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1 Introduction
At the TSG RAN #98-e meeting, the followings were agreed for enhanced sidelink operation on FR2 licensed spectrum [1].
	3. [bookmark: _Hlk89917254]Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· [bookmark: _Hlk89917283]Study is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible. [RAN1, RAN2]
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.


In this contribution, we discuss issues on enhanced sidelink operation on FR2 licensed spectrum and provides our views.
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Discussion on enhanced sidelink operation on FR2 licensed spectrum
[bookmark: OLE_LINK69][bookmark: _Hlk118472514]To perform sidelink operation on FR2 spectrum, it is critical to specify sidelink beam management process. Hence, in this section, we discuss enhanced sidelink operation on FR2 licensed spectrum with respect to sidelink beam management, including initial beam-pairing, beam maintenance, and beam failure recovery for sidelink unicast communication.
Issues on sidelink initial beam pairing
In NR initial access procedure, UE should transmit PRACH on appropriate PRACH occasion in response to SSB reception, where each PRACH occasion is associated with Tx beam. Unlike NR initial access procedure, NR SL UE only transmits or receives S-SSB for initial access, and does not transmit PRACH in response to S-SSB reception. Therefore, in our view, sidelink initial beam pairing process using S-SSB should be newly specified.
· Proposal 1: Sidelink initial beam pairing process using S-SSB should be newly specified.
NR sidelink UE is provided with information of S-SSB transmission (i.e., SL-SyncConfig) from RRC configuration [2]. For sidelink initial beam pairing process, sidelink Tx UE can perform beam sweeping for every configured S-SSB transmissions in an S-SSB period. For example, SL Tx UE can perform S-SSB transmissions applying every possible Tx beam direction. Then, SL Rx UE can measure PSBCH-RSRP for identifying the best Tx beam. For RSRP measurement, Rx UE can use one Rx beam for receiving multiple S-SSBs. Then, SL Rx UE can transmit precoding applied S-SSBs repeatedly on the configured resource for S-SSB transmissions, that the applied precoding is associated with the best Tx beam. Then, SL Tx UE can recognize the best Tx beam for SL Rx UE, that the Tx UE can use the best beam for sidelink unicast transmission to the Rx UE.
· Proposal 2: For sidelink initial beam pairing, SL Tx UE can perform beam sweeping for every configured S-SSB transmissions in an S-SSB period.
· Proposal 3: For sidelink initial beam pairing, SL Rx UE can measure PSBCH-RSRP for identifying the best Tx beam.
· Proposal 4: For sidelink initial beam pairing, SL Rx UE can transmit precoding applied S-SSBs repeatedly, that the precoding is associated with the best Tx beam.
Issues on sidelink beam maintenance
In sidelink initial beam pairing process, wide Tx beam and wide Rx beam are paired. However, for more  reliable sidelink unicast communications, sidelink beam refinement process is also needed. Similar with NR, for sidelink beam maintenance or sidelink beam refinement process, sidelink CSI-RS can be used in addition to S-SSB. In our view, sidelink CSI-RS can be utilized for beam refinement, beam maintenance and beam failure recovery.
· Proposal 5: SL UE can perform beam refinement, beam maintenance, and beam failure recovery process using sidelink CSI-RS.
However, according to the current specification [3], sidelink CSI-RS is transmitted with ‘CSI request’ field in SCI format 2-A set to 1, if Tx UE requires channel state information. Therefore, if sidelink CSI-RS is used for sidelink beam management process, the purpose of sidelink CSI-RS should be clarified to Rx UE, i.e., whether sidelink CSI-RS is used for beam management, or CSI request. Hence, in our perspective, 1 bit of ‘Beam management’ field should be newly added in SCI Format 1-A to inform that transmitted sidelink CSI-RS is used for beam management purpose.
· Proposal 6: 1 bit of ‘Beam management’ field should be newly added in SCI Format 1-A to inform that transmitted SL CSI-RS is used for beam management purpose.
For example, if SL Tx UE transmits SL CSI-RS with ‘Beam management’ field in PSCCH-carried SCI set to 1, and ‘CSI request’ field in PSSCH-carried SCI set to 1, then sidelink Tx beam refinement (sidelink P2 process) can be performed. Then, SL Rx UE should transmit beam report to SL Tx UE. Beam report may contain best Tx beam ID, RSRP or SINR value of the best Tx beam, and differences of SINR or RSRP values between the best Tx beam and other Tx beams.
· Proposal 7: Sidelink Tx beam refinement process can be performed if SL Tx UE transmits SL CSI-RS with both ‘beam management’ field and ‘CSI request’ field are set to 1.
· Proposal 8: SL Rx UE can transmit SL beam report to SL Tx UE through PSSCH if SL Tx beam refinement process is performed.
