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1 Introduction
In RAN#93, a new WID for MIMO evolution for downlink and uplink was approved for Rel-18 [1]. Among items in this WID, two aspects corresponding to CSI enhancement(s) are captured, i.e., CSI enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information, and CSI enhancement for facilitating CJT operation. In this contribution, we elaborate our views on above two aspects, respectively.  
2 CSI enhancement for high/medium UE velocities
Among items in this WID for DL and UL MIMO, the aspects for Doppler related CSI enhancement are listed as below.
	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking 


2.1 CSI codebook refinement and measurement
2.1.1 Codebook refinement
In RAN1#109e and RAN1#110, the following agreements on candidate scope for Type-II codebook refinement for high/medium UE velocities were reached.
	Agreement#1 (RAN1#109e)
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#2 (RAN1#110)
For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures:
· 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.

Agreement#3 (RAN1#110)
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



Regarding codebook for this enhancement, we think that both of Rel-16 eType-II regular codebook and Rel-17 FeType-II port selection (PS) codebook should be considered well due to the fact that they may accommodate different NW architectures/scenarios. Then, considering that Rel-17 FeType-II port selection (PS) codebook can be assumed as a special enhancement (a simplified procedure) of Rel-16 eType-II regular codebook, we tend to agree that Rel-16 eType-II regular codebook should be treated firstly, and after it is stable, we may further review the corresponding enhancements on Rel-17 FeType-II port selection (PS) codebook.
Proposal 1: Regarding work scope of Type-II codebook refinement for high/medium velocities, both Rel-16 eType-II regular codebook and Rel-17 FeType-II port selection (PS) codebook should be involved
· For sake of moving forward this topic well, the corresponding enhancements on Rel-16 eType-II regular codebook can be treated firstly.
Regarding codebook structures, described as Alt3 in Agreement#2, reusing Rel-16/17 (F)eType-II codebook with multiple  and a single  and   would cost massive overhead, compared to Alt2A and Alt2B. Furthermore, considering that   may be the identity as a special case, there is no Doppler-domain compression in Alt2A, which means that Alt3 is included into Alt2A. So, we firstly preclude Alt3 for the Rel-18 Type-II codebook refinement for high/medium velocities. Whether Doppler-domain basis commonly or independently selected for SD/FD basis depends on the compromise between performance and overhead. Due to SD basis commonly selected for FD basis in Rel-16, we prefer Alt2A that Doppler-domain basis are supposed to commonly select for SD/FD basis.
Proposal 2: For the Rel-18 Type-II codebook structure, we prefer Alt2A Doppler-domain basis commonly selected for all SD/FD bases.
Regarding Doppler-/time-domain basis waveforms for codebook, in such case, there is a Doppler basic vector in channel information, , and then the prediction algorithm can be preformed in UE side (in such case, we may need to consider how to guarantee the prediction accuracy based on a higher over-sampled ratio). Then, once having the predicted results for a given period, it is straightforward to reuse orthogonal DFT basis for CSI compensation. After that, in our initial thought, the rotation factor is much relevant to dominant Doppler shift (especially for the case that we have limited value of N4), and DFT basis vector with rotation factors can significantly reduce the number of non-zero-power elements in W2. Therefore, for Doppler-/time-domain basis waveforms, orthogonal DFT is preferred.
Proposal 3: Regarding codebook structures for high/medium velocities, orthogonal DFT with rotation factor should be considered as a starting point.
Regarding codebook design, there are two following issues to be discussed, described as two FFSs in Agreement#3. 
· Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE.
· Whether the number of selected DD/TD basis vectors (for Alt1) is RRC-configured or reported by the UE.
Compared to Rel-16 eType-II regular codebook, Rel-18 Type-II codebook for high/medium velocities should consider how to select DD basis from N4-length DD base set and how to indicate nonzero coefficients on the selected SD FD and DD basis. The number of selected DD basis S can be configured by higher layer parameters, similar to L and M in eType-II codebook. A bitmaps or combinatorial coefficient is used to indicate the selected DD bases from candidate set. Besides, we are open to further consider whether the number of selected DD/TD basis vectors is reported by the UE from multiple modes.
In addition, one 2LMS-length bitmap can be used to indicate the position of nonzero coefficients, and one parameter is used to indicate the number of nonzero coefficients. If we utilize the sparsity in SD, FD and DD, one 2LMS-length bitmap can be replaced with two bitmaps. One bitmap is used to indicate the position of nonzero coefficients on FD and DD. Another bitmap is used to indicate the position of nonzero coefficients from nonzero coefficients on FD and DD to SD.
On the Type-II codebook refinement for high/medium velocities, for codebook structures with DD basis, in our views, the codebook(s) should include at least the following additional codebook parameters:
· Doppler-/time-domain (DD/TD) basis vector length N4
· Parameters for DD/TD basis vector selection, including 
· The number of selected DD/TD basis vectors 
· If applicable, basis selection indicator(s)
· The restrictions on the basis vector selection
Proposal 4: On the Type-II codebook refinement for high/medium velocities, for codebook structures with DD basis, the following parameters is configured by RRC:
· Doppler-/time-domain (DD/TD) basis vector length
· The number of selected DD basis
· One or two bitmaps are used to indicate the position of nonzero coefficients on SD, FD and DD 
2.1.2 CSI measurement and report
In RAN1#109e, the following agreement on CSI measurement for high/medium UE velocities were reached.
	Agreement#4
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



