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The NR V2X WID includes the following objective for sidelink (SL) 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.
In RAN1#96 [2], a working assumption is presented as below, although this has been modified by the WID.
· For unicast, the following CSI reporting is supported based on non-subband-based aperiodic CSI reporting mechanism assuming no more than 4-port:
· CQI
· RI
· PMI
· 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
Further in RAN1#96bis [3], SL CSI-RS was agreed for the CSI acquisition procedure:
· 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 SL CSI RS, SL CQI/RI contents, use of PSSCH for CSI report, and procedures of CSI reporting.

SL CSI-RS design
In NR Uu, CSI-RS provides multiple functionalities, such as CSI acquisition, beam management, mobility management, and time/frequency tracking. Considering NR V2X, SL CSI-RS is introduced in the WID for the similar functionalities, at least including CSI acquisition. In this section, we present our views on the design of SL CSI-RS, including its frequency-domain and time-domain patterns, sequence generation, physical resources and how to map the SL CSI-RS sequence to physical resources.
General properties
In frequency domain, to improve the effectiveness of CSI measurement, SL CSI-RS should occupy the same bandwidth and use the same numerology as PSSCH. In this sense, the bandwidth and frequency-domain starting position of SL CSI-RS do not need to be configured. For higher CSI estimation accuracy, we propose to utilize SL CSI-RS with density  RE/port/PRB, i.e., each RB occupied by PSSCH should contain SL CSI-RS. Also, considering various traffic types and scenarios in NR V2X, the density of SL CSI-RS should be (pre-)configurable. 
Proposal 1: SL CSI-RS has the same bandwidth as the PSSCH they are transmitted with.
Proposal 2: SL CSI-RS has density  RE/port/PRB, and this density is (pre-)configurable. 
Moreover, although SL CSI-RS will be confined within the PSSCH transmission, they in general only need to occupy a subset of the REs per RB. For the symbols containing SL CSI-RS, the REs that are not occupied by SL CSI-RS can be used for PSSCH transmission to improve the spectral efficiency. Based on the statements above, the frequency-domain property of SL CSI-RS is shown in Figure 1. 
Proposal 3: SL CSI-RS and PSSCH are multiplexed in the same symbol.
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[bookmark: _Ref15647704]Figure 1 Frequency-domain property of SL CSI-RS
Considering the cases that the TX UE has no data to transmit, RAN1 needs to decide whether SL CSI-RS can be triggered and transmitted with dummy data or no SL CSI-RS is transmitted to avoid PSSCH resource consumption. In time domain, SL CSI-RS should be transmitted only when CSI procedure is triggered. Such behavior fits the agreement that SL CSI-RS is confined in PSSCH [3] and the working assumption that standalone SL CSI-RS transmission dedicated for CSI reporting is not supported [2]. Specifically, SL CSI-RS is preferably be configured for aperiodic transmission. Periodic and semi-persistent SL CSI-RS can also be considered if it is supported to transmit PSSCH that only contains dummy data and SL CSI-RS. Even if SL CSI-RS contained within PSSCH exhibits periodic behavior in some cases, the corresponding SL CSI-RS cannot be regarded as a periodic RS. This is because its periodicity depends on periodic CSI triggering. Although aperiodic SL CSI-RS requires a triggering procedure, it fits NR V2X traffic better than periodic or semi-persistent and should be supported.
Proposal 4: For CSI acquisition, SL CSI-RS supports only aperiodic configuration in NR Rel-16.
Sequence generation
