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[bookmark: _Ref111130008]1	Introduction
In [1], the Rel-18 work item for NR MIMO evolution was agreed. The following two objectives of the work item concern CSI enhancements:  
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. [bookmark: _Hlk101857356]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
…
4. 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:
0. Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
0. SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
0. Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32




In this contribution, we discuss our views on TRS based TDCP reporting, CSI enhancement for high/ medium UE velocities, and CSI enhancement for coherent JT.




[bookmark: _Ref178064866]2	TRS-based time-domain channel property reporting 
In this section, we discuss our views on some remaining issues related to TDCP reporting. 
2.1 CPU Occupation for TDCP reporting
At RAN1#113, the following agreements were made.
Agreement
For the Rel-18 TRS-based TDCP reporting, when Y delay(s) are configured
· OCPU=(Y+1).X where X≥1 is defined based on UE capabilities and determined by the UE
· FFS: Whether the supported value(s) of X can depend on the value of D, and whether phase reporting is switched ON
· Reuse legacy Z2/Z2’ values
· To count active resources used for TDCP reporting, reuse the legacy number counting mechanism for CSI-RS resources 
· UE reports the maximum number of active resources for TDCP in UE capability reporting.

One remaining issue is whether the factor X used to define the number of occupied CPUs can depend on the value of D and whether phase reporting is switched on.  It should be noted that the value of X is already agreed to be a UE capability and is determined by the UE.  Hence, we do not see the need to make X further depend on the value of D or on whether phase reporting is switched on.
[bookmark: _Toc142668527]For the purpose of CPU occupancy calculation for TDCP, do not support further dependence of X on the value of D or on whether phase reporting is switched on.

[bookmark: _Ref189046994]4	Type II Codebook Refinement for CJT 
In this section, we discuss our views on some remaining issues related to Type II codebook refinement for CJT. 

4.1 NZC Bitmap Overhead Reduction 

On bitmap and NNZC reporting, the following agreement was reached in RAN1#111 meeting.

Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the bitmap(s) for indicating the locations of NZCs, reuse the legacy design. This implies that the size of the bitmap for selected CSI-RS resource n (Bn) is,  
· FFS: additional mechanism to reduce bitmap overhead for larger N values, e.g. including via Parameter Combination.

As agreed in the above agreement, for CJT a NZC bitmap is defined per layer and per selected TRP.  Note that reporting NZC bitmaps is a main contributor to the CSI overhead, only second to reporting of the actual non-zero coefficients. When a bitmap associated to a layer and a TRP has all zeros, feedback overhead can be reduced if the bitmap is not reported.  The probability is high for a per layer per TRP NZC bitmap with all zero elements. 
In the two examples shown in the table below, the maximum reported non-zero coefficients per layer is less than the number TRPs.  This means that there are some all zero bitmaps associated to some TRPs. 
[bookmark: _Ref142393002]Table 1: Two examples of CJT configuration
[image: ]

This is illustrated in Figure 1 for the configuration with N=2 in Table 1 above. It can be seen that 4 of the bitmaps are all zero, i.e., bitmaps B(n,l)= (1,2), (1,4), (2,1),(2,3). Similarly, for the configuration with N=4 in in Table 1 above, half of the bitmaps are with all zeros.   Clearly, tthese all zero bitmaps do not need to be reported and up to 50% of bitmap overhead can be saved.  
[bookmark: _Toc142668522]Large feedback overhead can be saved by not reporting bitmaps with all zeros. 



