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1. Introduction
This paper will discuss RAN2 aspects of the SL FR2 objectives defined in the revised WID [RP-222806] on NR sidelink evolution. 
	1. [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.



1. Discussion
For sidelink beam management, the following subjects have been outlined in the SI objective:
1. [bookmark: _Hlk127436370]initial beam-pairing,
2. [bookmark: _Hlk127436403]beam maintenance,
3. [bookmark: _Hlk127437222]beam failure detection / recovery.
We address these topics individually.

2.1 Initial beam pairing
In the Uu interface [TS 38.321], the initial beam pairing assumes that the gNB broadcasts unique PBCH/SSBs over its individual TX beams, and the UE in RRC_IDLE mode scans these SSBs with its own RX beams. Using RSRP measurements of these SSBs, the UE then selects for its own best beam one (or more) DL Tx beams of the gNB as the TX best beam and/or candidate beam for further monitoring. An RSRP threshold is use for beam selections.
The RRC_IDLE UE then proceeds to sets up the RRC Connection by using the selected initial beam pair. This is done over the conventional RACH occasion while using the RACH preambles configured for the selected SSB. The selected beam pair can be further optimized subsequently using measurements of (a)periodic CSI-RS. The gNB may however configure the UE with a specific RX beam to be used for subsequent DL and UL communications.
To establish an FR2 PC5 link using highly directional beams requires an initial beam pairing (selection) procedure. This will most likely involve progressive refinement of wider less directive beams into narrower beams with sufficient gain on both the transmitter and receiver ends. To this end, concrete beam sweeping algorithms taking into account both the transmitting and receiving side must be developed. 
[bookmark: _Toc127390470]In general, it is therefore unclear what signals shall be used for initial beam pairing as there is no SSB and RACH equivalent in SL. As this physical layer design is in RAN1 domain, it is our view that RAN2 must wait for the sufficient progress in RAN1 before proceeding with its own discussion. RAN1 currently simulates both mode 1 and mode 2 resource allocation schemes but no relevant conclusions were agreed so far. Without understanding the concrete nature of the RAN1 beam search design, it is not possible to discuss even RAN2 related aspects such as the question of when to setup the initial SL FR2 connection– before, during or after the initial beam pairing.
Proposal 1: RAN2 to discuss sidelink initial beam selection only after sufficient progress is made in RAN1, especially in terms of signals and mechanisms permitting beam quality evaluation.

2.2 Beam maintenance
Once the initial connection is established in FR2 Uu, the gNB and the UE use the identified best beams for both DL and UL transmissions. As the quality of the connection can vary due to radio propagation phenomena and mobility, beam (quality) management is necessary. To this end, (a)periodic measurements of SSB and/or CSI-RS are performed in conjunction with beam sweeping by the UE who then reports the results to the gNB, depending on its beam measurement and reporting configuration (eg, SINR / RSRP). This for example helps the gNB to determine the most suitable TX beam for its DL transmissions to this UE.
A similar framework permitting (a)periodic beam quality management is clearly necessary also in FR2 PC5. More specifically, there would be the need for beam maintenance mechanism that are equivalent to said (a)periodic S-SSB and/or SL CSI-RS transmissions, measurement and reporting. Unfortunately, SSB does not exist currently in the PC5 specification and periodic CSI-RS transmissions are not supported in SL as CRS-RS can be only part of PSSCH transmission burst. In other words, the RX UE can evaluate the beam quality based on CSI-RS only when receiving a PSSCH transmission.
Similarly to the case of initial beam pairing, it is thus observed that the issue of beam maintenance falls into the domain of RAN1 and RAN2 must wait for RAN1 progress on this matter. 
Proposal 2: RAN2 to discuss sidelink beam maintenance only after sufficient progress is made in RAN1, especially in terms of signals and mechanisms permitting beam quality evaluation.

2.3 Beam failure detection / recovery
In FR2 Uu, the gNB configures the UE with beam failure detection reference signals (SSB or CSI-RS) as well as a threshold and timer used for defining the conditions for declaring a beam failure instance. Individual instances reported by the PHY layer are then counted at the MAC entity which can then trigger beam recovery procedures. More specifically, a UE declares a beam failure when the number of beam failure instance indications on the serving cell reaches a configured threshold before a configured timer expires.
Clearly, an FR2 SL beam failure can occur any time during the lifetime of a beam pair (ie during the initial beam pairing, maintenance, and recovery) due to diverse factors such as sleep modes, transmission inactivity, mobility, adverse radio propagation. 
A similar indication of beam failure (instance) from the lower layers would be required also in SL FR2. In this regard, RAN2 can wait for RAN1 to make sufficient progress in this space. Alternatively, RAN2 can start discussing MAC-related issues of beam recovery without impacts to RAN1. Working assumptions can be drawn from the existing Uu framework which brings the question to what extent FR2 Uu specifications can be reused in general.
[bookmark: _Toc127462083]Proposal 3: Regarding beam detection, RAN2 to select from:
· Option 1: Wait only after sufficient progress is made in RAN1, especially in terms of beam failure instance indication,
· Option 2: Start discussing reuse of MAC aspects of Uu beam detection mechanisms, including existing timer / counter design.

After beam failure detection, the next question is how to actually conduct beam failure recovery. In FR2, the peer UE would have to likely be notified and cooperate in the process. The concrete triggers and mechanics of (un)successful SL FR2 beam failure recovery as well as its relation to RLF are yet unclear yet but in RAN2 scope. It is likely that acceptable design would involve new / modified MAC CEs. In our view, this is where RAN2 may start constructive work without the need to wait for RAN1.
[bookmark: _Toc127522083]Proposal 4: RAN2 to start discussing procedures for beam failure recovery.

As a baseline, it would be natural to depart from the corresponding Uu design. 
[bookmark: _Hlk131411110]Proposal 5: RAN2 to discuss the reuse of Uu design as baseline for SL beam failure recovery.

1. Conclusion
Based on the discussion in Section 2, we have following proposals:
[bookmark: _In-sequence_SDU_delivery]Proposal 1: RAN2 to discuss sidelink initial beam selection only after sufficient progress is made in RAN1, especially in terms of signals and mechanisms permitting beam quality evaluation.

Proposal 2: RAN2 to discuss sidelink beam maintenance only after sufficient progress is made in RAN1, especially in terms of signals and mechanisms permitting beam quality evaluation.

Proposal 3: Regarding beam detection, RAN2 to select from:
· Option 1: Wait only after sufficient progress is made in RAN1, especially in terms of beam failure instance indication,
· Option 2: Start discussing reuse of MAC aspects of Uu beam detection mechanisms, including existing timer / counter design.

Proposal 4: RAN2 to start discussing procedures for beam failure recovery 
Proposal 5: RAN2 to discuss the reuse of Uu design as baseline for SL beam failure recovery.
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