Considering the effectiveness and various functionalities of NR Uu CSI-RS, it is reasonable to reuse the pseudo-random CSI-RS sequence. However, unlike NR Uu, the higher-layer parameter scramblingID or sequenceGenerationConfig, i.e., nID, cannot be always configured by the gNB in SL. If the TX UE is in mode 1, nID can be configured by the gNB. If the TX UE is in mode 2, nID can be pre-configured or configured by the TX UE. Alternatively, a new nID is defined for NR V2X.
Proposal 5: SL CSI-RS reuses NR Uu CSI-RS sequence.
· FFS: Definition of nID.
Resource mapping
NR Uu CSI-RS is a good reference for SL CSI-RS resource mapping. However, given the PSSCH structure and the current WID, physical resources of SL CSI-RS might be specified in the following aspects: time-domain pattern, number of CSI-RS ports, and CDM type. For time-domain pattern, we propose that SL CSI-RS should be end-loaded, i.e., Rel-16 SL CSI-RS occupies the last symbol of a PSSCH. This pattern ensures that SL CSI-RS is always orthogonal to PSSCH DMRS symbols. Second, considering that Rel-16 supports maximum of rank 2 PSSCH transmission per link [1] and CSI reporting assumes no more than 4-port, the number of SL CSI-RS ports can be limited to 1, 2 and 4. SL CSI-RS with 4 ports may be needed when 4 TX antennas are used for PSSCH transmission. Third, for the CDM type, i.e., the code-division multiplexing of different antenna ports of one CSI-RS resource, we propose to only support no CDM and FD-CDM2 since they only occupy one OFDM symbol. When more ports are needed, multiple two-port SL CSI-RS resources can be configured.
Furthermore, there are issues that can be addressed by adopting select features from the NR Uu SRS design. For example, for mode 2 operation, possible collision or interference between SL CSI-RS of different UEs has close similarities to the collision/interference issues between cell-edge UEs in the uplink. As another example, the power-saving feature of frequency hopping in NR Uu SRS can be adopted for SL CSI-RS. Therefore, SL CSI-RS can take the NR Uu CSI-RS as the baseline while adopting select features from NR Uu SRS.
Proposal 6: For CSI acquisition, SL CSI-RS supports the following features of physical resources in NR Rel-16
· SL CSI-RS is end-loaded within PSSCH
· SL CSI-RS has 1, 2 or 4 ports
· SL CSI-RS uses no CDM or FD-CDM2, and multiple SL CSI-RS resources can be configured when more ports are needed
· Further study which other features should be adopted for SL CSI-RS.
Next, as SL CSI-RS is proposed to be end-loaded within a SL slot, the time-domain location of SL CSI-RS in a slot is fixed if the time-domain resource pool for SL is configured. Let  denote the OFDM symbol index corresponding to the last symbol of a SL slot. If all symbols in a slot are available for SL, then  considering the gap symbol. If only a subset of consecutive symbols in a slot is available for SL, then . On this basis, SL CSI-RS sequence  can be mapped to resource elements  according to CSI-RS resource mapping in [4] with the following modification
		(1)
In (1), compared to the Uu baseline,  becomes fixed and is set as ,  is omitted since time-domain CDM is precluded,  is the amplitude scaling factor for SL CSI-RS,  is the index of resource element within a CDM group. As in [4], the subcarrier index  is influenced by  and , where each  corresponds to a CDM group of size 1 (no CDM) or size 2 (FD-CDM2). RAN1 should determine the values of  and  for different SL CSI-RS configurations. Other quantities are listed as follows.  denotes the number of SL CSI-RS ports,  represents the frequency-domain density and  can be selected as the starting point. Figure 2 provides an example of SL CSI-RS locations within a slot. The parameters are listed in Table 1.
Proposal 7: SL CSI-RS uses NR Uu CSI-RS resource mapping with some modifications as the starting point.
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[bookmark: _Ref15648001]Figure 2 SL CSI-RS within a slot
[bookmark: _Ref15648036]Table 1 Exemplary SL CSI-RS locations within a slot for  and 
	Ports 
	Density 
	CDM type
	
