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In last meeting, there was good progress on enhancements of CSI acquisition for CJT and mobility with many agreements agreed [1]. 
In this contribution, we discuss the CSI enhancement for CJT and mobility.
[bookmark: _Ref129681832]CSI enhancement for coherent JT
Codebook structure for CJT CSI enhancement
	Agreement
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


There are two assumption on the calculation of PMI at UE side as below. 
· Assumption 1: per-TRP precoder obtained by SVD over per TRP channel, which are coupled with co-phase/co-amplitude.
· Assumption 2: jointly precoder across TRPs obtained by SVD over concatenated channel.
In companies’ evaluations, different assumptions may be used for different codebook modes. However, the assumption of PMI calculation should be decoupled from the codebook mode. This is because both assumptions can be used for both codebook modes, and the main difference between the two codebook modes is just whether the FD basis is jointly selected across TRP or not. 
With assumption 1, per-TRP precoder is calculated by SVD over per-TRP channel, which utilizes mainly the channel property of each single TRP. Although the signals from multiple TRPs are aligned by co-phase/co-amplitude, it’s not the optimal precoder. Meanwhile, assumption 2 calculates the precoder by SVD over the concatenated channel of all cooperating TRPs as a whole, which better matches the actual characteristics of multi-TRP channel and can achieve better coherent transmission performance. 
To strive to share commonality in detailed designs by two codebook modes, it is recommended to utilize the same PMI calculation assumption for both modes in the subsequent discussion. Considering the performance, assumption 2 is preferred.
Proposal 1: For both codebook modes, jointly precoder across TRPs obtained by SVD over concatenated channel is assumed.
TRP selection/determination
	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) 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 


For Alt 2, UE selects the cooperating TRPs for CSI report. This would result in varying feedback overhead, which wastes the pre-configured uplink resources for feedback. There is also possibility that UE under-estimates some TRPs with instantaneous measurement, thus the performance is degraded. Moreover, UE is not aware of the cell-level information such as scheduling information, load and overall MU interference at gNB side, which will limit the UE selection. To guarantee the performance one possible way is that M () TRPs can be configured in the cooperating TRP set, and UE selects the remaining N-M TRP(s). 
For Alt 1, the TRPs for measurement are configured by gNB. To make sure that the feedback reflects UE measurement, UE can feedback zero coefficients or spatial domain basis for TRPs with bad channel quality, and feedback more coefficients for TRPs with good channel quality. In this way, the Alt 1 can accomplish the same functionality and flexibility of Alt 2 while all configured TRPs are measured, and can maintain the same feedback overhead to avoid waste of resources for UCI.
Hence, we prefer Alt1 for TRP selection/determination.
Proposal 2: For TRP selection/determination, the N configured TRPs are gNB-configured via higher-layer (RRC) signaling.
SD basis selection and indication
According to agreements in the last meeting, the SD basis selection is per-TRP/TRP group in both codebook modes. Since the spatial sparsity and channel quality are different across all TRPs, the number of SD basis vectors can also be TRP-specific. The total number of SD basis vectors for all TRPs  can be gNB-configured via higher-layer signaling, and UE can report different number of SD basis for different TRPs based on measurement, with more SD basis vectors for TRPs with good channel quality and less SD basis vectors for others.  
For each TRP, the SD basis can be layer-common to reuse the legacy principle. There are two possible ways to indicate the per-TRP SD basis selection.
