3GPP TSG RAN WG1 #113							            R1-2304939
Incheon, Korea, May 22nd  – May 26th, 2023

[bookmark: Source]Agenda Item:	9.1.2
Source:	AT&T
Title:	Views on CSI Enhancements for CJT
[bookmark: DocumentFor]Document for:	Discussion/Approval

Introduction
As part of Rel-18 Study Item on MIMO Evolution for Downlink and Uplink [1], 3GPP has agreed on a list of goals related to CSI enhancements. In particular, the 4th objective is devoted to CSI enhancements for coherent JT. This contribution focuses on CSI enhancements devoted to CJT.

	
1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking


4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off




In this contribution, we continue to discuss our views on CSI enhancements for coherent JT.

CSI Enhancement for CJT-mTRP 

PDSCH-to-CSIRS EPRE Offset


	[112bis-e] 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





In RAN1#112bis-e [2], four alternatives have been proposed for the PDSCH EPRE assumption for CQI calculation. Basically, each of these alternatives decides how does the UE calculate the PDSCH CQI based on the aggregate channel & the selected PMI Precoding. 
· The UE calculates the PMI based on  and the selected PMI adopts the channel and optimizes the received signal. Therefore, the product  presumably achieves optimal performance
· In case of common of PcOffset (Alt2), the UE calculates the PDSCH CQI as , as you can see the common PcOffset  does not changes the structure of the selected PMI since it is a common factor 

· [bookmark: _Hlk135010428]In case of unequal PcOffset (among all the CS-RS resources), the UE calculates the PDSCH CQI as , this indicates that an additional scaling is needed since non-uniform PcOffset could changes the structure of the selected PMI (through the non-uniform scaling). Therefore, an additional scaling is needed to convert the impact of non-uniform PcOffset to a common factor  and avoid changing the structure of the selected PMI (orthogonality & optimality). The additional scaling  can be embedded (additional complexity since it needs to be considered in the calculation of the codebook parameters) in the  and the resulting formulation can be expressed as, now you can see that the additional scaling resulted in a common factor 

· In actual field scenarios, the cooperating TRPs in CJT mTRP scenario may not have equal max Tx Power and this could result in non-uniform PcOffset across the CSI-RS resources. The impact of non-uniform PcOffset (if it exists) have to be accounted/considered when UE calculates the codebook parameters since:
· Actual data is transmitted with PDSCH Tx Power
· Disregarding the impact of the non-uniform PcOffset may not achieve the presumed optimal performance of the selected PMI      

· In summary:
· Alt1 may mimic actual field scenarios, but it requires further UE complexity consideration 
· Alt2 is an extension of legacy and fits scenarios with equal PcOffset 
· Alt3/Alt5 may have uncertainty margin that could potentially degrade the system performance.

The offline discussions [3] concluded with Proposal 1.B.1. for the PDSCH EPRE assumption for CQI calculation, where the UE can assume that the PDSCH EPRE follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources. We believe that the offline Proposal 1.B.1 is adequate and therefore we support it. 



	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 




Observation 1: Alt2 is an extension of legacy and fits scenarios with equal PcOffset and does not impose additional UE complexity
Observation 2: In actual field scenarios, the cooperating TRPs in CJT mTRP scenario may not have equal max Tx Power and this could result in non-uniform PcOffset across the CSI-RS resources 
Observation 3: In case of unequal PcOffset (among all the CS-RS resources), an additional scaling is required to convert the impact of non-uniform PcOffset to a common factor  and avoid changing the structure of the selected PMI (orthogonality & optimality). The additional scaling  can be embedded (additional complexity since it needs to be considered in the calculation of the codebook parameters) in the in the 
Proposal 1: Support the Offline proposal 1.B.1 for the Rel-18 Type-II codebook refinement for CJT mTRP, on PDSCH EPRE assumption for CQI calculation

W2 quantization
In RAN1#110bis-e [4], it was agreed on Alt1, however Alt3 was set as a working assumption that is to be confirmed in RAN1#111 [5]:

	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





[bookmark: _Hlk115373534]Alt3 provides higher resolution as it comprises one amplitude group per polarization for each CSI-RS resource group. Alt3 might be more flexible and can accommodate the distributed scenarios (non-colocated) of CJT-mTRP because the amplitude groups can be used to convey the receive power difference between the distributed TRPs. However, the SLS in [2] showed a minor discrepancy gain between Alt1 and Alt3. 

Proposal 2: Revert the working assumption on Alt3 for the design W2 quantization group and Strongest Coefficient Indicator (SCI) design

Conclusion
In this contribution, we propose and observe the following:
Proposal 1: Support the Offline proposal 1.B.1 for the Rel-18 Type-II codebook refinement for CJT mTRP, on PDSCH EPRE assumption for CQI calculation
Proposal 2: Revert the working assumption on Alt3 for the design W2 quantization group and Strongest Coefficient Indicator (SCI) design
Observation 1: Alt2 is an extension of legacy and fits scenarios with equal PcOffset and does not impose additional UE complexity
Observation 2: In actual field scenarios, the cooperating TRPs in CJT mTRP scenario may not have equal max Tx Power and this could result in non-uniform PcOffset across the CSI-RS resources 
Observation 3: In case of unequal PcOffset (among all the CS-RS resources), an additional scaling is required to convert the impact of non-uniform PcOffset to a common factor  and avoid changing the structure of the selected PMI (orthogonality & optimality). The additional scaling  can be embedded (additional complexity since it needs to be considered in the calculation of the codebook parameters) in the in the 
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