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At RAN#83, a WI on NR V2X was agreed. The WI has the following objective for sidelink CSI [1]:
· Sidelink physical layer procedures as per the study outcome
· 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.
In addition, the following agreements and working assumption were reached during the SI phase [2]:
Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 
Working assumption:
· CSI reporting can be enabled and disabled by configuration.
· It is supported to configure a subset of the above metric for CSI reporting.
· There is no standalone RS transmission dedicated to CSI reporting in Rel-16
· NR sidelink CSI strives to reuse the CSI framework for NR Uu.
· Discuss details during WI phase
In this contribution, we discuss CSI feedback for NR V2X.
CSI design
CSI feedback resources
It was agreed that the 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 CQI is 4. There is 1 bit for RI up to rank-2 transmission. Hence the total number of information bits for CQI and RI reporting is 5 based on RAN#83 decisions. 
Proposal 1: SL CQI reporting re-uses the NR Uu CQI table, and therefore uses 4 bits. SL rank indication uses 1 bit.
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:
· Option1: No CSI is sent.
· Option 2: CSI is sent in compact-format PSSCH which occupies less resource.
· 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. 
On the other hand, if we choose option 2, we assume this will result in a PSSCH format which occupies minimum resources for CSI reporting only. It is agreed that the bandwidth of the PSSCH is bounded by the smallest sub-channel size. Recall that the granularity of a PSSCH sub-channel is at least 4 PRB in LTE-V. First of all, if we consider the efficiency of CSI only, the most straightforward way is to reduce the sub-channel size to a smaller value, e.g., one or two. However as the PSCCH is delivered on a per-sub-channel basis, smaller sub-channel would cause too much overhead due to PSCCH transmission. Secondly, we may leave the PSSCH for data aside and re-design a compact-format PSSCH for CSI only, of which the bandwidth can be less than a sub-channel. However, this would lead to the blind decoding on sub-channel size during sensing procedures which brings complexity in exchange for an unclear benefit. 
The only 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: SL CSI report when RX UE has no data uses at least the PSSCH format for data, with a small TBS.  FFS if a compact PSSCH format for only CSI reporting should also be defined.

CSI configurations
How to configure the CSI feedback needs to be determined. For NR Uu, the reporting configuration is configured to UE via RRC signaling. Similar principles can be used for the sidelink. The configuration can be simplified to suit sidelink design. 
For aperiodic CSI reporting, there are two options on the CSI reporting configuration. 
· Option 1: TX UE dynamically indicates the CSI schedule to the RX UE in SCI. The TX UE will indicate the RX UE the RS and reporting configuration in SCI, right after which the data transmission begins. 
· Option 2: TX UE configures the RX UE using PC5 RRC. In case there is no SCI transmission, the CSI configuration is configured by the TX UE via PC5 RRC. Upon receiving the data (and the RS for measurement), the RX UE follows the pre-configuration to do measurement and reporting. RX UE will use the same configuration for CSI reporting to the same TX UE until it is terminated or re-configured. 
For option 1, the CSI reporting is always indicated by the SCI transmitted within the same sub-channel of the data. The CSI reporting configuration is updated per-SCI basis, i.e., the CSI report is associated with a particular data transmission. For option 2, once the CSI reporting is configured, it may be utilized by multiple times of data transmission until refreshed or terminated, or reaches a pre-defined life cycle.  Option 2 may apply for the TFRP based transmission when there is no SCI transmitted [3]. The difference between the two options is illustrated in figure 2.
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(b) Option 2
Figure 1. CSI reporting configuration
In mode-1 the CSI is for use only by the TX UE to adapt the details of its sidelink transmissions. Therefore the CSI report slots configuration does not need to come from gNB Uu-RRC. For mode-1 the gNB can provide the CSI reporting frequency resources in sidelink. For in-coverage mode-2 UE, it is possible for the gNB to configure the frequency resource of CSI reporting to better coordinate the CSI transmission with other data transmission. For the report timing from the RX UE, it is preferred to enable the TX UE to configure the CSI report slot for RX UE, which avoids the TX UE needing to blind decode the report message. For mode-2 UEs, the report slots could be pre-configured, but since PC5-RRC will be available and supporting the configuration for mode 1,  it is easy to have the same flexibility in mode 2, and let the TX UE to configure the CSI reporting for RX UE.
Proposal 3: SL-CSI report slots are configured by the TX UE to RX UE via PC5-RRC in mode 1 and mode 2.
Proposal 4: SL-CSI report frequency resources are allocated by gNB in mode 1. The detailed selection of resources within the (pre-)configuration in mode 2 is FFS.

