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1. Introduction
In RAN1#112 meeting [1], followings are agreed for enhanced SL operation on FR2 licensed spectrum:

	Agreement
For sidelink beam management, RAN1 is to study
· how transmit beam(s) training and/or receive beam(s) training is performed
· whether and how spatial related information (e.g., TCI, QCL, beam ID, etc) information could be identified
· the relationship between PC5 unicast link establishment and sidelink initial beam pairing (e.g., whether initial beam pairing procedure starts before, during or after sidelink unicast link establishment procedure.)

Agreement
RAN1 is to study sidelink beam measurement and reporting schemes (e.g., periodicity, contents, container, timing, procedure, etc.) for sidelink beam maintenance.

Agreement
RAN1 is to study sidelink beam indication and switching schemes (e.g., framework, general procedure, contents, signaling, timing, etc.) for sidelink beam maintenance.

Agreement
RAN1 is to study the information related to a sidelink beam failure instance that the PHY layer provides to the MAC layer.



In this contribution, we discuss considerations on the SL operation on FR2 licensed spectrum.

2. Discussion
2.1. Sidelink initial beam pairing
According to TS 23.287 and TS 33.536, the sidelink unicast link establishment procedure consists of following steps:
1. Direct Communication Request (DCR) from UE-1 to UE-2
2. Direct Auth and Key Establishment Procedure between UE-1 and UE-2
3. Direct Security Mode Command procedure between UE-1 and UE-2
4. Direct Communication Accept (DCA) from UE-2 to UE-1

The DCR message can be transmitted in broadcast or unicast manner, and it can include source User Info, Target User Info (if provided), V2X Service Info, and Security Information. When the DCR message is transmitted in unicast manner, it should include Target User Info. 
The messages for the security establishment procedure from UE-2 to UE-1 and the DCA message from UE-2 to UE-1 are transmitted in unicast manner. 
Once the UE-1 receives the messages for the security establishment procedure from UE-2, the UE-1 can obtains UE-2’s Layer-2 ID for future communication, so the message for the security establishment procedure from UE-1 to UE-2 is transmitted in unicast manner as well. 
Observation 1: For sidelink unicast link establishment, the cast type of DCR message is broadcast or unicast, and the cast type of subsequent messages such as the security establishment messages and DCA message is unicast. 

If the initial beam pairing procedure is not applied from the DCR transmission, due to the lack of beam gain, the applicable scenario would be too restrictive. To increase the possibility that the UE-2 can receive DCR message from UE-1 more reliably for a various conditions, it would be beneficial to apply the initial beam pairing procedure from the DCR. 

Proposal 1: Support sidelink initial beam pairing procedure for at least following messages:
· DCR (Direct Communication Request) message transmitted from UE-1 to UE-2 in unicast
· Message(s) for security establishment exchanged between UE-1 and UE-2
· DCA (Direct Communication Accept) message transmitted from UE-2 to UE-1
· FFS: DCR (Direct Communication Request) message with/without Target User Info transmitted from UE-1 to UE-2 in broadcast

In this case, the UE-1 can transmit the same DCR message multiple times with the same TX spatial setting or different TX spatial settings. For the purpose of beam pairing, each transmission occasion of the DCR message would have the associated reception resources like the mapping between SSB and PRACH resource or have the associated response window like the mapping between PRACH occasion and RAR window. If the cast type of the DCR with beam management is limited to unicast case, it can be considered that the SL HARQ-ACK feedback corresponding to the DCR is used to indicate whether beam quality of the DCR is acceptable or not. 
If the target user (UE-2) receives the DCR from the UE-1, the UE-2 can transmit the message for security establishment with UE-1 and/or DCA within the window associated with the received DCR. In this case, the TX spatial setting for the above message from UE-1 will be determined based on the RX spatial setting used to receive the DCR and/or the TX spatial setting indicated by the UE-1 transmitting the DCR. For the beam management, it can be considered that UE-2 can report the measurement results (e.g., RSRP, RSRQ, SINR) based on the RS(s) associated with one or more DCR received from the UE-1. Meanwhile, the time location of DCR will be in aperiodic manner as in Rel-16/17 NR SL, and then the corresponding response window location would be in aperiodic manner as well as shown in Figure 1. 



Figure 1: Example of the sidelink unicast establishment with (initial) beam pairing.

Proposal 2: For the sidelink initial beam pairing, 
· UE-1 can transmit the same DCR message with the same TX spatial setting or different settings.
· For each SL transmission occasion of the DCR message or each TX spatial setting of the DCR message, the response window is determined.
· When target user of the DCR from UE-1, UE-2, successes to decode the DCR with certain TX spatial setting(s), and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on one or multiple RS(s) associated with the received DCR is above a certain level, the UE-2 can transmit the subsequent message(s) for the sidelink unicast establishment within the response window corresponding to the received DCR.
· UE-2 can report the measurement results based on one or multiple RS(s) associated with one or more DCR received from the UE-1.
· TX spatial setting for the subsequent message(s) from UE-2 is determined based on the RX spatial setting of UE-2 for the DCR reception and/or the TX spatial setting associated with the response window. 
· If UE-1 enables SL HARQ-ACK feedback for the DCR message, and if the UE-2 successes to decode the DCR with certain TX spatial setting(s), and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on one or multiple RS(s) associated with the received DCR is above a certain level, the UE-2 can transmit ACK to the UE-1.

According to the proposal 2, the UE-1 can anticipate the optimal TX beam based on in which window the UE-2 transmits the subsequent message for the unicast link establishment after UE-1’s DCR transmission. Moreover, if the UE-2 reports the measurement results for the other DCR transmission occasions with different TX spatial settings, the UE-1 can further list up the candidate TX spatial settings to communicate with the UE-2. If the UE-1 does not receives ACK or PSFCH for the transmitted DCR with a certain TX spatial setting, the UE-1 can determines that the TX spatial setting is not suitable for communicating with the UE-2. 

