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[bookmark: _Ref521334010]Introduction
In RAN1#109e meeting, it was agreed to specify the following three features of CSI enhancement for medium/high mobility and coherent-JT [1]:
	Agreement
For Rel-18 CSI enhancements, proceed to support and specify the following features (the previously agreed work scopes apply):
· Type-II codebook refinement for CJT mTRP 
· Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information
· UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking
· The use case of aiding gNB-side CSI prediction is to be confirmed in RAN1#110


Since RAN1#109e meeting, lots of agreements on the design of Type II codebook refinement for CJT and high Doppler were reached and good progress was made. In this contribution, remaining issues on CSI enhancement for high/medium mobility and coherent-JT will be discussed.
CSI reporting enhancement for high/medium UE velocities
Refinement to Rel-16/17 Type II codebook
PDSCH EPRE assumption for CQI calculation
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, 
· The number of CSI-RS ports is the same for all the K configured CSI-RS resources comprising the CMR and the antenna ports for the same antenna port index across the K CSI-RS resources are the same.
· All the K configured CSI-RS resources comprising the CMR share the same BW and RE locations 
· For interference measurement, legacy specification is fully reused, including the configuration for NZP CSI-RS for interference measurement or CSI-IM in relation to the configured CMR, i.e. only one NZP CSI-RS resource for interference measurement or only one CSI-IM resource can be configured irrespective of the value of K
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR 
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR
· 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
Note: This may imply that existing section 5.2.2.5 of TS38.214 can apply to Rel-18 Type-II Doppler codebook in terms of Rel-18 CMR (burst of CSI-RS resources) and Rel-18 CSI reference resource



Regarding PDSCH EPRE assumption for CQI calculation, it was agreed that a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR. To achieve this, the following alternatives were identified.
· Alt1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR.
· Alt2: 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.
powerControlOffset is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI and takes values in the range of [-8, 15] dB with 1 dB step size. powerControlOffsetSS is the assumed ratio of NZP CSI-RS EPRE to SS/PBCH block EPRE. The downlink CSI-RS EPRE can be derived from the SS/PBCH block downlink transmit power given by the parameter ss-PBCH-BlockPower and CSI-RS power offset given by the parameter powerControlOffsetSS provided by higher layers. If the configured powerControlOffset values are the same for all the K configured CSI-RS resources, UE can use PDSCH EPRE value corresponding to any one of the K CSI-RS resources for CQI calculation. Compared with Alt1, Alt2 facilitates CSI-RS resource reuse. That is, the CSI-RS resources configured for Doppler CSI can be reused for other CSI reports which require different powerControlOffset value. Therefore, we prefer Alt2. The selection of the CSI-RS from the K CSI-RS resources is not essential. Any fixed one is fine.  
Proposal-1: 
· Support Alt2 on PDSCH EPRE assumption for CQI calculation.

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



In RAN1#112b-e meeting, the above issues were identified, and need to be decided in RAN1#113.
Regarding the required number of CPUs, for Enhanced Type II Codebook in Rel-16, processing of a CSI report occupies  CPUs (i.e.,), where  is the number of CSI-RS resources in the CSI-RS resource set for channel measurement. In Rel-18, more computational complexity is introduced to predict future channel and calculate corresponding PMIs, but the prediction algorithm should be executed after completing CSI-RS channel measurement, and PMIs should be calculated based on the results of channel prediction. Therefore, it is not necessary to increase CPUs number. Reusing legacy specification is the simplest way for the required number of CPUs.
Proposal-2: 
· Reusing legacy specification for the required number of CPUs.
Regarding the occupation time of CPUs, for Enhanced Type II Codebook in Rel-16, a CSI report occupies CPUs from the first symbol of the earliest one of CSI-RS resources for channel measurement or the first symbol after the PDCCH triggering the CSI report, until the last symbol of the configured PUSCH carrying the report. The detailed description for the occupation time of CPUs is excerpted from 38.214 in the following. We didn’t identify the necessity to enhance the occupation time of CPUs. Legacy specification can be fully reused.
	- A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
- An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used.
- An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used.


Proposal-3: 
· Reusing legacy specification for the occupation time of CPUs.

UE reporting of time-domain channel properties by TRS 
In RAN1#112b-e meeting, the following agreements were achieved. The quantization of wideband normalized amplitude value for the Rel-18 TRS-based TDCP reporting is based on legacy design for Rel-16 amplitude quantization with finer granularity around 1 and coarser granularity around 0. Supported values of , and  were to be decided, and the following five alternatives were selected for further down-selection in RAN1#113 meeting. 
	Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, 
· At least the following size-Q quantization alphabet is supported:  where 
· TBD: supported value(s) of N (e.g.  or a larger value), Q, s (e.g. ½, ¼, 1/8, …), whether a center threshold is also supported (and if so, higher-layer configured)
· FFS: Whether different schemes can be supported for different use cases

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s={1/5, ¼, 1/3} 
· Alt2: N=2Q where Q=3, s={¼, 1/3, ½, 2/3, ¾} 
· Alt3: N=2Q where Q=4, s={¼, ½, 2/3, ¾} 
· Alt4: N={2Q –1, …, 2Q+1 –1} (i.e., 7-15) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5} 
· Alt4A: N={2Q , 2Q+0.5,…, 2Q+1-0.5} (i.e., 8, 8.5,…,15.5) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5}

Offline proposal 3.B.1: 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 overehad reduction is needed for Y>1


In offline discussion before RAN1#113 meeting, Alt1 and Alt3 were selected from the five candidate schemes. For the  values, the difference between  and  is whether zero-autocorrelation needs to be reported. For large delay or high speed, the quantization of amplitude value can be zero. Thus, we support . For the  values,  would have smaller quantization error than . Therefore, we prefer Alt1. 
Regarding further overhead reduction for Y >1, we didn’t see clear benefit to support it which introduces additional complexity. Hence, we don’t support further overhead reduction.
Proposal-4: 
· Support Alt1 on the quantization of wideband normalized amplitude value.