· Independent indication of per-TRP SD basis selection: for each TRP, reuse the legacy SD basis indication principle with combinatorial indicator of  bits, and value  needs to be reported by UE explicitly. Each  can be reported directly or jointly according to various possible combinations.
· Joint indication of per-TRP SD basis selection: concatenate the candidate beam sets of N TRPs into a set, use an -bit combinatorial indicator to indicate the selected SD basis for all TRPs. Each  can be obtained implicitly by this indicator and need no additionally report. 
The following cases are evaluated considering TRP-specific v.s. TRP-common Ln, with TRP-common number of FD basis M and the same total number of SD basis  of all TRPs for both cases. For the parameters setting , the first six groups of the existing Rel-16 parameter combinations table (Table 5.2.2.2.5-1 in TS.38.214) is used, where .
· Case1 (TRP common Ln): the number of SD basis L is TRP-common, and the NZC per TRP are selected independently with the maximum number .
· Case2 (TRP specific Ln): the number of SD basis  is TRP-specific, and jointly select NZC across TRPs with maximum total number .
[image: ]
[bookmark: _Ref115352037]Figure 1. Performance of TRP-common/specific Ln/W2 of CJT
As observed in Figure 1, the TRP-specific case outperforms the TRP-common L case for both mean UPT and 5% UPT, with 5~9% and 4~10% performance gain for mean UPT and 5% UPT respectively. 
Observation 1: TRP-specific  has a better performance compared to the TRP-common case, with 5~9% gain for mean UPT and 4~10% for 5% UPT.
Proposal 3: Support TRP-specific number of SD basis vectors, the total number of basis is configured by gNB and  per TRP is reported by UE. 
Proposal 4: Support layer-common SD basis.
FD basis selection and indication
For FD basis selection for both codebook modes, we prefer that a TRP-common number of FD basis across TRPs to avoid the varying NZC bitmap size. Then the total size of bitmap can be  for TRP-common .
In Rel-16 eType II codebook, FD basis selection is layer-specific. However, for per-TRP basis selection, the FD indication overhead increases proportionally with the number of cooperating TRPs, especially for the high rank transmission. To solve this issue, a combination of layer-specific and layer-common FD basis can be considered. For example, for the X strongest TRPs, FD basis is layer-specific; while for the other N-X TRPs, FD basis is layer-common (where 1≤X≤N-1). 
Proposal 5: Support TRP-common number of FD basis across TRPs to avoid the varying NZC bitmap size.
Proposal 6: The combination of layer-specific and layer-common FD basis can be considered to reduce the overhead of FD basis selection.
Joint coefficients selection for W2
The channel quality and the number of useful spatial paths are different for different TRPs, so the number of non-zero coefficients in W2 for each TRP can be different. Joint non-zero coefficients selection across TRPs can lead to more precise CSI acquisition for TRPs with good channel quality, and less coefficients for others with limited total overhead. Actually, the number of combination coefficients for each TRP is strongly related to the number of selected SD basis vectors. The TRP-specific  case discussed in Section 2.3 naturally implied the different size of combination coefficients to be selected and can lead to better joint non-zero coefficients selection, so as to achieve better performance. 
Since the positions of NZC may be different across TRPs, a joint coefficients selection across TRPs can support more flexibility and better performance. The legacy parameter β can be reused to limit the maximum total number of NZC for all TRPs to .
Proposal 7: Support joint coefficients selection for W2 among cooperating TRPs, with separate bitmap per TRP and maximum number of NNZC across all TRPs.
W2 grouping and SCI indication
	Agreement
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)