Regarding the RS type for the measurement of the beam quality, it was discussed that the possibility of using S-SSB, PSBCH DMRS, SL CSI-RS, PSCCH DMRS, and/or PSSCH DMRS. In case of S-SSB transmission, a number of UEs can transmit S-SSB with different TX spatial settings in the same S-SSB resource in SFN manner, so the combined TX beam of the S-SSB would be different from the TX beam of a single PSCCH/PSSCH in general as shown in Figure 2. 



Figure 2: Example of the combined beam of S-SSB and the beam of a single PSCCH/PSSCH

To alleviate this problem, RAN1 may need to redesign the S-SSB transmission not to be transmitted in SFN manner, and it seems requiring a huge specification work. Moreover, unlike NR Uu link, depending on the (pre)configuration, it is possible that the SL BWP does not have S-SSB resources while the synchronization reference is GNSS or gNB or eNB. In this case, beam management based on the RS other than S-SSB is still needed. 
Observation 2: The combined TX beam of S-SSB transmission will be different from the TX beam of a single PSCCH/PSSCH transmission in general since the S-SSB will be transmitted by a number of UEs using different TX spatial setting in SFN manner. To change S-SSB transmission not to be transmitted in SFN manner will cause a huge specification work. 

In case of SL CSI-RS, the SL CSI-RS resources are currently PC5-RRC configured since the number of CSI-RS ports for TX and/or RX was up to UE capability. To use SL CSI-RS for initial beam paring before sidelink unicast establishment and/or UE capability signalling exchange, the SL CSI-RS resource needs to be (pre)configured for all the UEs in the resource pool. Since there could be UEs supporting only one CSI-RS port for TX and/or RX, it would be allowed to (pre)configure 1-port SL CSI-RS for this purpose. If the SL CSI-RS is always transmitted together with PSCCH/PSSCH as in Rel-16/17 NR SL, it will reduce spectral efficiency due to the increased RS overhead. 
Alternatively, it can be considered to introduce standalone SL CSI-RS, but it would be necessary to handle the resource collisions between different UEs since the (pre)configured SL CSI-RS resources will be common for all the UEs in the same resource pool. If the initial beam pairing procedure is performed before PC5-RRC connection, SL CSI-RS resource collision avoidance based on PC5-RRC signalling would be used. In this point of view, at least the SL CSI-RS transmission needs to be indicated by the SCI. Instead, it can be considered that the SCI schedules SL CSI-RS only without data (SL-SCH). 
Observation 3: Before PC5-RRC connection, the SL CSI-RS transmissions on (pre)configured resources from different UEs can collided each other since they share the common SL-CSI RS resources. Since the number of SL CSI-RS ports for TX and/or RX depends on the UE capability, the (pre)configured resource should be 1-port SL CSI-RS resources. 

Observation 4: Before PC5-RRC connection, PC5-RRC signalling cannot be used to handle the SL CSI-RS resource collisions among different UEs.

Observation 5: If the SL CSI-RS is always transmitted together with PSSCH as in Rel-16/17 NR SL, it will increase the total RS overhead for the transmission of messages for the sidelink unicast link establishment. 

In case of PSCCH DMRS or PSSCH DMRS, the UE may already performs the measurement (e.g., RSRP) at least for the purpose of the SL sensing operation. In case of SL CSI reporting, it is possible that the UE transmit 1-port PSCCH/PSSCH while transmitting 2-port SL CSI-RS. However, before the PC5-RRC connection for the initial beam pairing procedure, since the UEs cannot exchange the UE capability signalling, the number of TX and/or RX ports for PSCCH/PSSCH transmission and SL CSI-RS transmission will be fixed into 1 commonly. In this case, the simple way is to use PSCCH DMRS or PSSCH DMRS for the initial beam pairing procedure rather than increasing the total RS overhead. 
In this case, it can be seen that SSB in NR Uu link is replaced with PSCCH/PSSCH including DCR message, and PRACH corresponding to SSB in NR Uu link is replaced with PSFCH for the received DCR or PSCCH/PSSCH including subsequent messages for the sidelink link establishment from UE receiving the DCR. In this situation, for initial beam paring, using SSB which is used for MIB acquisition for beam selection in NR Uu link is replaced with using PSCCH/PSSCH which is used for DCR acquisition for beam selection in NR SL. 

Proposal 3: For the sidelink initial beam pairing, if the SL measurement results is used, one or more of following RS types are supported:
· Alt 1: PSCCH DMRS and/or PSSCH DMRS associated with PSSCH including DCR or message(s) for sidelink unicast link establishment
· Alt 2: SL CSI-RS within PSSCH including DCR or message(s) for sidelink unicast link establishment
· Alt 3: Standalone SL CSI-RS which is QCLed with PSCCH DMRS and/or PSSCH DMRS associated with PSSCH including DCR or message(s) for sidelink unicast link establishment in Type D

2.2. Sidelink beam maintenance
According to the existing SL CSI measurement and reporting, once the TX UE indicates SL CSI reporting to the RX UE, the TX UE cannot indicates SL CSI reporting additional until the TX UE receives the associated SL CSI reporting or until the end of the SL CSI reporting window. For beam management, it can be considered that the TX UE uses different TX spatial setting across different SL CSI reporting triggering, and the TX UE decides which TX spatial setting will be suitable based on the received RI and CQI values as shown in Figure 3. However, due to the limitation on the triggering condition, the existing SL CSI measurement and reporting procedure could cause huge latency for beam management, and the selected beam or TX spatial setting would be old-fashioned. 
Observation 6: Reusing Rel-16/17 NR SL CSI reporting/triggering for the purpose of the sidelink beam maintenance will cause a huge latency. 



