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Introduction
In RAN1#112 meeting, regarding beam management for sidelink on FR2, the reached agreements are listed as follows: 
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 further elaborate our views on enhanced sidelink operation on FR2 licensed spectrum.
Discussion 
Beam establishment operation for sidelink unicast connection 
Sidelink mmWave frequency (FR2) introduces challenges like sidelink beam establishment for unicast transmission between TX UE and a RX UE, Beam/Panel switching based on the measurement for unicast transmission, sidelink beam recovery. NR-Uu in Release 15 standardized SSB-RACH correspondence mechanism for initial beam alignment, however in NR PC5 such complex mechanism requires further study because not all UEs in sidelink transmits SSB and there is no RACH mechanism. 
Observation 1: Rel15 mechanism of initial beam alignment uses SSB-RACH-like mechanism 
Observation 2: sidelink SLSS is transmitted only by SyncRef UE for providing synchronization source to nearby UEs
The sidelink synchronization signal (SLSS) is only transmitted by the SyncRef UE to provide sync source to all nearby UEs and hence not all UEs transmit SLSS. Hence, other ways to establish Unicast session with UEs that are not transmitting SLSS should be investigated..  
The unicast connection establishment procedure involves transmitting direct communication request message containing source UEs (UE-1) application layer ID, target UEs (UE-2) application layer ID, service and QoS information and UE-1 sends the Direct Communication Request (DCR) message via PC5 broadcast using the source Layer-2 ID and the destination Layer-2 ID. Upon receiving the DCR message, UE-2 sends Direct communication Accept message (DCA). After receiving the Direct Communication Accept message from peer UE using unicast as shown in Figure 2, UE-1 obtains the peer UE's Layer-2 ID for future communication, for signalling and data traffic for this unicast link.
The V2X layer of the UE that established PC5 unicast link passes the PC5 Link Identifier assigned for the unicast link and PC5 unicast link related information down to the AS layer. The PC5 unicast link related information includes Layer-2 ID information (i.e. source Layer-2 ID and destination Layer-2 ID). This enables the AS layer to maintain the PC5 Link Identifier together with the PC5 unicast link related information.  
Observation 3: Unicast link establishment procedure involves exchange of Direct Communication Request (DCR) message via PC5 broadcast and Direct Communication Accept (DCA) message via PC5 unicast


Figure 1 Layer-2 Unicast link establishment procedure
Since the DCR message needs to send using broadcast, sidelink beam pair establishment may be done together with the exchange of DCR and DCA messages. UE-1 may transmit DCR broadcast message using different antenna panels/beams in different time (beam-sweeping). The SL-RS is embedded in the data transmission to aid the receiver channel measurement and such SL-RS for a UE may be orthogonally generated e.g., based on sequence and/or cyclic shifts and/or orthogonal cover code for different panels/beams. UE-2 should choose the receive panel/beam with strongest L1-RSRP for DCA message transmission using beam correspondence. The DCA message transmission from UE-2 contains panel id/beam id/SL-RS id used of reception of DCR message. Thus, the existing sidelink CSI-RS framework can be used to transmit and receive discovery message and beam pair establishment. If the beam correspondence is not supported, then the UE-2 may transmit SL-RS towards UE-1 to find the best beam pair. Since the CSI-RS configuration is not known to the RX UE and the PC5 RRC connection is yet to be established, then a set of default CSI-RS resources should be (pre)configured in a resource pool for initial beam establishment. 
[image: ]
Figure 2 Showing unicast beam establishment procedure using the discovery data

Proposal 1: Study various methods to establish beam pair for a unicast connection 
· UE specific SSB-RACH like sequence exchange 
· Beam pair establishment procedure is performed by embedded SL RS while exchanging DCR and DCA messages as part of unicast link establishment procedure
Proposal 2: Transmit SL-RS embedded in the data to aid the peer UE to measure the L1-RSRP to choose the best reception beam/panel
Proposal 3: Other method involve standalone SSB-RACH like sequence exchange requires more work and should be further evaluated 
Proposal 4: RAN1 is to study whether and how the following could be enhanced for sidelink initial beam pairing:
· S-SSB
· Sidelink CSI RS 
· SSB-PSFCH like mechanism 

PSFCH beam determination 
PSFCH can make use of the beam correspondence framework by selecting the same Tx beam to transmit PSFCH corresponds to the Rx beam in which it receives PSCCH/PSSCH from other UEs. Since the UE has limited analog beam availability in a slot, UE need to perform beam sweeping to transmit PSFCHs to all UEs in different spatial direction. Multiple PSFCH occasion is needed to transmit such PSFCH beams in different spatial direction. There should be some one-to-one mapping between PSCCH/PSSCH slot to the PSFCH occasions so that PSCCH/PSSCH UE may receive the HARQ feedback according to the RX beam. 
Proposal 5: PSFCH beam is determined using the beam correspondence framework i.e., PSFCH UE uses the same Tx beam for PSFCH transmission corresponds to the Rx beam used for the reception of PSCCH/PSSCH


Figure 3: Mapping between PSSCH and PSFCH occasion
Proposal 6: Study supporting one-to-one mapping between PSFCH occasions and PSCCH/PSSCH transmission slots as part of PSFCH beamforming 
One TX UE may transmit the unicast data to different RX UEs, if the period of the PSFCH is configured with 2 or 4 slots, the TX UE may need to perform PSFCH reception from different RX UEs in one PSFCH reception occasion. If the TX UE only supports analog beamforming, it cannot form multiple RX beams to receive the PSFCHs from different RX UEs in different directions. 
Proposal 7: Study how to handle different reception beams of multiple PSFCHs in one PSFCH reception occasion, e.g., enhance the resource exclusion step with the consideration of different RX beams of multiple PSFCHs in one PSFCH reception occasion or RX beam determination of multiple PSFCHs in one PSFCH reception occasion.

