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1. INTRODUCTION
The Rel-18 MIMO WID [1] proposes to study enhancements to the CSI measurement and reporting. The WID scope includes the following objectives on CSI enhancements:

	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
· […]
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32



The WID has outlined two specific deployment scenarios for study: High Doppler, and Coherent Joint Transmission (C-JT). In the previous meeting [2], discussion continued on Objectives 1 and 4. In this contribution, we provide our views on Type-II codebook enhancements for these two scenarios. 

2. BACKGROUND
For Rel-18, the WID is focused on CSI enhancements to the Type-II codebook. NR Rel-17 supports two types of codebooks, i.e., Type-I and Type-II codebooks. Type-I codebook is mainly designed for single-user multiple-input-multiple-output (SU-MIMO), whereas the motivation behind Type-II codebook is multi-user (MU-MIMO) operation. The structure of both codebooks, i.e., Type-I and Type-II codebooks in matrix form is as . For both codebooks, the wideband channel state information (CSI) is contained in , whereas the subband CSI is captured in . NR supports two variants of the Type-II codebook that are supported in Rel-17. The first variant enables the UE to report multiple spatial basis vectors and linear combination coefficients from a set of quantized codebooks to approximate the channel matrix and can support up to two-layer transmissions. The second variant, an enhanced version of the Type-II codebook named Enhanced Type-II (eType-II) codebook, was introduced in Rel- 16. In eType-II codebook, the maximum number of supported layers is increased to four. To prevent excessive growth of UCI payload size, a frequency domain compression of  information is introduced.
However, the feedback overhead of Type-II codebooks remains significant and approximately linearly increases with the number of subbands. The issue is exacerbated with the Rel-18 scenarios as the number of reports increases with High Doppler, as the number of TRPs increases for C-JT.

3. HIGH DOPPLER ENHANCEMENTS
Rel-18 MIMO work aims at enhancing CSI for UEs moving with high/medium velocity. Particularly, Rel-18 aims at using time/Doppler domain information to assist downlink (DL) Type-II precoding. For a medium/high velocity scenario, the CSI application windows can be chosen such that the spatial domain (SD) bases and the frequency domain (FD) bases remains the same throughout the window, but the co-phasing coefficients changes several times. Assuming fixed SD and FD bases, with time varying co-phasing coefficients the existing precoder structure of Rel-16/17 changes from  to a time series of precoders, i.e., , where ,  is the number of precoding matrix indicators (PMIs). Since the payload size of a Type-II CSI report is dominated by , reporting a time-series of precoders, i.e.,  PMIs with fixed  and  will generate massive feedback overhead. 
In this section, we present our views on high Doppler codebook structure, CSI measurement and reporting window, time-domain channel properties (TDCP) report, and the type of parameter to be reported in a TRS-based TDCP reporting. 

High Doppler codebook structure
	For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures (by RAN1#110bis-e):
· Alt1: Doppler-domain orthogonal DFT basis commonly selected for all SD/FD bases reusing the legacy Rel-16 (and, if supported, Rel-17) , , and , e.g. 
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2: Doppler-domain orthogonal DFT basis independently selected for different SD/FD bases reusing the legacy Rel-16 (and, if supported, Rel-17) , , and 
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt3. Doppler-domain basis is the identity (no Doppler-domain compression) reusing the legacy Rel-16 (and, if supported, Rel-17) , , and , e.g. 

In addition:
· Note: Detailed designs for SD/FD bases including the associated UCI parameters follow the legacy Rel-16 (and, if supported, Rel-17) specification
· FFS: Whether one CSI reporting instance includes multiple  and a single  and  report.
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1 and Alt2) is RRC-configured or reported by the UE



Codebook structure: In our view, Alt1, Alt2 and Alt3 are structurally identical. The three alternatives differ based on the type of Doppler domain bases . In our view, choosing one of the three alternatives depends on the use-case. For instance, when , the number of PMIs with fixed  and , is small, then there may not be a need for Doppler domain compression at all. For example, when  and the number of Doppler domain bases , then, with Doppler domain compression, a UE compresses two  matrices into one  matrix, which reduces some feedback overhead at the expense of performance degradation. Instead of Doppler domain compression, another way of overhead reduction is to reduce the number of non-zero coefficients (NZCs) in each  matrix, which can be achieved by FD compression parameters i.e.,  and  configured using paramCombination-r17. Like Doppler domain compression of multiple ’s, compression of ’s using FD compression parameters of  and  will also result in some performance degradation. However, when  is small, Alt3 may require less overhead as compared to Alt1 and Alt2 in terms of bases reporting. Therefore, when  is small, Alt3 is preferable over Alt1 and Alt2.