Figure 3: Example of SL beam maintenance based on the existing SL CSI reporting

To alleviate this inefficiency, it can be considered to allow that the TX UE can trigger SL CSI reporting before the TX UE receives SL CSI reporting for the past triggering. In this case, to distinguish SL CSI reporting associated with different TX spatial setting, it would be possible that the RX UE report beam-related information together with RI and CQI. To reduce CSI reporting overhead, it is also possible that the RX UE reports a single CSI reporting for multiple SL CSI reporting triggering. In this case, the SL CSI reporting can include all or a subset of CSI reports associated with the received CSI reporting triggering. When the RX UE reports a subset of CSI reports, beam quality or spectral efficiency derived by RI and CQI could be used to selects CSIs to be reported. 
For fast beam management, it can be considered that a single PSSCH includes multiple SL CSI-RS resources with different TX spatial settings as shown in Figure 4. In this case, the RX UE can measure different beam quality within a slot, and then the RX UE can report CSI associated with the best TX spatial setting. On the other hand, to switching TX spatial setting, a certain time gap could be required. In this case, there could be a gap between SL CSI-RS transmissions with different TX spatial settings. Moreover, when the TX UE switches TX spatial setting, the phase discontinuity could occur, then the channel estimation would also need to be performed separately for each TX spatial setting. Due to the lack of PSSCH DMRS symbols, it can be considered that the multiple SL CSI-RS resources are transmitted from the end of the data transmission. In other words, PSSCH and CSI-RS can be TDMed in a slot. 



Figure 4: Example of SL beam maintenance based on the SL CSI reporting

Within a slot, the TX UE can transmit multiple SL CSI-RS across different symbols with the same TX spatial setting. In this case, the RX UE can switch RX spatial setting to receive SL CSI-RS to boost up the RX beam gain. The RX UE can measure SL CSI for each pair of TX spatial setting and RX spatial setting, an then the RX UE can determine the best choice of TX spatial setting of the TX UE and the RX spatial setting of the RX UE itself. 

Proposal 4: For CSI measurement and reporting in FR2, study following cases:
· Option 1: Relaxation on the condition of SL CSI reporting triggering and SL CSI reporting window.
· Option 2: RX UE transmits a single CSI reporting for more than one SL CSI reporting requests associated with different TX spatial setting. 
· Option 3: TX UE transmits multiple SL CSI-RS with different TX spatial settings in a slot. 
· Option 4: TX UE transmits multiple SL CSI-RS with the same TX spatial settings across different symbols, and RX UE switches RX spatial setting in a slot. 
· FFS: Additional CSI type (e.g., beam-related information, SL CSI-RS resource index).

On SL CSI-RS transmission, only aperiodic CSI-RS transmission is supported in Rel-16/17 NR SL. In this case, if the beam management is based on the quality or SL CSI-RS, the TX UE may need to trigger SL CSI reporting frequently, and it will cause high congestion due to the increased number of CSI reporting. To alleviate this problem, it can be considered to introduce periodic or semi-persistent SL CSI-RS transmission as in NR Uu link. However, considering that UE with beam management can share the same resource pool with Rel-16/17 UE without beam management, it would be necessary to discuss whether or how to avoid resource collision between periodic/semi-persistent SL CSI-RS and SL channels. 
One simple solution is to use dedicated resource pool for periodic/semi-persistent SL CSI-RS transmission which is not shared by Rel-16/17 UEs. 
However, considering that there are many unicast link among different UE pairs, PC5-RRC signalling itself cannot resolve all the SL CSI-RS resource collision even though the beam management is performed after PC5-RRC connection. To be specific, a certain UE pair may not know another UE pair’s PC5-RRC configuration. In this point of view, SL CSI-RS resource information may need to be broadcasted or PSSCH containing SL CSI-RS is reserved by SCI transmitted in broadcast manner as in Rel-16/17 NR SL. 
Observation 7: In the shared resource pool, if the periodic SL CSI-RS resources are PC5-RRC configured without SCI indication, Rel-16/17 UEs cannot avoid the resource collision with the periodic SL CSI-RS resources. 

Observation 8: Since there can be many unicast links among different UE pairs, PC5-RRC signalling cannot resolve all the SL CSI-RS resource collisions among UEs. 

Proposal 5: For SL CSI-RS transmission in FR2, support at least SL CSI-RS transmission/resources indicated by the SCI
· FFS: Whether SL CSI-RS is transmitted with/without SL-SCH
· FFS: Whether or how to support SL CSI-RS transmission/resource without SCI’s indication

According to UL transmit power control, the pathloss compensation term is used and the pathloss estimation can be different depending on the spatial setting of the DL reference signal. In this case, as the beam quality is low, the UL transit power can be high. Meanwhile, for the purpose of CSI-RSRP, CSI-RSRQ, and CSI-SINR measurement, the UE may assume DL EPRE of a port of CSI-RS resource configuration is constant. 
Since the pathloss compensation term in NR SL is determined by RX UE’s RSRP reporting based on TX UE’s PSSCH DMRS, depending on how the RX UE reports L3-filtred RSRP reporting and how the TX UE uses reported RSRP for its power control, the SL TX power could be different across different TX spatial settings. In this case, when the RX UE measure RSRP for the purpose of beam quality measurement, the RX UE cannot distinguish whether the measured RSRP is high due to good beam quality or due to high TX power. In this situation, it is not preferred to use RSRP measurement for SL beam management. 
To reuse RSRP-based beam management as in Uu link as much as possible, it would be necessary to ensure that the SL CSI-RS transmit power is constant for different TX spatial settings. To do this, one approach is that RX UE’s RSRP reporting is based on multiple SL CSI-RS with different TX spatial setting. However, in this case, for a certain TX spatial setting, the transmit power will not be optimized. 
Another approach is that the RX UE can transmit RSRP reporting for each TX spatial setting, and the TX UE ensures that the transmit power of SL CSI-RS for beam management is constant. The TX UE can select RSRP reporting associated with at least one TX spatial setting for its power control. 