In our views, regarding CSI prediction (H-based), Wiener-filter with extrapolation can well outperform legacy scheme by using out-of-date CSI (e.g., 5~10 ms delay), especially for NLOS case. 
· For periodic CSI-RS configuration, it can be observed in Figure 1 that the periodicity of CSI-RS transmission marked in green is 5 slots. Under 5 measurement samples, cross-correlation from slot n+6 to n+10 between predicted channel (Wiener and extrapolation) and real-time channel can be greater than 0.97, as shown in Figure 3. 
· In addition, for aperiodic CSI-RS configuration as shown in Figure 2, it is observed that the cross-correlation from slot n+6 to n+10 between predicted channel and real-time channel is still greater than 0.93, shown in Figure 4. Therefore, the CSI prediction using periodic, semi-persistent or aperiodic CSI-RS can work well in terms of cross correlation.
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Figure 1 Periodic/semi-persistent CSI-RS measurement and CSI report




Figure 2 Aperiodic CSI-RS measurement and CSI report
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Figure 3 Periodic CSI-RS configuration and channel cross-correlation
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Figure 4 Aperiodic CSI-RS configuration and channel cross-correlation
 In our views, periodic and semi-persistent CSI-RS measurement with uniform space that can provide accurate CSI prediction should be supported firstly, compared with aperiodic CSI-RS measurement. And then for aperiodic CSI-RS, it is observed that the CSI prediction using CSI-RS can work well in terms of cross correlation. So, for enabling aperiodic CSI-RS measurement, we may further consider different triggering offset for each CSI-RS resource in a set as a starting point. 
Proposal 5: Regarding Resource setting configuration on CSI-RS, P/SP/AP-CSI-RS should be supported.
· FFS: RS configuration for supporting aperiodic CSI-RS.
In RAN1#110, the following agreements on CSI report for high/medium UE velocities were reached.
	Agreement#5
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
Agreement#6
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 Rel-16 eType-II codebook, FD unit is introduced for emulating/representing PMI and CQI in sub-band or half sub-band level. The parameter  is configured with the higher-layer parameter numberOfPMI-SubbandsPerCQI-Subband. Similarly, another new parameter should be defined for supporting DD/TD compression unit in Rel-18 Type-II codebook. Furthermore, whether this is used for PMI only or PMI/CQI needs assessment. Regarding CQI, CSI reference resource slot should be discussed first for CSI prediction in Rel-18. If one CQI is reported in CSI report, the definition of legacy CSI reference resource can be reused in Rel-18, which is aligned to Alt1.B in Agreement#6. On another hand, if a predicted CQI list is reported in CSI report, a newly defined CSI reference resource is needed, which is aligned to Alt2.B in Agreement#6.
In UMa scenario, we evaluate the legacy CSI scheme and two CSI prediction schemes (Alt1.B and Alt2.B). Since, either way, the starting point for PMI, l, is configurable, Alt 1.B can be assumed as a superset of Alt 2.B. Technically speaking, the difference may just relevant to how to define CQI based on a legacy CSI reference resource or a predicted list. 
· In Alt2.B, the predicted PMI and a list of predict CQI is included in a CSI report, described with Predicted {PMI,CQI}. 
· However, in Alt1.B, the predict PMI and the legacy CQI is included in CSI report, described with Predicted PMI + Legacy CQI. 
Based on the SLS results for high/medium UE velocities in UMa in Figure 5, the distinct average UPT and cell-edge UPT gain can be obtained between CSI prediction scheme (Alt1.B or Alt2.B) and legacy CSI scheme. However, it is not observed that there is a big difference between Alt1.B and Alt2.B. Moreover, we also observe that the variation of CQI is quite slow, which means that the parameter for supporting DD/TD compression unit, described in Agreement#5, can be used for PMI only as a starting point. 
Regarding CSI report window, Alt1.B may still be slightly preferred for reusing existing CSI reference resource and less specification impact.
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Figure 5 SLS results for high/medium UE velocities in UMa

