descriptions

	Joint FD (baseline) across TRP
	Per-TRP SD basis selection and joint FD basis selection. 
Reuse the legacy Rel-16/17 per-coefficient quantization scheme.

	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Separate FD per TRP
	Per-TRP SD basis selection and per-TRP FD basis selection. 
Reuse the legacy Rel-16/17 per-coefficient quantization scheme.

	Joint FD and TRP-level reference amplitude
	Per-TRP SD basis selection and joint FD basis selection. 
Based on the legacy Rel-16/17 per-coefficient quantization scheme, add the TRP-level reference amplitude that is indicated by the legacy 4-bit Alphabet to increase the quantitative range.

	Separate FD and TRP-level reference amplitude
	Per-TRP SD basis selection and per-TRP FD basis selection. 
Based on the legacy Rel-16/17 per-coefficient quantization scheme, add the TRP-level reference amplitude that is indicated by the legacy 4-bit Alphabet to increase the quantitative range.



The results are divided into two parts, one that does not consider unaligned propagation delays among TRPs and the other that does. As for the modeling of the propagation delay, we made a slight modification to the modeling of TR 38.901 [3]. The specific modeling approach and simulation parameters are shown in the Appendix.
No consideration of propagation delay difference among TRPs
[image: ]
Cell mean SE of different CJT PMI structures for Indoor Hotspot
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 Cell mean SE of different CJT PMI structures for Intra-site CoMP(Outdoor2)
Consideration of propagation delay difference among TRPs
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Cell mean SE of different CJT PMI structures for Indoor Hotspot
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Cell mean SE of different CJT PMI structures for Intra-site CoMP(Outdoor2)
According to the simulation results, for FD basis selection, there is almost no performance difference between per-TRP FD selection and joint FD selection at the same parameter pv. In addition, introducing TRP level reference amplitude has a very small performance gain (<=1.5%) in some configurations. Therefore, for simplicity, we support Per-TRP SD basis selection, joint FD basis selection, and the legacy Rel-16/17 per-coefficient quantization scheme, by reusing the legacy codebook design as much as possible.
[bookmark: _Ref111124926]
At least for Indoor Hotspot and Intra-site CoMP(Outdoor2), for FD selection, there is almost no performance difference between per-TRP FD selection and joint FD selection at the same parameter pv. And, introducing TRP level reference amplitude has a negligible performance gain in some configurations.
[bookmark: _Ref111124994]
Support Per-TRP SD basis selection, joint FD basis selection, and the legacy Rel-16/17 per-coefficient quantization scheme.
Other issues
In addition to the above issues, there are some issues such as TRP grouping for SD/FD sharing, and codebook parameter.
SD/FD sharing TRP groups
In the last meeting, SD/FD sharing was proposed to reduce the feedback overhead in the multi-panel (or co-located multi-TRP) CJT scheme. The current multi-panel codebook design is based on the R15 Type-I codebook whose accuracy is lower than the series of Type-II codebooks. Therefore, we are open to the introduction of more accurate codebooks for multi-panel transmission. For a more accurate codebook design for multi-panel transmission, we think there are three schemes. 
Scheme1: Reuse the legacy R16 eType-II codebook.
Scheme2: Reuse the codebook design for CJT.
Scheme3: Introduce SD/FD sharing among panels in the CJT codebook.
The advantage of Scheme1 and Scheme2 is no spec. impact. It depends mainly on network configuration. According to the channel modeling in TR 38.901[3], the channel property of co-located TRP/panel is the same, i.e., LSP and SSP are the same. Therefore, it is reasonable that co-located co-oriented panels may have the same SD basis and FD basis in PMI acquisition. If Scheme3 is supported, the feedback overhead corresponding to the SD/FD indication may be reduced compared with Scheme2, which is the advantage of Scheme3. However, compared to Scheme1, the performance improvement caused by SD selection per panel in Scheme3 needs further study, as whether the performance of PMI compression based on a 2D-DFT matrix is significantly degraded for co-located co-oriented multi-panel transmission needs further demonstration.
Regarding the indication of TRPs/panels that share SD/FD basis each other, if the SD/FD sharing is supported, a method of grouping CMRs has been proposed. CSI-RS resource is still panel or TRP specific, i.e., each CSI-RS resource can have same number of ports sharing a same codebook configuration like N1, N2, etc. CMRs within the same CMR group have the same SD/FD, which is like the CMR configuration of R17 NC-JT.  However, for the CMR group configuration of R17 NC-JT, only two CMR group is configured. If reuse the CMR group configuration for the indication of SD/FD sharing, the number of CMR groups may exceed 2. In addition, the most important use cases for the CMR group in R17 are the transmission hypothesis selection and the CRI indication when multiple transmission hypotheses exist, rather than PMI sharing. Therefore, we don’t think explicit configuration of CMR group is needed to support SD/FD sharing. Since whether the SD/FD basis sharing can depend on the channel properties, a simple approach is to use the TCI state to implicitly indicate how the CMRs are grouped, e.g., CMRs with a same TCI state have the same SD/FD.
[bookmark: _Ref111124998]
The performance improvement caused by panel-specific SD selection needs further study for multi-panel transmission.

