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1
Introduction

In RAN plenary #98-e meeting, a revised WID [1] for NR sidelink evolution was approved and the objective of supporting FR2 licensed spectrum in sidelink was provided as:
	3. Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
· Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· 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]
· Beam management in FR2 licensed spectrum considers sidelink unicast communication only.


In this contribution, we discuss this topic and provide our views.
2
Discussion on SL-FR2
2.1 Initial Beam-pairing in SL-FR2
In Uu-FR2, to achieve a highly directional transmission link, the gNB and the UE need to establish an initial beam-pair (e.g. TX beam and RX beam). Due to highly directional transmission with very narrow beams, multiple Tx beams can be sent by gNB and be detected by the UE. All those detected beams can be used for communication potentially. The purpose of initial beam-pairing is to determine the Tx-Rx beam pair for communication. Initial beam-pairing is UE side behavior, who finds the best Tx beam with best Rx beam through beam training, and performs RACH access using the best Tx-Rx pair initially, so that the communication link is established between UE and network on the best Tx-Rx pair. 
According to a revised WID [1], the initial beam pairing between TX UE and RX UE is supported in SL-FR2. Besides, the WID considers that beam management in FR2 licensed spectrum is only supported in sidelink unicast communication. In current specification, before sidelink unicast communication, TX UE shall initiate the sidelink unicast connection establishment procedure. In detail, TX UE first sends a Direct Communication Request (DCR) message to RX UE. After the security establishment, a Direct Communication Accept (DCA) message is sent to TX UE by RX UE and a sidelink unicast connection between TX UE and RX UE is established. 
For the initial beam-pairing in SL-FR2, RAN 2 should discuss when the sidelink unicast connection is initiated. One scenario is that TX UE can initiate a sidelink unicast connection procedure after the initial beam-pairing procedure is completed. In detail, TX UE can use one TX beam to send a DCR message to the RX UE to initiate sidelink unicast connection after the initial beam-pairing. The key aspect of performing the initial beam pairing first is so that the UE can take advantage of the paired beams to establish the unicast link with higher path gain. This would allow the TX UE to establish unicast links with other RX UEs that are farther away. Another advantage of performing the initial beam pairing first is that the TX UE can avoid multiple TX beam sweeps for transmitting the DCR message in order to initiate the unicast link establishment procedure with the intended RX UE.  However, in current sidelink specification, since DCR message is used to search the corresponding RX UE around it, we think that the sidelink unicast connection could be initiated in advance. That is, TX UE sends DCR messages to RX UE by beam sweeping, which means that sidelink unicast connection is initiated during the initial beam-pairing procedure.  However, the DCR is a higher layer message and in the PHY layer, the TX UE is unaware of whether the payload of the transmission is a DCR or for any other data transmission. The RX UE would have to successfully decode multiple such PSCCH/PSSCHs from different beams and directions in order to perform the initial beam sweeping procedure and the link establishment procedure. This is a significant disadvantage as compared with using S-SSB or a reference signal since they are more robust and less prone to interference as compared with a PSCCH/PSSCH transmission. Besides the two scenarios, there is a possible case in which the sidelink unicast connection can be initiated before the initial beam pairing procedure. TX UE and RX UE can establish the sidelink unicast connection in the omni direction in the FR2 spectrum. After the sidelink unicast connection is completed, by beam sweeping TX UE and RX UE can perform the initial beam pairing to determine the best Tx-Rx beam pair for the unicast connection. However, using FR2 spectrum for the omnidirectional sidelink unicast connection might result in limited coverage, we suggest to focus on the first two scenarios.
Proposal 1: For SL-FR2, RAN 2 to discuss when sidelink unicast connection establishment is initiated. The following possible cases are listed:
· Alt 1: Sidelink unicast connection can be initiated during the initial beam-pairing procedure.
· Alt 2: Sidelink unicast connection can be initiated after the initial beam-pairing procedure.
2.2 Beam maintenance in SL-FR2

