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Introduction
At the 3GPP TSG RAN #94e meeting the new WI on MIMO Evolution for Downlink and Uplink [1] was agreed. Two objectives of the WI correspond to the CSI enhancements including CSI enhancements for high/medium UE velocities and CSI enhancements for Coherent Joint Transmission (CJT).
	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:
0. Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
0. UE reporting of time-domain channel properties measured via CSI-RS for tracking
1. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
1. Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off


In this contribution aspects related to CSI enhancements for CJT and CSI enhancements for high/medium UE velocities including PMI/CQI reporting enhancements and TDCP (Time Domain Channel Properties) reporting support are discussed. 
[bookmark: _Hlk47732020]Discussion
PMI/CQI enhancements for high/medium UE velocities
PMI search complexity
For the new PMI codebook with Doppler-Domain (DD) DFT compression (N4 > 1), N4 precoding matrixes corresponding to N4 DD units are reported by the UE as one PMI. Complexity of the PMI search is increasing with larger N4 value. Difference of the complexity for different N4 values shall be considered for the CPU (CSI processing unit) occupancy rules and/or UE capabilities for the maximum number of active CSI-RS ports and resources. If parameter N4 is not considered to balance UE complexity, UE which supports the new PMI codebook will be forced to indicate UE capabilities associated with the worst-case PMI search complexity which corresponds to the maximum supported N4 value.
Thus, to solve the issue of PMI search complexity for different N4 values, we propose to consider the following alternatives.
· Alt. 1: A CSI report with N4 DD units occupies N4 CPUs
· Alt. 2: UE capability for the maximum number of active CSI-RS ports/resources is indicated separately per each N4 value
At the same time, according to the current specification, the number of CPUs for a CSI report which contains RI/CQI is equal to the number of CSI-RS resources. The supported CPU occupancy rules corresponds to the assumption that a UE calculates RI/CQI (and PMI, if configured) for each of the configured CSI-RS resources. For the new PMI codebook enhanced for high/medium UE velocities (including both cases N4 = 1 and N4 > 1) used with aperiodic CSI-RS, all the configured CSI-RS resources are used for channel prediction only, CSI calculation is done for the predicted channel matrix(es). Since the channel prediction is left up to UE implementation, it is hard to quantify the complexity of the CSI calculation with different number of CSI-RS resources. 
Observation 1: 
· For the new PMI codebook enhanced for high/medium UE velocity, complexity of CSI calculation largely depends on the number of DD units N4
Proposal 1: 
· Consider the following alternatives to handle the PMI search complexity for the new PMI codebook enhanced for high/medium UE velocity
· Alt. 1: A CSI report with N4 DD units occupies N4 CPUs
· Alt. 2: UE capability for the maximum number of active CSI-RS ports/resources is indicated separately per each N4 value
Channel prediction performance 
Channel prediction performance depends on many factors including wireless channel properties (e.g., number of clusters, angular spread, delay spread, etc.), UE speed, number of measured CSI-RS instances, CSI-RS periodicity, time gap between measurement window and prediction window, prediction window duration, channel prediction implementation at the UE, etc. In general case all the above factors can not be known at the gNB side. For a given UE in some cases CSI accuracy with channel prediction may be worse comparing to CSI accuracy without channel prediction (sample-and-hold or channel averaging). Thus, acceptable prediction performance cannot be guaranteed for all the cases which may lead to reduced efficiency for DL transmission. To avoid DL performance loss, UE feedback of channel prediction performance can be considered. 
Observation 2: 
· Performance of channel prediction at the UE depends on many factors which are not known at the gNB in general case
Prediction performance can be estimated at the UE by using periodic/semi-persistent CSI-RS or burst of aperiodic CSI-RS as it is schematically represented in the below figure. 


Figure 1. Schematic representation of prediction performance estimation at the UE
In figure 1, a UE measures channel matrixes for multiple CSI-RS transmissions with periodicity P slots {…, H(n-3P), H(n-2P), H(n-P), H(n)}. Accuracy metrics for the channel prediction can be estimated as f(H(n), Hp(n)) by using predicted channel Hp(n) and measured channel H(n) for the slot n, where accuracy metrics is up to UE implementation. For example, f(X, Y) may correspond to Normalized Mean Square Error (NMSE) or Generalized Cosine Similarity (GCS) metrics for matrixes X and Y. To decide whether channel prediction performance is acceptable or not, accuracy metrics can be calculated for sample-and-hold approach as f(H(n-P), H(n)) and compared to the accuracy metrics for the channel prediction.
