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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 Type-II codebook refinement
2.1.1 Interpretation on candidate solutions based on WID

Regarding Rel-16/17 Type-II CSI formula, if there is no modification to the spatial and frequency domain basis as mentioned in above WID, we have the following three candidate interpretations (i.e., alternatives for this CSI enhancement):
· 


Interpretation-1: The reported  and remains over a long-term time period, but  can be reported several times during the time period.
· 
In such interpretation, we only need to provide a flexible association/reporting framework based on Rel-16/17 Type-II CSI report. For instance, we need to support dynamically triggering -only reporting and/or have individual periodicities of reporting different elements in Rel-16/17 Type-II CSI.
· 


Interpretation-2: Legacy structure for  and remains, but a prediction/extrapolation structure is introduced for .
· 
In such interpretation, we may need to consider one or more Doppler domain basic vectors, and then the co-efficient matrix  can be determined as a function of time, which can be called as CSI/PMI prediction/extrapolation. But, the performance gain and robustness for the prediction/extrapolation should be comprehensively justified.
· 






Interpretation-3: Legacy structure for ,  and remains, but additional eigen-vector and corresponding matrix (e.g., by additional ,  and , or only the portion of them) are introduced. Then, we may consider a prediction/extrapolation structure for the eigen-vector.
· 


Similar to interpretation-2, this interpretation-3 is also relevant to CSI/PMI prediction/extrapolation, but is based on full channel matrix. Although it may introduce some more CSI feedback compared with the legacy report of matrix , i.e., matrix -only, it can explain the full channel information which may be beneficial for Doppler prediction and the subsequent CSI compression. 




In Figure 1, the corresponding Type-II codebook refinements for above three interpretation are provided, respectively. It can be observed that, for Interpretation-1, legacy measurement/reporting behavior can remain except that  should be reported with a small periodicity; for Interpretation-2 and 3, the UE only need to measure NT instances for CMR-IMR pair and then report the Doppler-domain compressed CSI, and then the gNB can re-construct the subsequent N4 instances. After that, the difference between Interpretation-2 and Interpretation-3 is just relevant to whether CSI report is based on , i.e., matrix -only, or full channel information .
· 

It should be noticed that, even for Interpretation-3, CSI codebook corresponding to matrix  can be still based on legacy eType-II codebook (that is designed for matrix). Consequently, we can still assume that there is no modification to the spatial and frequency domain basis
[image: ]
Figure 1 Type-II codebook refinement for Doppler-related CSI enhancement: (a) Interpretation-1, (b) Interpretation-2, and (c) Interpretation-3.


Based on above discussion, the corresponding RS measurement and CSI report can be found in Figure 2, where the grey line represents that the corresponding channel measurement and CSI report both can be canceled. For Figure 2-b, it is assumed that  and remains over a long-term time period, i.e., N4.
Proposal 1: Regarding Type-II codebook refinement by exploiting Doppler-domain information, the following three interpretations/candidate frameworks should be considered for further clarification/down-selection:
· 



Interpretation-1(flexible reporting for): The reported  and remain over a long-term time period, but  can be reported several times during the period.
· 



Interpretation-2 (-related prediction): Legacy structure for  and remains, but a prediction/ extrapolation structure is introduced for .
· 



Interpretation-3 (full-channel-information feedback and eigen-vector prediction): Legacy structure for ,  and remains, but additional eigen-vector and corresponding matrix are introduced for reporting full channel information
· In such interpretation, a prediction/extrapolation structure for eigen-vector can be considered.
[image: ]
Figure 2 Doppler-related RS measurement and CSI report: (a) Interpretation-1/3 and (b) Interpretation-2.
Besides, for CSI prediction/extrapolation, we think that, for this WID, it should be assumed to be performed in UE side, and we may optimize CSI codebook/feedback structure for accommodating this prediction/extrapolation approach. Then, on the other hand, gNB-side CSI prediction/extrapolation can be achieved with spec-transparent manner via exploiting the flexible NR CSI reporting framework, and so we do not identify the necessity of further study in this gNB-side prediction/extrapolation in this item. 
Proposal 2: Regarding CSI prediction, if supported in this WID, UE-side Doppler prediction and Doppler-related CSI compression should be handled with higher priority over gNB-side.
2.1.2 CSI prediction scheme and evaluation assumption
In this section, we focus on CSI prediction scheme. Although those schemes are much relevant to UE/gNB-implementation, they may also provide some requirement for the subsequent CSI framework design. 
Generally speaking, as what we discussed in Section 2.1.1, we also have two candidate CSI prediction schemes:
· 




