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Introduction
In the last meeting, there was good progress on enhancements of CSI acquisition for CJT and mobility with agreements agreed in [1]. In this contribution, we will share some further considerations on the CSI enhancement for CJT and mobility.
CSI enhancement for coherent-JT
In the RAN1#110 meeting, the following two codebook modes for Rel-18 coherent-JT codebook design were supported for Rel-18 coherent-JT transmission hypothesis. Based on each structure, the codebook design should be discussed separately, but it is more preferred to realize two modes through one common criteria.
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):

In this section, we provide our views on remaining issues for Rel-18 coherent-JT.
 quantization
For Rel-18 C-JT transmission hypothesis, the following agreement and working assumption were achieved in the 110bis e-meeting. Whether to confirm the working assumption has been discussed during several meetings and there is no conclusion at present.
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· 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
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook


For Alt1, the differential quantization of the amplitude coefficients is simpler and the quantification accuracy is appropriately reduced. Therefore, Alt 1 is more suitable for the scenarios where the power levels of different TRPs are similar. However, for the scenarios with the large power difference among TRPs, the current quantization range for the reference amplitude on Alt 1 is not sufficient to cover the power difference among different TRPs, which may lead to a performance loss. Thus, both alternatives have their own applicable scenarios to fully cover all coherent-JT transmission hypotheses. Therefore, the working assumption on Alt 3 should be confirmed.
Proposal 1 For  quantization on the C-JT transmission hypothesis, the following working assumption on Alt 3 should be confirmed.
· (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
CSI calculation and measurement for coherent-JT
Regarding to the CSI calculation and the measurement for the Rel-18 C-JT transmission hypothesis, the following agreement and offline proposal were achieved in the 112bis e-meeting. 
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· [bookmark: _Hlk133268130]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
· [bookmark: _Hlk133270389]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
[bookmark: _Hlk133241962]Note: The total number of CSI-RS ports summed across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation

Offline proposal 1.B.1: 
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 signal 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 



According to the agreement and discussions in the last e-meeting, there are three remaining issues on CSI calculation as shown below.
· Remaining issue 1: whether to have an additional CMR restriction for C-JT
· Remaining issue 2: down-selection on the PDSCH EPRE assumptions for the CQI calculation
· Remaining issue 3: whether to re-index CSI-RS port indices for CSI calculation
For the remaining issue 1, the restriction on the same slot or two consecutive slots across NTRP CSI-RSs has been supported for Rel-18 C-JT. In addition, to avoid the misalignment of different resource channels caused by the phase deviation between uplink and downlink switching, the restriction on the same DRX Active Time across different CSI-RSs has been supported for Rel-17 NCJT. Since the same problem will be faced for C-JT, the same additional CMR restriction can be considered for Rel-18 C-JT.
Proposal 2 For the configured NTRP CSI-RS resources comprising the CMR, a UE expects to receive NTRP CMRs within the same DRX Active Time.
The remaining issue 2 has been discussed fully in the pre RAN1#113 offline email discussion. At the current stage, the following offline proposal on Alt 2 is stable for the PDSCH EPRE assumption for the CQI calculation for CJT. In additional, Alt 2 is more suitable for dynamic TRP selection because of the fair power assumption across all the TRPs. Therefore, the following offline proposal 1.B.1 on Alt 2 should be supported. 
	Offline proposal 1.B.1: 
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 signal 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 



Proposal 3 Regarding to the PDSCH EPRE assumption for the CQI calculation for CJT, the following offline proposal 1.B.1 is supported.
· 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.
Based on the proposed EPRE assumption, a common powerControlOffset value is configured for all the N selected CSI-RS resources. Thus, the following association with CSI-RS ports and PDSCH ports can be considered. 



where  is a vector of PDSCH symbols from the layer mapping defined in Clause 7.3.1.4 of [4, TS 38.211],  is the number of CSI-RS ports. is the jth signal equivalent to corresponding symbols transmitted on antenna ports [3000,…, 3000+P-1]. are associated with N CMRs selected by the UE.
From the association above, in order to calculate CQI accurately, the CMRs across N TRPs should be assumed to overlap in time and frequency. Due to the simultaneous calculation, re-indexing CSI-RS port indices for the CQI calculation may not be needed.
Proposal 4 Regarding to the CQI calculation for CJT, re-indexing CSI-RS port indices is not needed. In addition, a UE can assume that N CMRs fully overlap in time and frequency.

CSI reporting enhancement for high/medium UE velocities
CQI calculation
Regarding to the CSI calculation and the measurement for Rel-18 high/medium UE velocities, the following agreement was achieved in the 112bis e-meeting. 
	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
· 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 5.2.2.2.75 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 to the PDSCH EPRE assumption for the CQI calculation, there are following two alternatives to be down-selected.
· 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
For the Rel-18 Type-II codebook refinement for high/medium velocities, K CMRs are transmitted in TDM manner with the same time interval. UE receives only one CMR at a certain time, but UE needs jointly calculate K CMRs for PMI reporting. Therefore, the same power offset should be assumed across K CMRs. In our opinion, both Alt 1 and Alt 2 can achieve same power offset across K CMRs for Rel-18 high/medium UE velocities. Compared with Alt 2, Alt 1 is asimpler solution. In our opinion, Alt 1 is slightly preferred. 
Proposal 5 Regarding to the PDSCH EPRE assumption for Rel-18 high/medium UE velocities, the following Alt 1 is preferred.
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR.

Conclusions
In this contribution, we provide our views on the enhancements for DL CSI enhancements. We have the following proposals:
Proposal 1 For  quantization on the C-JT transmission hypothesis, the following working assumption on Alt 3 should be confirmed.
· (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
Proposal 2 For the configured NTRP CSI-RS resources comprising the CMR, a UE expects to receive NTRP CMRs within the same DRX Active Time.
Proposal 3 Regarding to the PDSCH EPRE assumption for the CQI calculation for CJT, the following offline proposal 1.B.1 is supported.
· 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.
Proposal 4 Regarding to the CQI calculation for CJT, re-indexing CSI-RS port indices is not needed. In addition, a UE can assume that N CMRs fully overlap in time and frequency.
Proposal 5 Regarding to the PDSCH EPRE assumption for Rel-18 high/medium UE velocities, the following Alt 1 is preferred.
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR.
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