	CDM group index 
	

	4
	1
	FD-CDM2
	
	
	


SL CSI-RS for other purposes
Other functionalities related to SL CSI-RS, e.g., time/frequency tracking, should also be considered in SL. In NR V2X, the maximum relative speed is 500 km/h due to the dual mobility, bringing high Doppler shift and spread to SL channel [5]. Therefore, in certain scenarios, more accurate time/frequency tracking should be ensured by applying SL Tracking Reference Signal (TRS). In NR Uu, TRS is configured as a CSI-RS resource set containing four single-port periodic CSI-RS resources, each with one antenna port and density of 3 RE/port/PRB. For SL TRS, the structure of NR Uu TRS can be the baseline and higher density in time and frequency can be considered. Also, SL TRS can be configured for aperiodic transmission and confined within PSSCH. Note that SL CSI-RS does not have to be end-loaded when used for other purposes than CSI acquisition. As in NR Uu, a SL CSI-RS resource set comprising several particularly designed SL CSI-RS resources for SL time/frequency tracking should be supported. The design principle of these SL CSI-RS resources needs further studies. Figure 3 provides an example of SL CSI-RS resources that are used as SL TRS. 
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[bookmark: _Ref15648180]Figure 3 SL CSI-RS for time/frequency tracking
Proposal 8: SL TRS based on a particularly designed SL CSI-RS resource set is supported.