Scheme-1 (-based prediction): Firstly calculate a list of  for NT instances under given  and that may be determined based on the NT channel measurement; then, perform prediction/extrapolation for  for the following several instance, i.e., N4 as shown in Figure 1(b).
· 


Scheme-2 (-based prediction): Firstly calculate a list of  for NT instances; then, perform prediction/extrapolation for  for the following several instance, i.e., N4 as shown in Figure 1 and 2.
· 

Note: the prediction/extrapolation can be performed per Tx-Rx antenna pair, or based on the eigenvector under given spatial/frequency-domain vector, i.e., fixed matrix and .


Proposal 3: Regarding CSI prediction, the following two candidate schemes are identified: -based prediction and -based prediction.





In our views, for -based prediction, it may be difficult for estimating the Doppler basic vector. It is due to the fact that matrix is calculated by , which means that a Doppler basic vector in channel information, , may be cancelled out, but also some more mixed Doppler shift over different Doppler basis are introduced. As a result, it can be observed that, for each NZP elements for  across the list of instances, we can observe too many Doppler basis vectors, even for LOS scenarios. But, on the other hands, for scheme-2, the original Doppler information can be reserved well, and it is beneficial for guaranteeing the performance of Doppler-prediction/extrapolation


Observation 1: Regarding CSI prediction scheme, in our initial evaluation, Scheme-2 (-based prediction) is superior to Scheme-1 (-based prediction) due to preventing from introducing mixed Doppler basis over different Doppler basis.
To evaluate above schemes, we need to identify typical scenario(s) for high-way or high-speed train in SLS. In our views, UE should be traveled across a high way or an avenue, and UE trajectory should be specified rather than randomly dropped. In our views, the high-way scenario with linear UE trajectory as in R17 multi-beam operation can be considered as a starting point. Then, our detailed views on scenarios, evaluation methodology and evaluation assumption can be found in our companion contribution [2]. 
· It should be noticed, while evaluating the time efficiency of CSI prediction schemes, channel model of spatial consistency should be additionally considered, rather than only traditional drop based. 


Figure 3 UE mobility and trajectory handling for Doppler CSI related evaluation
2.1.3 Initial simulation evaluation

In UMa scenario with above mentioned UE trajectory, we evaluate the legacy and proposed CSI prediction scheme-2, i.e., -based prediction. As shown in Figure 2(a), NT=10 slots (i.e., 5ms @30KHz-SCS) and N4= 200 slot  (i.e., 100 ms) in this simulation, where for one CSI-RS burst, there are 10 CSI-RS transmission instances. For legacy approach, we assumes that CSI-RS measurement/CSI reporting are performed per 10 slot (i.e., 5 ms), and so for a prediction window (N4 = 200 instances), there are also 20 CSI-RS transmissions for guaranteeing the fairness of this comparison. Some detailed evaluation assumption can be found in our companion contribution [5].
· It should be noticed that, in such evaluation, we do not consider the performance loss due to Doppler-domain CSI compression, i.e., ideal feedback to predicted/extrapolated CSI. Due to save a dozen of CSI reports per CSI-RS instance, we still can assume that a single CSI overhead for a long periodicity by using prediction approach may still save the CSI overhead significantly.
In LOS, we can have the following simulation results with SU-MIMO, as in Table 1 for both high and medium UE velocities. It can be observed that there may be some performance gains, especially for cell-edge UE. But, for average UPT, the performance gain may be limited. Therefore, further studying CSI-prediction approaches and corresponding Doppler-compression may be needed.
Table 1	SLS results for high/medium UE velocities in LOS-UMa scenario 
	UE velocity
	Solution
	 Mean (Mbps)
	5%-ile (Mbps)
	95%-ile (Mbps)