Proposal 6: For the Rel-18 Type-II codebook refinement for high/medium velocities, we support define another parameter for DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) as another codebook parameter used for PMI only.
Proposal 7: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, we support Alt1.B:  l ≥ nref, where nref (CSI reference resource slot) as boundary.
2.2 UE reporting of time-domain channel properties
In RAN1#110, we have the following agreement for TDCP report, and then our detailed views can be found in the following paragraphs.
	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”



In our views, from perspective of representing channel change along with time domain, Doppler spread should be assumed as baseline/target. Then, only difference for AltA (like Doppler shift per resource, maximum Doppler shift, relative Doppler shift) or Alt2 (autocorrelation function) is whether or how to simplify this metric of Doppler spread. 
· Regarding AltA, the corresponding channel property is reported directly. Then, for sTRP, we may consider to report Doppler spread (i.e., maximum Doppler shift (difference)), but for mTRP, relative Doppler shift information across different TRS may be quite useful. Then, channel coherent time is determined according to the Doppler spread. 
· Regarding AltB, instead of directly reporting channel property, it tends to report the middle-ground parameter for determining Doppler spread. As a cost, a list of auto-correlation(s) due to the presence of multiple lags in time correlation calculations should be reported in the CSI reporting, and then the report overhead is too big. Otherwise, if just being based on auto-correlation for determining the periodicity of CSI-RS resource and/or CSI reporting setting configuration, as an instantaneous variable, it is difficult for gNB to have a stable performance. 
· Regarding AltC, the motivation is good, but we are wondering how the UE emulates gNB scheduling/resource-allocation situations in time.
Besides, regarding UE calculation complexity, in our views, either way, Doppler related parameter for data demodulation should be estimated, and we do not see any additional complexity for UE sides. 

Observation-1: On Rel-18 TRS-based TDCP reporting, regarding how to achieve the usage of CSI-RS resource and/or CSI reporting setting configuration (i.e., periodicity)

· Doppler profile (AltA): As a long-term channel property, Doppler-related parameter can well represent channel coherent time (that provide exact guidance for above configuration) and then can accommodate both sTRP and mTRP cases.
· Time-domain correlation profile (AltB): As an instantaneous channel property, UE needs to report a list of auto-correlation properties with a big report overhead, and then gNB may do estimation for Doppler spread in its side.
· CSI-RS resource and/or CSI reporting setting configuration parameter(s) (AltC): How to emulate gNB scheduling/resource-allocation situation is unclear. 

Based on above analysis, we have the following proposal.

Proposal-8: On Rel-18 TRS-based TDCP reporting, Doppler profile (AltA) should be supported as a metric.
Then, regarding TRS based Doppler feedback, Doppler spread or Doppler shift/frequency offset can be configured as the reportQuantity and several TRS resource sets can be configured in single CSI reporting configuration. 
· One method is to report the absolute Doppler spread for sTRP.
· [bookmark: OLE_LINK20]Then, for mTRP case, e.g., high speed train, another method is that one TRS resource set is used as one reference TRS, the Doppler shift/frequency offset estimated from the reference TRS resource set can be treated as a reference value to present the main Doppler spread information. The relative value of other Doppler shift/frequency offset values estimated from other TRS resource sets to the reference Doppler shift/frequency offset can be reported to TRP, as shown in Figure 6.
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Figured 6 UE reports the relative Doppler shift/frequency offset
Proposal 9: For UE reporting of time-domain channel properties, the existed CSI reporting mechanism should be re-used for Doppler-related feedback involving Doppler spread and relative Doppler shift.
· For relative Doppler shift report, one configured TRS resource set is used as a reference, and the relative Doppler shift among the other TRS resource sets and the reference TRS resource set should be reported.
3 CSI enhancement for CJT
There are following agreements about CJT codebook structure in RAN1#110.
	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