Beam pair maintenance
UE-1 periodically/a-periodically transmit SL-RS both with current panel/beam used for SL data transmission and with other panel/beam to enable continuous L1 measurement from different beams/panels. Then UE-2 perform L1-RSRP measurement on each received beam/panel and provide measurement report to the UE-1. Existing CSI report should be enhanced to report beam measurement and the latency of such report should be evaluated to check whether existing CSI report transmission using MAC CE could be reused for beam measurement reporting. 
Proposal 8: Evaluate the existing CSI report latency for L1 beam measurement reporting
Beam recovery procedure 
The beam failure recovery procedure at a high level consists of 
· Beam failure detection 
· Beam failure recovery 
Beam failure detection is a combined L1/L2 procedure where L1 indicates beam failure instances (BFI) to MAC and MAC declares beam failure and starts recovery procedure when the BFI instances counter at MAC reaches a configured maximum number. The beam failure recovery procedure involves transmission of RACH on a candidate beam and receiving RACH response and msg3 within a time window.   
For sidelink beam monitoring, RAN1 needs to study which reference signal and how to declare beam link failure instance. One candidate procedure is to reuse the radio link failure procedure as a starting point, where UE1 detects the beam link failure from UE2 based on a combination of HARQ feedback (NACK/DTX) and RSRP threshold and initiate sidelink BFR procedure by transmitting reference signal in a using a candidate beam or using a beam sweeping manner. 
Proposal 9: RAN1 needs to study procedure to declare beam failure instance e.g., HARQ feedback based, RSRP threshold etc., 
Proposal 10: RAN1 needs to study procedure to initiate beam failure recovery which involves transmission of SL RS using a candidate beam or using a beam sweeping.

For beam failure recovery (BFR) in NR Uu, UE monitors quality of the downlink control channels by estimating a set of periodical reference signals and declares beam failure once the perceived quality is not adequate to maintain reliable communication. For sidelink BFR, both S-SSB and sidelink CSI RS could be as baseline reference signals. The S-SSB occasions are configured periodically; however, S-SSB framework lacks feedback. Regarding sidelink CSI RS and reporting, the framework can provide feedback, but work in an aperiodic way. Therefore, RAN1 needs to study how to enhance S-SSB and sidelink CSI RS for sidelink BFR.
Proposal 11: RAN1 needs to study whether and how the following could be enhanced for sidelink BFR:
· S-SSB
· Sidelink CSI RS

Multiple beams for data reception 
One RX may have multiple unicast connections to different TX UEs, and the reception beams may be different for these unicast connections. For one RX UE with only analog beamforming, it cannot form multiple RX beams to receive data from different TX UEs in different directions. In this case the inter-UE coordination schemes could be used to align the reception beams from different TX UEs, e.g., the RX UE could transmit the preferred resource set to the TX UE for inter-UE coordination scheme 1, the preferred resource set could be determined by its intended RX beam in some slots. Inter-UE coordination scheme 2 could be also used to indicate the RX beams collision between the reserved resources from different TX UEs.


Figure 4: Preferred resource set - illustrating the usage of same Rx beam 

Proposal 12: Study the enhancement of inter-UE coordination schemes to align the reception beams from different TX UEs.
Conclusion
In this contribution, we provide our views towards proceeding work on FR2 with following proposals:
Observation 1: Rel15 mechanism of initial beam alignment uses SSB-RACH-like mechanism 
Observation 2: sidelink SLSS is transmitted only by SyncRef UE for providing synchronization source to nearby UEs
Observation 3: Unicast link establishment procedure involves exchange of Direct Communication Request (DCR) message via PC5 broadcast and Direct Communication Accept (DCA) message via PC5 unicast
Proposal 1: Study various methods to establish beam pair for a unicast connection 
· UE specific SSB-RACH like sequence exchange 
· Beam pair establishment procedure is performed by embedded SL RS while exchanging DCR and DCA messages as part of unicast link establishment procedure
Proposal 2: Transmit SL-RS embedded in the data to aid the peer UE to measure the L1-RSRP to choose the best reception beam/panel
Proposal 3: Other method involve standalone SSB-RACH like sequence exchange requires more work and should be further evaluated 
Proposal 4: RAN1 is to study whether and how the following could be enhanced for sidelink initial beam pairing:
· S-SSB
· Sidelink CSI RS 
· SSB-PSFCH like mechanism 

Proposal 5: PSFCH beam is determined using the beam correspondence framework i.e., PSFCH UE uses the same Tx beam for PSFCH transmission corresponds to the Rx beam used for the reception of PSCCH/PSSCH
Proposal 6: Study supporting one-to-one mapping between PSFCH occasions and PSCCH/PSSCH transmission slots as part of PSFCH beamforming 
Proposal 7: Study how to handle different reception beams of multiple PSFCHs in one PSFCH reception occasion, e.g., enhance the resource exclusion step with the consideration of different RX beams of multiple PSFCHs in one PSFCH reception occasion or RX beam determination of multiple PSFCHs in one PSFCH reception occasion.
Proposal 8: Evaluate the existing CSI report latency for L1 beam measurement reporting
Proposal 9: RAN1 needs to study procedure to declare beam failure instance e.g., HARQ feedback based, RSRP threshold etc., 
Proposal 10: RAN1 needs to study procedure to initiate beam failure recovery which involves transmission of SL RS using a candidate beam or using a beam sweeping.
Proposal 11: RAN1 needs to study whether and how the following could be enhanced for sidelink BFR:
· S-SSB
· Sidelink CSI RS
Proposal 12: Study the enhancement of inter-UE coordination schemes to align the reception beams from different TX UEs.
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