The Alt3 scheme with Cgroup,amp=2N and Cgroup,phase=1 is preferred because the signal strength from different TRPs may vary significantly. With per-TRP reference amplitude, and per-TRP per-polarization amplitude group, the range of amplitude within each group is smaller and can be quantified more accurately with a limited quantization alphabet. While, for phase reporting, only a single reference phase is needed and the reference phase can be aligned among all TRPs.
For the SCI, we prefer a single SCI among TRPs. And similar to legacy Rel-16 eType II codebook, the positions of strongest amplitudes for all the other TRPs/polarization is not needed to be reported, and can be derived in the reporting of differential amplitudes. For the indication of strongest TRP for single SCI case, the following options can achieve the same functionality:
· A SCI across all TRPs and no indication of the strongest TRP
· A SCI for the strongest TRP together with indication of the strongest TRP
Proposal 8: Support 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) with single SCI.
Receiver side information feedback
In the CJT scenario especially for MU-MIMO, receiver side information feedback to obtain the full channel H has some significant advantages over the legacy per-rank PMI.
· Precise SINR estimation and MCS setting: Since the major scenario of CJT is ideal backhaul, gNB can acquire the exact information of the channel and optimal precoder for both signal and interference in MU-MIMO for CJT, thus the accuracy of SINR estimation and MCS is increased. It is especially beneficial for the UE-centric scenario in which the measurement and transmission TRP set are not exactly the same for different UEs.
· Multiple transmission hypotheses are supported by gNB implementation: With the full channel of all TRPs, gNB can easily calculate the precoder for multiple transmission hypotheses using the channels of selected TRPs. However, the per-rank PMI feedback cannot do that, because part of the eigenvector of the combined channel of multiple TRPs is not equal to the eigenvector of the channel of a single TRP.
The full channel feedback with receiver side information can be done by per-RX reporting or per-layer reporting with additional information related to the left singular matrix U of the channel. The former is preferred because UE needs not to do the SVD operations to achieve lower complexity.
For per-RX reporting, the CJT codebook design for per-layer reporting can be reused with following difference.
· Per-layer reporting in current spec: the recommended PMI is feedback to gNB as  , where  is the PMI for layer .
· Per-RX reporting: the channel is feedback to gNB as , where  is the channel measured at antenna port t of UE. 
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[bookmark: _Ref115356342]Figure 2. Performance gain of CJT with receiver side information feedback (by per-Rx reporting)
The performance of receiver side information feedback via per-RX reporting is evaluated. As shown in Figure 2, there is a significant performance gain with receiver side information feedback for both mean UPT and 5% UPT. The receiver side information feedback can lead to about 5~10% performance gain for mean UPT and 18~35% performance gain for 5%UPT. 
Observation 2: The full channel feedback for CJT codebook by per-RX reporting can provide 5~10% gain for mean UPT and 18~35% gain for 5% UPT respectively. 
Proposal 9: Support receiver side information feedback for CJT by per-RX reporting.
· The channel feedback is , where  is the channel measured at antenna port t of UE.
Propagation delay difference 
In the multi-TRP CJT scenario, one UE is jointly served by a set of TRPs. And the signals transmitted by different TRPs travel through different propagation paths to the UE. Since the distances of the propagation paths from the serving TRPs to the UE are different, additional delay will be introduced for the channel of the farther TRPs. As a result, the delay spread is increased. For CSI measurement of multiple TRPs, such delay spread will lead to heavier frequency selectivity compared with the single-TRP channel. To resolve this issue, finer frequency domain granularity with R=4 is preferred for the CJT CSI acquisition.
The performances of different frequency domain granularity are compared and analysed by evaluations with receiver side information feedback, where the bandwidth is 20MHz and the CQI granularity is 8RB with R=2/4. As shown in Figure 3, compared with R=2 case, the R=4 case has finer PMI granularity changes from 4RB to 2RB, and lead to a 5% and 8~11% performance gain at mean UPT and 5% UPT respectively.
Observation 3: Performance gain can be achieved when the PMI granularity changes from 4RB to 2RB with R=4, with 5% gain for mean UPT and at 8~11% gain for 5% UPT.
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[bookmark: _Ref115367411]Figure 3. Performance gain of CJT with different frequency domain granularities
Another way to overcome this issue is to report the relative propagation delay difference  of different TRPs by UE. The whole process is illustrated in Figure 4. Base on the feedback of delay difference among TRPs, UE can pre-compensate the delay differences of multi-TRP channel by phase rotation to reduce the delay spread before computing the precoding matrix, so as to reduce the CJT PMI precision loss caused by great frequency selectivity. And then gNB restores the real CJT precoding matrix with actual delay spread by phase de-rotation based on the reported delay difference and CJT PMI. With the reported delay difference, gNB can obtain the more precise precoding matrix with finer frequency domain granularity by RB-level phase de-rotation in the PMI subband.
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[bookmark: _Ref115375087]Figure 4. Illustration of delay difference pre-compensation and recovery
Proposal10: Support finer frequency domain granularity for CJT CSI feedback with R=4.
Proposal 11: Support to report the relative propagation delay differences among TRPs with respect to a reference TRP.
Configuration of codebook parameters
As discussed above, TRP-specific  and joint NZC selection of W2 can achieve better performance, and TRP-common M can avoid a varying size of W2 and bitmap indication for all TRPs. Therefore, although the framework of legacy parameter combination table with L, pv and β for Rel-16 or α, M and β for Rel-17 can be reused, the interpretation of these parameters needs to be adapted for CJT. For example, L represents the total or average number of SD basis vectors ( or  where ), pv is the same for all TRPs to obtain TRP-common M, and β can be used to limit the maximum total NZC number for all TRPs to . The specific values of parameter combinations need to be further discussed based on the simulation results, taking the legacy parameter combination table as a baseline reference.
After gNB configures the basis parameters based on above-mentioned parameter combination table, UE still need to report the actual number of SD basis vectors per TRP . As discussed in Section 2.3,  can be reported implicitly via joint indication of per-TRP SD basis selection, or jointly indicated according to possible combinations. Different  combinations need to be  related to various TRP number N and  (or ) combinations. For a given N and  (or ) combination, the following example table form can be referenced.
Table 1．An example table form for a given N and  (or ) combination to indicate 
	 (or )

