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1	Introduction
In RAN1#94bis, the need of SL CSI report and the corresponding feedback channel was discussed. The following agreement was made in this regard.   
	Agreements:
In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
Information representing the channel between the transmitter and receiver
Information representing the interference at receiver
Examples for this information are
CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
FFS including
Such information can be acquired using reciprocity or feedback
Time scale of the information
Which information is useful in which operation and scenario



In this contribution, we discuss CSIT acquisition for SL unicast mainly from five perspective: the need of SL CSIT, SL CSI report parameters, channel to carry CSI report, SL CSI reference signal (termed as SCSI-RS) and their periodicity.
2.	SL CSIT acquisition
In our view, SL CSI should be first discussed for SL unicast instead of groupcast. Note that, among the 25 eV2X use cases identified by SA1, two major use cases that may need SL unicast are: 1) platooning; 2) video data sharing for assisted and improved automated driving (which is similar to see-through use case). Typically, for these two use cases, vehicles have low relative speeds. Then, the resulting environment is relatively static as compared to the typical V2X scenario. On the other hand, for the other unicast related use cases, e.g., cooperative maneuver, the high relative speed and the short connection duration reduce the potential benefits of SL CSIT. 
[bookmark: _Toc528953265]Sidelink CSIT can be beneficial for certain unicast scenarios.
In the following, we present our views on the use of CSIT for use cases with unicast transmissions and the needed SL CSI report parameters.
2.1 	Need of SL CSIT
For SL unicast, CSIT can be exploited to improve system spectrum efficiency, which is achieved by 
1) Link adaptation: Based on some measurement report from the target receiver, e.g., CQI report, the SL transmitter can adapt its MCS tailored for the link condition including both channel and interference situations. The variable MCS is particularly useful for NR SL traffic model which has variable packet sizes.

2) Precoder selection: With proper CSIT, the SL transmitter can select appropriate precoders based on the service requirements and the current channel and/or interference situations. For instance, to support use cases requiring high data rate, e.g., video data sharing and see-through, a selection of multi-layer precoder depending on the channel condition is needed. On the other hand, to efficiently support platooning, an appropriate selection of one-layer precoder can be useful to not only improve the desired link but also reduce interference to other transmissions.

[bookmark: _Toc528923290][bookmark: _Toc528923291][bookmark: _Toc528953266]Sidelink CSIT can enable link adaptation and precoder selection for sidelink unicast.
Furthermore, CSIT acquisition can be facilitated by suitable reference signals, CSI feedback mechanisms, and exploiting sidelink reciprocity when channel reciprocity conditions hold. As it is discussed in Section 4, for CSIT acquisition a new type of reference signal called SL CSI reference signal (SCSI-RS) is used. The SCSI-RS should be designed in such a way that it facilitates CSIT acquisition either in a reciprocity-based manner and/or in a feedback-based manner. Specifically, when channel reciprocity can be exploited, CSIT can be obtained using reference signals transmitted by the peer UE. On the other hand, when channel reciprocity does not hold, SCSI-RS can be used to measure the channel and/or the interference which are then reported back to the transmitter to facilitate CSIT acquisition, which is considered as SL CSI report. 
Proposal 1 [bookmark: _Toc528953269]For SL unicast, RAN1 studies both reciprocity-based and feedback-based CSIT acquisition.
Also, some additional interference information of the channel acquired at the receiver which may then be feedbacked to the transmitter can be useful in performing appropriate resource allocation. We discuss some aspects related to information acquired by the receiver in our contribution on Mode-2 resource allocation [3].
2.2	SL CSI report parameters
In this section, we consider the feedback-based CSIT acquisition and discuss the needed SL CSI parameters. As explained above, link adaptation and precoder selection are the major use cases of CSI report. To enable these functionalities, at least RI, PMI, and CQI reports should be supported. On the other hand, to reduce signaling overhead and to make the reported parameters robust to the varied channels, only wideband or (sometimes referred to as long-term) PMI and CQI reports are needed. In our understanding, a wideband CSI parameter is measured over the entire SL transmission bandwidth of the UE and it varies slowly over time (e.g., it is stable over the duration of many slots). Details of SL CSI reference signal are discussed in Section 4.   