Also, if SL Tx UE transmits SL CSI-RS with ‘Beam management’ field in PSCCH-carried SCI set to 1, and ‘CSI request’ field in PSSCH-carried SCI set to 0, then sidelink Rx beam refinement (sidelink P3 process) can be performed. In this case, beam report may not be transmitted.
· Proposal 9: Sidelink Rx beam refinement process can be performed if SL Tx UE transmits SL CSI-RS with ‘beam management’ field set to 1 and ‘CSI request’ field set to 0.
For beam refinement or beam maintenance process, there are two options for beam sweeping process: intra-slot beam sweeping and inter-slot beam sweeping. For intra-slot beam sweeping, SL UE should perform beam sweeping in one slot, i.e., UE can transmit PSCCH/PSSCH in a single-slot resource applying two or more beams. For example, Tx UE can apply wide beam for PSCCH, and transmit SL CSI-RS via PSSCH applying narrow beams. Intra-slot beam sweeping performs better than inter-slot beam sweeping in terms of low latency. Hence, for SL Tx UE transmitting SL CSI-RS for beam management, we propose RAN1 to study intra-slot beam sweeping using SL CSI-RS
· Observation 1: Intra-slot beam sweeping performs better than inter-slot beam sweeping in terms of low latency.
· Proposal 10: RAN1 to study intra-slot beam sweeping using SL CSI-RS.
For intra-slot beam sweeping, however, SL Tx UE needs transient gap for beam switching. It means, if RAN1 supports intra-slot beam sweeping, gap symbol for Tx beam switching should be defined in NR SL slot format. As shown in Figure 1, if intra-slot beam sweeping is supported, then several gap symbols for Tx beam switching can be defined. In the figure, SL Tx UE can transmit PSCCH and PSSCH for 2nd-SCI with wide beam, since these are control information that other UEs may also receive. Also, SL Tx UE transmit SL CSI-RS via PSSCH for beam refinement, applying different precodings to each SL CSI-RS. In this process, Tx UE can switch Tx beam on gap symbols within a slot.
[image: ]
Figure 1. Depiction of intra-slot beam sweeping
· Proposal 11: RAN1 to define transient gap for Tx beam switching in NR SL slot format for intra-slot beam sweeping.
RAN1 can also specify inter-slot beam sweeping process. For inter-slot beam sweeping, SL Tx UE applies one precoding for transmission in a slot. It can be performed with reservation of single slot resource or multi-consecutive slot transmissions. Inter-slot beam sweeping may cause higher latency than intra-slot beam sweeping, but has an advantage that it can be performed without change of slot format. Hence, we propose RAN1 to study inter-slot beam sweeping process as well.
· Proposal 12: RAN1 to study inter-slot beam sweeping process.
For inter-slot beam sweeping, SL Rx UE can transmit beam report of Tx beam applied in a slot through PSFCH transmission. Specifically, Rx UE can transmit PSFCH for ‘best beam indication.’ For example, Tx UE can transmit SL CSI-RS at two or more slots for sidelink beam refinement. Then, Rx UE can transmit ‘best beam indication’ for the last received slot. Rx UE can configure the best beam indication to ACK if the RSRP measurement of the last received slot is the highest value that Rx UE measured, i.e., Tx beam applied in the last slot is the best beam for Rx UE. On the other hand, Rx UE can configure the best beam indication to NACK if the RSRP measurement of the last received slot is not the highest value that Rx UE measured, i.e., Tx beam applied in the last slot is not the best beam for Rx UE.
· Proposal 13: For inter-slot beam sweeping, SL Rx UE can transmit beam report of Tx beam applied in a slot through PSFCH transmission.
· Rx UE can transmit ACK if the Tx beam applied in the last slot is the best beam for the Rx UE.
· Rx UE can transmit NACK if the Tx beam applied in the last slot is not the best beam for the Rx UE.
Issues on sidelink beam failure recovery
Sidelink beam failure recovery process should also be defined for the case of beam failure between sidelink UEs. Sidelink beam failure recovery process may consist of sidelink beam failure detection (BFD), sidelink beam failure recovery request (BFRQ), and sidelink UE’s response to the SL BFRQ. First, for SL BFD, S-SSB and SL CSI-RS can be utilized. SL Rx UE can measure PSBCH-RSRP or SL-CSI-RSRP for detection of the SL BFD. Similar to NR beam failure recovery process, SL Rx UE can trigger SL beam failure instance (BFI) at PHY layer if the measurement is lower than the (pre-)configured threshold. Then, SL BFI can be sent to MAC layer. MAC layer may increase SL BFI counter and set SL BFD timer for sidelink beam failure detection. Again, similar to NR, if SL BFI counter becomes equal to or larger than the (pre-)configured threshold, then the Rx UE can transmit BFRQ to Tx UE.