	
	
	
	

	1
	4
	4
	4

	2
	6
	4
	2

	…
	…
	…
	…



Proposal 12: The framework of parameter combination table reuse the legacy (L, pv and β for Rel-16 eType II codebook based refinement and α, M and β for Rel-17 PS codebook based refinement). The specific values of parameter combinations need to be further discussed.
CSI enhancement for mobility
Prioritize refinement of Rel-16 vs Rel-17 Type-II
	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


As the Rel-17 FeType-II PS codebook can achieve a better performance, and most of the refinement for high/medium velocities are common for both Rel-16 and Rel-17, we support the refinement for Rel-17 FeType-II port selection codebook. 
The enhancements for mobility are summarized in Table 2. Most of the refinement for Rel-16/17 codebooks are the same, including codebook structure, Doppler basis design and indication, and W2 reporting. The parameter combination for Rel-16 and Rel-17 based refinement needs to be discussed separately since the parameter combinations for Rel-16 and Rel-17 may be different. In addition, although most of the CSI-RS configuration enhancement can be the same, the CSI-RS measurement window for Rel-16/17 is different since the same angle-delay during the CSI-RS measurement window should be used.
Table2. The major issues of CSI enhancement for mobility 
	Issues
	Refinements

	Codebook structure
	The same enhancement for Rel-16/17 Type II codebooks

	  and 
	Port selection
	No enhancement needed

	
	FD basis indication
	

	
	Doppler basis indication
	The same Doppler basis indication for Rel-16/17 Type II codebooks

	
	Non-zero coefficients selection
	The same enhancement for Rel-16/17 Type II codebooks

	
	Strongest coefficient indicator(s)
	The same enhancement for Rel-16/17 Type II codebooks if needed

	
	Coefficient quantization scheme
	The same enhancement for Rel-16/17 Type II codebooks

	Others
	Configuration of CSI-RS
	Most enhancements are the same for Rel-16/17 Type II codebooks, except CSI-RS measurement window

	
	Parameter combination
	Different for Rel-16/17 Type II codebooks



Observation 4: The refinement on Rel-16 and Rel-17 Type II codebooks can share the same design for most issues except the parameter combination and CSI-RS measurement window for the CSI-RS configuration. 
Proposal 13: Support Rel-17 FeTypeII codebook refinement for high/medium velocities.
Codebook design
Codebook structures
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures:
· [bookmark: _Hlk115339275]Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Note that  may be the identity as a special case
· 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.



There are three alternatives of codebook structure for down-selection: Doppler-domain basis selected for all SD/FD bases (Alt2A), Doppler-domain basis independently selected for different SD/FD bases (Alt2B) and multiple  with a single  and  (Alt3). 
For Alt3, although it can save the feedback overhead for  and  report, the feedback overhead  is still large, which consists of most part of overhead for Rel-16/17 eType-II codebook. The overhead of Alt3 is significantly higher than the overhead of Alt2 without compression of . In addition, as better performance can be obtained by per-slot channel interpolation based on predicted channels, the overhead of Alt3 severely increases for per-slot CSI feedback.
For Alt2A and Alt2B, Alt2B is a special case of Alt2A as Alt2A could select Doppler-domain basis independently by the bitmap of . In addition, with UE side channel prediction, aligning the phases of the predicted channels can be performed and the  basis can be remapped to be around index 0, similar to Rel-16  basis remapping, which makes the Doppler domain of the predicted channels sparser. Therefore, selecting Doppler-domain basis commonly is enough for all SD/FD bases. 
Moreover, there are higher indication overhead to independently select Doppler basis for different SD/FD basis. For example, considering selecting 3 from 10 Doppler domain basis and basis indication by combination coefficients, it only takes  bits to indicate the commonly selected basis, but takes bits to indicate independently selected basis, where parameter  denotes the number of selected SD/FD basis. When the number of SD/FD basis is larger, the overhead of Doppler basis indication is very large.
Observation 5: The overhead of Alt3 is significantly higher than the overhead of Alt2 as doppler domain compression is not used.
Observation 6: When the number of SD/FD basis is larger, the overhead of Doppler basis indication with Alt2B severely increases.
System level evaluations are provided in Figure 5 and Figure 6 to compare the performance between Alt2A, Alt2B and Alt3. Detailed evaluation assumptions can be found in Appendix II. For Alt2A, 3 common Doppler domain bases are selected from 20 Doppler domain DFT basis. For Alt2B, 3 Doppler domain bases are selected independently for each SD/FD basis. For Alt 3, we report double  and a single  and  with two schemes, where Alt3A has the same CSI feedback overhead as Alt2 (each  is compressed in half) and Alt3B has double CSI feedback overhead compared with Alt2 (no compression for ). The specific CSI feedback overhead are as follows in evaluation:
· Alt 2A: the same overhead with Rel-16/17
· Alt 2B: the same overhead with Rel-16/17
· Alt 3A: double W2 with a single W1 and Wf, the same overhead of Rel-16/17
· Alt 3B: double W2 with a single W1 and Wf, twice the overhead of Rel-16/17
It can be observed that Alt2B can only achieve less than 1% performance gain compared Alt2A for both R17 FeTypeII codebook and Rel-16 eType-II codebook enhancement. Compared with Alt2A, it can be observed that Alt3B has 6% performance loss and Alt3A has 18% performance loss for Rel-17 FeType II mobility codebook, Alt3B has 3.5% performance loss and Alt3A has 17% performance loss for Rel-16 eType II mobility codebook.
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[bookmark: _Ref115463457]Figure 5. Performance of Alt2A, Alt2B and Alt3 with R17 FeType II
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[bookmark: _Ref115463464]Figure 6. Performance of Alt2A, Alt2B and Alt3 with R16 eType II
Observation 7: For R17 FeType II and R16 eTypeII codebook enhancement, Alt2B has no obvious performance gain compared with Alt2A.
Observation 8: For R17 FeTypeII and R16 eTypeII codebook enhancement, compared with Alt2A, Alt3 which reports double W2 is worse than Alt 2A with double CSI overhead.
Based on above analysis, the following proposal is suggested:
Proposal 14: Doppler-domain basis commonly selected for all SD/FD bases should be supported for Type-II codebook refinement for high/medium velocities.
Doppler-/time-domain basis
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, on the DD/TD basis waveforms:
· Down-select or combine from the following Doppler-/time-domain basis waveforms:
· Alt1. Orthogonal DFT
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2. Identity (i.e. no Doppler-/time-domain compression)
· 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) is RRC-configured or reported by the UE
· 