Base on above agreement, the SD basis selection, FD basis selection and W2 quantification should be considered. We provide our view about above issues respectively in the following sections. 
3.1  Reporting SD basis
Regarding SD/FD basis report, there is following agreement in RAN1#110. 
	Agreement
For the Rel-18 Type-II codebook for CJT mTRP based on the Rel-16 Type-II codebook, SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design.



Regarding reporting SD basis, it is nature to use the legacy method for each TRP/TRP group considering the SD basis are different for different TRPs. That is SD basis are selected for each TRP respectively and shared across all layers. 
In addition, considering the number of clusters arrives at UE may be different for different TRPs, the number of reported SD basis can be different for different TRPs. The number of SD basis is configured for each TRP because the gNB knows the RSPR of each TRP by RSRP reporting from UE. It is unnecessary to report the number of SD bases in our views, because the report overhead is large and the relative RSRP among TRPs may not change frequently. 
·  If we want to reduce signaling from gNB and reporting overhead of UE, the number of basis also can be determined by the largest amplitudes of each TRP. The larger the largest amplitude of one TRP, the larger the number of SD basis of the one TRP.  The relative of largest amplitude of each TRP can be in CSI part I. 
Proposal 10: Regarding reporting SD basis, legacy method can be reused for each CSI-RS resource corresponding to one TRP. 
· SD basis is reported for each CSI-RS resource and can be shared across all layers; 
· The number of SD basis is TRP-specific and can be configured by gNB or determined by relative relationship between strongest amplitudes of N TRPs. 
3.2  Reporting FD basis
First, there is a relationship between frequency unit size of FD basis and spread delay. The larger the frequency unit size of FD basis, the smaller the spread delay. Considering the delay spread is larger for CJT compared with STRP, and then a new frequency unit size is needed, such as one PRB level. 
· To reduce the overhead of reporting the FD basis, the local FD basis of each TRP can be reported using legacy method with remapping operation. The strongest coefficient of each TRP corresponds to FD basis with index 0.  
· The local FD basis corresponds to a small delay spread and a legacy frequency unit size, such as one PRG or half PRG. A new frequency basis to reflect relative information of reference frequency domain vectors across TRPs should be reported by the UE. The new frequency basis corresponds to a new frequency unit size, such as one PRB. Different frequency domain granularities are used for local FD basis for each TRP and the frequency basis to reflect relative information of reference frequency domain vectors across TRP.   
Second, as discussed above, the FD basis is reported using two types of FD basis. One type is for reporting local FD basis for each TRP and the other type is for reporting relative information of reference frequency domain vectors across TRPs, then the window of FD basis should be reported per TRP/TRP group (that is per CSI-RS resource) considering there is a big delay between different TRPs. If the window of FD basis is reported across TRP groups, the new frequency unit size is also needed for local FD basis reporting for each TRP, then the overhead is high. 
Third, the number of FD basis can be configured per TRP/TRP group considering different TRP/TRP groups have different RSRPs and less clusters of one TRP group with low RSRP can arrive to the UE compared with another TRP group with high RSRP. Of course, the number of selected of SD/FD basis for each TRP group can be based on the strongest amplitude of each TRP which is included in CSI part I.
Proposal 11: Regarding reporting FD basis, the legacy method is used for reporting local FD basis after remapping for each TRP and then the following additional information can be supported:
· Relative offset between a reference FD basis per TRP/TRP group and a reference base of a reference TRP group
· The relative offset corresponds to a frequency base with a smaller frequency unit than normal FD basis
· For instance, frequency domain vector per TRP/TRP group is reported using legacy frequency domain granularity in terms of subband TPMI or half subband, but relative information about reference frequency domain vector across TRPs should be reported using new frequency domain granularity (e.g., RE-level/PRB-level).
· The window of FD basis is reported per TRP group and layer common. 
· The number of SD/FD selected is TRP group specific based on configuration or strongest amplitude of each TRP group in CSI part I. 
3.3  W2 design 
Regarding W2 design in CSI codebook, there are following agreements reached in RAN1#110.
	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