In Uu-FR2, after the initial beam-pairing, the gNB and UE can perform the transmission and reception by the paired TX beam and RX beam. Due to channel quality fluctuation or UE intra-cell mobility, the UE should maintain the beam pair to ensure the link connectivity. In the beam management framework implemented in Uu, beam pair updates are based on periodic SSB and/or CSI-RS measurements through the beam sweeping. The gNB sends UE the periodic SSB and/or CSI-RS measurement and report configurations and instructs UEs to measure the SSB and/or CSI-RS beam and report beam quality metrics of CSI-RS, SSBs or both signals back to gNB. After receiving measurement report including the SSB and/or CSI-RS, and the gNB determines the suitable TX beam for transmitting downlink signals. 
In SL-FR2, TX UE and RX UE also need to perform the beam maintenance due to channel quality fluctuation or UEs mobility. If the beam maintenance mechanism of SL-FR2 is introduced similar to Uu-FR2, TX UE need to transmit the periodic S-SSB and/or SL CSI-RS. The beam maintenance is mainly performed based on RX UE measurements on the periodic S-SSB and/or SL CSI-RS. However, in current sidelink specification, the periodic SL CSI-RS is not supported. The SL CSI-RS transmission resource is located in the PSSCH, when the transmission of data by TX UE is not periodic, the SL CSI-RS is not periodic. We think whether to support the periodic SL CSI-RS transmission in the SL-FR2 should be discussed. Actually, whether to support the periodic SL CSI-RS transmission in the SL-FR2 shall be determined by RAN 1.
Proposal 2: RAN 2 can wait for RAN 1 to discuss whether to support the periodic SL CSI-RS transmission in the SL-FR2. 
In Uu-FR2, the gNB configures beam recovery candidate reference signal set to the UE after the candidate CSI-RS set configuration is completed. Then, the gNB transmit the candidate CSI-RS set periodically to the UE. If the beam failure is detected, the UE selects an appropriate beam from the beam recovery candidate reference signal set and sends the selected beam to the gNB. For SL-FR2, the timing of transmitting the candidate CSI-RS set can be discussed. One case is that, similar to Uu-FR2, after the  PC5-RRC message about the configuration of the recovery candidate reference signal set is sent, TX UE can transmit the candidate SL CSI-RS set periodically to the RX UE. Another case is that, to save the resource overhead, TX UE can transmit the candidate SL CSI-RS set after the beam failure is detected, which is an on-demand transmission of the candidate SL CSI-RS set.

RAN2 can discuss the transmission timing of candidate SL CSI-RS set after RAN 1 progress on SL CSI-RS design.
Proposal 3: RAN2 to discuss, for SL-FR2, two options for the transmission timing of candidate SL CSI-RS set after RAN 1 progress on SL CSI-RS design: 

· Option 1:  TX UE can transmit the candidate SL CSI-RS set periodically to the RX UE after the candidate SL CSI-RS set configuration is completed.