	120 km/h

	eType-II
	15.475 
(100%)
	6.543 
(100%)
	25.513 
(100%)

	
	CSI prediction Scheme-2
	16.349 
(+5.64%↑)
	7.705 
(+17.75%↑)
	26.982 
(+5.75%↑)

	60 km/h
	eType-II
	16.057 
(100%)
	7.116 
(100%)
	26.455 
(100%)

	
	CSI prediction Scheme-2
	16.935 
(+5.46%↑)
	8.313
(+16.82%↑)
	28.251 
(+6.79%↑)


Then, for NLOS scenarios, there is not a dominant path as LOS, and instead there are many rays/clusters. As a results, from the perspective of Doppler domain, stable Doppler basis can not be observed. 
· For instance, we provide results with UE speed of 120km/h at a given Tx-Rx antenna port in Figure 4. We can found that for first and second 100 ms, there are drastically changes for dominant vectors in Doppler domain, although they are mainly distributed from -600 to -200 Hz. It implies that there may be too many individual Doppler components with different Doppler offsets are distributed in this areas, and it is difficult to identify a clear and stable time-domain correlation in such case. 


Figure 4 Time/Doppler-domain channel response (i.e., amplitude) under a given Tx-RX antenna port in NLOS-UMa scenarios: (a) time-domain channel information, (b) Doppler domain channel information using samples in the first 100-ms, (b) Doppler domain channel information using samples in the second 100-ms

Observation 2: Regarding CSI prediction scheme-2 (-based prediction), based on SLS simulation results in UMa, we can observe:
· In LOS, some performance gain and potential CSI overhead reduction can be obtained via exploring Doppler-domain information.
· However, for NLOS, it is difficult to identify dominant Doppler components for CSI prediction/extrapolation, and consequently advanced algorithm (like artificial intelligence (AI) for CSI prediction) may be further studied.
2.2 UE reporting of time-domain channel properties
2.2.1 Scenarios and WID scope
In the wireless communication systems, as a basic requirement for time/frequency-domain synchronization, UE should always estimate the real-time Doppler shift and compensate it accordingly, via SSB and CSI-RS for tracking. Besides for UE mobility as mentioned in the WID objective, Doppler shift is mainly contributed by a slight deviation of centric frequency between gNB and UE oscillators. Therefore, from UE perspective, it is impossible to identify the respective Doppler shift introduced by UE mobility and imbalance between gNB and UE oscillators. Therefore, if UE always need to compensate the mixed Doppler shift impact for synchronization, the report of Doppler-shift estimate based on either a single CSI-RS (i.e., CSI-RS for tracking) or a unique spatial basic vector becomes meaningless.
Observation 3: From the perspective of UE receiver, Doppler shift is contributed by both UE mobility and deviation of centric frequency between gNB and UE oscillators and can be compensated for UE-side synchronization, and therefore the necessity of the report of a single Doppler-shift estimate based on either a single CSI-RS or a unique spatial basic vector (e.g., Type I codebook) is unclear. 
Therefore, a potential usage for UE reporting of time-domain channel properties measured via CSI-RS for tracking may be much relevant to the mTRP-HST scenario as discussed in Rel-17, rather than sTRP. If so, the agreed evaluation assumption for Rel-17 mTRP-HST can be considered as a starting point.
[image: ]
Figure 5 Multi-TRP or multi-RRH deployment for HST scenario
2.2.2 TRS setting and reporting format
For network based SFN in HST, gNB has to know the frequency offsets between TRPs before implementing frequency pre-compensation. As discussed in Rel-17, the following two candidates are identified:
· UL RS based Doppler estimation by gNB
· In such case, gNB can estimate frequency offsets between TRPs based UL signal, e.g. SRS, PUSCH DMRS etc. This solution can be supported without specification impact. Hence it should be supported as baseline for further enhancement. However, the estimation accuracy may be reduced because of UL power limitation, the restriction of SRS pattern and the bandwidth of PUSCH DMRS, and different frequency ranges of DL and UL in FDD. 
· TRS based Doppler feedback by UE
· In such case, UE can estimate the Doppler shift/frequency offsets based on two TRS resource sets, then UE reports the estimated results to gNB for pre-compensation. More accurate estimation can be achieved by this solution because of TRS pattern (well optimized for time/frequency offset estimate), sufficient Tx power and wide band. However, it may need more specification effort. 
In our view, the latter one, i.e., TRS based Doppler feedback, should be supported. Specifically, for pre-compensation at TRP side, the 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 shift/frequency offset value for simplicity.
· [bookmark: OLE_LINK20]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, and 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.
[image: ]
Figured 6 UE reports the relative Doppler shift/frequency offset
Proposal 4: For UE reporting of time-domain channel properties, the existed CSI reporting mechanism should be re-used for Doppler-shift feedback.
· One configured TRS resource set is used as a reference, and the relative Doppler shift/frequency offset among the other TRS resource sets and the reference TRS resource set should be reported.
3 CSI enhancement for CJT
Among items in this WID for DL and UL MIMO, the aspects for CSI enhancement for CJT are listed as below.
	6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.