Proposal 2 [bookmark: _Toc528953270][bookmark: _Toc528923457]Reporting narrowband/short-term (e.g., valid for a few slots or less) CSI measurements is not supported.
Proposal 3 [bookmark: _Toc528953271]For FR1, at least RI report, wideband or long-term PMI and CQI reports should be studied for sidelink unicast. Moreover, the following dependencies apply for sidelink CSI parameters 
a. [bookmark: _Toc528953272]CQI is calculated conditioned on the reported PMI and RI;
b. [bookmark: _Toc528953273]PMI is calculated conditioned on the reported RI.  
NR eV2X use cases have different requirements, where some of them target high data rate while others target high reliability. Accordingly, to satisfy the diverse requirements, some transmitters are interested in multi-layer transmissions while other transmitters are interested in single layer transmissions. Since the receiver that reports CSI parameters is not aware of the transmitter’s interest, it will be useful to report multiple RIs and the corresponding PMI and/or CQI values. In this way, the transmitter can select proper precoder and MCS depending on its own need. Furthermore, according to the agreed NR V2X traffic model, varied packet sizes need to be supported. From this perspective, multiple sets of CSI reports, where each set is associated with one reported RI value, is beneficial as well. By doing so, given the already allocated time-frequency resources, the transmitter can adapt the transmission layer, i.e., the rank of the precoder, based on the packet size.   
[bookmark: _Toc528953267]Multiple sets of sidelink CSI reports, where each set is associated with one reported RI value, is beneficial for SL unicast supporting V2X use cases with different requirements and varied packet sizes. 
3	PHY channel to carry CSI report
In general, SL CSI report can be transmitted on a new type of channel for feedback (namely PSFCH), piggybacked in PSSCH, or treated as another type of user data and independently carried over PSSCH. If PSFCH is confined to only last symbol of the slot, i.e. mimicking the NR short PUCCH design, its processing gain and power constraint will limit the reliability of CSI report transmission. Unlike sequence-based HARQ feedback sent in PSFCH [1], CSI reports need channel coding and DMRS insertion for correct decoding. Moreover, we believe that piggybacking CSI report with data is not good since CSI reports cannot benefit from retransmissions and, thus, very conservative decisions on transmission format and power setting are necessary. In addition, CSI reports may require some control signaling to avoid ambiguity at the receiver. Finally, note that there might not be any data transmissions to piggyback CSI reports. Hence, in our view, SL CSI report should be carried over PSSCH independently and scheduled by PSCCH, without requiring a different SCI format. In this way, transmission parameters of CSI report can be flexibly adjusted. Also, the number of potential SCI formats are kept low, which eases the blind decoding of PSCCH. An example of transmitting SL CSI reports is illustrated by Figure 1. As shown in Figure 1, if data and CSI report are transmitted simultaneously, two parallel transmissions, possibly adjacent in frequency, take place. In other words, the CSI report and other simultaneous transmissions (e.g. data) are two separate transmissions.
Proposal 4 [bookmark: _Toc528953274]Sidelink CSI reports are transmitted in PSSCH together with the SCI, similar to data transmissions. 
[image: ]
[bookmark: _Ref524943066]Figure 1. CSI report transmission using PSSCH
4	SL CSI reference signal
To assist CSIT acquisition (e.g., RI, PMI, CQI), reference signals are needed. In some case, SL DMRS is enough for this purpose. For example, when the number of DMRS ports equals to the number of antenna ports, i.e., precoding is not applied to DMRS, DMRS can be used at the receive side to derive RI and PMI. However, when DMRS is subject to the same precoding as data transmission (which is also the principle for NR Uu DMRS), an additional reference signal type is needed for channel and/or interference measurement. Hence, in our view, for CSIT acquisition a new type of reference signal called SL CSI reference signal (SCSI-RS) needs to be introduced. The SCSI-RS should be designed in such a way that it facilitates CSIT acquisition either in a reciprocity-based manner and/or in a feedback-based manner. 