Based on the calculated accuracy metrics, one bit can be reported by the UE indicating relative channel prediction performance. For example, if accuracy metrics for channel prediction is larger than accuracy metrics for sample-and-hold approach, 0 is indicated via the corresponding bit in UCI. The actual implementation to derive the value of that bit can be left up to UE implementation considering RAN4 tests. 
Also, one factor which may be controlled by the gNB to improve the CSI prediction performance is the number of CSI-RS instances transmitted to the UE (e.g., for filter weights training in case of a linear prediction algorithm). For CSI prediction with aperiodic CSI-RS, a few CSI-RS burst may be not enough to achieve acceptable CSI prediction performance. Or, depending on the maximum Doppler frequency, gap between CSI-RS transmissions may be larger than the optimal value. Thus, additional signalling from the UE may be needed to inform gNB about the recommended minimum number of CSI-RS instances before the first CSI report with CSI prediction and/or the gap between two CSI-RS instances.
Proposal 2: 
· Consider at least the following features to enable robust CSI prediction and avoid performance loss
· One bit in a CSI report indicating channel prediction performance
· UE report on recommended number of CSI-RS instances and gap between CSI-RS instances
Other 
Multiple aspects of CSI calculation and measurements are considered in the below agreement from RAN1#112b-e meeting including CMR/IMR configuration and PDSCH EPRE assumption for CQI calculation. 
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, 
· The number of CSI-RS ports is the same for all the K configured CSI-RS resources comprising the CMR and the antenna ports for the same antenna port index across the K CSI-RS resources are the same.
· All the K configured CSI-RS resources comprising the CMR share the same BW and RE locations 
· For interference measurement, legacy specification is fully reused, including the configuration for NZP CSI-RS for interference measurement or CSI-IM in relation to the configured CMR, i.e. only one NZP CSI-RS resource for interference measurement or only one CSI-IM resource can be configured irrespective of the value of K
· [bookmark: _Hlk134710350]On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR 
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR
· Alt 2: The assumed PDSCH EPRE of all the K CSI-RS resources follows the configured powerControlOffset value of one fixed CSI-RS resource, e.g. the first one
Note: This may imply that existing section 5.2.2.2.75 of TS38.214 can apply to Rel-18 Type-II Doppler codebook in terms of Rel-18 CMR (burst of CSI-RS resources) and Rel-18 CSI reference resource 


In the current specification for the legacy PMI codebooks PDSCH EPRE ratio is configured separately per CSI-RS resource. For the new PMI codebook, it is assumed that K CSI-RS resources are used for channel prediction, so it is not clear how to use the PDSCH EPRE assumption if the corresponding power offset value is different across the CSI-RS resources. There are two alternatives listed in the above agreement for the PDSCH EPRE assumption configuration for CQI calculation. Both alternatives solve the issue by applying the same power offset value for all the CSI-RS resources. We have slight preference for solution corresponding to Alt. 1 since it is simple and robust. 
According to the current specification for aperiodic CSI report with aperiodic CSI-RS, the CSI-RS is transmitted after the corresponding DCI with CSI triggering. For the new PMI codebook enhanced for high/medium UE velocities, it is assumed that K > 1 CSI-RS resources for a single CSI report are transmitted in different slots. Despite relatively long duration of CSI-RS transmission window which can occupy more than 10 slots, all the CSI-RS resources should be transmitted after the corresponding DCI with CSI triggering so that additional buffering of every DL slot is not required at the UE. 
Proposal 3: 
· On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR 
· The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR
· For aperiodic CSI report with aperiodic CSI-RS, CSI-RS transmission before CSI triggering is not supported
Time Domain Channel Properties (TDCP) reporting
At the last RAN1 meeting the following agreement was made on TRS configuration for the TDCP reporting. 
	Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, at least the following restrictions are supported:
· When all the configured KTRS resource sets are periodic, the UE can assume that all the resource sets share a same QCL-Type-A/C and, if applicable, Type-D source 
· If the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation, when one of the KTRS configured resource sets is aperiodic, the UE can assume that the aperiodic resource set is configured with QCL-Type-A and, if applicable, Type-D source with the resources of the one of the (KTRS – 1) periodic TRS resource sets 
· Note: Following the legacy specification, no more than 1 of the KTRS resource sets is aperiodic 
· TBD (RAN1#113): whether the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation or not 
· [bookmark: _Hlk133320860]FFS: whether the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets 


As it is stated in the above proposal, support for the joint use of periodic and aperiodic TRS for TDCP reporting is to be decided at RAN1#113 meeting. Since stand-alone aperiodic TRS configuration without periodic TRS is not supported, it is natural to use both periodic and aperiodic TRS instances jointly for a TDCP report (i.e., TDCP report should not be based on aperiodic TRS only). Usage of aperiodic TRS has multiple benefits. First, configuration of multiple periodic TRS is not required to support TDCP report with delay value larger than one slot which enables TRS overhead saving. Second, aperiodic TRS provides additional flexibility for the TDCP delay value. So, if change of delay value is required to optimize the TDCP report efficiency for a UE, it is not necessary to update RRC configuration as for periodic TRS only. 
Observation 3: 
· Joint use of periodic and aperiodic TRS resource sets can provide RS overhead reduction and has additional flexibility to dynamically adjust the delay value of a TDCP report for a UE
To simplify the UE implementation for joint use of periodic and aperiodic TRS, all the TRS instances (periodic or aperiodic) used for TDCP calculation should be after the TDCP report triggering. Considering this restriction, usage of periodic and aperiodic TRS for TDCP report is feasible for UE implementation. Thus, we propose to support joint use of periodic and aperiodic TRS resource sets for TDCP reporting at least with Y = 1 delay value. 
Proposal 4: 
· Support joint use of periodic and aperiodic TRS resource sets for TDCP reporting at least with Y = 1
· Measurement of a TRS instance (periodic or aperiodic) before the TDCP report triggering is not supported
The range of delay values for TDCP calculation is already agreed. However, there is no agreement on delay value configuration. In our view the delay values can be implicitly determined based on the slot offsets between the corresponding CSI-RS resource sets for tracking configured for TDCP report. It allows to configure different delays and dynamically change the delay value if aperiodic TRS resource set is used. 
Proposal 5: 
· Delay value(s) are implicitly determined based on relative slot offset of the corresponding CSI-RS resource sets for tracking configured for a TDCP report
One of the remaining issues for TDCP reporting is the value of basic delay Dbasic. In our view at least Dbasic = 2 slots should be supported due to better performance for some use cases comparing to Dbasic = 1 slot. The other issue is same port restriction for all the TRS resources. Since the TDCP corresponds to correlation in time-domain and it is needed to obtain time domain channel information at the gNB, we think that it is reasonable to support same port assumption for TRS resources used for a TDCP report. 
Proposal 6: 
· Support Dbasic = 2 slots
· Support same-slot assumption for TRS resources used for a TDCP report


CSI enhancements for CJT 
At the last RAN1 meeting significant progress was achieved on the new PMI codebook for CJT. Many details for the PMI codebook were finalized including FD vectors selection reporting, bitmap for coefficient selection indication, supported parameter combinations for different {Ln} combinations, CBSR, UCI parameters, etc. Multiple aspects which require further discussion in RAN1 are related to PMI search complexity handling and CSI computation time at the UE. 
One of the main tools to control the UE complexity is the limited number of CPUs which can be occupied by CSI reports. For the current specification, if a CSI report contains RI/CQI, the number of CPU occupied by a CSI report is equal to the number of the CSI-RS resources assuming that UE will calculate CSI (RI/PMI/CQI) for each CSI-RS resource separately. For CJT PMI codebook, even if multiple CSI-RS resources are configured, UE may not need to calculate CSI for each CSI-RS resource separately, but it is required to calculate one CSI for multiple CSI-RS resources jointly. Considering the above logic, one CPU should be occupied by a CSI report with PMI codebook for CJT. However, the total number of CSI-RS ports and the total number of selected SD vectors LTOT (which determines the PMI search complexity to a large extend) increases with the number of CSI-RS resources. Thus, in our view it makes sense to allocate K CPUs for a CSI report with K CSI-RS resources (as in the legacy specification) for the new CJT PMI codebook. Also, we don’t see a strong need to revise the CSI computation time requirements defined in Rel-15 since number of CPUs and UE capability for the number of active CSI-RS ports and CSI-RS resources can be used to distribute the CSI computation over time limiting the number of simultaneous CSI calculations. 