	

	


For Doppler-/time-domain basis design of Type-II codebook refinement for high/medium velocities, two alternatives have been agreed in the last meeting. For Alt2, Identity doppler basis with no Doppler-/time-domain compression will introduce large CSI feedback overhead, which is not preferred. 
System level evaluations are performed for Orthogonal DFT without rotation factor, Orthogonal DFT with rotation factor and oversampled DFT, with simulation results shown in Figure 7 and Figure 8. Alt1A denotes the orthogonal DFT without rotation factor, Alt1B denotes the orthogonal DFT with rotation factor, and Alt2 denotes the oversampled DFT. 
For both R17 FeTypeII codebook and R16 eTypeII codebook, it can be observed that there’s no obvious difference between Alt 1A, Alt 1B and Alt 2. Therefore, orthogonal DFT without rotation factor is preferred as it need the lowered feedback overhead.
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[bookmark: _Ref115463504]Figure 7. Performance for UE-based CSI prediction of different basis waveforms with R17 FeType II
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[bookmark: _Ref115463511]Figure 8. Performance for UE-based CSI prediction of different basis waveforms with R16 eType II
Observation 9: For R17 FeType II and R16 eTypeII codebook enhancement, there’s no obvious performance gain between orthogonal DFT without rotation factor, orthogonal DFT with rotation factor and oversampled DFT.
Proposal 15: Support Orthogonal DFT basis without rotation factor for Doppler domain compression.
CSI enhancement for measurement and reporting
Configuration of CSI-RS occasion
	Moderator’s Proposal 2.G: On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support the following CSI-RS resource types/structures for CMR:
· Time-domain behaviour for NZP CSI-RS resource: periodic, semi-persistent, [aperiodic]
· [FFS: aperiodic]
· The use of K≥1 NZP CSI-RS resources:
· FFS: details


To extract more accurate Doppler information, continuous CSI-RS transmission is needed for UE to measure channel information and new Time-domain behaviour for NZP CSI-RS resource should be defined. One open issue is whether to support AP CSI-RS. AP CSI-RS provides greater flexibility for gNB configuration and scheduling, so the overhead for CSI-RS can be saved by aperiodic triggering. In addition, the AP CSI-RS can reduce the calculation complexity and CPU usage compared with P/SP CSI-RS measurement for UE.  Therefore, we support AP CSI-RS for CSI measurement.
In current spec, the aperiodic CSI-RS configuration cannot trigger a group of uniformly separated CSI-RS burst. We propose to use multiple CSI-RS resources for CSI measurement and the CSI-RS resource set with multiple CSI-RS resource can be configured to perform a Doppler information measurement, which is a unified design for periodic CSI-RS, semi-periodic CSI-RS and aperiodic CSI-RS as shown in the Figure 9. 
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[bookmark: _Ref115463555]Figure 9. The uniformly spaced CSI-RS burst of one CSI-RS resource set with multiple CSI-RS resource
Based on above analysis, the following proposal is suggested:
Proposal 16: Support AP CSI-RS for CSI measurement for mobility.
Proposal 17: Multiple CSI-RS resource in one CSI-RS resource set should be configured for CSI measurement for mobility.
The configuration for reporting window
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support the assumption of the UE-side prediction 
· On the definition of UE-side prediction, down-select one from the following alternatives:
· Alt1. UE “predicting” channel/CSI after the slot with a reference resource 
· Alt2. UE “predicting” channel/CSI after slot n (where the CSI is reported) 

Agreement
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


In RAN1#110-e, there are two alternatives to decide the boundary on the CSI reporting for the Type-II codebook refinement for high/medium velocities. As UE-side prediction has been agreed in last meeting, UE will report the predicted CSI whose effective time is later than report slot n. In current spec, the definition of CSI reference resource slot nref is earlier than report slot n, which means the precoder in the period from CSI reference resource slot nref to report slot n is useless for gNB. Hence it is straightforward and reasonable to select report slot n as boundary.
Based on above analysis, the following proposal is suggested:
Proposal 18:  For reporting window configuration, support Alt2.B where UE report the predicted CSI of slots later than the reporting slot.
CQI reporting
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, support DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) as a codebook parameter.
· FFS: whether this parameter is defined as a function of another parameter
· FFS: whether this is used for PMI only or PMI/CQI