First, in Rel-16/17 specification, each polarization corresponds to one reference amplitude, so it is nature that each TRP should have its respective reference amplitude. Then we exclude Alt1 and Alt4. 
· If Alt 2 is adopted, the codebook for TRP j may be formula (1),
  (1)
where  are relative information of strongest amplitudes and  are relative information of phase of strongest coefficient across TRP/TRP groups,  includes relative information of reference frequency domain vectors across TRP groups. 
· If Alt 3 is adopted, the codebook for TRP j may be formula (2).
                 (2)
Then, we provide the reporting overhead difference between Alt 2 and Alt 3 in Table 1. The number of each reported parameter is listed in Table 1. 
· From Table 1, we can see that Alt 2 and Alt 3 is same in terms of report overhead of phase. The relative of reference phase  is reported and the reference phase of  is not reported in Alt 2. The relative of reference phase  is not reported and the reference phase of  is reported in Alt 3. The total number of reported phase is in Alt 2 and Alt 3.  
· The Alt 3 includes two alternatives Alt 3-1 and Alt 3-2 in our views. The key difference between Alt 3-1 and Alt 3-2 includes that SCI(local ID) for local strongest coefficient is reported for each TRP in Alt 3-1 and only the SCI(local ID) of global strongest coefficients across TRPs is reported in Alt 3-2. The difference also includes only one of  is reported for each TRP in Alt 3-1 because  of the local strongest polarization is 1 which isn’t reported and only one of  is reported for strongest TRP and two of  is reported  in Alt 3-2. For amplitude reporting, Alt 2 and Alt3-1 has same overhead. 
· If  FD basis remapping is adopted as legacy for each TRP, the reporting overhead difference between Alt 3-2 and Alt 2/Alt 3-1 is ,  and then the overhead  of Alt 3-2 is higher than Alt 2/Alt 3-1. If  FD basis remapping is  not adopted, the reporting difference overhead between Alt 3-2 and Alt 2/Alt 3-1 is ,  then the overhead  of Alt 3-2 is also higher than Alt 2/Alt 3-1.  Then we prefer to Alt 2 or Alt 3-1. 
In addition, considering the difference between reference amplitudes of two polarization are smaller than the difference among reference amplitudes of multiple TRPs,  the relative of reference amplitude between polarization and the relative of reference amplitudes among TRP should be separately reported, such as using  and  respectively in above formula, otherwise more than 4 bits should be used to reflect the multiplex result of  *, then more unnecessary specific effort is needed and the relationship between local  SCI and  can not be used. 
Table 1: Comparison between Alt 2 and Alt 3 on the number of reported elements for each parameter
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Regarding the non-zero bitmap, the following two alternatives can be considered. One bitmap per TRP of each layer, or one bitmap per layer across TRPs. Similarly, the number of 1 value of one or more bitmaps corresponding to one layer should be smaller than a threshold, or the number of 1 value of one or more bitmaps corresponding to  one layer and one TRP should be smaller than a threshold. 
Proposal 12: Regarding W2 quantification, we prefer Alt 2/Alt 3-1 with the following parameters to be report.
· SCI (local ID) for strongest amplitude/coefficient of each TRP 
· Strongest TRP index of global strongest coefficient
· Bitmap for indicating NZ-coefficients per layer or per TRP per layer 
· The relative of reference amplitude between polarization and the relative of reference amplitude among TRP 
· The relative relation information of the strongest coefficients/amplitudes between one TRP/TRP group and the strongest TRP/TRP is reported.
Note: The maximum number of non-zero value of bitmap(s) can be per layer, or per TRP per layer
3.4  Power normalization for CJT precoding matrix
As shown in equation (1) or (2), the CJT precoding matrix can be normalized per TRP, but it may destroy the structure of CJT precoding matrix.  
Proposal 13: Study the mechanism of normalizing the CJT precoding matrix, such as normalized precoding matrix per TRP or per CJT precoding matrix.  
3.5  Determining the N TRPs of one reported PMI
Regarding determining the N TRP of one reported PMI, there are following agreements in RAN1#110.
	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.