Proposal 7: 
· Legacy CPU occupancy rules are used for the new PMI codebook for CJT
· Minimum CSI calculation time for the new PMI codebook for CJT follows the legacy specification
At the last RAN1 meeting the following agreement was made on PDSCH EPRE assumption for CQI calculation for the Rel-18 Type-II codebook refinement for CJT mTRP. 
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· For the configured NTRP CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots
· On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
· Alt1. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the configured powerControlOffset value associated with its respective CSI-RS resource
· Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt3. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value defined as averagePDSCH-to-averageCSIRS EPRE ratio, where averagePDSCH and averageCSIRS are average power across for all the N selected CSI-RS resources 
· Alt4. The UE can assume that the PDSCH EPRE divided by N for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt 5: The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the powerControlOffset value for one of the configured NTRP CSI-RS resources
· Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values 
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not
Note: The total number of CSI-RS ports summed across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation


The main challenge for the definition of PDSCH EPRE assumption for CQI calculation with CJT PMI codebook is the joint usage of multiple CSI-RS resources for a single PDSCH layer. For the current specification, PDSCH EPRE assumption can be applied as scaling on effective channel after the precoding operation while for the new PMI codebook for CJT the power scaling has an impact on the precoding matrix itself. This may lead to additional implementation efforts for the UE. However, if the value of power offset corresponding to all the selected CSI-RS resources is the same, simple scaling can be still applied to consider the power difference between channel measured from CSI-RS and the actual PDSCH transmission. Thus, we propose to support configuration of the same powerControlOffset value for all the configured CSI-RS resources comprising the CMR. 
Proposal 8: 
· Support configuration of the same powerControlOffset value for all the configured CSI-RS resources comprising the CMR for CJT PMI codebook
Conclusion
In this contribution aspects related to the CSI enhancements for high/medium UE velocities and CSI enhancements for CJT were discussed. The following observations and proposals were made.
Observation 1: 
· For the new PMI codebook enhanced for high/medium UE velocity, complexity of CSI calculation largely depends on the number of DD units N4
Proposal 1: 
· Consider the following alternatives to handle the PMI search complexity for the new PMI codebook enhanced for high/medium UE velocity
· Alt. 1: A CSI report with N4 DD units occupies N4 CPUs
· Alt. 2: UE capability for the maximum number of active CSI-RS ports/resources is indicated separately per each N4 value
Observation 2: 
· Performance of channel prediction at the UE depends on many factors which are not known at the gNB in general case
Proposal 2: 
· Consider at least the following features to enable robust CSI prediction and avoid performance loss
· One bit in a CSI report indicating channel prediction performance
· UE report on recommended number of CSI-RS instances and gap between CSI-RS instances
Proposal 3: 
· On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR 
· The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR
· For aperiodic CSI report with aperiodic CSI-RS, CSI-RS transmission before CSI triggering is not supported
Observation 3: 
· Joint use of periodic and aperiodic TRS resource sets can provide RS overhead reduction and has additional flexibility to dynamically adjust the delay value of a TDCP report for a UE 
Proposal 4: 
· Support joint use of periodic and aperiodic TRS resource sets for TDCP reporting at least with Y = 1
· Measurement of a TRS instance (periodic or aperiodic) before the TDCP report triggering is not supported 
Proposal 5: 
· Delay value(s) are implicitly determined based on relative slot offset of the corresponding CSI-RS resource sets for tracking configured for a TDCP report
Proposal 6: 
· Support Dbasic = 2 slots
· Support same-slot assumption for TRS resources used for a TDCP report
Proposal 7: 
· Legacy CPU occupancy rules are used for the new PMI codebook for CJT
· Minimum CSI calculation time for the new PMI codebook for CJT follows the legacy specification
Proposal 8: 
· Support configuration of the same powerControlOffset value for all the configured CSI-RS resources comprising the CMR for CJT PMI codebook
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