In RAN1#110-e, whether DD/TD unit is used for PMI only or PMI/CQI is to be decided. Note that using DD/TD unit for CQI implies reporting multiple CQIs at equal time intervals. For instance, using 5ms DD/TD unit with 20 ms CSI feedback period means using the same CQIs at slot 0~4, 5~9, 10~14, 15~19. However, CQI may not change abruptly at slot 5, 10 and 15, but at other slots. Reporting the abruptly changed CQIs and the slots to which they belong may achieve higher performance gain, than using DD/TD unit and reporting one CQI for each unit. As the CSI feedback period for mobility codebook isn’t long, the number of reported CQIs is usually small. Thus, it is possible to indicate the slots to which the reported CQIs belong to save overhead. 
Based on above analysis, the following proposal is suggested:
Proposal 19:  Support DD/TD unit for PMI only, and reporting the abruptly changed CQIs and the corresponding slots.
TRS-based TDCP reporting enhancement
	Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on 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  
Agreement
For the Rel-18 TRS-based TDCP reporting, the use case of “aiding gNB-side CSI prediction” is refined to “aiding gNB implementation in CSI prediction for TDD”.


TDCP parameter(s) reporting
For the TDCP parameters reporting, there are three alternatives. For Alt C, The UE may not have the full knowledge of the scheduling information at gNB side, so it is not preferred.  Comparing between Alt A and Alt B, the Doppler profile parameter is more useful, for example, Doppler information can be used to assist gNB side prediction when the beam of TRS is used for PDSCH, or be used for pre-compensation between MTRP by gNB implementation. Therefore, we support Doppler profile parameter for TDCP reporting. 
Proposal 20:  Support AltA, Doppler profile parameter for TDCP reporting.
In our understanding, the doppler spread is enough for the use case of aiding the gNB to determine CSI reporting configuration, CSI-RS resource configuration parameters and precoding scheme. However, to support the use case of enable CSI prediction for gNB, more detailed Doppler shifts information should be reported. Doppler spread, a.k.a the max doppler shift, provides a glance of the channel correlation characteristic. Nevertheless, it only indicates the coherence time of the channel, which is far from enough to enable channel prediction. On the other hand, Doppler shifts demonstrate detailed information about how channel changes over time. Thus, to support the use case of aiding gNB implementation in CSI prediction for TDD, Doppler shifts information shall be reported.
A typical configuration of SRS is that it could only measure a part of the whole bandwidth at one time with frequency hopping as it is highly limited by the resource allocation. This makes SRS suffer from large information loss while TRS is sent onto the whole frequency band, which could provide much more accurate and extensive information. In addition, SRS, which is sent by UE with rather small power, is much more sensitive to noise than TRS, which is sent by gNB with much large power. Due to these aforementioned issues, though gNB could exploit SRS to obtain Doppler information in TDD system, the information would be inaccurate or at least partial compared with the one obtained by UE through TRS. Figure 10 gives a comparison of Doppler information calculated by SRS and TRS. We apply high SNR to TRS with 100MHz and low SNR to SRS with 5.88MHz (1/17 frequency hopping assumption) as an illustration with the channel generated by model defined in TR 38.901. We configure UE under the speed of 30km/h with 4 TRx and gNB with 64TRx. As can be seen from the plot, SRS gives a quite different Doppler profile from the ideal Doppler profile, as it does not demonstrate strong energy on Doppler path 3 and Doppler path 28, while TRS gives quite similar information as the ideal Doppler profile does. Thus, additional feedback of Doppler profile is required from UE.
[image: ]
[bookmark: _Ref115463688]Figure 10. Doppler information comparison between TRS-based and SRS-based
Observation 10:  SRS could not provide accurate Doppler shift information. 
To address the concerns about Doppler information obtained by TRS given it is a single port reference signal, here we take a glance over the Doppler profile with the same configuration as in Figure 10. In Figure 11, we present the Doppler shift information of a strong delay path over different gNB antennas. As can be seen from the figure, different antennas might demonstrate slightly different amplitude of strong Doppler paths for the strong delay path, yet general distribution of strong Doppler paths is pretty much similar over different antennas. That is to say, TRS could provide a decent representative of Doppler profile even if it is single port, which further consolidates the fact that TRS is a valid source to obtain Doppler shifts information.   
[image: ]
[bookmark: _Ref115463866]Figure 11. Doppler profile comparison between different ports of strong delay path
Observation 11: Due to the common feature of Doppler profile among gNB antennas, TRS could provide sufficient Doppler shift information even if it is single port.
Furthermore, as can be seen from Figure 12, adjacent strong delay paths also bear similar Doppler profile. This “cluster-wise” feature on the delay-Doppler plane could be exploited to reduce the overhead for TDCP. For example, for strong delay paths 1~7, instead of reporting seven sets of Doppler shifts respectively, a “common Doppler profile”, i.e. Doppler path [1-3,22-29,65-90] shall be adequate to depict the information.  
Once obtaining this common Doppler profile and combining with the knowledge of the strong delay paths,  gNB could first align the strong paths with the ones obtained by SRS. As can be seen from Figure 10, SRS-based information and TRS-based information does indicate the very same strongest Doppler path on the plot, which enable gNB to take advantage of the reporting information to recover the missing paths on SRS and merge this two information accordingly. Next, gNB would reconstruct Doppler profile with the reporting information, with which gNB could build up delay-domain channel predictor and apply it on the delay-domain channel acquired by the aligned SRS to implement channel prediction. 
On one hand, common Doppler profile reporting could largely reduce overhead compared with comprehensive Doppler profile report. And on the other hand, comparing with Doppler spread, common Doppler profile provides much more information concerning Doppler shifts thus could be a solid assist for gNB to implement channel prediction.
[image: ]
[bookmark: _Ref115463931]Figure 12. Common Doppler profile of TRS-based TDCP
Observation 12: A “common Doppler profile” of multiple delay paths is a satisfying depict of the Doppler profile.
Based on above analysis, the following proposal is suggested:
Proposal 21: A “common Doppler profile” of multiple delay paths should be reported to support the use cases of aiding gNB implementation in CSI prediction for TDD 
Conclusions
This contribution provides our views on CSI enhancement for CJT and mobility. We have following observations and proposals.
For CSI enhancement for CJT:
Observation 1: TRP-specific  has a better performance compared to the TRP-common case, with 5~9% gain for mean UPT and 4~10% for 5% UPT.
Observation 2: The full channel feedback for CJT codebook by per-RX reporting can provide 5~10% gain for mean UPT and 18~35% gain for 5% UPT respectively. 
Observation 3: Performance gain can be achieved when the PMI granularity changes from 4RB to 2RB with R=4, with 5% gain for mean UPT and at 8~11% gain for 5% UPT.