Proposal 6: For RSRP reporting and power control in FR2, study following cases:
· Option 1: RX UE can report RSRP measurement for each TX spatial setting. 
· Option 2: TX UE can ensure the same transmit power at least for SL CSI-RS with different TX spatial settings. 

For the efficient beam maintenance, it would be necessary that the TX spatial setting of the TX UE and the suitable RX spatial setting of the RX UE are quite aligned in the same timing. If they are not aligned, the beam gain would not be maximized, and it will results the performance degradation. On the other hand, a single UE could have multiple sidelink unicast links with different UEs, and then the suitable RX spatial setting could be also different across different unicast links. If the RX UE knows when the TX UE will transmit its transmission to the RX UE, the RX UE can optimize the RX spatial setting to maximize the total beam gain. 
In case of PSFCH transmission and reception, since the PSSCH-to-PSFCH timing is determined in semi-static manner, the PSCCH/PSSCH TX UE knows when the PSCCH/PSSCH RX UE will transmit the PSFCH to the PSCCH/PSSCH TX UE. In this case, it would be possible that the PSCCH/PSSCH TX UE use the suitable RX spatial setting for the PSFCH reception on time. Similarly, the PSCCH/PSSCH RX UE can use the suitable TX spatial setting for the PSFCH transmission on time. 
Meanwhile, the UE can transmit or receive different PSFCHs to different UEs in the same time. Moreover, the PSFCH transmissions or reception can be associated with different TX spatial setting or RX spatial setting. In this case, the UE may use wider beam to cover a number of TX beams for multiple PSFCH transmission, the beam gain would be reduced, and the PSFCH coverage would be restricted as well. 
In case of PSCCH/PSSCH transmission and reception, in general, it would be difficult to align RX UE’s RX spatial setting with the TX UE’s TX spatial setting. At least, it can be considered that the RX UE use the RX spatial setting associated with the transmission from the TX UE during a time duration where the RX UE expects to receive retransmission from the TX UE. The time window can be indicated by the TX UE’s SCI or can be determined by the SL DRX operation. Or, the RX UE can inform the preferred resource set to the TX UE, and then the RX UE use the RX spatial setting associated with the transmission from the TX UE during the time duration of the preferred resource set. 

Observation 9: To maximize the beam gain, the suitable TX spatial setting of the TX UE and the suitable RX spatial setting of the RX UE would need to be aligned on time. However, in general, the RX UE may not know when the TX UE will transmit SL channel to the RX UE. 

Proposal 7: For the SL beam maintenance, study how to align the TX spatial setting of the TX UE and the RX spatial setting of the RX UE in time domain.
· e.g, PSCCH/PSSCH TX UE uses the RX spatial setting associated with the transmission from the PSCCH/PSSCH RX UE in PSFCH occasion corresponding to the transmitted PSCCH/PSSCH.
· e.g, PSCCH/PSSCH RX UE can inform the time duration where the RX UE will use the RX spatial setting associated with the transmission from the PSCCH/PSSCH TX UE.
· e.g, PSCCH/PSSCH TX UE can inform the time duration where the TX UE will use the TX spatial setting targeting the PSCCH/PSSCH RX UE.

2.3. Sidelink beam failure detection 
According to beam failure recovery procedure in NR Uu link, the number of beam failure instance reported from PHY layer to MAC layer is used to determine whether the MAC layer at UE side determines beam failure occurs or not. 
In NR Uu link, the PHY layer at UE side can provide an indication to higher layers when the radio link qualities for all corresponding resource configuration in the candidate Beam RS list are below the threshold which is determined based on the target BLER of control channel. For this purpose, in NR Uu link, the beam failure detection RS (e.g., SSB or periodic CSI-RS resource) is quasi co-located with the DMRS of PDCCH receptions by the UE. In other words, the beam failure detection is highly depending on how the UE can detect/decode the control channels reliably. Moreover, the beam failure detection procedure is quite similar with the radio link failure (RLF) declaration in NR Uu link. The relevant specification descriptions are as follows:

	TS 38.213 Section 6
If the UE is not provided  by failureDetectionResourcesToAddModList for a BWP of the serving cell, the UE determines the set  to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH.

	TS 38.213 Section 6
The physical layer in the UE assesses the radio link quality according to the set , , or , of resource configurations against the threshold Qout,LR. For the set , the UE assesses the radio link quality only according to SS/PBCH blocks on the PCell or the PSCell or periodic CSI-RS resource configurations that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions by the UE.

	TS 38.213 Section 6
The thresholds Qout,LR and Qin,LR correspond to the default value of rlmInSyncOutOfSyncThreshold, as described in [10, TS 38.133] for Qout, and to the value provided by rsrp-ThresholdSSB or rsrp-ThresholdBFR, respectively.

	TS 38.133 Section 8.1.1
The out-of-sync block error rate (BLERout) and in-sync block error rate (BLERin) are determined from the network configuration via parameter rlmInSyncOutOfSyncThreshold signalled by higher layers. When UE is not configured with rlmInSyncOutOfSyncThreshold from the network, UE determines out-of-sync and in-sync block error rates from Configuration #0 in Table 8.1.1-1 by default. All requirements in clause 8.1 are applicable for BLER Configuration #0 in Table 8.1.1-1.
Table 8.1.1-1: Out-of-sync and in-sync block error rates
	Configuration
	BLERout
	BLERin

	0
	10%
	2%







Observation 10: In NR Uu link, for the purpose of the beam failure detection, the beam failure detection RS is quasi co-located with DMRS of PDCCH receptions by the UE, and the threshold to determine the beam failure instance is determined by the target BLER. 