In NR Uu interface, there are two types of reference signals, i.e., CSI-RS and SRS, for measuring channel and/or interference. Although CSI-RS and SRS have very different characteristics including frequency density, time location, sequence design, multiplexing with data, etc., their purposes are similar. More specifically, they are both used to enable CSI acquisition, precoder selection, beam management, reciprocity-based operation, channel-dependent scheduling, etc. The differences of CSI-RS and SRS are due to the different capabilities of gNB and UE, potentially different waveforms of UL and DL, and some historical reasons. Hence, in our view, for SL we only need one type of CSIT acquisition related reference signal, i.e., SCSI-RS. 
Proposal 5 [bookmark: _Toc528953275]Sidelink channel state information reference signals (SCSI-RS) are introduced for CSIT acquisition. 

[bookmark: _Ref524943043][image: ]
Figure 2. Slot structure containing SCSI-RS
Differently from the NR Uu interface, the transmission of SCSI-RS should always be confined within the allocated bandwidth for sidelink transmission (as shown in Figure 2). This allows the efficient coexistence of different types of communications i.e. unicast, multicast and broadcast.
Proposal 6 [bookmark: _Toc528953276]Transmission of SCSI-RS is confined within the allocated bandwidth for sidelink transmission. 
5	Periodic and aperiodic SCSI-RS and SL CSI reports
Furthermore, similarly to NR Uu, SL should support both periodic (Fig. 3 left) and aperiodic (Fig. 3 right) SL CSI reports. In the case of periodic CSI reports, there is no need of explicit/implicit trigger or request of the CSI report. Instead, the reporting UE can be configured with certain periodicity and CSI report format by higher layers during the unicast session establishment phase. The advantages of this periodic reporting are 1) continuous monitoring of channel conditions which can be used to assist the selection of resources and transmission parameters; 2) potentially reduced signaling overhead due to avoiding the explicit triggering. Note that for allocating resources for the report, chain-reservation mechanism can be used as discussed in our companion contribution [3]. An example of aperiodic CSI reporting is illustrated in Figure 3 (right). This reporting mechanism can be applied on a “per-need basis”. For this type of CSI report transmission, one-shot transmission mechanism can be used. The advantage of this mechanism is a smaller time gap between CSI estimation and reporting when CSIT is requested by the UE.
[image: ]
Figure 3. Periodic (left) and aperiodic (right) SL CSI reference signal and CSI reports
Proposal 7 [bookmark: _Toc528953277]For sidelink CSI-RS transmission and CSI reporting, both periodic and aperiodic mechanisms are supported. 
6	Conclusion
In the previous sections, we made the following observations: 
Observation 1	Sidelink CSIT can be beneficial for certain unicast scenarios.
Observation 2	Sidelink CSIT can enable link adaptation and precoder selection for sidelink unicast.
Observation 3	Multiple sets of sidelink CSI reports, where each set is associated with one reported RI value, is beneficial for SL unicast supporting V2X use cases with different requirements and varied packet sizes.
Based on the discussion in the previous sections, we propose the following:
[bookmark: _GoBack]Proposal 1	For SL unicast, RAN1 studies both reciprocity-based and feedback-based CSIT acquisition.
Proposal 2	Reporting narrowband/short-term (e.g., valid for a few slots or less) CSI measurements is not supported.
Proposal 3	For FR1, at least RI report, wideband or long-term PMI and CQI reports should be studied for sidelink unicast. Moreover, the following dependencies apply for sidelink CSI parameters
a.	CQI is calculated conditioned on the reported PMI and RI;
b.	PMI is calculated conditioned on the reported RI.
Proposal 4	Sidelink CSI reports are transmitted in PSSCH together with the SCI, similar to data transmissions.
Proposal 5	Sidelink channel state information reference signals (SCSI-RS) are introduced for CSIT acquisition.
Proposal 6	Transmission of SCSI-RS is confined within the allocated bandwidth for sidelink transmission.
Proposal 7	For sidelink CSI-RS transmission and CSI reporting, both periodic and aperiodic mechanisms are supported.
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