We prefer Alt 2 which allows the UE to report the selected one ore more TRPs, then the reported PMI can well trace the fast fading channel and it will reduce the signaling of gNB. For example, we have the following candidates.
· On one hand, the gNB configures multiple CMRs, UE reports one or multiple CRIs and one PMI for the reported one or multiple CRIs.
· On the other hand, candidate(s) of N co-operating TRP(s) combination are pre-configured by gNB according to corresponding deployment (e.g., only combination corresponding to intra-site as shown in Figure 7(a))



Figure 7 Candidates for co-operating TRP(s) in CJT
Proposal 14: Regarding determining the N TRPs of PMI, we support Alt2, that is the UE reports one or multiple CRI and one PMI for the reported one or multiple CRIs
· Option-1: N co-operating TRP(s) combination is arbitrarily selecting from NTRP.
· Option-2: Candidate(s) of N co-operating TRP(s) combination are pre-configured by gNB.
3.6  Reporting receiving side information
Regarding reporting receiving side information, there is following agreement in RAN1#109-e
	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


In MU-MIMO, the precoding should be refined according to scheduled UE using SLNR or zero-forcing approach. In such case, the CQI/MCS estimation for refining the precoding is quite difficult in gNB side. As a result, for guaranteeing the transmission performance (e.g., HARQ procedure), there may be a pre-degradation for CQI. Due to path-loss/received power difference for each of TRP in CJT, this issue become much severe for CJT compared with STRP. 
Then, the following candidate can be considered for further study:
· Option-1: Besides for normal CSI feedback, wideband (WB) Rxx can be additionally reported;
· Option-2: Improving accuracy of CSI codebook (e.g., full rank information (involving eigenvalue(s)), and enlarge the number of L, Mv, …)
In SLS, for Option-1, we have the following performance comparison between legacy (i.e., W-based without Rx side information report) and proposed Rx side information report (i.e., Option-1, Rxx can be additionally reported) in MU-MIMO. The results are provided in Figure 8. It can be observed that, through additionally reporting Rxx information, the reporting of receiving side information can bring a significant performance gain. 
Proposal 15: Regarding CJT codebook, support additional information of receiver side information per in order to maximize performance gains of MU-MIMO (e.g., for determining optimal Tx precoding and post-SINR/CQI) in C-JT.
· The following can be considered as a starting point
· Option-1: Besides for normal CSI feedback, wideband (WB) Rxx can be additionally reported;
· Option-2: Improving accuracy of CSI codebook (e.g., full rank information (involving eigenvalue(s)), and enlarge the number of L, Mv, …)
[image: ]         [image: ]
Figure 8 SLS for different report formats: ‘W-only’, ‘W + wideband Rxx’ and ‘W + subband Rxx’ in CJT-UMa
4 Conclusion
In this contribution, we discuss CSI enhancement for high/medium UE velocities and CJT. Observations and proposals are listed as follows.
CSI enhancement for high/medium UE velocities

Observation-1: On Rel-18 TRS-based TDCP reporting, regarding how to achieve the usage of CSI-RS resource and/or CSI reporting setting configuration (i.e., periodicity)