3.1 Scenarios and evaluation assumption
Regarding the enhancement on CSI acquisitions for coherent-JT, we think that the legacy topology for TRP deployment should be considered as a starting point. Then, the deployment scenarios can be divided into the following three categories: a) intra-site, b) inter-site, and c) intra-&inter-site as shown in Figure 7. Then, if RSRP distance between the optimal TRP and the second optimal TRP (e.g., intra-site and/or inter-site) is smaller than a threshold (e.g., 6 dB), coherent joint transmission using the corresponding TRPs is performed; otherwise, sTRP based transmission should be used.


Figure 7 Deployment scenarios for coherent JT: (a) intra-site, (b) inter-site, (c) intra-&inter-site
Besides, considering that real-time multi-UE paring and precoding determination in MU-MIMO is hard from the perspective of product implementation, especially for inter-site, we think that SU-MIMO should be considered as a starting point especially for inter-site case, and MU-MIMO can be evaluated with second priority.  
[bookmark: _GoBack]Proposal 5: Regarding evaluation on CJT enhancement, 
· Legacy topology for TRP/cell as used in 3GPP should be considered firstly, and then we may further discuss other topologies.
· Intra-site, inter-site, and intra-&inter-site scenarios can be considered for evaluation.
· Compared with MU-MIMO, SU-MIMO should be evaluated with high priority due to realistic product deployment.
Through initial SLS evaluation, we evaluate system performance (considering both intra-site and inter-site cases as shown in Figure 7(c)) for ideal feedback (SVD-based), Type-II CSI enhancement for sTRP, non-coherent JT (NC-JT) and CJT. The corresponding SLS simulation results can be found in Table-2. It can be observed that C-JT can bring an obvious performance gain compared with sTRP and NC-JT, especially for cell-edge UE. The detailed simulation assumptions for this CJT evaluation can be found in our companion contribution [2].
Table 2 SLS simulation results for coherent-JT
	Case
	Ideal feedback (Mbit/s)
	eType II feedback(Mbit/s)

	
	mean
	5%
	50%
	95%
	mean
	5%
	50%
	95%

	sTRP
	191.35
(100%)
	44.38
(100%)
	172.78
(100%)
	358.51
(100%)
	177.38
(100%)
	41.53
(100%)
	158.13
(100%)
	358.51
(100%)

	NC-JT
	188.48
(-1.5%)
	50.46
(+13.7%)
	169.67
(-1.8%)
	358.51
(0%)
	175.78
(-0.9%)
	46.76
(+12.6%)
	159.08
(+0.6%)
	358.51
(0%)

	C-JT
	203.60
(+6.4%)
	59.03
(+33.0%)
	184.78
(+6.9%)
	358.51
(0%)
	186.26
(+5.0%)
	52.33
(+26%)
	164.49
(+4.0%)
	358.51
(0%)


