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The NR V2X WID includes the following objective for sidelink CSI [1]:
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
The following agreements and working assumption were reached during the RAN1 #96bis meeting [2]:
Agreements:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission
This contribution discusses further details of sidelink CQI feedback contents, use of PSSCH for CSI, and configurations and procedures for CSI.

CSI design
Indication of RI and CQI
According to the WID, CQI/RI is reported using PSSCH. CQI/RI could either be multiplexed with data or sent alone using the resource pool assigned to PSSCH. If the CQI index table for Uu is reused in sidelink, the number of bits for one CQI index is 4. For RI, 1 bit is enough since up to rank-2 transmission is supported in the current release based on RAN#83 decisions. Then, if two TBs are supported in NR V2X, the maximum total number of bits for CQI and RI reporting is 9. 
The WID is clear that RI is reported as part of CSI. This is because the RI provides useful information obtained by the RX UE from the CSI measurement, which helps the TX UE to select suitable transmitting scheme. If, contrary to the WID, the RI were absent in the CSI feedback, the RX UE needs to report all possible CQI combinations under all possible transmission ranks, and leave the rank selection problem to the TX UE. Without the indication from RX UE, the TX UE is not guaranteed to select optimal transmission rank purely based on the CQI and, if the number of supported antenna ports and transmission ranks are larger in a future release, transmitting all possible CQI combinations in the CSI feedback will be rather redundant and costly.  
Proposal 1: SL CQI reporting re-uses the NR Uu CQI table, and therefore uses 4 bits per TB.
PSSCH for CSI feedback
In some cases, data is only being sent from TX UE to RX UE, and there is no data pending for the RX UE to send to the TX UE When the UE has no data to transmit, there are three possible options:
· Option 1: No CSI is sent.
· Option 2: CSI is sent with a compact format PSSCH that occupies less resource than a normal PSSCH.
· Option 3: CSI is sent in a PSSCH with dummy data.
From the spectral efficiency perspective of view, option 1 and 2 may require less resource for CSI feedback. However for option 1, it may ignore critical demand for CSI feedback in some cases, such that it harms the reliability and efficiency of the system. Therefore option 1 is not a wise choice, and is why the WID requires the definition of “PSSCH containing CSI only”. 
On the other hand, with option 2, this will result in a PSSCH format that occupies minimum resource for CSI reporting only. It was agreed that the PSSCH bandwidth was bounded by the smallest sub-channel size. For LTE-V, the minimum subchannel size is 4 PRBs. In order to make the solution with a compact PSSCH attractive, the subchannel size must be lower (1 or 2 PRBs). Another solution would be to use a compact-format PSSCH for CSI with a size smaller than one subchannel. This would however require blind decoding for the sub-channel size during sensing procedures, thus would increase complexity. 
The drawback of option 3 is the overhead of dummy data. However, this can be as small as the smallest TBS supported on sidelink, which need be only 1-2 bytes. It would neither be harmful to the system reliability as option 1 nor complicate PSSCH design and operation as option 2. Therefore option 3 gives a simple but efficient solution among the three options. 
Proposal 2: When the RX UE has no data to transmit, it sends its CSI report with the PSSCH format for data with the smallest TBS.
CSI-RS and CSI report configuration 
It was agreed that the CSI-RS was confined within the PSSCH for CSI measurement. However, RAN1 has to decide whether the CSI-RS is always within a PSSCH or sent only when triggered. If the former case, there is no need for indication of the CSI-RS and the transmission mapping pattern can be based on pre-configuration. If the latter case, the CSI-RS configuration needs to be provided, and includes at least CSI-RS slot configuration and CSI-RS resource mapping. The CSI-RS configuration can be indicated with the data-scheduling SCI as an additional field. In case for TFRP transmission where no SCI to be transmitted, the CSI-RS transmission can be pre-configured or configured by RRC signaling.  
The CSI reporting configuration should be indicated to the RX UE before the CSI report is triggered. The aperiodic CSI report is sent when the Rx UE receives the triggering signaling. The CSI report can be configured with the CSI-RS. In case there is no SCI transmitted in TFRP transmission, the CSI reporting is configured and triggered by RRC signaling. 
It is noted that in the agreement in [1], the CSI-RS is aperiodic and confined with the PSSCH, which implies sending of CSI-RS only when prompted to do so. Thus, a single message can be used for both triggering and configuring CSI-RS and CSI reporting. 
Observation 1: The configuration of CSI-RS and CSI reporting can use the same message.
PSSCH frame structure for CSI reporting
As the CSI reporting is transmitted using PSSCH, the control information within the corresponding PSCCH at least includes the source and destination node IDs, and possibly the MCS. 
Given that the PSSCH payload size is very small, the PSCCH can occupy the majority of the symbols of the slot, and it is beneficial to have a PSSCH format that occupies the same PRBs, in the remaining symbols which are not used by the PSCCH, as shown in Figure 1.
[image: ]
					Figure 1 Compact-format PSSCH
Proposal 3: Design a PSSCH format that can be sent in the same PRB pair as the PSCCH, so that very low payloads and their associated PSCCH can be sent in a single PRB pair. 
The transmission of CSI in this PSSCH format when there is no PSCCH present would have the advantage that there is no need for indication either the IDs or the MCS, as they are pre-configured by RRC and associated with the TFRP or resources.  
CSI reporting procedures
The CSI feedback configuration procedure needs to be standardized. For NR Uu, the reporting configuration is configured by RRC signaling. Similar principles can be used for the sidelink, but the procedure can be simplified. 
CSI is for use by the TX UE to select transmission parameters for the sidelink transmission. For mode 1,the CSI reporting resources can be provided by the gNB. For mode 2, the Tx UE schedules the CSI resources for the Rx UE. 
Proposal 4: SL-CSI reporting time and frequency resources are allocated by the gNB for mode 1 and by the Tx UE for mode 2.
Aperiodic CSI reporting can then be triggered by a flag in PSCCH, if PSCCH is present, or by the detection of CSI-RS themselves within the PSSCH when PSCCH is not used, the latter having the advantage of needing no additional signaling to begin CSI reporting.  
Proposal 5: CSI reporting is triggered by detection of CSI-RS within a PSSCH transmission, or by a flag in SCI.

Conclusions
We make the following proposals on CSI feedback issues for NR V2X:
Proposal 1: SL CQI reporting re-uses the NR Uu CQI table, and therefore uses 4 bits per TB.
Proposal 2: When the RX UE has no data to transmit, it sends its CSI report with the PSSCH format for data with the smallest TBS.
Proposal 3: Design a PSSCH format that can be sent in the same PRB pair as the PSCCH, so that very low payloads and their associated PSCCH can be sent in a single PRB pair.
Proposal 4: SL-CSI reporting time and frequency resources are allocated by the gNB for mode 1 and by the Tx UE for mode 2.
Proposal 5: CSI reporting is triggered by detection of CSI-RS within a PSSCH transmission, or by a flag in SCI.

Observation 1: The configuration of CSI-RS and CSI reporting can use the same message.
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