· Doppler profile (AltA): As a long-term channel property, Doppler-related parameter can well represent channel coherent time (that provide exact guidance for above configuration) and then can accommodate both sTRP and mTRP cases.
· Time-domain correlation profile (AltB): As an instantaneous channel property, UE needs to report a list of auto-correlation properties with a big report overhead, and then gNB may do estimation for Doppler spread in its side.
· CSI-RS resource and/or CSI reporting setting configuration parameter(s) (AltC): How to emulate gNB scheduling/resource-allocation situation is unclear. 
Proposal 1: Regarding work scope of Type-II codebook refinement for high/medium velocities, both Rel-16 eType-II regular codebook and Rel-17 FeType-II port selection (PS) codebook should be involved
· For sake of moving forward this topic well, the corresponding enhancements on Rel-16 eType-II regular codebook can be treated firstly.
Proposal 2: For the Rel-18 Type-II codebook structure, we prefer Alt2A Doppler-domain basis commonly selected for all SD/FD bases.
Proposal 3: Regarding codebook structures for high/medium velocities, orthogonal DFT with rotation factor should be considered as a starting point.
Proposal 4: On the Type-II codebook refinement for high/medium velocities, for codebook structures with DD basis, the following parameters is configured by RRC:
· Doppler-/time-domain (DD/TD) basis vector length
· The number of selected DD basis
· One or two bitmaps are used to indicate the position of nonzero coefficients on SD, FD and DD 
Proposal 5: Regarding Resource setting configuration on CSI-RS, P/SP/AP-CSI-RS should be supported.
· FFS: RS configuration for supporting aperiodic CSI-RS.
Proposal 6: For the Rel-18 Type-II codebook refinement for high/medium velocities, we support define another parameter for DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) as another codebook parameter used for PMI only.
Proposal 7: On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, we support Alt1.B:  l ≥ nref, where nref (CSI reference resource slot) as boundary.
Proposal-8: On Rel-18 TRS-based TDCP reporting, Doppler profile (AltA) should be supported as a metric.
Proposal 9: For UE reporting of time-domain channel properties, the existed CSI reporting mechanism should be re-used for Doppler-related feedback involving Doppler spread and relative Doppler shift.
· For relative Doppler shift report, one configured TRS resource set is used as a reference, and the relative Doppler shift among the other TRS resource sets and the reference TRS resource set should be reported.
CSI enhancement for CJT
Proposal 10: Regarding reporting SD basis, legacy method can be reused for each CSI-RS resource corresponding to one TRP. 
· SD basis is reported for each CSI-RS resource and can be shared across all layers; 
· The number of SD basis is TRP-specific and can be configured by gNB or determined by relative relationship between strongest amplitudes of N TRPs. 
Proposal 11: Regarding reporting FD basis, the legacy method is used for reporting local FD basis after remapping for each TRP and then the following additional information can be supported:
· Relative offset between a reference FD basis per TRP/TRP group and a reference base of a reference TRP group
· The relative offset corresponds to a frequency base with a smaller frequency unit than normal FD basis
· For instance, frequency domain vector per TRP/TRP group is reported using legacy frequency domain granularity in terms of subband TPMI or half subband, but relative information about reference frequency domain vector across TRPs should be reported using new frequency domain granularity (e.g., RE-level/PRB-level).
· The window of FD basis is reported per TRP group and layer common. 
· The number of SD/FD selected is TRP group specific based on configuration or strongest amplitude of each TRP group in CSI part I. 
Proposal 12: Regarding W2 quantification, we prefer Alt 2/Alt 3-1 with the following parameters to be report.
· SCI (local ID) for strongest amplitude/coefficient of each TRP 
· Strongest TRP index of global strongest coefficient
· Bitmap for indicating NZ-coefficients per layer or per TRP per layer 
· The relative of reference amplitude between polarization and the relative of reference amplitude among TRP 
· The relative relation information of the strongest coefficients/amplitudes between one TRP/TRP group and the strongest TRP/TRP is reported.
Note: The maximum number of non-zero value of bitmap(s) can be per layer, or per TRP per layer
Proposal 13: Study the mechanism of normalizing the CJT precoding matrix, such as normalized precoding matrix per TRP or per CJT precoding matrix.  
Proposal 14: Regarding determining the N TRPs of PMI, we support Alt2, that is the UE reports one or multiple CRI and one PMI for the reported one or multiple CRIs
· Option-1: N co-operating TRP(s) combination is arbitrarily selecting from NTRP.
· Option-2: Candidate(s) of N co-operating TRP(s) combination are pre-configured by gNB.
Proposal 15: Regarding CJT codebook, support additional information of receiver side information per in order to maximize performance gains of MU-MIMO (e.g., for determining optimal Tx precoding and post-SINR/CQI) in C-JT.
· The following can be considered as a starting point
· Option-1: Besides for normal CSI feedback, wideband (WB) Rxx can be additionally reported;
· Option-2: Improving accuracy of CSI codebook (e.g., full rank information (involving eigenvalue(s)), and enlarge the number of L, Mv, …)
5 References
[1] Draft_Minutes_report_RAN1#110-e-v030