If SL operation in FR2 is intended to reuse this beam failure recovery procedure in MAC layer as much as possible, it would be necessary that RAN1 decide when the PHY layer in UE will report beam failure instance to its higher layer. In a similar manner with NR Uu link, the beam failure instance could be determined based on when the PSCCH/PSSCH RX UE cannot detect or decode the control channel such as the 1st SCI and/or the 2nd SCI. 
In NR SL, it is unclear the periodic SL CSI-RS resources considering resource collisions with Rel-16/17 UE or resource collisions among different unicast links or different UE pairs. Next, the spatial setting for the SCI reception could be dynamically changed since PSSCH DMRS is used to decode the 2nd SCI while the TCI state of the PDCCH is semi-statically configured. In those points of views, it seems not straightforward to reuse the beam failure detection rule of NR Uu link. 
Meanwhile, in Rel-16/17 NR SL, for unicast link, the UE can determines radio link failure based on the consecutive DTX on PSFCH reception occasions. Considering that the beam failure detection is similar with the RLF declaration in NR Uu link, the HARQ-based SL RLF detection could be a baseline for the SL beam failure detection. 
Observation 11: As in NR Uu link, the RLF detection mechanism can be a baseline for the beam failure detection mechanism for NR SL. 

In this case, the PSCCH/PSSCH TX UE can count the number of consecutive DTX on PSFCH reception occasions for certain TX spatial settings for PSCCH/PSSCH transmission. If the number of consecutive DTX reaches the threshold, then the PHY layer in the UE provides beam failure instance indication to its higher layers. If the MAC layer in the UE receives a number of beam failure instance indication, then the MAC layer can declare SL beam failure. 

Proposal 8: For the SL beam failure detection, support at least following:
· PHY in UE provides beam failure instance indication to higher layers when the number of consecutive DTX on PSFCH reception occasions for all or a subset of TX spatial settings for PSCCH/PSSCH transmission reaches the threshold (e.g., 1).
· FFS: Whether/how the PSCCH/PSSCH RX UE determines the SL beam failure instance.

To support that the PSCCH/PSSCH RX UE decides beam failure, it would be necessary to design periodic RS, and these RS should be ensured to be transmitted regardless of SL resource (re)selection procedure. If these RS transmission can be skipped at the TX UE side, the RX UE cannot distinguish between the case when the TX UE does not transmit it and the case when the beam quality of the transmitted RS is worse. It will make the SL beam detection inaccurate. Moreover, if the orthogonal among periodic RS transmissions for different UE pairs is not guaranteed, the measurement-based SL beam failure detection itself would be inaccurate. To alleviate this problem, it would be necessary that the SL CSI-RS resources and/or sequences and/or time-and/or-frequency domain OCC to be applied to the SL CSI-RS are determined based on UE ID(s) or information provided by PC5-RRC signalling.  

2.4. Sidelink beam failure recovery procedure 
In NR Uu link, the beam failure recovery procedure is mainly based on the random access procedure. For this purpose, the parameters for the random access procedure including PRACH resources and RAR window location are separately configured. According to NR Uu link operation, the UE can select PRACH resource/preamble associated with certain DL RS(s) of which measurements is larger than or equal to a certain level among the candidate RS set(s). After the UE transmits the PRACH for the beam failure recovery, then the UE tries to detect PDCCH addressed to C-RNTI during the RAR associated with the PRACH resource. When the gNB successes to detect the PRACH from the UE, the gNB can find the appropriate beam or TCI state for the UE, and the gNB can transmit the PDCCH to the UE as the confirmation message. In addition, the UE can report BFR MAC CE which can include candidate RS ID of which measurements are above a threshold to the gNB. 
In short, in NR Uu link, the beam failure recovery procedure could be summarized as follows:
1. Candidate RS transmission from gNB to UE
2. UE’s measurements based on the candidate RS
3. UE’s PRACH transmission on PRACH resource/preamble associated with the candidate RS of which beam quality is good
4. gNB’s PDCCH transmission to the UE for the confirmation during the RAR window associated with the PRACH transmission
5. gNB transmits UL grant to the UE for BFR MAC CE if necessary
6. UE can transmit BFR MAC CE including candidate RS ID of which measurements are above the threshold

In this case, it would be necessary to investigate how to replace this random access procedure in NR Uu link with the SL channels/procedures. 
For the Step 1, the network could be highly congested when the UE always transmit the candidate RS(s) even though this RS is not currently used for SL communication. So, in NR SL, it is preferable that the candidate RS is transmitted if the beam failure is detected by the TX UE. If the TX UE decides the SL beam failure, then the TX UE can simply transmit the new candidate RS in aperiodic manner as in NR SL. If the RX UE decides the SL beam failure, the RX UE may need to request to the TX to transmit the new candidate RS. For the step 1, the TX UE could transmit candidate RS multiples times with the same TX spatial setting or different TX spatial settings. For the NR SL, the candidate RS could be the set of SL CSI-RS with/without data or PSCCH/PSSCH with/without SL CSI-RS. For SL CSI-RS transmission, the TX UE could trigger SL CSI reporting when it transmit the candidate RS as in the step 5. In this case, the RX UE can report measurement results such as RSRP, L1-SINR based on all or a subset of the candidate RS transmitted by the TX UE as in Step 6. At last, the TX UE can further decide the proper TX spatial setting for the subsequent SL communications. 
Alternatively, after the TX UE detects the SL beam failure, the TX UE can transmit candidate RS and/or SL CSI reporting triggering as in Step 3 directly. Then, if the RX detects the SL transmission including the candidate RS and SL CSI reporting triggering based on a certain TX spatial setting from the TX UE, then the RX UE can transmit the SL CSI report(s) including measurement results based on the candidate RS as the response within a time duration associated with the received candidate RS as shown in Figure 5. 




