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Introduction
In RAN#94-e [1], it was agreed to study, and, if applicable, specify CSI enhancements for CJT under FR1, CSI reporting enhancements for high mobility, in addition to time-domain channel property reporting enhancements. In this contribution we provide our views on different aspects of these three issues.
CSI enhancement for coherent joint transmission
In RAN1#113 [2], the following was agreed for CSI enhancements for CJT under MIMO 
	[bookmark: _Hlk118300270]Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, the only following linkages (marked ‘x’) are supported:
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Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, on PDSCH EPRE assumption for CQI calculation, the UE can assume that the PDSCH EPRE follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Note: For CSI calculation, the combined precoder across N selected (out of the configured NTRP) CSI-RS resources is normalized for each layer and the transmitted PDSCH across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation (up to the editor)
· Note: This doesn’t restrict how NW configures powerControlOffset for each CSI-RS resource in general. It pertains to UE assumption on CQI calculation for the CSI-RS resources used in the same CSI reporting setting for Rel-18 Type-II CJT

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  

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’

Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding the counting of active resources, reuse legacy definition and resource counting mechanism for active resources.

Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, the selected value of each of the (N – 1) layer-common FD basis selection offset , assuming its full range of values, is indicated as follows:
· Basic feature: a -bit indicator
· Optional feature: a -bit indicator

Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, the (N – 1) layer-common FD basis selection offset values  are located in G1 of UCI part 2.

Agreement
On the Type-II codebook refinement for CJT mTRP, revert the following working assumption: 
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported

Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation, the UE assumption on the transmitted PDSCH symbols across antenna ports extends the legacy CSI-RS port ordering as follows: (CSI-RS resource index 0, port index 0), (CSI-RS resource index 0, port index 1), …, (CSI-RS resource index 0, port index P-1), …, (CSI-RS resource index N-1, port index 0), (CSI-RS resource index N-1, port index 1), …, (CSI-RS resource index N-1, port index P-1).

Conclusion
No consensus to support the following in Rel-18
On the Type-II codebook refinement for CJT mTRP, for mode-1 and for only Rel-17 FeType-II based, the following additional restriction on the values (range of values) of  is RRC-configurable: 
· Basic feature:  for ,
· Optional feature: for , 
where  and  is determined/reported by UE with an indicator of  bits.
Note: if the restriction above is not configured, the range of  has the full range, i.e.,  for basic feature and for optional feature.

Conclusion
On the Type-II codebook refinement for CJT mTRP, there is no consensus in introducing other RRC-configured TRP selection restriction including configuring the value of N.



In the remainder of this section, we provide our views on codebook CSI enhancement for CJT, based on the agreements and discussions in the previous Rel-18 RAN WG1 meetings.
CPU and Z/Z’ calculation
In RAN1#113, it was agreed that the CPU occupation:  is used for the Rel-18 Type-II codebook refinement for CJT mTRP where  for , and is defined based on UE capabilities and determined by the UE. However, the supported value(s) of X and whether they 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) are still FFS. In our view, different values for CPU occupation may be used under different transmission assumptions, such as: number of coordinated TRPs, dynamic TRP selection, dynamic {Ln} selection, etc. The actual value may depend on actual UE realization algorithm. Let’s take dynamic TRP selection as an example, the number of CPUs for CJT with TRP selection is larger than that for CJT without TRP selection since additional CPUs may be used for CSI computation for other hypotheses of the selected TRPs. Moreover, TRP selection can be determined based on RSRP or instantaneous CSI and hence a different number of CPUs can be used for these two different schemes. Hence, there is a tradeoff between system performance gain and UE realization complexity. Therefore, multiple values corresponding to different supported transmission assumptions can be reported. If one value is reported, the assumption corresponding to the reported CPU value needs to be clarified/specified.
Support capability reporting with multiple values of CPU factor X corresponding to multiple transmission assumptions
In RAN1#113, it was agreed that two UE capabilities are introduced on Z/Z’ for the Rel-18 Type-II codebook refinement for CJT mTRP when . For capability 2, new value(s) can be introduced as {legacy Z/Z’ values + r}, where the value(s) of  may depend on the configured NTRP value. However, there is no agreement on the detailed relation between the value(s) of r and the configured NTRP value. Note that legacy design can support CSI calculation based on CSI-RS with 32 ports according to time requirement based on legacy Z/Z’. When additional CSI computation time r is introduced on top of legacy Z/Z’, it can be used to support the following cases: 32 ports per CSI-RS resource are configured for 2/3/4 TRPs; 24 CSI-RS ports per CSI-RS resource are configured for 2/3/4 TRPs; 16 CSI-RS ports per CSI-RS resource are configured for 3/4 TRPs; 12 CSI-RS ports per CSI-RS resource are configured for 3/4 TRPs. For other cases with multiple TRPs for CJT, it can be supported without introducing additional r value. Moreover, if dynamic TRP selection or dynamic beam number combination selection is made at UE side, a larger value of additional CSI computation time may be needed. Multiple values of r can be determined based on different transmission assumptions.