6 Appendix
Table-5 SLS evaluation assumption for Doppler related Type-II codebook refinement
	Parameter
	Value

	Carrier Frequency
	2GHz

	Channel Model
	According to the TR 38.901
3D UMa

	Scenario
	Dense urban

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng, Mp, Np) =(1,4,2,1,1,1,4).
(dH, dV) = (0.5, 0.8)

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

	Modulation
	Up to 256QAM 

	BS Tx power
	46 dBm

	UE Tx power
	23dBm

	BS antenna height
	25 m

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Bandwidth
	20MHz

	UE receiver
	MMSE-IRC

	Network Layout
	2 UEs per cell (in a total of 7 cells)

	PMI/CQI feedback
	Subband

	UE distribution
	100% outdoor (30km/h)

	Traffic model
	FTP

	CSI feedback
	CSI feedback periodicity : 5 slots
Measurement window: 50 slots

	MIMO scheme
	MU-MIMO with rank adaptation
Maximum rank = 4 per UE

	Performance metrics
	Average UPT and cell-edge/95%-ile UPT



Table-6 SLS evaluation assumption for CJT codebook refinement
	Parameter
	Value

	Carrier Frequency
	2GHz

	Channel Model
	According to the TR 38.901
3D UMa

	Scenario
	Dense urban

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

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

	Modulation
	Up to 256QAM 

	BS Tx power
	46 dBm

	UE Tx power
	23dBm

	BS antenna height
	25 m

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Bandwidth
	20MHz

	UE receiver
	MMSE-IRC

	Network Layout
	20 UEs per cell (in a total of 21 cells)

	PMI/CQI feedback
	Subband

	Traffic model
	FTP-1

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 4 per UE
SU = 30%, MU = 50~70%

	Performance metrics
	Average UPT and cell-edge/95%-ile UPT



image4.png




image5.png




image6.png
CST report latency of Sms




image7.png
Wiener prediction

Slot-n Slot-5 Slot-n+10

Extrapolation




image8.emf
Wiener prediction

 ... 

CSI report latency of 5ms

...  

Slot n-4 Slot n

Slot n+6

Slot n +10


oleObject1.bin
�

...  


Slot n-4


CSI report latency of 5ms 


Slot n


Slot n+6


Slot n +10


Wiener prediction


 ... 



image9.wmf
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Cross correlation

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

predicted slot n+6

predicted slot n+8

predicted slot n+10

legacy slot n+6

legacy slot n+8

legacy slot n+10


image10.wmf
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Cross correlation

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

predicted slot n+6

predicted slot n+8

predicted slot n+10

legacy slot n+6

legacy slot n+8

legacy slot n+10


image11.png
0

Average UPT(Mbit/s)

142.046

137.679

99.466

22.81%

Legacy Predicted (PMI, CQi}  Predicted PMI + Legacy CQJ




image12.png
Cell-edge UPT(Mbit/s)

42907 42.016

31131 7

Legacy Predicted {PMI, CQi}  Predicted PMI + Legacy CQI




image13.png
Report setting.
(requencyosetin reporruantin)

A
[ 1

TRSresuresstl TRSremumesstz  TRSmsourset TR resourcsetd
00 700 200H: 10082

\—Y—J

UE report thefraquency offsets (2004 600K, ~400Hs)




image14.png




image15.emf
TRP

TRP1

TRP2

UE

TRP3

(a) Intra-site

(b) Inter-site

TRP

UE

TRP

1

st

 candidate for 

TRP comb.

2

nd

 candidate for 

TRP comb.

1

st

 candidate for 

TRP comb.

2

nd

 candidate for 

TRP comb.


oleObject2.bin
TRP


TRP1


TRP2


UE


TRP3


(a) Intra-site


(b) Inter-site


TRP


UE


TRP


1st candidate for TRP comb.


2nd candidate for TRP comb.


1st candidate for TRP comb.


2nd candidate for TRP comb.



image16.png




image17.png
150

145

140

135

130

125

120

115

110

1239

W-only

50%-ile UPT(Mbit/s)

W + wideband-Rxx

145.6

W + subband-Rxx




image1.png




image2.png




image3.png