Proposal 1: For both codebook modes, jointly precoder across TRPs obtained by SVD over concatenated channel is assumed.
Proposal 2: For TRP selection/determination, the N configured TRPs are gNB-configured via higher-layer (RRC) signaling.
Proposal 3: Support TRP-specific number of SD basis vectors, the total number of basis is configured by gNB and  per TRP is reported by UE. 
Proposal 4: Support layer-common SD basis.
Proposal 5: Support TRP-common number of FD basis across TRPs to avoid the varying NZC bitmap size.
Proposal 6: The combination of layer-specific and layer-common FD basis can be considered to reduce the overhead of FD basis selection.
Proposal 7: Support joint coefficients selection for W2 among cooperating TRPs, with separate bitmap per TRP and maximum number of NNZC across all TRPs.
Proposal 8: Support 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) with single SCI.
Proposal 9: Support receiver side information feedback for CJT by per-RX reporting.
· The channel feedback is , where  is the channel measured at antenna port t of UE.
Proposal10: Support finer frequency domain granularity for CJT CSI feedback with R=4.
Proposal 11: Support to report the relative propagation delay differences among TRPs with respect to a reference TRP.
Proposal 12: The framework of parameter combination table reuse the legacy (L, pv and β for Rel-16 eType II codebook based refinement and α, M and β for Rel-17 PS codebook based refinement). The specific values of parameter combinations need to be further discussed.

For CSI enhancement for mobility:
Observation 4: The refinement on Rel-16 and Rel-17 Type II codebooks can share the same design for most issues except the parameter combination and CSI-RS measurement window for the CSI-RS configuration. 
Observation 5: The overhead of Alt3 is significantly higher than the overhead of Alt2 as doppler domain compression is not used.
Observation 6: When the number of SD/FD basis is larger, the overhead of Doppler basis indication with Alt2B severely increases.
Observation 7: For R17 FeType II and R16 eTypeII codebook enhancement, Alt2B has no obvious performance gain compared with Alt2A.
Observation 8: For R17 FeTypeII and R16 eTypeII codebook enhancement, compared with Alt2A, Alt3 which reports double W2 is worse than Alt 2A with double CSI overhead.
Observation 9: For R17 FeType II and R16 eTypeII codebook enhancement, there’s no obvious performance gain between orthogonal DFT without rotation factor, orthogonal DFT with rotation factor and oversampled DFT.