Observation 4: From evaluation results, it can be observed that, compared with sTRP and NC-JT, C-JT can bring performance gains in terms of both cell-edge and mean UPT.
3.2 Framework on enhanced CSI for CJT
3.2.1 CJT codebook 
For intra-site scenario, as shown in Figure 7(a), the distance between TRPs is at wavelength level. The optimal Tx beams across different TRPs may be the same with high probability. This assumption may also apply to CSI codebook design of Rel-15 type I multiple panel codebook. In our views, it may also be suitable for CJT transmission. 
· Specifically, in such scenario, the optimal Tx beams of different TRPs are the same and the channel between different panels and UE are similar, then, with coherent precoding from different TRPs, performance gain by CJT can be obtain easily. In additional, ideal backhaul and synchronization between TRPs can be easily guaranteed. So as classical CJT scenario, co-located/site multiple TRPs with same optimal Tx beam(s) should be supported firstly. 
· Based on above analysis, from CJT codebook, we may the following assumption:
· The spatial domain vectors and the frequency domain vectors of different TRPs are same and can be reported per TRP group instead of per TRP
For inter-site scenario as shown in Figure 7(b), the distance between TRPs are at meter level, and in general optimal Tx beams of different TRPs are different. Compared with intra-site scenario, larger performance gain in terms of spatial multiplexing and diversity may be experienced. 
· In such scenario, the spatial domain vectors and the frequency domain vectors of different TRPs are different and should be reported per TRP in a report instance. This assumption for CSI codebook design can be also applied for the TRPs which located in same cell site but with different beam direction, such as being from different sectors.  
After than, the intra-site and inter-site scenario as shown in Figure 7(c) is a combination of intra-site scenario and inter-site. 
Observation 5: For CSI codebook for CJT, TRP-specific and TRP-common spatial domain vector should be both considered in order to accommodate intra-site, inter-site and intra&inter-site scenarios. 
As discussed above, the framework of CJT codebook for above intra-site scenario and inter-site may be different. To strive for a unified CJT codebook framework, the one or more TRP groups can be configured for the UE. Each TRP group includes TRPs with the same optimal Tx beams. The UE reports spatial domain vector and frequency domain vector for each TRP group. 
Proposal 6: Regarding Rel-16/17 Type-II refinement for facilitating CJT, spatial domain basic vector(s) and frequency domain basic vector(s) can be reported per TRP group 
· Note: one TRP group can include one or more TRPs, each of which have individual W2, 




In addition, some relative information between TRPs are needed. Specifically, the relative information of strongest amplitudes across TRPs and relative information of reference frequency domain vectors across TRPs should be reported by the UE. For example, if Rel-16 eType II is used per TRP, for TRP in TRP group , layer , and frequency domain unit , we can have the following precoding matrix format:

    (1)




wherein and are relative information of strongest amplitudes across TRPs, includes relative information of reference frequency domain vectors across TRPs and  includes relative information of phases of TRPs. 