Support reporting one or more value(s) of r based on the configured NTRP value and CSI-RS port number per CSI-RS resource
[bookmark: _Hlk141881587]Also, exact value(s) of r to be supported are still FFS. In our view, for different SCS, the r value can be scalable with the SCS value since the unit for r is OFDM symbol. For example, the value of r for 30KHz can be twice of that for 15KHz. Moreover, additional value for one SCS can be same for Z and Z’ since the increased computation time is needed for both Z and Z’ based on the definition of Z and Z’. Given that the actual value(s) of r are closely related with UE realization, we prefer that the value(s) of r are reported for capability 2. Further details on the values of r can be discussed in UE capability session.
Support scalable value for r based on SCS and same value for r per SCS for Z and Z’
CSI update based on multiple CSI-RS resources
Under legacy design, when DRX is configured and the CSI-RS Resource Set for NCJT is configured with two Resource Groups and  Resource Pairs, the UE reports a CSI report only if it receives at least one CSI-RS transmission occasion for each CSI-RS resource in a Resource Pair within the same DRX Active Time no later than CSI reference resource and drops the report otherwise. 
For CJT, there may be up to 4 NZP CSI-RS resources for a CMR in the one CSI-RS resource set. Based on the latest agreement in RAN1#113, it is possible that the configured NTRP CSI-RS resources would be located in two consecutive slots. It is possible that a subset of the CSI-RS resources (e.g., those received in slot n) are received no later than CSI reference and other CSI-RS resources (e.g., in slot ) are received later than the CSI reference resource. We would like to discuss whether the UE can pursue CSI reporting in this case when DRX is configured, especially for UE(s) supporting TRP selection. In detail, three UE behaviors may be assumed for discussion which are described as follows:
Alt.1: A UE reports a CSI if it receives at least one CSI-RS transmission occasion for each CSI-RS resource in the CSI-RS resource set for CMR within the same DRX active time is no later than the CSI reference resource, otherwise the UE drops the CSI report.
Alt.2: A UE reports a CSI corresponding to a CSI-RS transmission occasion of a subset of the CSI-RS resources in the CSI-RS resource set for CMR within the same DRX active time, where the subset corresponds to all CSI-RS resources no later than the CSI reference resource. For TRP selection, only TRPs corresponding to CSI-RS resources received no later than the CSI reference resource are considered. 
Alt.3: A UE reports a CSI corresponding to a CSI-RS transmission occasion of all the CSI-RS resources in the CSI-RS resource set for CMR within the same DRX active time, whether the CSI-RS resources precede or succeed the CSI reference resource. In other words, there is no restriction for UE reporting of a CSI corresponding to the CSI-RS resources, other than the CSI computation time restriction.
In light of the alternatives above, further discussion is needed to clarify the UE behavior when part of the CSI-RS(s) in one CSI-RS resource set are received later than the CSI reference resource  
Clarify the UE behavior when part of the CSI-RS(s) in one CSI-RS resource set are received later than the CSI reference resource
CSI enhancement for high/medium UE velocities
[bookmark: _Hlk134710391]In RAN1#113 [2], the following, was agreed for CSI enhancements for high/medium velocities:
	[bookmark: _Hlk114746969]Agreement
For the Type-II codebook refinement for high/medium velocities based on Rel-17 FeType-II port selection codebook, the legacy Parameter Combinations are fully reused.