Observation 1: For smaller number of PMIs with fixed  and , , FD compression is enough for overhead reduction.

Proposal 1: Support Alt3, i.e., identity bases when the number of PMIswith fixed  and ,, is small.

In addition, our view on Alt1 and Alt2 is provided as follows. Doppler domain compression, i.e., Alt1 or Alt2 is preferable for high Doppler cases and Alt2 can achieve superior compression performance as compared to Alt1. Alt2 can be realized from Alt1 using a bitmap to indicate SD (beam/polarization) and FD (DFT vector) indices using independent Doppler domain bases. Also, it can be expected that Alt2 can provide a better performance as for each W2, Doppler compression is performed according to a corresponding SD or FD bases. However, in our view, several additional issues arise when using Alt2, is  given as follows:
· Additional overhead to indicate which SD (beam/polarization) and FD (DFT vector) indices use separate Doppler domain bases
· A new signaling design to support indication of SD (beam/polarization) and FD (DFT vector) indices that use separate Doppler domain bases
· Need to have further study on whether all or a subset of SD (beams/polarization) and FD (DFT vector) indices use separate Doppler domain bases 

Clearly, Alt2 requires more specification efforts and overhead in terms of specific Doppler domain bases indication. 

Design of SD/FD bases and associated UCI parameters: In medium/high UE velocity, the SD and FD bases may remain constant for longer durations as compared to the co-phasing coefficients. Therefore, for fixed  and , the co-phasing coefficients  may change several times. Hence, for fixed  and , multiple  matrices need to be reported. Rel-16 procedures for SD and FD indication of NZCs indices  can be re-used for Rel-18 high Doppler scenario with the following modifications. In Rel-16, SD (beam/polarization) and FD (DFT vector) indices of NZCs changes from one  matrix to another. In Rel-16, a bitmap of length  bits per layer per W_2 matrix is used to indicate beam/polarization and DFT vector indices of NZCs, where  is the number of beam and  is the number of DFT vectors for  layer. For Rel-18 high Doppler scenario, we propose two alternatives for beam/polarization and DFT vector indices indication of NZCs in multiple  matrices, as follows: 
I) SD (beam/polarization) and FD (DFT vector) indices of NZCs are common for all  matrices 
II) SD (beam/polarization) and FD (DFT vector) indices of NZCs are different for each  matrix

From our perspective, alternative II does not provide any substantial gain over the first alternative, as the Doppler domain bases should not vary from one W2 to another within the time frame . Therefore, a fixed length bitmap for indication of NZCs should be considered. 

Observation 2: Alternative II does not provide any substantial gain over the first alternative, as the Doppler domain bases should not vary from one W2 to another within the time frame N_4. 

Proposal 2: Support a fixed length bitmap for indication of NZCs.

CSI measurement and reporting window
	On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1.B:  l ≥ nref
· nref (a CSI reference resource slot) as boundary
· Alt2.B: l ≥ n
· n (report slot) as boundary


Based on the recent agreement [2], following terminologies are defined to characterise timing relationship between CSI measurement, report, and application. 
· A CSI report is assumed in slot n
· CSI-RS measurement window is defined as [k, k+Wmeas –1], where k is a slot index and Wmeas is the measurement window length (in slots)
· CSI reporting window is denoted as [l, l+WCSI –1], associated to the CSI report in slot n, where l is a slot index and WCSI is the reporting window length (in slots)
· CSI reference resource(s) in time-domain is denoted as nref (slot index)

In our view, UE side prediction is preferable. In a high Doppler scenario, CSI outdates faster. Therefore, CSI prediction should begin closer to the measurement window. For instance, if the CSI prediction begins closer to nref, and is reported after slot n as per Alt1B, it might already be outdated. Therefore, in our view, Alt1.B seems a more reasonable solution. 

Observation 3: Alt1.B requires less specification efforts and allows UE side prediction to begin closer to the measurement window

Proposal 3: Support Alt1.B

TDCP report
	For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:

· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc

· AltB. Based on time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts

· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.