Codebook parameter
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The codebook parameter improvements proposed in the previous RAN 1 meeting were divided into two main areas, one was about parameter R and another was whether to support TRP-specific codebook parameter. For CJT transmission, the delay spread of transmission may increase due to different propagation delays between TRPs, so it needs to match higher frequency domain sampling rates, otherwise, compression efficiency may be affected. Therefore, a larger R may be needed. However, in some special cases, such as InH and Intra-site CoMP (Outdoor2), the propagation delay between TRPs may be small. A lager R may just achieve a limited performance improvement. Figure 12 and Figure 13 show the performance improvement of 52 PMI subbands corresponding to R=4 compared with 13 PMI subbands, where PMI reporting for 52 PMI subbands and PMI reporting for 13 PMI subbands have the same K0 and L, different pv and Beta. According to the evaluation results, a negligiblesmall performance gain is obtained for a larger R. Therefore, we think the candidate values of R may be influenced by the layout of TRP and need further study. 
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[bookmark: _Ref111052028]Performance comparison of different number of PMI subband for Indoor Hotspot.

[image: ][image: ]
[bookmark: _Ref111052031]	Performance comparison of different number of PMI subband for Intra-site CoMP(Outdoor2)
[bookmark: _Ref111124932]
A limited performance gain is obtained for a larger R for Indoor Hotspot and Intra-site CoMP(Outdoor2).
[bookmark: _Ref111125002]
The candidate values of R may be influenced by the layout of TRP and need further study.
Regarding the TRP-specific codebook parameter, one reason to support them was to give flexibility to gNB and to further save feedback overhead. However, we think the improvement of TRP-specific codebook parameters needs further study and is a lower priority. First, the TRP-specific codebook parameter will result in large specification impacts because only one codebook configuration is configured in the CSI reporting setting in the current specification. Besides, which parameters can be configured as TRP-specific need further study and evaluation. In our opinion, not all codebook parameters should be TRP-specific, such as beta. Some evaluation results with TRP-specific beta are shown as follows. The TRP-specific beta may reduce the number of feedback coefficients corresponding to the strongest TRP, and give unnecessary budget on the number of reported coefficients for weak TRPs since the coefficients are selected per TRP instead of from a joint pool across TRPs. This leads to a decrease in performance for TRP-specific beta.
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 Cell mean SE of per-TRP beta for Indoor Hotspot
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Cell mean SE of per-TRP beta for Intra-site CoMP(Outdoor2)

[bookmark: _Ref111124937]
The TRP-specific beta may reduce the feedback of the coefficients corresponding to the strongest TRP, which leads to a decrease in performance.
[bookmark: _Ref111125006]
The improvement of TRP-specific codebook parameters needs further study with lower priority.
[bookmark: OLE_LINK2]Another issue is about the supported values of the codebook parameter Beta. According to the following table in TS 38.214 [2] on the values of the codebook parameters, the minimum value of  is , where . However, for CJT PMI, the number of rows in  may be , where T denotes the number of TRPs. Therefore, the value of  is  which has large gap compared to the value of STRP, when . Therefore, we think the value of Beta needs to be further reduced to cover the lower payload range, e.g. 0.125, 0.0625.
 Codebook parameter configurations
	paramCombination-r16
	
	
	

	
	
	
	
	

