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Introduction
This contribution provides Samsung’s view on the remaining/maintenance issues related to Rel.18 CSI enhancements that can be considered in RAN1#114. 

Type II codebook refinement for coherent-JT
1.1 Issues on Z/Z’ and OCPU

	[1] Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the required number of CPUs and the values of Z/Z’, decide, in RAN1#113, at least based on the following factors: 
· The potential increase in the total number of CSI-RS ports due to the selection/configuration of N/ NTRP CSI-RS resources for Type-II CSI
· The support for dynamic TRP selection, wherein N CSI-RS resources are selected out of the configured NTRP CSI-RS resources
· Note: The fall-back of gNB configuring N=NTRP via RRC signalling is supported
· The support for dynamic {Ln} selection, wherein 1 out of NL {Ln} combinations is selected 
Note: The fall-back of gNB configuring NL=1 is supported 

[2] 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  


[2] 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’



In our view, a simple linear form for the required number of CPUs is sufficient, e.g.,  where  is a UE capability that is determined by the UE, and  is a number of CSI-RS resources, and  is a constant, not associated with UE capability. On the candidate values of , we can consider the following aspects.
· Dynamic TRP selection 
· Low-complexity dynamic TRP selection: UE can simply filter out CSI-RS resources not contributing the composite channel of mTRP in a sub-optimal algorithm. In this case, the additional usage of CPU may not be needed, i.e., .
· Exhaustive-search-based dynamic TRP selection: In this case, UE may need to consider  possible hypotheses and require additional usage of CPU, since each hypothesis requires almost the same complexity for UE to compute, i.e.,  in this case. 
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·  
· Since a different combination of  makes different SD basis vector selection for each TRP and effective channel projected onto the selected SD basis vectors differently, the UE needs to calculate  and  for each different combination of  (similar to per-hypothesis CSI calculation). Hence, it is expected that the required number of CPUs is . 

Based on the above analysis, we support  and , where  is a UE-capability IE.

On Z/Z’, if the UE supports a proper value of  for CJT CSI reporting, legacy Z/Z’ values are sufficient in our view, which corresponds to Capability 1. This is because  is already designed by considering all necessary computations for CJT CSI reporting. One distinct point between Rel-16 Type-II and Rel-18 Type-II is the CSI-RS resource(s) measurement duration when  is configured. The  CSI-RS resources are allowed to be configured within two consecutive slots (i.e., within the same slot or 2 slots), and thus one additional slot can be needed to measure the CSI-RS resources when , compared to Rel-16 Type-II CSI. Therefore, the UE may potentially need one additional slot time for CSI computation time, and we propose .

Proposal 1: for the required number of CPU and the value of Z/Z’, support
· , where  is a UE-capability IE, and  is a number of CSI-RS resources, and
· (Z,Z’): legacy ( for 


Type II codebook refinement for high/medium velocities
1.2 Issues on Z/Z’ and OCPU
	[2] Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the CPU occupation: OCPU = Y.N4 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

[2] 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’

[2] 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’



Based on the agreement when  and  when a P/SP-CSI-RS is configured as CMR,  needs to be greater than or equal to 2 for . Since the number of DD basis vectors is  when , the computational complexity for the case of  is likely to be higher than , which is the case of . The factor of  is already considered in , and we think it is sufficient to have  for  and one of the values can be determined based on UE capabilities. For the case when K AP-CSI-RSs are configured as CMR,  can be 1 (for the case of K=4) in addition to the candidate values of 2,3,4, i.e.,  and one of the values can be determined based on UE capabilities.

On Z/Z’, as  increases,  value should be increased in order to perform UE-side prediction and Doppler compression properly, since a greater number of measurements is needed (for P/SP CMR) and additional computation for DD-basis selection is needed. In our view, additional slots are needed to sufficiently perform those operations, i.e., 

On the value of w, since the UE can have memory of the previous channel measurements for the case of P/SP CSI-RS CMR, additional channel measurement delay (compared to the case of AP CSI-RS CMR) is not needed. However, some of the previous measurements and its history should be updated and stored for UE-side prediction and Doppler compression, when CSI reporting is DCI-triggered. In our view, at least one or two slots are needed to sufficiently support it, i.e., w=14 or 28.