Figure 5: Example of SL beam failure recovery procedure between UE-1 and UE-2


Meanwhile, since the TX UE may not know when the RX UE will transmit SL CSI report(s), the concept of the response window would be necessary and then it can cause a huge latency. Instead of the SL CSI reporting, it can be considered that the PSFCH transmission/reception is used to indicate the proper beam direction or information. For instance, the UE-1 can transmit candidate RS multiple times with different TX spatial settings, and each SL transmission occasion of the candidate RS would have the corresponding PSFCH occasion. Then, if the UE-2’s measurement based on the candidate RS with a certain TX spatial setting is above the threshold, the UE-2 can transmit PSFCH to UE-1. UE-1 can decide which beam direction would be suitable for SL communication with UE-2 based on the receive PSFCH as shown in Figure 6. This approach could be seen as SSB reception-PRACH transmission in NR Uu link. 



Figure 6: Example of SL beam failure recovery procedure between UE-1 and UE-2


Proposal 9: For the sidelink beam failure recovery procedure for UE-1’s SL transmission, support one or more of followings:
· Option 1: 
· UE-1 can transmit candidate RS and/or CSI reporting triggering multiple times with the same TX spatial setting or different settings.
· For each SL transmission occasion of candidate RS and/or CSI reporting triggering or each TX spatial setting of the SL transmission(s), the response window is determined.
· When UE-2 successes to detect the candidate RS and/or SL CSI reporting triggering with certain TX spatial setting(s), and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on one or multiple RS(s) is above a certain level, the UE-2 can report the measurement results based on one or multiple RS(s) within the response window corresponding to the received candidate RS and/or SL CSI reporting triggering.
· TX spatial setting for the SL CSI report(s) from UE-2 is determined based on the RX spatial setting of UE-2 for the candidate RS reception and/or the TX spatial setting associated with the response window. 
· Option 2:
· UE-1 can transmit candidate RS multiple times with the same TX spatial setting or different settings.
· Each SL transmission occasion has PSFCH occasion.
· When UE-2 successes to detect the candidate RS, and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on the RS is above a certain level, the UE-2 can transmit PSFCH in PSFCH occasion corresponding to the received candidate RS.
· TX spatial setting for the PSFCH transmission from UE-2 is determined based on the RX spatial setting of UE-2 for the candidate RS reception and/or the TX spatial setting associated with the PSFCH occasion. 

2.5. Other aspects on SL operation in FR2
In NR SL, UE can find candidate resources for its transmission by excluding reserved resources indicated by the received SCI from other UEs of which measured RSRP value is higher than a threshold. In this case, the UE can avoid high interference from other UE(s) and high interference to other UE(s). In this point of view, at least PSCCH conveying sensing information may need to be transmitted in broadcast manner. However, if the Omni-direction is applied to PSCCH transmission/reception, due to the lack of beam gain, the PSCCH coverage or detection performance could be limited. Moreover, when a UE uses different TX spatial setting for PSCCH and PSSCH, it would be necessary to limit the PSCCH is always TDMed with PSSCH or to change mapping rule of PSSCH in PSCCH symbol duration. 
If the directional reception is applied to PSCCH reception, it is possible that the UE may not detect SCI(s) transmitted by other UE(s) around the UE, and it will cause the case where the UE selects its transmission resources overlapping with other UEs’ reserved resources. Depending on the beam direction of TX UE’s transmission and the location of destination UEs of other UE(s), the SL transmission may or may not cause high interference to other UEs. 
If the directional transmission is applied to PSCCH transmission, it is possible that other UE(s) around the TX UE does not detect SCI transmitted by the TX UE. If the other UE(s) occupies the resources that will be used by TX UE’s transmission, it may cause resource collision. Depending on the beam direction of TX UE’s transmission and the location of destination UEs of other UE(s), the resource collision may or may not be problematic. To alleviate this problem, it can be considered that the UE transmits more than one PSCCH and/or PSSCH with different TX spatial settings in a slot. In this case, for the same reserved resources, the TX UE can use multiple TX spatial settings, and it could help to enhance the PSCCH detection performance.
If the directional sensing is introduced, the UE may switch RX spatial setting during the sensing window. For instance, during the sensing window, the UE may need to receive different unicast PSSCH from different UEs, and then the suitable RX spatial setting could be changed slot-by-slot. Meanwhile, UE can find candidate resources for its transmission with a certain TX spatial setting. In this case, the UE may not need to use all the sensing results associated with different RX spatial setting. For instance, the UE can use sensing results associated with RX spatial setting which covers TX beam corresponding to TX spatial setting for its resource (re)selection. In this case, it would be necessary to discuss whether the slot where the sensing results is not used will be treated as non-monitored slot or not. 
Considering that some directional PSCCH/PSSCH transmission which can be interferer to the destination UE will not be detected by the TX UE with direction reception, it would be better to utilize RX UE’s sensing results for TX UE’s resource (re)selection as well. In this case, the concept of IUC can be reused. 

Proposal 10: For SL resource (re)selection procedure in FR2, study following cases:
· Whether/how PSCCH and PSSCH in a slot apply the same or different TX spatial setting.
· FFS: Whether directional transmission and/or reception is applied for PSCCH transmission and/or reception or not. 
· FFS: Multiplexing between PSCCH and PSSCH with different TX spatial setting.
· Whether/how to perform direction sensing operation.
· FFS: Whether/how UE selects a subset of sensing results based on TX spatial setting for its transmission and RX spatial setting associated with the sensing results
· FFS: Whether more than one PSCCH/PSSCH with different TX spatial setting is supported or not.
· FFS: Whether/how to use IUC information. 