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 PSSCH transmission is supported in the current release based on RAN#83 decisions. Then, if two codewords are transmitted in rank 2 PSSCH, 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 9: SL CQI reporting re-uses the NR Uu CQI table, and therefore uses 4 bits and 8 bits when RI indicates rank 1 and rank 2 PSSCH transmission, respectively.
PSSCH for CSI report
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 RX UE has no data to transmit, there are three possible options for CSI:
· Option 1: No CSI is sent.
· Option 2: CSI is sent in a PSSCH with dummy data.
· Option 3: CSI is sent with a compact-format PSSCH. Such PSSCH occupies less resource than a normal PSSCH and is transmitted in a CSI dedicated resource pool as in Figure 4.
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[bookmark: _Ref15467000]Figure 4 Resource pool and CSI dedicated resource pool
From the spectral efficiency perspective, option 1 uses less resource for CSI feedback. However, 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”. 
The drawback of option 2 is the overhead of dummy data. This overhead depends on the resources the PSSCH occupies. If the bandwidth of PSSCH, which is bounded by the minimum sub-channel size, is larger, the dummy data will bring considerable overhead. 
To address the issues of option 1 and 2, we propose a compact-format PSSCH dedicated for CSI reporting only. The design of compact-format PSSCH is presented in Section 3.2.1.
Compact-format PSSCH for CSI reporting only
The compact-format PSSCH is transmitted in a dedicated resource pool with a small sub-channel size, i.e. 3 PRBs. The dedicated resource pool is pre-configured to all the UEs enabling them to share this pool for CSI reporting. Note that this resource pool is dedicated to CSI report and in which no other data/signal can be delivered. The dedicated resource pool has the primary benefit that the small sub-channel size minimizes the overhead for CSI report. 
The structure of compact-format PSSCH is illustrated in Figure 5, all the symbols in the first PRB are a compact-format PSSCH, and all the symbols in the other 2 PRBs are used for PSCCH. Regarding the size of CSI report in Rel-16, PSSCH with 1 PRB is enough. The control information within PSCCH can use the same SCI format defined in [6]. Considering the SCI size of 60 bits (WA for SCI evaluation assumptions), 2PRBs PSCCH will lead to a code rate of 0.29 which ensures the decoding performance.
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[bookmark: _Ref15474553]Figure 5 Compact-format PSSCH in CSI dedicated resource pool
Proposal 10: Support a PSSCH format with one PRB in all sidelink symbols in a slot, which is FDMed with its associated 2-PRB PSCCH, to be sent on 3-PRB subchannel of a (pre-)configured resource pool.
Conveying CSI reporting in PSSCH
Based on the design above, SL RI and CQI reporting could either be multiplexed with data or sent alone using the CSI dedicated resource pool. 
Regarding how to convey CSI report in PSSCH, there can be following options:
· Option 1: CSI report is rate-matched with PSSCH.
· Option 2: CSI report punctures a part of PSSCH.
· Option 3: CSI report is carried by MAC CE.
In option 1 and option 2, several REs in PSSCH are occupied by CSI report. In this case, CSI report and data are encoded separately. To avoid erroneous decoding, the existence and location of CSI report should be indicated to the TX UE. In option 3 the CSI report is conveyed in a CSI MAC CE defined in Figure 6. Using a MAC CE not only avoids the indication of the presence of a CSI report, but also enables the blind retransmission procedure for CSI reliability enhancement. Therefore, we prefer option 3.
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[bookmark: _Ref15923154]Figure 6 CSI MAC CE
Proposal 11: SL CSI report is carried by MAC CE in PSSCH.
SL CSI procedure
Triggering mechanism
In NR Uu, aperiodic CSI reporting is triggered by DCI or MAC CE. When DCI is used, a trigger state is initiated using the CSI request field, which indicates the CSI-RS resource sets and the Report Settings. By contrast, MAC CE is more flexible and can handle the cases where DCI bits are not enough. 
Similar triggering mechanisms can be applied to SL. However, SCI may not be preferred since it reserves limited bits for indication of SL CSI-RS resource sets and Report Settings. Regarding different SL CSI-RS configurations and other potential functionalities besides CSI acquisition, multiple SL CSI-RS resource sets and Report Settings may be required. Thus, using a single bit field or several bits in SCI to trigger SL CSI reporting is inadequate and lacks scalability. To address this issue, we propose that SL CSI reporting should only be triggered by MAC CE, which is defined in Figure 7. Such triggering mechanism does not impact the design of PSCCH or SCI, and offers good scalability.
When CSI reporting is triggered, the proposed MAC CE indicates the existence of SL CSI-RS and requests the CSI simultaneously. Specifically, it indicates that SL CSI-RS will be transmitted in a PSSCH after slots, where  can be (pre-)configured. It also indicates that SL CSI report should be transmitted within some specified slots. Further details of SL CSI reporting can be found in Section 3.3.2. By defining SL CSI-RS and CSI report to be a one-to-one correspondence, the signaling overhead is reduced. Nonetheless, SL CSI reporting can be disabled by higher layer signaling.
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[bookmark: _Ref16619293]Figure 7 CSI trigger MAC CE
Proposal 12: SL CSI reporting is triggered by MAC CE in PSSCH.
Configuration of CSI report
For CSI report, the report slot offsets could be configured by the TX UE via PC5-RRC. Therefore the TX UE only expects to receive the CSI report in certain slots and uses other slots for transmission.
In NR Uu, one single slot offset is scheduled by the gNB for aperiodic CSI report. However, NR SL has to handle the cases where the PSSCH resource of the RX UE cannot be scheduled by the TX UE and the gNB of the TX UE if the TX and RX UE are in different cell or the RX UE is in mode 2. In such cases, if only one slot offset is assigned for CSI report, it is possible that the RX UE cannot obtain available resource for CSI report. To address this issue, we have the following optional designs: 
· Option 1: A list of slot offsets is configured and indicated to the RX UE, which is denoted by  with  being the size of the list. As illustrated in Figure 8, the list corresponds to several slots, within which the TX UE is prepared to receive. The RX UE may use available PSSCH resource within these slots to report the CSI. Note that the slot offset list applies to the first transmission of CSI report only. If blind re-transmission is enabled, the RX UE can send the blind re-transmissions of the CSI report inside or outside the list. If the TX UE does not receive CSI report within the slots configured by the list, i.e., the RX UE cannot obtain resources for CSI report, a new SL CSI procedure can be triggered.
· Option 2: No slot offset is configured. After SL CSI procedure is triggered, the RX UE selects the PSSCH resource for CSI report based on gNB scheduling or UE sensing. 
· Option 2a: The TX UE does not transmit data until CSI report is successfully received.
· Option 2b: The TX UE continues PSSCH transmission as usual and a timer is initialized for CSI report. If the timer exceeds a certain threshold before CSI report is successfully received, a new SL CSI procedure can be triggered.
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[bookmark: _Ref13134030]Figure 8 Slot offset list indicated to the RX UE for CSI report

[bookmark: _Ref9501458][bookmark: _Ref9517592]Table 2 Pros and cons of optional designs
	Options
	Pros
	Cons

	Option 1: A series of reporting slot offsets is configured within a list.
	The TX UE expects the RX UE to feedback CSI report within several slots, which mitigates the impact of half-duplex issue. The probability that the CSI is successfully received depends only on whether the RX UE can find available PSSCH resouce within the configured slots. 
	Signaling overhead for slot offset list configuration.