Proposal 2: for Type II Doppler, 
· Support  values depending on CMR types and the value 
· For P/SP CMRs, , where  is subject to UE-capability,
· For AP CMRs, , where  is subject to UE-capability
· Support (Z,Z’) with r and w:
· , and 
· 


TDCP reporting
1.3 Open issues
	Agreement [2]
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 counting mechanism for CSI-RS resources 
· UE reports the maximum number of active resources for TDCP in UE capability reporting.

Agreement [1]
For the Rel-18 TRS-based TDCP reporting, regarding phase quantization, down-select (by RAN1#113) from the following candidates:
· ..
The evaluation should consider the impact of delay tracking operation at the UE where the phase difference between two slots can be close to zero.
Note: This proposal doesn’t preclude the UE supporting only smaller delay values (e.g. 4-symbol only) for the phase report (which is already optional)

Agreement [1]
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, 
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’ 
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· All the TRS resources in the configured resource set(s) share the same RE locations
· FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, slot offset between TRS resource set(s), relation with resource set used for legacy usage  




Issue 1: It is likely to require more CPU as D value increases, and in our view, a simple linear form should be sufficient to consider the effect of D. When the delay values are smaller than or equal to 1 slot (i.e., 4 symbols and 1 slot), one TRS resource set is sufficient, and hence we can set , and when the delay values are more than 1 slot for, the  values needs to be larger than . We propose  in this case. Additionally, when phase reporting is configured, since the TDCP is a wideband quantized reporting of amplitude and phase values of  delay value, the complexity (due to phase quantization) is small, and can be ignored. Thus, the number of CPUs can be decided by the UE via UE capability, where  for delay values  and  for delay values  (in slots).  

Proposal 3: for TDCP, 
· Support , where
·  when delay values , 
·  when delay values  (in slots) 

Issue 2: in legacy CSI reporting setting, only  CSI resource set can be configured for CSI/beam report, and  CSI resource sets can be configured for group-based beam report, i.e., there is no legacy CSI report configuration with  CSI resource sets. In legacy TRS configuration, the maximum number of TRS resource sets can be larger than 2 (relevant text from 38.331 is copied below). Allowing a value KTRS >2 therefore would require enhancing legacy CSI report configuration. Besides, the need for supporting KTRS >2 is unclear considering that we only support  and can have up to 4 CSI-RS resources in a TRS resource set. Finally, a large value such as KTRS >2 is also undesired from UE complexity perspective as it would require more CSI calculation time and occupy more CPUs. We therefore propose to support KTRS =1,2 only, and the value KTRS =2 should be subject to UE capability.  

	SIB17-IEs-r17 ::=           SEQUENCE {
    trs-ResourceSetConfig-r17   SEQUENCE (SIZE (1..maxNrofTRS-ResourceSets-r17)) OF TRS-ResourceSet-r17,

maxNrofTRS-ResourceSets-r17             INTEGER ::= 64      -- Maximum number of TRS resource sets

CSI-RS-ForTracking ::=              SEQUENCE {
    maxBurstLength                      INTEGER (1..2),
    maxSimultaneousResourceSetsPerCC    INTEGER (1..8),
    maxConfiguredResourceSetsPerCC      INTEGER (1..64),
    maxConfiguredResourceSetsAllCC      INTEGER (1..256)
}



Proposal 4: For TDCP reporting, the value of , and the value  is subject to UE capability.









Conclusion
In this contribution, the following observations and proposals are made: 

Proposal 1: for the required number of CPU and the value of Z/Z’, support
· , where  is a UE-capability IE, and  is a number of CSI-RS resources, and
· (Z,Z’): legacy ( for 

Proposal 2: for Type II Doppler, 
· Support  values depending on CMR types and the value 
· For P/SP CMRs, , where  is subject to UE-capability,
· For AP CMRs, , where  is subject to UE-capability
· Support (Z,Z’) with r and w:
· , and 
· 

Proposal 3: for TDCP, 
· Support , where
·  when delay values , 
·  when delay values  (in slots) 

Proposal 4: For TDCP reporting, the value of , and the value  is subject to UE capability.
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