3GPP TSG-RAN WG1 Meeting #114	R1-2306535
Toulouse, France, 21-25 August, 2023

Agenda Item:	9.1.2
Source:	Huawei, HiSilicon
Title:	CSI enhancement for coherent JT and mobility
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In last meeting, there was good progress on enhancements of CSI acquisition for CJT and mobility with agreements agreed [1]. 
In this contribution, we discuss the remaining issues for CSI enhancement for CJT and mobility.
[bookmark: _Ref129681832]CSI enhancement for coherent JT
CPU requirement
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding the CPU occupation: OCPU = X.NTRP where 
· X≥1 when NTRP>1, is defined based on UE capabilities and determined by the UE
· FFS: Whether the supported value(s) of X are common or can depend on the value of NTRP, NL, total sum of {Ln}, and/or other CJT features (e.g. dynamic TRP selection)
· The legacy specification on CPU pools is fully reused
· Note: When NTRP=1 is configured, legacy OCPU applies, i.e. OCPU =1  



For single-TRP CSI measurement, the number of CPU occupied for CSI measurement equals to the number of CSI-RS resources. And for Rel-17 NCJT CSI measurement, the number of CPU occupied for a pair of CSI-RS resources can be {2,3,4} depending on UE capability reporting. 
For CJT CSI measurement, most of the complexity comes from the SVD operation, which depends directly on the number of CSI-RS resources, i.e., number of TRPs. Meanwhile  has little impact on CPU occupation, since this can be a part of space domain basis selection. And gNB does not know the selection of  out of  CSI-RS resource before UE reporting, thus the definition of the required number of CPU should depend on   only.
Observation 1: The complexity of CJT CSI measurement mainly depends on  only, and other factors have little impact on CPU occupation. 
In addition, if OCPU is related to too many factors, the gNB scheduler complexity will be increased. Therefore, we have the following proposal:
Proposal 1: For CJT CSI measurement, the definition of CPU should be related with the number of configured CSI-RS resource  only.
One remaining issue is whether the supported value(s) of X are common or can depend on the other factors, such as the value of NTRP. For now, UE can report the number of supported simultaneous CSI calculations  by simultaneousCSI-ReportsPerCC in a component carrier as {from 1 to 8}.   Typically, a UE may be configured several CSI report for beam management and Type I codebook measurement. As a result, the available CPU for CJT CSI measurement may be less than 8. If the value of X is common with NTRP, the value of X should be small enough subject to UE capability. For example, if UE reports X=2, the required number of CPU for CJT CSI measurement is 8 for NTRP=4, which exceeds the available CPU for CJT CSI measurement. On the other hand, too small X may be not able to accommodate UE complexity for NTRP=2.  To resolve this issue, the value of X can be different for different NTRP. By different X, the OCPU can accommodate UE complexity in small number of TRPs, and also save some CPU occupation for larger number of TRPs.
Proposal 2: For CJT CSI measurement, the value of X depends on the value of NTRP.

CSI computation time
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding Z/Z’:
· For NTRP=1: reuse legacy Z/Z’ values
· For NTRP>1, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Legacy Z/Z’ values + r  
· The value(s) of r>0 can depend on the configured NTRP value
· FFS: exact value(s) of r
Note: Since this pertains Type-II, the relevant values are Z2/Z2’



Due to the high UE processing complexity resulted from the CSI measurement and calculation jointly across N CSI-RS resources, especially the SVD implementation, the CSI processing time corresponding to different values of NTRP and/or different UE processing capability will become more significant compared to single-TRP CSI measuring. 
To address the increased complexity, the CSI processing time is agreed to be relaxed by r for capability 2. It should also be noted that longer process time will lead to longer scheduling delay, which degrades performance. If a common r is used for all NTRP values, UE will report a value of r large enough for NTRP=4. This fixed r value will be unnecessarily large for NTRP=2 with performance loss.  To accommodate different UE complexity for different NTRP and reduce the scheduling delay, it’s proposed to report different value of r for different NTRP values.
Proposal 3: UE can report different r values for different NTRP values.
SD combinations
For UCI omission, it has been agreed that , with the assumption that the coefficients corresponding to CSI-RS resource with lower index has higher priority. The higher priority TRPs may be those with better channel quality, thus have more useful spatial paths. However, in the configuration of SD combinations, the TRPs with lower index has smaller number of SD basis, which implies that they should have lower priority. Therefore, it is reasonable to reorder the unequal  and  combinations without permutation in Table 5.2.2.2.8-1 and Table 5.2.2.2.9-1 in TS 38.214 in descending order (e.g. replace {2,2,2,4} with {4,2,2,2}), so that the CSI-RS resource with lower index can be configured with larger Ln, whose coefficients has higher priority.
Proposal 4: Reorder the unequal  and  combinations without permutation in Table 5.2.2.2.8-1 and Table 5.2.2.2.9-1 in TS 38.214 in descending order as below.
	Table 5.2.2.2.8-1 in 38.214
	Table 5.2.2.2.9-1 in 38.214