Note: Different alternatives may or may not apply to different use cases  


In our understanding, the main motivation for TDCP report is to have a correct configuration of CSI process that corresponds to the time variation of the wireless channel. In our view, the agreements on TRS-based TDCP reporting and TDCP parameters are inter-related with the agreement on codebook structure and CSI reporting and measurement window. 
In our view, the main benefit of AltC is in its higher certainty from gNB/NW operation perspective, meaning that since it is directly based on the measurement and its observed reliability, a UE can suggest a CSI configuration that is suited for the observed channel. However, in Alts. A and B, the UE is obliged to report TDCP, even if due to low SNR or other impairments, the accuracy of its measurement is erroneous and not reasonable. Then, when gNB receives the TDCP report, it will react to it without knowing whether the measurement was reliable or not.
From our perspective, Alts A and B could work properly only if we define a UE behavior for when the accuracy of TDCP measurement is not sufficiently high. 

Having said that, we support AltA or AltB, if a reliability aspect of the measurement is considered and a corresponding UE behavior for TDCP reporting is studied. Otherwise, we find AltC would be a better way-forward.

Observation 4: In Alts. A and B, the UE is obliged to report TDCP, even if due to low SNR or other impairments, the accuracy of its measurement is erroneous and not reasonable.

Proposal 4: For Alts. A and B, RAN1 studies UE behaviour for when the accuracy of TDCP measurement is not sufficiently high. 

Therefore, in our view, some additional indication can be considered to help gNB asses the quality TDCP report for CSI configuration and UE/gNB prediction. For instance, a UE can determine a confidence level (CL) of prediction or quality of prediction and report it as part of a TDCP report. The CL of prediction or quality of prediction can be determined by a considering a measurement, comparing the predicted CSI and actual CSI measurement, etc.

Observation 5: UE side CSI prediction may not always be accurate and therefore some indication of the CSI prediction quality is needed at the gNB. 

Proposal 5: Include an indication of confidence level (CL) of the estimated TDCP in the TDCP report.
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4. C-JT ENHANCEMENTS
Rel-18 C-JT codebook design
	For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):


· Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes.
· FFS: Depending on the decision on SCI design, whether additional per-TRP/TRP-group amplitude scaling and/or co-phase is needed or not, and whether they are a part of W2s



The Rel-18 C-JT codebook supports two different modes. In both modes, the SD basis selection is done per TRP/TRP group. In Mode 1, the FD basis selection is done per TRP/TRP group, while in Mode 2 the FD basis selection is done jointly across TRP/TRP groups. Mode 2 benefits from a reduced overhead compared to Mode 1 since the UE feeds back only one set of FD basis for the NTRP TRP/TRP groups, whereas Mode 1 requires NTRP FD basis. The SD and FD basis are separate, and reuse the DFT basis design that already exists in the specification.
 
SD/FD basis selection
	Offline proposal 1.2: On the SD basis selection for Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), SD basis selection is per CSI-RS-resource. 
· Down select one from the following alternatives (RAN1#110bis-e):
· Alt1. Per-CSI-RS-resource Ln parameter 
· TBD: Whether {Ln, n=1, ..., N} are higher-layer configured by gNB, or the total  is higher-layer configured by gNB while {Ln, n=1, ..., N} are reported by the UE
· Alt2. Common L parameter for all N CSI-RS resources



	In the pre RAN1 offline discussion, companies discussed how the number of bases is determined per TRP.  Proposal 1.2 highlights two alternatives that are under discussion. Both alternatives follow the agreed dual Mode codebook design where the SD basis are selected per CSI-RS resource (i.e., per TRP since there are N CSI-RS corresponding to the N TRP/TRP-groups). 
· In Alt1, the number of bases is different per TRP and is given by Ln. Ln is increased or reduced to adjust the per TRP beam resolution. 
· One option is to let the network RRC configure the Ln values per TRP; however, it is not clear how the network knows the UE’s optimal set of Ln. The feedback overhead is variable as a function of the selected Ln. 
· Another option is to let the network configure the total L, and it’s up to the UE to report the Ln used per TRP. The feedback overhead is fixed to L total beams; however, it requires an exhaustive search at the UE to select the optimal combinations of Ln per TRP. Additional specification impact is required so that the UE may signal the Ln values, and the index of the chosen bases. 
· In Alt2, a single value of Ln is configured, and used for each TRP. Compared to Alt1, the feedback overhead may be higher since it is not possible to do per TRP resolution adjustments. 

Amongst the considered options for down selection, Alt2 requires less specification impact, but Alt1 can help with the feedback overhead. We can support Alt1, but it should be further studied how to reduce the impact on UE complexity. In some scenarios (e.g., intra-cell), a subset of the total bases should be sufficient. We propose to further study additional restrictions on the basis set selections to narrow down the UE’s search space. 

Observation 6: Alt2 requires less specification impact, but Alt1 can help with the feedback overhead. 