	Option 2: No slot offset is configured.
	Option 2a: The TX UE waits for CSI report.
	The RX UE has full flexibility in selecting the PSSCH resource for CSI report. It may report the CSI when there is data to transmit. CSI-only PSSCH transmissions might be reduced. 
	To avoid half-dupelx problems, the TX UE has to stop transmission until CSI report is received; otherwise, it may miss reception of CSI report. The resource efficiency at the TX UE is decreased.

	
	Option 2b: The TX UE maintains a timer for CSI report.
	
	Half-duplex problems may degrade the resource efficiency at the RX UE.



The pros and cons of these options are listed in Table 2. Intuitively, option 2a is inefficient and wastes lots of resources. Option 2b has the highest resource efficiency at the TX UE. Nonetheless, its CSI reporting suffers from half-duplex problems, thus degrading the resource efficiency at the RX UE. In this regard, option 1 is preferred.
Proposal 13: For CSI acquisition, a list containing several slot offsets can be indicated to the RX UE for CSI reporting.
CSI procedure within SL transmission
In this subsection, we focus on the CSI procedure within SL transmission. The scheduling information and indication from the gNB are not considered. In this setting, the CSI procedure is illustrated in Figure 9.
 
[bookmark: _Ref10560544]Figure 9 CSI procedure within SL transmission
Based on this figure, our views on SL CSI procedure are summarized as follows:
· SL CSI-RS and CSI report configurations are indicated to the RX UE with PC5-RRC. CSI report configuration includes a list of slot offsets in which the RX UE may transmit CSI report.
· SL CSI reporting is triggered by MAC CE. After  slots, SL CSI-RS is conveyed in PSSCH.
· Within the slots configured by the list, the TX UE waits for CSI report. If no CSI report is received, the TX UE may re-trigger SL CSI reporting. In the meantime, the RX UE attempts to obtain available PSSCH resource for CSI report. If PSSCH resource in slot offset  can be used, the RX UE occupies this resource and sends CSI report using MAC CE. If blind re-transmission is enabled for CSI report, the RX UE may re-transmit the CSI report. Note that the slot offset list is not taken into account for blind re-transmissions.
 
Conclusions
We make the following proposals on CSI feedback issues for NR V2X:
Proposal 1: SL CSI-RS has the same bandwidth as the PSSCH they are transmitted with.
Proposal 2: SL CSI-RS has density  RE/port/PRB, and this density is (pre-)configurable. 
Proposal 3: SL CSI-RS and PSSCH are multiplexed in the same symbol.
Proposal 4: For CSI acquisition, SL CSI-RS supports only aperiodic configuration in NR Rel-16.
Proposal 5: SL CSI-RS reuses NR Uu CSI-RS sequence.
· FFS: Definition of nID.
Proposal 6: For CSI acquisition, SL CSI-RS supports the following features of physical resources in NR Rel-16
· SL CSI-RS is end-loaded within PSSCH
· SL CSI-RS has 1, 2 or 4 ports
· SL CSI-RS uses no CDM or FD-CDM2, and multiple SL CSI-RS resources can be configured when more ports are needed
· Further study which other features should be adopted for SL CSI-RS.
Proposal 7: SL CSI-RS uses NR Uu CSI-RS resource mapping with some modifications as the starting point.
Proposal 8: SL TRS based on a particularly designed SL CSI-RS resource set is supported.
Proposal 9: SL CQI reporting re-uses the NR Uu CQI table, and therefore uses 4 bits and 8 bits when RI indicates rank 1 and rank 2 PSSCH transmission, respectively.
Proposal 10: Support a PSSCH format with one PRB in all sidelink symbols in a slot, which is FDMed with its associated 2-PRB PSCCH, to be sent on 3-PRB subchannel of a (pre-)configured resource pool.
Proposal 11: SL CSI report is carried by MAC CE in PSSCH.
Proposal 12: SL CSI reporting is triggered by MAC CE in PSSCH.
Proposal 13: For CSI acquisition, a list containing several slot offsets can be indicated to the RX UE for CSI reporting.
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