If the resource (re)selection for a certain TX spatial setting is introduced, resource reselection criteria might need to be modified as well. For instance, if the TX spatial setting is no longer valid at RX UE side or TX UE or RX UE determines that the TX spatial setting needs to be changed, the selected resources for the TX spatial setting does not need to be used for PSCCH/PSSCH transmission. Instead, the TX UE may need to re-select new resources for newly selected TX spatial setting. 
In NR SL, some TX parameters such as maximum transmit power, MCS range, number of allocated subchannel could be restricted based on the congestion control. For congestion control, the UE may need to measure RSSI, CBR, and CR. When the direction transmission concept is adopted for PSCCH/PSSCH transmission, these congestion control quantity may also need to be done for each TX beam or TX spatial setting. For instance, depending on the TX spatial setting, the same set of resources could be determined as high congested condition or low congested condition. Moreover, for RSSI measurement, UE would need to differentiate RSSI measurement results based on TX spatial setting and/or RX spatial setting. 

Proposal 11: For SL operation in FR2, study following cases:
· Whether/how the resource re-selection criteria is based on TX spatial setting change or beam management status (e.g., before or after beam failure/beam recovery).
· Whether/how the congestion control is performed with respect to spatial setting. 

Even if UE A and UE B are performing SL service communication under the same synchronization reference in FR2, the reception timing of the transmission performed by UE A could frequently deviate from the CP region assumed by UE B when compared to the case of FR1. This is because a relatively short CP length for FR2 does not always cover SL service-related target coverage due to factors such transmission timing error, delay profile, etc. For example, in the case of 120 KHz SCS, when it is assumed that the transmission timing error value for UL defined in Table 7.1.2-1 in Section 7.1.2 of TS 38.133 is applied to SL, the coverage that can be covered by the CP length in the worst case is only about 102.6m. Note that this coverage will be further reduced if another factor such as delay profile is additionally taken into account. Considering this aspect, for SL operation on FR2, further discussion is needed on how to mitigate the inter-carrier interference (ICI) due to the channels/signals received outside of the CP region.

3. Conclusion
In this contribution, we discussed several aspects for the SL operation on the FR2 licensed spectrum. The following observation and proposals are given.

Observation 1: For sidelink unicast link establishment, the cast type of DCR message is broadcast or unicast, and the cast type of subsequent messages such as the security establishment messages and DCA message is unicast. 

Observation 2: The combined TX beam of S-SSB transmission will be different from the TX beam of a single PSCCH/PSSCH transmission in general since the S-SSB will be transmitted by a number of UEs using different TX spatial setting in SFN manner. To change S-SSB transmission not to be transmitted in SFN manner will cause a huge specification work. 

Observation 3: Before PC5-RRC connection, the SL CSI-RS transmissions on (pre)configured resources from different UEs can collided each other since they share the common SL-CSI RS resources. Since the number of SL CSI-RS ports for TX and/or RX depends on the UE capability, the (pre)configured resource should be 1-port SL CSI-RS resources. 

Observation 4: Before PC5-RRC connection, PC5-RRC signalling cannot be used to handle the SL CSI-RS resource collisions among different UEs.

Observation 5: If the SL CSI-RS is always transmitted together with PSSCH as in Rel-16/17 NR SL, it will increase the total RS overhead for the transmission of messages for the sidelink unicast link establishment. 

Observation 6: Reusing Rel-16/17 NR SL CSI reporting/triggering for the purpose of the sidelink beam maintenance will cause a huge latency. 

Observation 7: In the shared resource pool, if the periodic SL CSI-RS resources are PC5-RRC configured without SCI indication, Rel-16/17 UEs cannot avoid the resource collision with the periodic SL CSI-RS resources. 

Observation 8: Since there can be many unicast links among different UE pairs, PC5-RRC signalling cannot resolve all the SL CSI-RS resource collisions among UEs. 

Observation 9: To maximize the beam gain, the suitable TX spatial setting of the TX UE and the suitable RX spatial setting of the RX UE would need to be aligned on time. However, in general, the RX UE may not know when the TX UE will transmit SL channel to the RX UE. 

Observation 10: In NR Uu link, for the purpose of the beam failure detection, the beam failure detection RS is quasi co-located with DMRS of PDCCH receptions by the UE, and the threshold to determine the beam failure instance is determined by the target BLER. 

Observation 11: As in NR Uu link, the RLF detection mechanism can be a baseline for the beam failure detection mechanism for NR SL. 

Proposal 1: Support sidelink initial beam pairing procedure for at least following messages:
· DCR (Direct Communication Request) message transmitted from UE-1 to UE-2 in unicast
· Message(s) for security establishment exchanged between UE-1 and UE-2
· DCA (Direct Communication Accept) message transmitted from UE-2 to UE-1
· FFS: DCR (Direct Communication Request) message with/without Target User Info transmitted from UE-1 to UE-2 in broadcast

Proposal 2: For the sidelink initial beam pairing, 
· UE-1 can transmit the same DCR message with the same TX spatial setting or different settings.
· For each SL transmission occasion of the DCR message or each TX spatial setting of the DCR message, the response window is determined.
· When target user of the DCR from UE-1, UE-2, successes to decode the DCR with certain TX spatial setting(s), and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on one or multiple RS(s) associated with the received DCR is above a certain level, the UE-2 can transmit the subsequent message(s) for the sidelink unicast establishment within the response window corresponding to the received DCR.
· UE-2 can report the measurement results based on one or multiple RS(s) associated with one or more DCR received from the UE-1.
· TX spatial setting for the subsequent message(s) from UE-2 is determined based on the RX spatial setting of UE-2 for the DCR reception and/or the TX spatial setting associated with the response window. 
· If UE-1 enables SL HARQ-ACK feedback for the DCR message, and if the UE-2 successes to decode the DCR with certain TX spatial setting(s), and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on one or multiple RS(s) associated with the received DCR is above a certain level, the UE-2 can transmit ACK to the UE-1.