Proposal 6: We make the following proposals:
· Support Alt1. per-CSI-RS-resource SD basis selection, per-CSI-RS-resource Ln parameter with UE selected Ln. 
· Study additional restrictions on the basis set selections to reduce UE complexity. 

SCI design
	On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, for each layer, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups
· Alt2. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI
· FFS: Quantization of N strongest coefficients  
· Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
· FFS: SCI, per-TRP/TRP-group vs. one (common) SCI across all TRPs/TRP groups  
· FFS: Quantization of N strongest coefficients
· Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining N-1 TRPs/TRP-groups, one group comprises one polarization across remaining N-1 TRPs/TRP-groups (Cgroup,amp=2+2=4), with a common phase reference across all of N TRPs/TRP-groups (Cgroup,phase=1)
· FFS: The selected TRP/TRP-group
FFS: The need for “strongest” TRP/TRP-group indicator in addition to SCI(s)



	In the specification for Type-II CSI, a UE determines the beam with the strongest coefficient, and indicates this through the Strongest Coefficient Indicator (SCI). The UE reports the amplitude and phase of the strongest coefficient with the highest granularity and reports other coefficients values relative to the strongest one. Without CJT, all ports are sent from the same TRP, so no further indication is needed. With the discussion on TRPs and TRP-groups, there is an FFS on how the TRP/TRP-groups are defined with respect to phase and amplitude reference, and whether the reference for SCI should be determined per TRP or across TRPs. It is also FFS whether an additional strongest TRP/TRP-group indication is needed. The following alternatives were identified last meeting, and consider different combinations of references for amplitude and phase SCI: 
· In Alt1, the UE uses one polarization across all TRPs as a reference, and one SCI across all TRPs. A UE reports one strongest coefficient in total, and all other coefficients are reported relative to one SCI. This alternative requires minimal specification impact since the TRP groups are transparent to the UE. The SCI also serves to implicitly indicate the strongest TRP because the SCI coefficient weighs one beam associated with a TRP’s SD basis. This alternative has lower reporting resolution compared to other options since only one SCI amplitude and phase are reported. 
· In Alt2, the UE uses one polarization per TRP/TRP-group as a reference, and reports one SCI per TRP/TRP-group (N total). Compared to Alt1, higher overhead is required to report N high resolution amplitude and phase coefficients. An additional indication is required to identify the strongest SCI amongst the set of N TRP/TRP-groups.  
· Alt3 is similar to Alt2, but only the SCI amplitude is reported per TRP/TRP-group whereas one SCI phase is reported across TRP/TRP-groups. Compared to Alt2, the feedback overhead of N-1 phase coefficients is saved. 
· In Alt4, one SCI phase is reported across TRP/TRP-groups. One SCI amplitude is reported for one TRP-TRP/groups, and one SCI amplitude is reported for the remaining N-1 TRP/TRP-groups by considering the strongest amplitude across the N-1 TRP/TRP-groups. Compared to Alt3, amplitude feedback overhead is reduced by reporting a single SCI amplitude for the N-1 TRP/TRP-groups. One additional indication is required to identify the strongest SCI amongst the set of 2 TRP/TRP-groups.

CJT is most likely to be used when the network schedules a UE with TRPs that are all within similar range of RSRP values, and propagation delays from multiple TRPs. An explicit strongest TRP/TRP-group indicator doesn’t seem necessary since the power/delay properties of TRPs in the CJT shouldn’t deviate much from the strongest TRP. The performance gain from having more than one SCI is not clear since the relative amplitude and phase gains of coefficients from beams in TRP/TRP-groups are captured through the W2 co-phasing/combining anyways. Therefore, our preference is Alt1 because it only requires a single SCI amplitude and phase which avoids the high feedback overhead of other options. It also has the least spec impact since no additional SCIs are needed, and the strongest TRP/TRP-group indication can be implicitly indicated if needed through the SCI.  

Observation 7: TRPs scheduled for CJT typically exhibit similar power and propagation delays. 

Proposal 7: Support Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups. 

TRP selection
	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) by RAN1#110bis-e:
· Alt1. N is gNB-configured via higher-layer (RRC) signalling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signalling
· 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
· Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.
FFS: Whether S-TRP transmission hypothesis is also reported 



	Last meeting, it was agreed to support CJT mTRP with NTRP = {1, 2, 3, 4} TRP/TRP-groups. NTRP represents the measurement set of TRPs where CMRs are sent, and where a UE performs measurements for RSRP and CSI. A UE is configured with a CMR per TRP/TRP-group for a total of NTRP resources with the same number of ports each. This can represent a broad set of TRPs to give the UE multiple options for optimal CJT reception. The set of TRPs depends on network deployment setup and configuration so the set remains relatively fixed over time. In our view, NTRP determines the size of the measurement set, which is determined by the network and signalled to the UE. 