CSI configuration content 
To enable the CSI reporting, the format of the CSI-RS and CSI report should be clearly indicated to the RX UE. The CSI configuration would at least include the following content:
· Indicate the presence of CSI-RS:
· CSI-RS band
· CSI-RS slot configuration
· CSI-RS resource mapping
· Configure the CSI reporting
· CSI reporting band
· CSI reporting slot configuration (or interval)
Proposal 5: The CSI reporting is based on at least CSI-RS. The configuration for CSI-RS and CSI reporting need to contain similar fields as Uu CSI configuration. 
Evaluation for CSI reporting slot configuration
For unicast, multi-rank transmission with MIMO can be used. RI reporting facilitates the determination of the number of layers to transmit.
In Figure 2, the impact of RI feedback slot configuration is shown. The blue curve is the benchmark with ideal CSI feedback. Here the term “ideal” means the CSI is measured based on the channel coefficient of the current slot, i.e. the CSI is reported every slot and the associated MCS and rank configuration is used by current slot. For other curves with x ms interval, it means the CSI is reported every x ms, i.e. upon receiving one CSI report at time t, the associated MCS and rank configuration is used by all the following slots during the time duration (t, t+x]. It is observed that at 1ms RI achieves, in this scenario, the best performance which approaches the ideal case. Note that the throughput shown in the figure does not consider the overhead. The overhead brought by CSI-RS and CSI reporting depends on the exact PSSCH format for CSI reporting. On one hand, for larger interval for feedback reports there is a reduced throughput due to inaccurate CSI. On the other hand, smaller interval for feedback reports brings extra overhead. A configurable setup for CSI reporting interval should be considered to adapt to different scenarios. For example, the overhead is negligible if the CSI reporting is always piggy-backed with data, while it is non-negligible if the CSI reporting is standalone.
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Figure 2. Open-loop MIMO performance with different RI feedback periodicities 
Proposal 6: The CSI feedback interval, of every X ms after triggering, is configurable considering the variation of overhead in different scenarios.

Conclusions
In the following, we highlight our key proposals related to the support of CSI feedback for NR V2X.
Proposal 1: SL CQI reporting re-uses the NR Uu CQI table, and therefore uses 4 bits. SL rank indication uses 1 bit.
Proposal 2: SL CSI report when RX UE has no data uses at least the PSSCH format for data, with a small TBS.  FFS if a compact PSSCH format for only CSI reporting should also be defined.
Proposal 3: SL-CSI report slots are configured by the TX UE to RX UE via PC5-RRC in mode 1 and mode 2.
Proposal 4: SL-CSI report frequency resources are allocated by gNB in mode 1. The detailed selection of resources within the (pre-)configuration in mode 2 is FFS.
Proposal 5: The CSI reporting is based on at least CSI-RS. The configuration for CSI-RS and CSI reporting need to contain similar fields as Uu CSI configuration. 
Proposal 6: The CSI feedback interval, of every X ms after triggering, is configurable considering the variation of overhead in different scenarios.
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Appendix
Table 1 Link level simulation assumptions
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	10 RB

	Channel 
	Urban-NLOS

	MCS
	AMC

	Waveform
	CP-OFDM

	Subcarrier Spacing
	60 kHz

	Symbol number
	13

	CSI-RS density
	1 RE per PRB

	CP length
	Normal CP

	Frequency synchronization error
	Not modeled

	DMRS configuration
	DMRS symbol position <#7>

	Number of antennas
	2T4R

	Antenna array configuration
(M, N, P, Mg, Ng)
	TX: (1,  2, 2, 1, 1)RX: (1, 2, 2, 1, 1)

	Transmission diversity scheme
	Precoder Cycling, up to 2 ranks

	UE receiver algorithm
	MMSE

	Speed
	3 km/h

	Feedback interval
	1/5/10ms
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