[image: ]
[bookmark: _Ref142393372]Figure 1. An example of non-zero coefficients allocation for CJT configuration with N=2 in Table 1.
When the maximum number of reported non-zero coefficients (NNZC) reported in Part 1 CSI is smaller than the number of per layer per TRP bitmaps, there is at least one of the bitmaps having all zero bits.  In this case, the bitmap(s) are not reported in Part2 CSI but which of the reported bitmaps can be indicated in Part 2 CSI.  In the example in Figure 1, an 8 bits bitmap could be used to indicate the reported NZC bitmaps. 
[bookmark: _Toc142668523]When maximum number of non-zero coefficients (NNZC) reported in Part 1 CSI is smaller than the number of per layer per TRP NZC bitmaps, an indication in PART 2 CSI can be used to indicate the reported NZC bitmaps.
[bookmark: _Toc142668528]For CJT, introduce an indicator in Part 2 CSI to indicate the reported per layer per TRP NZC bitmaps at least when the reported NNZC in Part 1 CSI is less than the number of per layer per TRP NZC bitmaps. 

When the maximum number of reported non-zero coefficients (NNZC) reported in Part 1 CSI is greater than the number of per layer per TRP bitmaps, it is still possible that some of the NZC bitmaps have all zero bits. This was shown in our previous evaluation [2].   In this case, some indication in Part 1 CSI is needed.  Maximum 4bits would be needed for CJT configuration with  =4 and v=4.  In Part 2, the actual reported NZC bitmaps can be indicated with a bitmap.  With a few bits increase in Part 1 payload, large overhead saving in Part 2 could be achieved.  
[bookmark: _Toc142668524]When maximum number of reported non-zero coefficients (NNZC) reported in Part 1 CSI is greater than the number of per layer per TRP NZC bitmaps, an indication in PART 1 CSI can be used to indicate the number reported NZC bitmaps.

[bookmark: _Toc142668529] For CJT, consider indicating the number of all-zero per layer per TRP NZC bitmaps in Part 1 CSI.

4.2 CBSR Overhead Reduction
It has been agreed that for CJT, only hard beam restriction is supported when per TRP CBSR is configured. In legacy CBSR for type II codebooks with soft amplitude beam restriction, 2 bits are configured for each beam in a beam restriction group and are used to indicate one of the amplitude restrictions (0,.  
If the same is used in CJT, a bit string  would be used to configure CBSR for the nth TRP, where  contains  bits and is used to indicate 4 selected beam restriction groups associated to the nth TRP.    would contain  bits where the ith bit pair, ,  is associated to the ith beam in the kth selected beam restriction group for the nth TRP and  is used to indicate one of the amplitude restrictions (i.e., 0,  for the ith beam, where  ,  and , , and .  
For ,  the bit string  contains128 bits, i.e., 128 bits per TRP and 512bits for configuring 4 TRPs. 
Since only hard beam restriction is supported for CJT CBSR, only one bit is needed to indicate whether a beam is restricted or not.  In this case, only half of the number bits per TRP are needed to configure CBRS for CJT.  For each CSI-RS resource,    bits are needed for , i.e., , where ) is used to indicates whether the ith beam is prohibited or not.  This would reduce the RRC signaling by half. 
[bookmark: _Toc142668525]Only one bit is need per beam in a beam restriction group for CJT CBRS configuration. This would reduce the RRC signaling overhead for CJT CBRS by half.
[bookmark: _Toc142668530]For CBSR for CJT, one bit is configured for each beam in a beam restriction group. 
4.3 CPU Occupation for CJT CSI
On CPU occupation for CJT, the following agreement was reach in RAN1#113.
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  

One remaining FFS item is on whether the supported value(s) of X are common or can depend on the value of , total sum of , and/or other CJT features (e.g. dynamic TRP selection). In our view, since  is already included in the formula, X should not be dependent on .  While total sum of  can have some impact on the number of computations needed, since  is not considered for OCPU in legacy type II CSI, total sum of  is not be considered here for CJT if the same principle is followed.  As for NL and dynamic TRP selection, a UE does need to evaluate multiple hypotheses, so we are open to consider different X values for the following scenarios:
(a) no dynamic TRP selection with 
(b) no dynamic TRP selection with 
(c) dynamic TRP selection with 
(d) dynamic TRP selection with 

[bookmark: _Toc142668531]On CPU occupation for CJT, there is no need to make X dependent on NTRP.
[bookmark: _Toc142668532]On CPU occupation for CJT, we are open to consider different X values for CJT with and without dynamic TRP selection and single and multiple beam combination hypotheses.