· Proposal 14: For sidelink beam failure recovery process, SL UE can measure PSBCH-RSRP or SL CSI-RSRP for sidelink beam failure detection.
· Proposal 15: For sidelink beam failure recovery process, sidelink beam failure recovery request may be transmitted if SL BFD counter reaches the (pre-)configured threshold before SL BFD timer expires.
If SL BFI counter reaches to the (pre-)configured threshold before SL BFD timer expires, SL Rx UE should transmit SL BFRQ to SL Tx UE. There may be some options for transmitting SL BFRQ. In our view, SL BFRQ can be transmitted via PSFCH since the SL CSI-RS is transmitted via PSSCH. Using PSFCH for transmitting SL BFRQ has more advantages than using PSCCH/PSSCH, because the PSFCH occasion for SL CSI-RS reception is already configured according to the current specification [4]. It means, Rx UE does not have to allocate resource for transmitting SL BFRQ. Moreover, SL BFRQ may be transmitted for 1 bit, and PSFCH is more appropriate than PSCCH/PSSCH for 1 bit transmission. For more specific information of PSFCH transmission of SL BFRQ, network can configure the occasion for transmitting SL BFRQ (BFRQ occasion) as the subset of PSFCH occasion. For example, if the PSFCH period is configured to 2 slots, then BFRQ occasion may be configured for every 10 slots within the PSFCH occasion. Then, SL Rx UE can use the BFRQ occasion corresponding to the slot for the earliest CSI-RS reception that satisfies ‘.’
· Proposal 16: For sidelink beam failure recovery process, UE can transmit beam failure recovery request via PSFCH transmission.
· Proposal 17: For sidelink beam failure recovery process, occasions for sidelink beam failure recovery request transmission can be configured as a subset of sidelink PSFCH occasion.
2 Conclusion
In this contribution, we have discussed issues on enhanced sidelink operation on FR2 licensed spectrum. As a conclusion, we summarize our view as follows:
· Proposal 1: Sidelink initial beam pairing process using S-SSB should be newly specified.
· Proposal 2: For sidelink initial beam pairing, SL Tx UE can perform beam sweeping for every configured S-SSB transmissions in an S-SSB period.
· Proposal 3: For sidelink initial beam pairing, SL Rx UE can measure PSBCH-RSRP for identifying the best Tx beam.
· Proposal 4: For sidelink initial beam pairing, SL Rx UE can transmit precoding applied S-SSBs repeatedly, that the precoding is associated with the best Tx beam.
· Proposal 5: SL UE can perform beam refinement, beam maintenance, and beam failure recovery process using sidelink CSI-RS.
· Proposal 6: 1 bit of ‘Beam management’ field should be newly added in SCI Format 1-A to inform that transmitted SL CSI-RS is used for beam management purpose.
· Proposal 7: Sidelink Tx beam refinement process can be performed if SL Tx UE transmits SL CSI-RS with both ‘beam management’ field and ‘CSI request’ field are set to 1.
· Proposal 8: SL Rx UE can transmit SL beam report to SL Tx UE through PSSCH if SL Tx beam refinement process is performed.
· Proposal 9: Sidelink Rx beam refinement process can be performed if SL Tx UE transmits SL CSI-RS with ‘beam management’ field set to 1 and ‘CSI request’ field set to 0.
· Observation 1: Intra-slot beam sweeping performs better than inter-slot beam sweeping in terms of low latency.
· Proposal 10: RAN1 to study intra-slot beam sweeping using SL CSI-RS.
· Proposal 11: RAN1 to define transient gap for Tx beam switching in NR SL slot format for intra-slot beam sweeping.
· Proposal 12: RAN1 to study inter-slot beam sweeping process.
· Proposal 13: For inter-slot beam sweeping, SL Rx UE can transmit beam report of Tx beam applied in a slot through PSFCH transmission.
· Rx UE can transmit ACK if the Tx beam applied in the last slot is the best beam for the Rx UE.
· Rx UE can transmit NACK if the Tx beam applied in the last slot is not the best beam for the Rx UE.
· Proposal 14: For sidelink beam failure recovery process, SL UE can measure PSBCH-RSRP or SL CSI-RSRP for sidelink beam failure detection.
· Proposal 15: For sidelink beam failure recovery process, sidelink beam failure recovery request may be transmitted if SL BFD counter reaches the (pre-)configured threshold before SL BFD timer expires.
· Proposal 16: For sidelink beam failure recovery process, UE can transmit beam failure recovery request via PSFCH transmission.
· Proposal 17: For sidelink beam failure recovery process, occasions for sidelink beam failure recovery request transmission can be configured as a subset of sidelink PSFCH occasion.
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