Considering that larger granularity (e.g., PRG) of one precoding matrix may be suitable for smaller delay spread scenario, and then delay spread across all TRPs should be larger than delay spread of one TRP, we identify the necessity of different frequency domain granularities for reporting and . One legacy frequency domain unit includes more than one new frequency domain unit . One subband includes up to 2 legacy frequency domain units and more than 2 new frequency domain unit. 
Proposal 7: Regarding CJT codebook, the Rel-16/17 type II codebook can be reused per TRP except for the relative information of strongest amplitudes of TRPs and relative information of reference frequency domain vector of TRPs.
· Frequency domain vector per TRP 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).
3.2.2 Power control of CJT precoding matrix
As shown in equation (1), the CJT precoding matrix can be normalized per TRP, but it may destroy the structure of CJT precoding matrix. 
Proposal 8: How to normalize the CJT precoding matrix should be studied, such as normalized per TRP or per CJT precoding matrix.  
3.2.3 Configuring codebook parameter per TRP. 
As shown in equation (1), the codebook parameter can be configured per TRP, such as the number of spatial domain vector, the number of frequency domain vector and codebook restriction. But the rank restriction should not be configured per TRP. In addition, the CSI parameter for each TRP in CJT may be different from legacy parameter for single TRP transmission. 
Proposal 9: Some codebook parameters, such as the number of spatial domain vector, the number of frequency domain vector and codebook restriction, can be configured per TRP
· FFS: combination of above codebook parameters for sake of CSI reporting. 
3.3 CSI-RS enhancement for facilitating C-JT
Regarding CSI-RS enhancement for facilitating C-JT with up to 4 TRPs, N CSI-RS port groups of N TRPs should be contained in one CSI-RS resource or N CSI-RS resource.
Opt-1: Port-group wise (agreed in Rel-15) 
In the coherent joint transmission scenario, the UE may need to perform joint calculation and report upon the received CSI-RS resources. Therefore, one CSI-RS resource shared by multiple TRPs can be considered. Besides, one CSI-RS resource configuration can accommodate Type-II port-selection CSI codebook, and saves specification effort in terms of PMI definition, power-offset, etc.
· Specifically, one CSI-RS resource can be split to N CDM group sets corresponding to N TRPs, respectively. And each CDM group set includes one or more CDM groups/ports. CDM group set can be configured by a list of RRC (e.g., Cdmgroupsetlist). 
· Note: The pattern composed of each CDM group set shall meet the requirements of existing patterns.
Since one CSI-RS resource is shared by multiple TRPs, in order to ensure that the ports allocated to each TRP are continuous, the rules of port-numbering across different CDM group sets should enhanced.
· For instance, the CDM groups can be numbered in the CDM group set first, then in order of increasing frequency domain allocation and finally increasing time domain allocation. Then, the ports of CSI-RS are numbered in the CDM group first, and then increased upward according to the index of the CDM group.
Opt-2: Resource wise (analogous to NCJT in Rel-17) 
To accommodate the flexible configuration for TCI state(s) and other resource-level parameters. Multiple CSI-RS resources transmitted from different TRPs similar to NCJT should also be supported.
In such case, the UE can determine a joint CJT PMI according to one CSI-RS resource group. Each group contains one or more CSI-RS resources and corresponds to one CJT transmission, and different resources in one CSI-RS resource group are from different CSI-RS resource sets. Different CSI-RS resource sets correspond to different TRPs. The UE can determine the CSI-RS resource group using one the following two methods:
· Method 1: The UE determines the CSI-RS resource group according to gNB configuration.
· Using this method, gNB will configure M CSI-RS resource groups, and different CSI-RS resource groups can include different number of CSI-RS resources. And then UE will receive the resources from M groups and determine PMI for each group based on the resources in the corresponding group. The UE can select one or more groups. The UE reports group index and corresponding PMI for each selected group. Note that, the group index can also be a CRI.
· Method 2: The UE determines the CSI-RS resource group according to UE measurement
· Using this method, UE will receive the resources from multiple CSI-RS resource sets and determine PMI according to one or more CSI-RS resources from different resource sets. These resources are combined into a resource group for a CJT transmission, and then UE reports CRIs corresponding to each resource in the group and the corresponding PMI for the group
In both Method 1 and Method 2, the UE get CJT PMI based on all CSI-RS resources in one group. The difference is that the resources in each group is configured by gNB in Method -1 and .the resources in one group is selected by UE from multiple resource sets. 
Proposal-10: For CJT channel measurement, the following solutions can be considered.
· Opt-1: One CSI-RS resource can be shared by multiple TRPs.
· One CSI-RS resource can be split to N CDM group sets corresponding to N TRPs.
· The rules of port-numbering across different CDM group sets should enhanced.
· Opt-2: N CSI-RS resources can be transmitted from N TRPs respectively.
· PMI for CJT transmission is determined by a group of CSI-RS resources, which is pre-configured by gNB (as NC-JT in Rel-17) or indicated by UE (as group based beam reporting in Rel-17).
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: Regarding CSI prediction scheme, in our initial evaluation, Scheme-2 (-based prediction) is superior to Scheme-1 (-based prediction) due to preventing from introducing mixed Doppler basis over different Doppler basis.