4.4 Criterion for TRP selection 
It has been agreed that for CJT CSI reporting configured with    CSI-RS resources, a UE can select a subset of   CSI-RS resources for CSI feedback.  However, the criterion used to determine the  out of    CSI-RS resources has not been discussed. Without any criterion, there is a risk that N=1 is always reported by the UE.  In our view, this should be discussed in RAN1. 
[bookmark: _Toc142668526]For CJT, some criterion is needed for TRP selection. Otherwise, a UE   may always select one out of multiple TRPs for CSI feedback. 
[bookmark: _Toc142668533] Discuss TRP selection criterion used by a UE in CJT CSI feedback. 
One way could be that a TRP is de-selected only when the associated coefficients are zero in all layers. 
Another possible criterion could be to define a minimum number of NZCs per TRP. For example, a TRP is selected if the number of associated NZCs is greater than , where  . 

5	Type II Doppler Codebook 
In this section, we discuss our views on some remaining issues related to Type II codebook refinement for CJT. 
5.1 CPU Occupation for Type II Doppler
On CPU occupation for Type II Doppler CSI, the following agreement was reach in RAN1#113.
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

One remaining FFS item is on whether the supported value(s) of Y can depend on codebook parameter values.  Since Y is already agreed to be defined based on UE capabilities and determined by the UE, we do not see the need to make Y further depend on codebook parameter values. 
[bookmark: _Toc142668534]On CPU occupation for Type II Doppler CSI, there is no need to make Y dependent on codebook parameter values.

6	Conclusion
In the previous sections we made the following observations: 
Observation 1	Large feedback overhead can be saved by not reporting bitmaps with all zeros.
Observation 2	When maximum number of non-zero coefficients (NNZC) reported in Part 1 CSI is smaller than the number of per layer per TRP NZC bitmaps, an indication in PART 2 CSI can be used to indicate the reported NZC bitmaps.
Observation 3	When maximum number of reported non-zero coefficients (NNZC) reported in Part 1 CSI is greater than the number of per layer per TRP NZC bitmaps, an indication in PART 1 CSI can be used to indicate the number reported NZC bitmaps.
Observation 4	Only one bit is need per beam in a beam restriction group for CJT CBRS configuration. This would reduce the RRC signaling overhead for CJT CBRS by half.
Observation 5	For CJT, some criterion is needed for TRP selection. Otherwise, a UE   may always select one out of multiple TRPs for CSI feedback.


Based on the discussion in the previous sections we propose the following:
Proposal 1	For the purpose of CPU occupancy calculation for TDCP, do not support further dependence of X on the value of D or on whether phase reporting is switched on.
Proposal 2	For CJT, introduce an indicator in Part 2 CSI to indicate the reported per layer per TRP NZC bitmaps at least when the reported NNZC in Part 1 CSI is less than the number of per layer per TRP NZC bitmaps.
Proposal 3	For CJT, consider indicating the number of all-zero per layer per TRP NZC bitmaps in Part 1 CSI.
Proposal 4	For CBSR for CJT, one bit is configured for each beam in a beam restriction group.
Proposal 5	On CPU occupation for CJT, there is no need to make X dependent on NTRP.
Proposal 6	On CPU occupation for CJT, we are open to consider different X values for CJT with and without dynamic TRP selection and single and multiple beam combination hypotheses.
Proposal 7	Discuss TRP selection criterion used by a UE in CJT CSI feedback.
Proposal 8	On CPU occupation for Type II Doppler CSI, there is no need to make Y dependent on codebook parameter values.
[bookmark: _In-sequence_SDU_delivery] 
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