Observation 8: The network determines which TRPs are configured in the measurement set for C-JT based on the deployment setup.
 
Proposal 8: NTRP is a higher-layer signaled set of TRPs for CSI measurements.

The number of scheduled TRPs for CJT is given by N which is a subset of TRPs selected from NTRP. There are two alternatives remaining on how to determine N. 
· In Alt1, N is a fixed RRC configured value, and determined by the gNB. The number of TRPs, and the indices of the cooperating TRPs are preconfigured as part of the CSI reporting configuration. A single measurement hypothesis is included per CSI report and remains static based on N. The UE implicitly determines the measurement hypothesis based on N. If N=1, the UE reports an sTRP measurement hypothesis, and otherwise, the UE reports a CJT measurement hypothesis. 
· In Alt2, N is variable, and determined by the UE. The UE performs CSI calculation for different combinations of TRPs. The UE determines the optimal value of N and reports it along with the associated CSI, which could be for sTRP or CJT hypothesis. Compared to Alt1, the UE is better positioned to provide an accurate selection of TRP sets for CJT. sTRP and CJT hypothesis can be supported in a single reporting setting with similar pairing enhancement that were introduced in Rel-17 with NC-JT reporting. 
· If N=1, the UE reports an sTRP measurement hypothesis. A CRI can be used to indicate the CMR and therefore the TRP index associated to a hypothesis. 
· If N>1, there are multiple possible TRP pairs. The UE needs to report the pair of TRPs upon which the CSI calculation is conditioned on. The TRP pairs could be preconfigured based on pairing CMRs from different TRP/TRP-groups, and assigning CRIs to each pair. A UE reports a CSI along with the pair to indicate the selection of N TRPs. 

In our view, the UE has more information to make the best decision on N and which TRP sets should be selected. For a general use case, the optimal selection depends on the UE orientation and movement with respect to TRPs in the measurement set. 

Observation 9: UE performs the measurements that provide the best information on the selection of N.
 
Proposal 9: Support Alt2. N is UE-selected and reported as a part of CSI report where N∈{1,..., NTRP}. 


5. CONCLUSION
In this contribution, we provided our views regarding CSI enhancements for Rel-18 MIMO. Based on the presented discussion, we make the following observations and proposals,

CSI Enhancements for High Doppler
Observation 1: For smaller number of PMIs with fixed  and , , FD compression is enough for overhead reduction.

Observation 2: Alternative II does not provide any substantial gain over the first alternative, as the Doppler domain bases should not vary from one W2 to another within the time frame N4. 

Observation 3: Alt1.B requires less specification efforts and allows UE side prediction to begin closer to the measurement window

Observation 4: In Alts. A and B, the UE is obliged to report TDCP, even if due to low SNR or other impairments, the accuracy of its measurement is erroneous and not reasonable.

Observation 5: UE side CSI prediction may not always be accurate and therefore some indication of the CSI prediction quality is needed at the gNB. 


Proposal 1: Support Alt3, i.e., identity bases when the number of PMIs with fixed  and ,, is small.

Proposal 2: Support a fixed length bitmap for indication of NZCs.

Proposal 3: Support Alt1.B

Proposal 4: For Alts. A and B, RAN1 studies UE behaviour for when the accuracy of TDCP measurement is not sufficiently high. 

Proposal 5: Include an indication of confidence level (CL) of the estimated TDCP in the TDCP report.

CSI Enhancements for CJT
Observation 6: Alt2 requires less specification impact, but Alt1 can help with the feedback overhead. 

Observation 7: TRPs scheduled for CJT typically exhibit similar power and propagation delays. 

Observation 8: The network determines which TRPs are configured in the measurement set for C-JT based on the deployment setup.

Observation 9: UE performs the measurements that provide the best information on the selection of N.


Proposal 6: We make the following proposals:
· Support Alt1. per-CSI-RS-resource SD basis selection, per-CSI-RS-resource Ln parameter with UE selected Ln. 
· Study additional restrictions on the basis set selections to reduce UE complexity. 

Proposal 7: Support Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups. 

Proposal 8: NTRP is a higher-layer signaled set of TRPs for CSI measurements.

Proposal 9: Support Alt2. N is UE-selected and reported as a part of CSI report where N∈{1,..., NTRP}. 
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