		
	paramCombination-CJT-L-r18
	

	4
	13
	{2,2,2,2}

	
	14
	{2,2,2,4} {4,2,2,2}

	
	15
	{2,2,4,4} {4,4,2,2}

	
	16
	{4,4,4,4}



		
	paramCombination-CJT-PS-alpha-r18
	

	4
	17
	{1/2,1/2,1/2,1/2}

	
	18
	{1/2,1/2,1/2,1} {1,1/2,1/2,1/2}

	
	19
	{1/2,1/2,1,1} {1,1,1/2,1/2}

	
	20
	{1,1,1,1}






UCI payload
For CSI feedback on PUSCH, a CSI report comprises of two parts, part 1 and part 2, which are separately encoded. According to current spec, the UCI payload size should be no larger than 1706. 
In previous meetings, parameter combinations have been agreed for both Rel-16-based CJT codebook and Rel-17-based CJT codebook. It can be observed that the payload size of UCI part 2 for some CJT codebook parameter combinations may exceed 1706 bits. We take Rel-16-based CJT codebook with mode 1 as an example. As summarized in below table (where rank=4), the combinations in 1st and 2nd rows will exceed the limitation of 1706 bits when the number of subband is 17. And for combinations in 3rd and 4th rows, the payload size exceeds the limitation even the number of subband is as small as 13.
Table 1. PCs and corresponding payload size of UCI part2 for Rel-16-based CJT codebook
	Index
	#ports per CSI-RS resources
	#Subband
	SD combo {Ln}
	FD combo {pv}, beta
	UCI part2 payload size

	1
	32
	17
	{4,4,4}
	{¼, ¼, ¼, ¼}, ¾
	1851 bits

	2
	32
	17
	{2,2,4,4}
	{¼, ¼, ¼, ¼}, ¾
	1865 bits

	3
	32
	13
	{4,4,4}
	{½, ½, ½, ½}, ½
	1953 bits

	4
	32
	13
	{4,4,4,4}
	{¼, ¼, ¼, ¼}, ¾
	1974 bits



Observation 2: For CJT codebook, the payload size of UCI part2 may exceed the UCI payload size limitation.
To address the above issue and maintain the performance of CJT, the UCI part 2 can be split into independently encoded parts. Now the UCI part 2 is split into Group 0, Group 1 and Group 2. But they are still encoded together. To resolve the payload size limitation, they can be encoded separately, e.g., Group 0 and Group 1 are encoded together, and Group 2 is encoded independently.
Proposal 5: For UCI part 2, Group 0 and Group 1 are encoded together, and Group 2 is encoded independently.

CSI enhancement for mobility
The value of r for Z/Z’
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z/Z’
· For N4=1: reuse legacy Z’ values
· For N4>1, introduce two UE capabilities:
· Capability 1: Reuse legacy Z’ values
· Capability 2: Legacy Z’ values + r  
· The value(s) of r>0 can depend on the configured N4 value
· FFS: exact value(s) of r
Note: Since this pertains Type-II, the relevant values are Z2/Z2’
Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding Z
· Based on the two UE capabilities agreed for Z’: 
· Capability 1: 
· For AP CSI-RS: Z=legacy Z+14.(K–1).m 
· For P/SP CSI-RS: Z= legacy Z+w where w>0 
· TBD: Value of w
· Capability 2: 
· For AP CSI-RS: Z= legacy Z+14.(K–1).m + r
· For P/SP CSI-RS: Z= legacy Z+w+r 
· Note: r corresponds to the agreed value for Z’ relaxation in previous agreement.
Note: Since this pertains Type-II, the relevant values are Z2/Z2’