Regarding the quantization of phase value for the Rel-18 TRS-based TDCP reporting, the following seven alternatives were selected for further down-selection in RAN1#113 meeting.
	Agreement
For the Rel-18 TRS-based TDCP reporting, regarding phase quantization, down-select (by RAN1#113) from the following candidates:
· Alt1. 1-bit (early vs. late) phase indicator 
· Alt2. 3-bit (8-PSK) uniform quantization
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt4. Adaptive/gNB-configurable phase quantizer e.g. , where
· : legacy (Rel.16) based
· Linear: legacy -PSK 
· Exponential: legacy Rel.16 amplitude,  or 
·  a slope value from  depending on the amplitude ) of the 1st correlation (smallest delay), e.g. the slope decreases towards 0 as  increases towards 1 
· 
· Alt5. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay):      
· Alt6. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay and p(.) denotes amplitude quantization values used for Rel-16 e-TypeII codebook and ): 
· Mode 1: ,     
· Mode 2:      
· The quantization mode is selected by UE and reported to gNB.
· Alt7. A given correlation phase value  is quantized to  based on the following alphabet: , with , . TBD value(s) of 
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)

Offline proposal 3.C.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, further down-select (by RAN1#113) from the following candidates:
· Alt3. 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 alphabet (where  denotes delay):  where     
· The candidate value(s) of Q and s are down-selected from the following: Q={3,4}, and s={1/1/2}
FFS: Whether further overehad reduction is needed for Y>1


In offline discussion before RAN1#113 meeting, Alt3 and Alt5 were selected from the seven candidate schemes. Alt5 is designed based on the assumption that the phase values are around 0. But it is not necessarily true when the Doppler spread is large. Moreover, we think Alt5 is over design for this optional feature. Alt3 is the simplest solution and can align with the legacy phase quantization used in Re16 eType II codebook. Therefore, we prefer Alt3.
Regarding further overhead reduction for Y >1, we didn’t see clear benefit to support it which introduces additional complexity. Hence, we don’t support further overhead reduction.
Proposal-5: 
· Support Alt3 on the quantization of phase value.

[bookmark: _GoBack]In RAN1#112b-e meeting, the following agreements were achieved. KTRS ≥1 TRS resource set(s) can be supported for the purpose of computing channel correlations corresponding to delays smaller than 10 slots.  
	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, 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 



The joint use of P and AP-TRS resource sets can reduce overhead compared with P+P TRS resource sets configuration. Moreover, it is not necessary to measure RS for TDCP very frequently since TDCP is a long-term measurement. P+AP TRS resource sets are more suitable than P+P TRS resource sets. Therefore, we prefer to support the joint use of P and AP-TRS resource sets. Regarding the antenna port for the CSI-RS resources in all the resource sets, a same one should be assumed. 
Proposal-6: 
· Support the joint use of P and AP-TRS resource sets.
· UE shall assume the same antenna port for the CSI-RS resources in all the resource sets

CSI enhancements for coherent-JT
During RAN1#112b-e meeting, alternatives for PDSCH EPRE assumption were identified for further down selection.
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· For the configured NTRP CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots
· On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
· Alt1. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the configured powerControlOffset value associated with its respective CSI-RS resource
· Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt3. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value defined as averagePDSCH-to-averageCSIRS EPRE ratio, where averagePDSCH and averageCSIRS are average power across for all the N selected CSI-RS resources 
· Alt4. The UE can assume that the PDSCH EPRE divided by N for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt 5: The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the powerControlOffset value for one of the configured NTRP CSI-RS resources
· Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values 
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not
Note: The total number of CSI-RS ports summed across N selected (out of the configured NTRP) CSI-RS resources will be used for CSI calculation


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Alt1 and Alt2 use the actual powerControlOffset value associated with respective CSI-RS resource for each TRP in CQI calculation. They can achieve accurate CQI value for CJT transmission. Alt3, Alt4 and Alt5 would introduce additional CQI impairment, since they use modified powerControlOffset value for all TPRs in CQI calculation. Therefore, we think Alt1 and Alt2 are adequate. In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values. Alt1 can fully reuse the legacy specification. However, additional UE complexity is incurred. Alt2 is a special case of Alt1 with same powerControlOffset value for all the N selected CSI-RS resources. It can simplify UE implementation, but it introduces additional restriction for current powerControlOffset configuration. We are fine with either Alt1 or Alt2.
Proposal-7:
· Support Alt1 or Alt2 on PDSCH EPRE assumption for CQI calculation.


Conclusions
In this contribution, we provided our views on the enhancements for DL CSI enhancements. We have the following observations and proposals:
Proposal-1: 
· Support Alt2 on PDSCH EPRE assumption for CQI calculation.
Proposal-2: 
· Reusing legacy specification for the required number of CPUs.
Proposal-3: 
· Reusing legacy specification for the occupation time of CPUs.
Proposal-4: 
· Support Alt1 on the quantization of wideband normalized amplitude value.
Proposal-5: 
· Support Alt3 on the quantization of phase value.
Proposal-6: 
· Support the joint use of P and AP-TRS resource sets.
· UE shall assume the same antenna port for the CSI-RS resources in all the resource sets
Proposal-7:
· Support Alt1 or Alt2 on PDSCH EPRE assumption for CQI calculation.
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