· Option 2: TX UE can transmit the candidate SL CSI-RS set on demand to the RX UE (e.g. after the beam failure is detected).
2.3 Beam Failure Detection and Recovery in SL-FR2
In Uu-FR2, there can be beam misalignment due to channel fluctuations, obstacles, or UE mobility. Beam misalignment means that the received signal quality in the current beam pair becomes worse than expected and indicated by the physical layer. For beam failure detection of the beam pair, the gNB configures the UE with beam failure detection reference signals (SSB or CSI-RS) set for the UE.  The UE performs beam failure detection on the beam failure detection reference signals (SSB or CSI-RS) set. The UE determines that a beam failure occurs when the number of beam failure instance indications from the physical layer reaches a configured threshold before a configured timer expires.
In SL-FR2, the mobility of TX UE and/or RX UE can often incur beam misalignment and worsen the link quality of the beam pair. To detect the beam failure, the similar beam failure detection mechanism in Uu can be reused in SL-FR2. In Uu-FR2, the beam failure detection is performed by the UE side. Similarly, in SL-FR2, such beam failure detection mechanism can be performed by RX UE. In detail, when the number of beam failure instance indications from the physical layer of RX UE reaches a configured threshold before a configured timer expires, RX UE can declare the beam failure. On the other hand, in SL-FR2, due to the peer to peer nature of SL communication, TX UE can also perform the beam failure detection. In SL transmission, the SL CSI-RS is sent to RX UE in the PSSCH by TX UE and the corresponding HARQ feedback for each PSSCH transmission can be sent to TX UE in the PSFCH. Based on each HARQ feedback result (e.g. NACK and/or absence of feedback), TX UE can also detect the beam failure similiarly, though with different signalling, compared with the RX UE based beam failure detection. 
Proposal 4: For beam failure detection in SL-FR2, RAN 2 can discuss the two alternatives: RX UE-based beam failure detection and TX UE-based beam failure detection.
In Uu-FR2, the gNB configures the beam failure recovery (BFR) information (e.g. beam detection reference signal set, beam recovery candidate reference signal set, PRACH resources, and other information) for the UE and delivers the BFR configuration to the UE. When a beam failure is detected by UE, the beam failure recovery will be triggered. The UE selects an appropriate beam from candidate beam set, includes information about the beam in a random access preamble, and initiates a random access request (that is, a beam failure recovery request). Then, the connection between the UE and the network could be recovered via beam recovery procedure. After receiving the dedicated random access preamble of the beam failure recovery request, the gNB reselects a new serving beam, and sends a beam recovery response to recover the connection.
Similar to Uu, when a beam failure detection happens, SL UE needs to recover the beam pair for SL-FR2 communication. In Uu, using PRACH resources, the UE can send the beam failure recovery request message to gNB to recover the beam pair. However, in SL, there is no PRACH resource and if the beam failure is detected by the RX UE, RX UE can not send the beam failure recovery request to the TX UE. Therefore, the beam failure recovery mechanism should be studied on how to make it feasible in SL-FR2. On the other hand, one can say that there is no need to introduce the beam failure detection recovery when the beam failure happens in SL-FR2. In fact, when the beam failure happens (e.g. TX UE-based beam failure detection), the TX UE can start the initial beam-pairing procedure to establish the transmission link between the TX UE and RX UE.
Proposal 5: Considering that there is no PRACH resource in SL-FR2, the beam failure recovery mechanism should be studied on how to make it feasible in SL-FR2.
Proposal 6: For beam failure recovery purpose, RAN 2 to discuss whether TX UE can directly start the initial beam-pairing procedure to establish the transmission link between the TX UE and RX UE once the beam failure happens, without a beam failure recovery mechanism.
3
Conclusion

In this contribution, we discussed SL-FR2 in details and made the following proposals.
Proposal 1: For SL-FR2, RAN 2 to discuss when sidelink unicast connection establishment is initiated. The following possible cases are listed:

· Alt 1: Sidelink unicast connection can be initiated during the initial beam-pairing procedure.

· Alt 2: Sidelink unicast connection can be initiated after the initial beam-pairing procedure.
Proposal 2: RAN 2 can wait for RAN 1 to discuss whether to support the periodic SL CSI-RS transmission in the SL-FR2. 

Proposal 3: RAN2 to discuss, for SL-FR2, two options for the transmission timing of candidate SL CSI-RS set after RAN 1 progress on SL CSI-RS design: 

· Option 1:  TX UE can transmit the candidate SL CSI-RS set periodically to the RX UE after the candidate SL CSI-RS set configuration is completed.

· Option 2: TX UE can transmit the candidate SL CSI-RS set on demand to the RX UE (e.g. after the beam failure is detected).
Proposal 4: For beam failure detection in SL-FR2, RAN 2 can discuss the two alternatives: RX UE-based beam failure detection and TX UE-based beam failure detection.
Proposal 5: Considering that there is no PRACH resource in SL-FR2, the beam failure recovery mechanism should be studied on how to make it feasible in SL-FR2.

Proposal 6: For beam failure recovery purpose, RAN 2 to discuss whether TX UE can directly start the initial beam-pairing procedure to establish the transmission link between the TX UE and RX UE once the beam failure happens, without a beam failure recovery mechanism.
4
Reference

[1] RP-222806, WID revision: NR sidelink evolution, OPPO.