Observation 2: Regarding CSI prediction scheme-2 (-based prediction), based on SLS simulation results in UMa, we can observe:
· In LOS, some performance gain and potential CSI overhead reduction can be obtained via exploring Doppler-domain information.
· However, for NLOS, it is difficult to identify dominant Doppler components for CSI prediction/extrapolation, and consequently advanced algorithm (like artificial intelligence (AI) for CSI prediction) may be further studied.
Observation 3: From the perspective of UE receiver, Doppler shift is contributed by both UE mobility and deviation of centric frequency between gNB and UE oscillators and can be compensated for UE-side synchronization, and therefore the necessity of the report of a single Doppler-shift estimate based on either a single CSI-RS or a unique spatial basic vector (e.g., Type I codebook) is unclear. 
Proposal 1: Regarding Type-II codebook refinement by exploiting Doppler-domain information, the following three interpretations/candidate frameworks should be considered for further clarification/down-selection:
· 



Interpretation-1(flexible reporting for): The reported  and remain over a long-term time period, but  can be reported several times during the period.
· 



Interpretation-2 (-related prediction): Legacy structure for  and remains, but a prediction/ extrapolation structure is introduced for .
· 



Interpretation-3 (full-channel-information feedback and eigen-vector prediction): Legacy structure for ,  and remains, but additional eigen-vector and corresponding matrix are introduced for reporting full channel information
· In such interpretation, a prediction/extrapolation structure for eigen-vector can be considered.
Proposal 2: Regarding CSI prediction, if supported in this WID, UE-side Doppler prediction and Doppler-related CSI compression should be handled with higher priority over gNB-side.


Proposal 3: Regarding CSI prediction, the following two candidate schemes are identified: -based prediction and -based prediction.
Proposal 4: For UE reporting of time-domain channel properties, the existed CSI reporting mechanism should be re-used for Doppler-shift feedback.
· One configured TRS resource set is used as a reference, and the relative Doppler shift/frequency offset among the other TRS resource sets and the reference TRS resource set should be reported.
CSI enhancement for CJT
Observation 4: From evaluation results, it can be observed that, compared with sTRP and NC-JT, C-JT can bring performance gains in terms of both cell-edge and mean UPT.
Observation 5: For CSI codebook for CJT, TRP-specific and TRP-common spatial domain vector should be both considered in order to accommodate intra-site, inter-site and intra&inter-site scenarios. 
Proposal 5: Regarding evaluation on CJT enhancement, 
· Legacy topology for TRP/cell as used in 3GPP should be considered firstly, and then we may further discuss other topologies.
· Intra-site, inter-site, and intra-&inter-site scenarios can be considered for evaluation.
· Compared with MU-MIMO, SU-MIMO should be evaluated with high priority due to realistic product deployment.
Proposal 6: Regarding Rel-16/17 Type-II refinement for facilitating CJT, spatial domain basic vector(s) and frequency domain basic vector(s) can be reported per TRP group 
· Note: one TRP group can include one or more TRPs, each of which have individual W2, 
Proposal 7: Regarding CJT codebook, the Rel-16/17 type II codebook can be reused per TRP except for the relative information of strongest amplitudes of TRPs and relative information of reference frequency domain vector of TRPs.
· Frequency domain vector per TRP 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).
Proposal 8: How to normalize the CJT precoding matrix should be studied, such as normalized per TRP or per CJT precoding matrix.  
Proposal 9: Some codebook parameters, such as the number of spatial domain vector, the number of frequency domain vector and codebook restriction, can be configured per TRP
· FFS: combination of above codebook parameters for sake of CSI reporting. 
Proposal-10: For CJT channel measurement, the following solutions can be considered.
· Opt-1: One CSI-RS resource can be shared by multiple TRPs.
· One CSI-RS resource can be split to N CDM group sets corresponding to N TRPs.
· The rules of port-numbering across different CDM group sets should enhanced.
· Opt-2: N CSI-RS resources can be transmitted from N TRPs respectively.
· PMI for CJT transmission is determined by a group of CSI-RS resources, which is pre-configured by gNB (as NC-JT in Rel-17) or indicated by UE (as group based beam reporting in Rel-17).
5 References
[1] RP-213598, New WID: MIMO Evolution for Downlink and Uplink, Samsung (Moderator)
[2] R1-2203270, Evaluation assumptions for CSI, simultaneous multi-panel UL transmission and 8-Tx UL operation, ZTE
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