Conclusion
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, there is no consensus in supporting the following additional assumption on PDSCH EPRE assumption for CQI calculation:
· 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.

Agreement
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.

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, 
· for AP CSI -RS, reuse legacy definition and counting mechanism for active resources
· for P/SP CSI-RS, one resource is counted as occupying KP ≥1 active resource(s)
· TBD: the value of KP , e.g. N4, fixed value, or according to UE capability

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 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

Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, the value of KP for P/SP-CSI-RS active resource counting is determined based on UE capability, where the candidate values are {1, 2, 4}.

Conclusion
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, there is no consensus on the following: a same powerControlOffsetSS value is also assumed for all the K configured CSI-RS resources comprising the CMR.

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’ 


CPU and Z/Z’ calculation
For the Type-II codebook refinement for high/medium velocities, it was agreed to discuss in RAN1#113 the number of CPUs regarding the required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports, at least based on the following factors: 
· The measurement of  CSI-RS resources for Type-II CSI required to perform UE-side prediction
· CSI-RS occasion(s) before and/or after CSI triggering
· DD compression, when the configured N4 value is >1 

In legacy design, when the UE is triggered with a CSI-RS resource set containing  CSI-RS resources for channel measurement, the following restriction for CSI-RS port configuration is needed: For , at most 16 CSI-RS ports per CSI-RS resource can be configured; For , at most 8 CSI-RS ports per CSI-RS resource can be configured. Based on the agreement on the Type-II codebook refinement for high/medium UE speed, up to 12 aperiodic CSI-RS resources can be used for channel measurement. Therefore, updated values of Z/Z’ are needed to handle the increase in the number of resources compared with legacy design. Moreover, a limitation on the number of CSI-RS ports per CSI-RS resource needs to be discussed as part of UE capability signaling, in addition to the impact of the corresponding values Q, m, and d. We prefer that the additional CSI computation time is reported by UE capability, which can be used to derive Z/Z’.  
The number of CPUs needed for Type-II CB for high/medium velocities is computed based on assumptions on the number of CSI-RS resources, as well as values of Q, m, and d
TDCP reporting
In RAN1#113 [2], the following agreements were made for TDCP reporting
	[bookmark: _Hlk115270798]Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, further down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s=1/3  
· Alt3: N=2Q where Q=4, s=½
FFS: Whether further overhead reduction is needed for Y>1

Conclusion
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, there is no consensus on supporting a configurable center threshold.

Conclusion
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, there is no consensus on supporting different schemes for different use cases. Therefore, only one scheme is supported.

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, further down-select only one (by RAN1#113) from the following candidates (where  denotes delay):
· Alt3. A given correlation phase value  is quantized to  based on the 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt5. A given correlation phase value  is quantized to  based on the following size-16 alphabet: 
FFS: Whether further overhead reduction is needed for Y>1.

Conclusion
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y, there is no consensus in supporting Y=7.

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter D, the value of D is explicitly configured by the NW via RRC signalling
· Note: this implies that dynamic change of delay for aperiodic TRS resource set is not supported.

Agreement
For the Rel-18 TRS-based TDCP reporting, the normalized amplitude for the 1st delay is placed in UCI part 1. 
· Note: This doesn’t imply that two-part UCI is utilized for TDCP reporting (which is aperiodic).

Agreement
For the Rel-18 TRS-based TDCP reporting,
· When Y>1 is supported and the value of Y is configured to be >1, the (Y–1) normalized amplitudes for the 2nd, …, and Yth delays are placed in UCI part 1 in the same location as the normalized amplitude for the first delay.
· When phase reporting is supported and switched ON, the Y phases are placed in UCI part 1.

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the alphabet for the quantization of wideband normalized amplitude value, support only (Alt3) N=2Q where Q=4, s=½
· Note: This does not preclude an “invalid” autocorrelation value report.

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the alphabet for the quantization of phase value, (Alt3) a given correlation phase value  is quantized to  based on the 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization).