	1
	2
	¼ 
	1/8 
	¼ 

	2
	2
	¼ 
	1/8
	½ 

	3
	4
	¼ 
	1/8
	¼ 

	4
	4
	¼ 
	1/8
	½ 

	5
	4
	¼ 
	¼ 
	¾

	6
	4
	½ 
	¼ 
	½ 

	7
	6
	¼ 
	- 
	½ 

	8
	6
	¼ 
	-
	¾ 


[bookmark: _Ref111124942]
For up to 4 TRPs, the minimum value of  may have large gap compared to the value of STRP.
[bookmark: _Ref111125011]
The value of Beta needs to be further reduced to cover the lower payload range for codebook parameter of CJT, e.g. 0.125, 0.0625.

Conclusions 
To summarize, we have following observations and proposals.
Observation 1:
It is effective that UE adopts Auto Regressive to predict channel based on prior raw channel information, on the contrary, there is little performance gains if gNB predicts channel based on DFT basis and corresponding projection coefficients reported in CSI.
Observation 2:
For CSI prediction in UE side,
In medium/high velocity scenario, it requires a number of CSI-RS occasions (e.g., >10 occasions) for UE measurement to achieve acceptable performance.
With sufficient number (e.g., 16, 32, …) of CSI-RS occasions for measurement, UE can predict CSI in a larger size of CSI reporting window (e.g., more than 10 ms) 
The configuration of CSI-RS for measurement (e.g., periodicity) needs to match the UE speed.
Observation 3:
TRP recommendation causes marginal performance loss, but it reduces feedback overhead and UE complexity significantly because more than 50% of UEs do not need to measure CSI of all TRPs based on simple TRP selection rules and do not need to report CSI for all TRPs in the measurement set.
Observation 4:
For some potential schemes of codebook structure
Compared to Alt1A, Alt2 has performance gain.
Searching for the TRP-specific amplitude/phase in Alt1A may cause a significant computation complexity.
Observation 5:
At least for Indoor Hotspot and Intra-site CoMP(Outdoor2), for FD selection, there is almost no performance difference between per-TRP FD selection and joint FD selection at the same parameter pv. And, introducing TRP level reference amplitude has a negligible performance gain in some configurations.
Observation 6:
A limited performance gain is obtained for a larger R for Indoor Hotspot and Intra-site CoMP(Outdoor2).
Observation 7:
The TRP-specific beta may reduce the feedback of the coefficients corresponding to the strongest TRP, which leads to a decrease in performance.
Observation 8:
For up to 4 TRPs, the minimum value of  may have large gap compared to the value of STRP.
Proposal 1:
For codebook structure of medium/high-velocity CSI, support Alt2A and Alt3 for further study.
Proposal 2:
For doppler-domain basis waveforms, support Alt4. Alt1 can also be considered is Doppler domain compression is supported, where whether supporting rotation factor is FFS.
Proposal 3:
For timeline of medium/high-velocity CSI, support Alt2.B with the number of  >=1.
Proposal 4:
For medium/high-velocity CSI, support to trigger this CSI type based on measurement of periodic and semi-persistent CSI-RS.
FFS whether aperiodic CSI-RS can also be supported
Proposal 5:
For TDCP, support stand-alone report in the form of doppler spread or correlation in time.
Proposal 6:
Support Opt2, K>1 NZP CSI-RS resources with the same number of ports, for a CJT measurement hypothesis measured on multiple CMRs where each CMR corresponds to a TRP.
For either Opt1 or Opt2, the total number of CSI-RS ports for codebook search should be no more than 32.
Proposal 7:
Support Alt2, i.e., N is UE-selected and reported as a part of CSI report where N{1,..., NTRP }, to reduce the feedback overhead, signaling overhead, and UE complexity.
Proposal 8:
Support the configuration of only one CJT hypothesis for measurement and reporting by UE.
Proposal 9:
Prioritize PMI refinement based on R16 eType-II codebook over R17 FeType-II codebook.
Proposal 10:
Support Alt1, i.e., SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design.
Proposal 11:
Regarding codebook structures, support Alt2, i.e., Per-TRP/TRP group (port-group or resource) SD basis selection, and joint (across N TRPs) FD basis selection.
Proposal 12:
Support Per-TRP SD basis selection, joint FD basis selection, and the legacy Rel-16/17 per-coefficient quantization scheme.
Proposal 13:
The performance improvement caused by panel-specific SD selection needs further study for multi-panel transmission.
Proposal 14:
The candidate values of R may be influenced by the layout of TRP and need further study.
Proposal 15:
The improvement of TRP-specific codebook parameters needs further study with lower priority.
Proposal 16: 
The value of Beta needs to be further reduced to cover the lower payload range for codebook parameter of CJT, e.g. 0.125, 0.0625.
Appendix
Evaluation parameter for High/medium-CSI
[bookmark: _Ref111042615]The evaluation parameter configuration for channel prediction
	Parameter
	Values

