
3GPP TSG RAN WG1 #113		R1-2307513
Toulouse, France, August 21st – August 25th, 2023

Source:	OPPO
Title:	CSI enhancement for high/medium UE velocities and coherent JT
Agenda Item:	9.1.2
Document for:	Discussion and Decision

Introduction
In RAN1#113 meeting, Rel-18 CSI enhancement was discussed with the following agreements:

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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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.

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
· [bookmark: _GoBack]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
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)

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

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

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 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

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 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
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

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}.

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’

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
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

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

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

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)

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, 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, 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, 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. Final LS in R1-2306137.

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

In this contribution, we further discuss the remaining details of CSI enhancement for high/medium UE velocities and coherent JT.
Discussion
1.1. CSI enhancement for high/medium mobility UEs
One minor editorial change: for P_CSI_RS=4, L>2 is meaningless, in this case parameter combination {3,4,5,6,7,8,9} are not needed (where PC3 is missing).
	<Text proposal 1>
5.2.2.2.10	Enhanced Type II codebook for predicted PMI

The UE is not expected to be configured with paramCombination-Doppler-r18 equal to
-	3, 4, 5, 6, 7, 8, or 9 when ,
-	8 or 9 when 
-	8 or 9 when higher layer parameter typeII-Doppler-RI-Restriction-r18 is configured with  for any .
-	8 or 9 when .
Table 5.2.2.2.10-1: Codebook parameter configurations for   and 
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	¼ 
	¼ 

	5
	4
	¼ 
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	½ 

	6
	4
	¼ 
	¼ 
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	7
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	½ 
	¼ 
	½ 

	8
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	¼ 
	- 
	½ 

	9
	6
	¼ 
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Proposal: Adopt Text proposal 1.
1.2. TDCP enhancement
According to the agreements made in previous meetings below, we have the following observations:
· No enhancement on TRS is introduced in Rel-18.
· Following legacy specification, at most one aperiodic TRS set can be configured, together with periodic TRS set(s). Transmission of aperiodic TRS set only is not supported.
· Joint use of P and AP-TRS resource sets is not supported in Rel-18.
· There is no agreement on TDCP measurement based on AP TRS set only.
Based on the above observations, aperiodic TRS could not be used for TDCP measurement in Rel-18. It is proposed to make a conclusion on this and delete corresponding description in current Rel-18 CR for 38.214.

	Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, confirm the following working assumption as an agreement with the following change
· 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, [RE location], slot offset between TRS resource set(s), relation with resource set used for legacy usage  

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 

Conclusion in RAN1#113:
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



Proposal: Make a conclusion that TDCP measurement based on AP TRS only is not supported in Rel-18 and delete corresponding description in 38.214 CR (highlighted below).
	5.2.1.2	Resource settings
For TDCP measurement, one aperiodic or periodic CSI Resource Setting is configured, and the Resource Setting is for channel measurement on CSI-RS for tracking.
[bookmark: _Toc11352113][bookmark: _Toc20318003][bookmark: _Toc27299901][bookmark: _Toc29673168][bookmark: _Toc29673309][bookmark: _Toc29674302][bookmark: _Toc36645532][bookmark: _Toc45810577][bookmark: _Toc130409777]5.2.1.4.1	 Resource Setting configuration
For aperiodic CSI, a UE configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'tdcp' is expected to be configured with one CSI Resource Setting (given by higher layer parameter resourcesForChannelMeasurement). The CSI Resource Setting can be configured with trs-Info and they may be periodic, with K_TRS≥1 CSI-RS Resource Sets or aperiodic, with a single CSI-RS Resource Set. For a periodic CSI-ResourceConfig, the UE can assume that all K_TRS CSI-RS Resource Sets share the same QCL-TypeA/C and, if applicable, TypeD. The UE expects that all the CSI-RS resources in the CSI-RS Resource Set(s) are configured with the  same bandwidth and subcarrier locations.




1.3. [bookmark: _Hlk141718699]CSI enhancement for coherent JT transmission
In RAN1#113 meeting, the CPU occupation and Z/Z’ for CJT was agreed to be based on UE capability reporting of X and r. Whether the value of X is depended on the configuration of other CJT parameters, e.g. NTRP, NL, total sum of {Ln}, needs further study. According to the guidance from RAN2 below [2], RAN1 should strive to avoiding defining UE capabilities with multiple alternatives conditional to other features/configurations. Hence, RAN1 should avoid defining many groups of values for X corresponding to different configured values for NTRP, NL, total sum of {Ln} or dynamic TRP selection. One or at most two groups of candidate values for X are preferred. For the NTRP CSI-RS resources, at least NTRP CPUs would be occupied in case of NL=1, considering gNB can configure N=NTRP and UE can also report N=NTRP. For NL>1, UE should calculate CSI based on each of the NL combinations for the N TRPs, and at most NL*NTRP CPUs would be occupied. In case that N is reported by UE, UE may optionally calculate CSI for multiple transmission hypotheses based on different values of N and different TRP combinations. Then the number of occupied CPUs may be larger than NL*NTRP. In summary, we propose to support one group of candidate values for X, or two groups of candidate values corresponding to NL=1 and NL>1. For both cases, X= NL can be supported. 
	4	Avoid defining capabilities with multiple alternatives conditional to the support of other features/configurations
For instance, the pdcch-BlindDetectionMixedList3-r17 indicates the UE support of a feature when the UE is configured with mix of Rel. 15, Rel. 16 and Rel. 17 PDCCH monitoring capabilities on different carriers, while pdcch-BlindDetectionMixedList2-r17 indicates the UE support for a mix of Rel. 16 and Rel. 17, and yet pdcch-BlindDetectionMixedList1-r17 indicates the UE support for a mix of Rel. 15 and Rel. 17. All those flavours are complex not only to be specified (and with risk that different vendors have different understandings which may result in IODT issues), but are likely to have great increase in the UE capability signaling.



Proposal: One group of X values or two groups of X values corresponding to NL=1 and NL>1 are supported, regardless of different values of NTRP, total sum of {Ln}, and/or other CJT features (e.g. dynamic TRP selection). The candidate values can include NL for case of TRP selection with single transmission hypothesis.
Conclusion
In this contribution, we discuss the possible enhancements to CSI feedback for mobility and coherent JT. To summarize, we have the following proposals:
Proposal: Adopt Text proposal 1.
Proposal: Make a conclusion that TDCP measurement based on AP TRS only is not supported in Rel-18 and delete corresponding description in 38.214 CR.
Proposal: One group of X values or two groups of X values corresponding to NL=1 and NL>1 are supported, regardless of different values of NTRP, total sum of {Ln}, and/or other CJT features (e.g. dynamic TRP selection). The candidate values can include NL for case of TRP selection with single transmission hypothesis.
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