Agreement (further modified as shown in red on Thursday)
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter D, 
· Dbasic = 1 slot
· Confirm the working assumption on the support for D=6 
· Confirm the working assumption on the support for D=10 (only for >=30kHz SCS)

Agreement
For the Rel-18 TRS-based TDCP reporting, for a configured value of Y and a set of configured delay values {D1, …, DY}, for the n-th delay Dn (n=1, …, Y), the respective TDCP calculation is defined as wideband normalized correlation between two TRS symbols separated by Dn symbols
· Send a LS to RAN4 to solicit their inputs on whether additional description/definition is needed, e.g. averaging across RX ports.

Conclusion
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation with KTRS configured resource sets, there is no consensus on the following: the UE can assume commonly configured powerControlOffsetSS value for all the KTRS configured resource sets.

Conclusion
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, there is no consensus on supporting the following: joint use of P and AP-TRS resource sets for TDCP measurement and calculation is supported at least for Y=1 as a UE-optional feature.

Conclusion
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, there is no consensus on the following: the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets.

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.

Conclusion
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, there is no consensus on the need for further overhead reduction for Y>1.

Conclusion
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, there is no consensus on the need for further overhead reduction for Y>1.



TDCP correlation parameters
In RAN1#112 [3], it was agreed to support TDCP reporting for aiding network determination of codebook switching and SRS periodicity with the Rel-18 TRS-based TDCP reporting, where the TDCP reporting comprises quantized wideband normalized amplitude/phase of the time-domain correlation profile with  delay(s) as follows:
· Basic feature:  with delay  symbols, only wideband quantized normalized amplitude is reported
· Optional feature: Y=1 with delay symbols and , wideband quantized normalized amplitude and phase for each delay are reported 
For, multiple autocorrelation values can be measured corresponding to different autocorrelation lags. One way to do such measurements is via reporting Y autocorrelation values with delays corresponding to Dbasic, 2Dbasic, …, Y.Dbasic. The UE can select the value of Y that corresponds to the smallest number such that the absolute value of the autocorrelation is below a certain threshold, e.g., smallest amplitude value in the codebook of autocorrelation amplitude. Alternatively, the network can configure the Y delay values, i.e., D1, …, DY, for a configured value of Y.  
For , support one of the following alternatives:
· Alt1. UE-assisted value Y selection based on the temporal channel autocorrelation, with a network configured y.Dbasic for the yth autocorrelation value
· Alt2. Network-configured value Y selection with UE-assisted delay values D1, …, DY, based on the temporal channel autocorrelation

PUSCH reporting time-domain behavior
In RAN1#110 [4], it was agreed to support standalone TDCP reporting based on TRS signaling with aperiodic reporting, and furthermore, it was concluded in RAN1#110bis-e [5] that no consensus was reached to support periodic, semi-persistent, or event-triggered/UE-initiated TDCP reporting. In our opinion, aperiodic TDCP reporting should follow the same behavior as conventional aperiodic CSI reporting, in terms of being reported only over PUSCH. Aperiodic TDCP reporting over PUCCH should not be supported.
Aperiodic TDCP reporting is supported only over PUSCH
Conclusion
This contribution addressed CSI enhancements for NR Rel. 18, including enhancements for high mobility scenarios, TDCP reporting enhancements, as well as CSI enhancements for CJT. 
For CSI enhancements for CJT, we have the following proposals: 
1. Support capability reporting with multiple values of CPU factor X corresponding to multiple transmission assumptions
Support reporting one or more value(s) of r based on the configured NTRP value and CSI-RS port number per CSI-RS resource
Support scalable value for r based on SCS and same value for r per SCS for Z and Z’
Clarify the UE behavior when part of the CSI-RS(s) in one CSI-RS resource set are received later than the CSI reference resource
For CSI enhancements for high mobility, we have the following proposals:
1. The number of CPUs needed for Type-II CB for high/medium velocities is computed based on assumptions on the number of CSI-RS resources, as well as values of Q, m, and d
For TDCP reporting enhancements, we have the following proposals:
1. For , support one of the following alternatives:
· Alt1. UE-assisted value Y selection based on the temporal channel autocorrelation, with a network configured y.Dbasic for the yth autocorrelation value
· Alt2. Network-configured value Y selection with UE-assisted delay values D1, …, DY, based on the temporal channel autocorrelation
1. Aperiodic TDCP reporting is supported only over PUSCH
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