	Channel model
	Umi model 38.901
UE distribution: 100%  NLOS
velocity=30km/h

	Center carrier
	3.5GHz

	BS Antenna Configuration
	[M N P Mg Ng]=[2 8 2 1 1]

	UE Antenna Configuration
	[M N P Mg Ng]=[1 1 2 1 1]

	CSI-RS frequency resource
	52 PRB

	SCS
	30kHz

	Sample set
	1000 UEs in random position of multi-sectors



Evaluation parameter for CJT CSI
1. 
1.1. 
The evaluation parameter configuration for CJT CSI
	Parameter
	　

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	1) Outdoor2 (typical 57-sector, or 21-sector, SLS): 
- OptionA: 1 TRP per sector, 3 sectors per site. N_TRP (#TRPs): 2, 3  (N_TRP is semi-statically chosen based on, e.g. RSRP). The N_TRP TRPs can be selected either only from the same site (intra-site - limited to 3 TRPs)
- Dense Urban (macro only) 200m ISD

2) Indoor Hotspot: model in TS 38.802
- N_TRP (#TRPs): 2, 3, 4 (N_TRP is semi-statically chosen based on, e.g. RSRP)

	Frequency Range
	FR1 only, 
2GHz

	Inter-BS (site) distance
	Outdoor2: 200m(2GHz)
Indoor Hotspot: per TS 38.802

	Antenna setup and port layouts at gNB
	InH:   (4,4,2,1,1,2,2), (dH,dV) = (0.5, 0.5)λ
DU：(8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	InH:  (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ
DU:  (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

	BS Tx power 
	InH: per TRP 21dBm
DU:Per TRP: 41 dBm for 10MHz

	BS antenna height 
	Depending on scenarios (cf. table A.2.1-1 of TS 38.802): RMa (35m), DU (25m), UMa (25m), Indoor Hotspot (3m)

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	20 MHz (10 MHz DL + 10 MHz UL) for 15kHz as a baseline 

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	MU-MIMO with rank 1 is a baseline 

	MIMO layers
	For all evaluation, the maximum MU layers is 24

	CSI feedback 
	Feedback assumption at least for baseline scheme
. CSI feedback periodicity (full CSI feedback) :  5 ms, 
. Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Traffic model
	Full buffer

	UE distribution
	According to TS 38.802
- DU and UMa: 80% indoor (3km/h), 20% outdoor (30km/h) 
- Indoor Hotspot: 100% indoor (3km/h)

	UE receiver
	MMSE-IRC as the baseline receiver

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics

	UE number per TRP
	10


Modeling of propagation delay
According to TR 38901, the absolute time of arrival is modeled by introducing propagation delay and random offsets. However, the model is only for factory halls. Traditional indoor or outdoor scenario requires minor adjustments. In the modeling we used, we only adjusted the variable L, as shown below. 
The impulse response in NLOS is determined using equation (1) and the impulse response in LOS is determined using equation (2), where c is the speed of light. Δτ is generated from a lognormal distribution with parameters according to Table 7. Δτ is generated independently for links between the UE and different BS sites. The excess delay in NLOS, Δτ, should further be upper bounded by 2L/c, where L is the ISD.
		(1)

	.	(2)

[bookmark: _Ref110956289]Parameters for the absolute time of arrival model
	
	
	-7.5

	
	
	0.4

	Correlation distance in the horizontal plane [m]
	6
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Measurement Window: 16 CSI-RS occasion with Period=2ms
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Measurement Window:32 CSI-RS occasion with Period=2ms
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Measurement Window:8 CSI-RS occasion with Period=4ms
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Cell mean SE of different CJT PMI structures in InH
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Cell mean SE of per-TRP beta in InH scenario,where
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