Proposal 13: Support Rel-17 FeTypeII codebook refinement for high/medium velocities.
Proposal 14: Doppler-domain basis commonly selected for all SD/FD bases should be supported for Type-II codebook refinement for high/medium velocities.
Proposal 15: Support Orthogonal DFT basis without rotation factor for Doppler domain compression.
Proposal 16: Support AP CSI-RS for CSI measurement for mobility.
Proposal 17: Multiple CSI-RS resource in one CSI-RS resource set should be configured for CSI measurement for mobility.
Proposal 18:  For reporting window configuration, support Alt2.B where UE report the predicted CSI of slots later than the reporting slot.
Proposal 19:  Support DD/TD unit for PMI only, and consider reporting the abruptly changed CQIs and the corresponding slots.

For TRS-based TDCP reporting enhancement:
Observation 10:  SRS could not provide accurate Doppler shift information.
Observation 11: Due to the common feature of Doppler profile among gNB antennas, TRS could provide sufficient Doppler shift information even if it is single port.
Observation 12: A “common Doppler profile” of multiple delay paths is a satisfying depict of the Doppler profile.

Proposal 20:  Support AltA, Doppler profile parameter for TDCP reporting.
Proposal 21: A “common Doppler profile” of multiple delay paths should be reported to support the use cases of aiding gNB implementation in CSI prediction for TDD 
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Appendix I Evaluation assumptions for coherent JT
A typical scenario of coherent joint transmission by multiple TRPs is illustrated in Figure 13. There is a coordination TRP set (TRPs inside the black solid line as an example in the figure), a CSI measurement TRP set (TRPs within the dashed red line), and a coherent joint transmission TRP set. There’s backhaul connection for TRPs within the coordination TRP set. And the CSI measurement TRP set and joint transmission TRP set can be selected in a UE-centric way. The CSI measurement TRP set is configured by RRC based on the RSRP difference with the serving cell, such that the TRPs with strongest RSRP are included in the CSI measurement set. And each UE needs to measure the CSI of TRPs within the CSI measurement TRP set and report the measurement to gNB. Then gNB can determine coherent joint transmission TRP set for each UE depending on scheduling and CSI. The transmission TRP set is usually the same with the measurement set.
[image: ]
[bookmark: _Ref111238306]Figure 13. Illustration of typical scenario for CJT
Evaluation assumptions for system level simulation are listed in Table A-1.
Table A-1 SLS assumptions for CJT CSI enhancement
	Parameters
	Evaluation assumptions

	Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Scenario
	Dense Urban with 200m ISD, Outdoor2A

	Carrier frequency
	2.1GHz

	Subcarrier spacing
	15kHz

	Simulation Bandwidth
	10MHz/20MHz

	Channel Model
	TR 38.901
 Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR)  for CJT.

	BS antenna configuration
	32 ports: (M, N, P, Mg, Ng; Mp, Np) = (2,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	BS antenna height 	
	25m

	BS Tx power
	41 dBm for 10MHz, 44 dBm for 10MHz

	UE antenna configuration
	4RX: (M, N, P, Mg, Ng) = (1,2,2,1,1) ;

	UE antenna height & gain
	Follow TR36.873

	Modulation
	Up to 256QAM

	Coordination TRP selection
	Each UE selects N strongest TRPs based on RSRP for CJT, N = 3, inter-site CJT.

	UE distribution
	80% indoor, 3km/h; 20% outdoor, 30km/h; 10 users per BS

	UE receiver
	MMSE-IRC

	MIMO mode
	MU-MIMO with rank adaptation

	Traffic model
	FTP model 1 with packet size 0.5Mbytes

	Traffic load
	50%RU

	Baseline of evaluation
	Single-TRP transmission 
with Rel-17 FeType II CB



For single-TRP transmission and CJT with Rel-17 FeType II CB, the additional evaluation assumptions including duplexing gap between UL and DL, SRS modeling for UL channel estimation, and FDD DL/UL calibration error model are the same as that of the EVM assumptions in Section 4 of R1-2006973 for Rel-17 CSI enhancements.
Appendix II Evaluation assumptions for CSI mobility
Table A-2 SLS assumptions for CSI mobility enhancement
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Urban Macro, UE speed with 60kmph, not use Spatial consistency procedure A/B

	Frequency Range
	FR1 only, 2.1GHz, with duplexing gap of 200MHz

	Inter-BS distance
	200m

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	32 ports: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	4RX: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ

	BS Tx power 
	41dBm

	BS antenna height 
	25m 

	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)

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

	MIMO scheme	
	MU-MIMO with rank with rank1

	CSI feedback 	
	10/20 ms

	Traffic model	
	Full buffer

	UE distribution	
	100% outdoor

	UE receiver	
	MMSE-IRC

	Feedback assumption	
	Realistic

	Channel estimation	
	Realistic

	Baseline for performance evaluation	
	R17/R16 Type II with CSI feedback periodicity 10/20 ms
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