	

	



[bookmark: _Hlk141792947]For the Type-II doppler codebook, UE needs to measure multiple CSI-RS occasions, predict the channel and calculate the PMI, which increase calculation complexity and the requirement of UE memory. Therefore, the CPU and Z/Z’ should be relaxed. In last meeting, it has been agreed that introducing two UE capabilities for Z/Z’ and the value of r need to be discussed for capability 2 to relax the value of Z/Z’. Due to the high UE processing complexity resulted from the channel prediction and PMI calculation across N4 time unit, especially the SVD processing, the CSI processing time should be relaxed according the N4. Therefore, the value of r can be related to N4. For simplicity, the value of r can be defined as .
Proposal 6: For Z/Z’ in codebook refinement for high/medium velocities,  .
[bookmark: _Hlk134779655]
 The value of Y for CPU calculation
	Agreement
Previous agreement is revised as follows
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the CPU occupation: OCPU = Y.N4 [+4] when P/SP-CSI-RS is configured for CMR, or  OCPU = Y.K  when AP-CSI-RS is configured for CMR
· Y≥1 is defined based on UE capabilities and determined by the UE, and can be different between P/SP-CSI-RS and AP-CSI-RS. 
· FFS: Whether the supported value(s) of Y can depend on codebook parameter values
· The legacy specification on CPU pools is fully reused
· When N4=1, OCPU =4
· OCPU ≥ 4 when P/SP-CSI-RS is configured for CMR




[bookmark: _Hlk134442809]The CPU occupation has been agreed in last meeting, for P/SP-CSI-RS, OCPU = Y.N4, and for P/SP-CSI-RS, OCPU = Y.K. And whether the supported value(s) of Y can depend on codebook parameter values is FFS. Since the N4 or K has been considered in CPU occupation, support different values of Y for different codebook parameter is not needed. The value range of Y can be {1,2,3}.
 Proposal 7: Y is not associated with different codebook parameter, with candidate value from {1,2,3}.
The capability of parameter combinations
[bookmark: _Hlk141799981][bookmark: _GoBack]Compared with legacy codebook, the codebook for Doppler adds the dimension of time domain prediction. Obviously, the value of N4 affects the calculation complexity of the UE, and the supported number of N4 is also a UE capability. Therefore, the configuration of supported combinations should be considered together with the value of N4. We can add the value of N4 to the combination and each capability combination contains {Max # of time unit, Max # of CSI-RS ports in one CSI-Rs resource, Max # of CSI-RS resources and total # of CSI-RS ports} across all CC.
Proposal 8: Introduce capability combination {Max # of N4 time unit, Max # of CSI-RS ports in one CSI-RS resource, Max # of CSI-RS resources and total # of CSI-RS ports} across all CC.
Conclusions
This contribution provides our views on CSI enhancement for CJT and mobility. We have following observations and proposals.
For CSI enhancement for CJT:
Observation 1: The complexity of CJT CSI measurement mainly depends on  only, and other factors have little impact on CPU occupation. 
Observation 2: For CJT codebook, the payload size of UCI part2 may exceed the UCI payload size limitation
Proposal 1: For CJT CSI measurement, the definition of CPU should be related with the number of configured CSI-RS resource  only.
Proposal 2: For CJT CSI measurement, the value of X depends on the value of NTRP.
Proposal 3: UE can report different r values for different NTRP values.
Proposal 4: Reorder the unequal  and  combinations without permutation in Table 5.2.2.2.8-1 and Table 5.2.2.2.9-1 in TS 38.214 in descending order as below.
Proposal 5: For UCI part 2, Group 0 and Group 1 are encoded together, and Group 2 is encoded independently.

For CSI enhancement for mobility:
Proposal 6: For Z/Z’ in codebook refinement for high/medium velocities,  .
Proposal 7: Y is not associated with different codebook parameter, with candidate value from {1,2,3}.
Proposal 8: Introduce capability combination {Max # of N4 time unit, Max # of CSI-RS ports in one CSI-RS resource, Max # of CSI-RS resources and total # of CSI-RS ports} across all CC.
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