Proposal 3: For the sidelink initial beam pairing, if the SL measurement results is used, one or more of following RS types are supported:
· Alt 1: PSCCH DMRS and/or PSSCH DMRS associated with PSSCH including DCR or message(s) for sidelink unicast link establishment
· Alt 2: SL CSI-RS within PSSCH including DCR or message(s) for sidelink unicast link establishment
· Alt 3: Standalone SL CSI-RS which is QCLed with PSCCH DMRS and/or PSSCH DMRS associated with PSSCH including DCR or message(s) for sidelink unicast link establishment in Type D

Proposal 4: For CSI measurement and reporting in FR2, study following cases:
· Option 1: Relaxation on the condition of SL CSI reporting triggering and SL CSI reporting window.
· Option 2: RX UE transmits a single CSI reporting for more than one SL CSI reporting requests associated with different TX spatial setting. 
· Option 3: TX UE transmits multiple SL CSI-RS with different TX spatial settings in a slot. 
· Option 4: TX UE transmits multiple SL CSI-RS with the same TX spatial settings across different symbols, and RX UE switches RX spatial setting in a slot. 
· FFS: Additional CSI type (e.g., beam-related information, SL CSI-RS resource index).

Proposal 5: For SL CSI-RS transmission in FR2, support at least SL CSI-RS transmission/resources indicated by the SCI
· FFS: Whether SL CSI-RS is transmitted with/without SL-SCH
· FFS: Whether or how to support SL CSI-RS transmission/resource without SCI’s indication

Proposal 6: For RSRP reporting and power control in FR2, study following cases:
· Option 1: RX UE can report RSRP measurement for each TX spatial setting. 
· Option 2: TX UE can ensure the same transmit power at least for SL CSI-RS with different TX spatial settings. 

Proposal 7: For the SL beam maintenance, study how to align the TX spatial setting of the TX UE and the RX spatial setting of the RX UE in time domain.
· e.g, PSCCH/PSSCH TX UE uses the RX spatial setting associated with the transmission from the PSCCH/PSSCH RX UE in PSFCH occasion corresponding to the transmitted PSCCH/PSSCH.
· e.g, PSCCH/PSSCH RX UE can inform the time duration where the RX UE will use the RX spatial setting associated with the transmission from the PSCCH/PSSCH TX UE.
· e.g, PSCCH/PSSCH TX UE can inform the time duration where the TX UE will use the TX spatial setting targeting the PSCCH/PSSCH RX UE.

Proposal 8: For the SL beam failure detection, support at least following:
· PHY in UE provides beam failure instance indication to higher layers when the number of consecutive DTX on PSFCH reception occasions for all or a subset of TX spatial settings for PSCCH/PSSCH transmission reaches the threshold (e.g., 1).
· FFS: Whether/how the PSCCH/PSSCH RX UE determines the SL beam failure instance.

Proposal 9: For the sidelink beam failure recovery procedure for UE-1’s SL transmission, support one or more of followings:
· Option 1: 
· UE-1 can transmit candidate RS and/or CSI reporting triggering multiple times with the same TX spatial setting or different settings.
· For each SL transmission occasion of candidate RS and/or CSI reporting triggering or each TX spatial setting of the SL transmission(s), the response window is determined.
· When UE-2 successes to detect the candidate RS and/or SL CSI reporting triggering with certain TX spatial setting(s), and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on one or multiple RS(s) is above a certain level, the UE-2 can report the measurement results based on one or multiple RS(s) within the response window corresponding to the received candidate RS and/or SL CSI reporting triggering.
· TX spatial setting for the SL CSI report(s) from UE-2 is determined based on the RX spatial setting of UE-2 for the candidate RS reception and/or the TX spatial setting associated with the response window. 
· Option 2:
· UE-1 can transmit candidate RS multiple times with the same TX spatial setting or different settings.
· Each SL transmission occasion has PSFCH occasion.
· When UE-2 successes to detect the candidate RS, and if the measurement results (e.g., RSRP, RSRQ, or SINR) based on the RS is above a certain level, the UE-2 can transmit PSFCH in PSFCH occasion corresponding to the received candidate RS.
· TX spatial setting for the PSFCH transmission from UE-2 is determined based on the RX spatial setting of UE-2 for the candidate RS reception and/or the TX spatial setting associated with the PSFCH occasion. 

Proposal 10: For SL resource (re)selection procedure in FR2, study following cases:
· Whether/how PSCCH and PSSCH in a slot apply the same or different TX spatial setting.
· FFS: Whether directional transmission and/or reception is applied for PSCCH transmission and/or reception or not. 
· FFS: Multiplexing between PSCCH and PSSCH with different TX spatial setting.
· Whether/how to perform direction sensing operation.
· FFS: Whether/how UE selects a subset of sensing results based on TX spatial setting for its transmission and RX spatial setting associated with the sensing results
· FFS: Whether more than one PSCCH/PSSCH with different TX spatial setting is supported or not.
· FFS: Whether/how to use IUC information. 

Proposal 11: For SL operation in FR2, study following cases:
· Whether/how the resource re-selection criteria is based on TX spatial setting change or beam management status (e.g., before or after beam failure/beam recovery).
· Whether/how the congestion control is performed with respect to spatial setting. 

4. Reference

[1] RAN1 Chair’s Notes, RAN1#112.
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