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1. Introduction
[bookmark: Proposal_Pattern_Length]In the last RAN#98e meeting it was agreed to pursue the FR2 topic as the following study objective in R18 Sidelink, with normative work potentially postponed to future release(s) [1]. This topic was not discussed in the last RAN2 meeting #121, and there was limited progress on this topic in the last RAN1 meeting #112.
	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 document we discuss possible impacts in RAN2 to support beam management in FR2 licensed spectrum. 
1. Discussion
SL FR2 UE Discovery
The FR2 objective of supporting beam management could have possible RAN2 impact depending on how the RAN1 progresses further. In evaluation methodology for FR2, both mode 1 and mode 2 resource allocation schemes are simulated in RAN1.  RAN1 has yet to formally agree whether NR SL FR2 can operate under both mode-1 using gNB scheduled resources, or using mode-2 resource allocation with SL resources (pre)configured by the gNB. There was also no formal agreement in RAN1 on whether both IC and OOC scenarios will be supported, however, since both scenarios were considered in RAN1 simulations, RAN2 can assume support for both cases. 
[bookmark: _Toc127270377][bookmark: _Toc127270408][bookmark: _Toc127364374][bookmark: _Toc127462080][bookmark: _Toc131513013][bookmark: _Toc131513126][bookmark: _Toc131691956]In evaluation methodology for FR2, mode1/2 resource allocation schemes, and IC/OOC scenarios are simulated in RAN1. It has not been agreed in RAN1 whether NR SL FR2 UE can use both mode-1 or mode-2 resource allocation modes
[bookmark: _Toc131513014]For initial beam pairing mechanisms, which includes SL FR2 beam discovery for beam acquisition, the beam discovery for FR2 could be network controlled or UE-autonomous based discovery.
Network Controlled SL FR2 Discovery
For network controlled FR2 discovery, the gNB may configure RS configuration for beam discovery and/or acquisition periods/schedules for SL UEs which can communicate using SL FR2. The UEs could be considered for FR2 communication by the network based on the SL UE’s capability to support SL FR2, or other characteristics such as vicinity to other SL UEs supporting SL FR2 communication (e.g based on positioning information). The gNB may support the FR2 discovery process among the SL UEs through control signalling over Uu and also via mode 1 sidelink transmissions over PC5. 


Figure 1: gNB supported SL FR2 discovery
The gNB can receive reference signal (RS) measurement results from RX UE’s beam sweeping and can decide the best FR2 beam pair for Tx UE/Rx UE. Alternatively, the Rx UE can send the best beam pair to the gNB, and the gNB can then indicate the beam pair to the Tx UE which it can use for transmission.



Figure 2: Network controlled SL FR2 discovery


UE Autonomous SL FR2 Discovery
UE autonomous discovery may be supported for both in coverage and out of coverage SL UEs, similar to mode 2 resource allocation. For UE autonomous SL FR2 discovery, SL UEs may be unaware of other/neighboring SL UEs supporting FR2 communication. In one method, the SL FR2 UE could announce/broadcast the FR2 discovery message which could include information such as UE ID, location, channel quality, etc. and a nearby potential SL FR2 UE could proceed with beam alignment using unicast communication (over FR2). In this way, the SL FR2 UE starts the beam alignment procedure blindly by broadcasting relevant information from its side i.e. Tx beam sweeping. The other SL FR2 UE may then respond with the best Rx beam to use i.e. it transmits the reference signal associated to the best beam measured. It is similar to the PRACH process in Uu where there are multiple PRACH resources and the UE use PRACH associated with the best beam (based on DL SSB RS). This is shown in Figure 1 below. 
 


Figure 3: SL FR2 discovery mechanism using blind announcement
Another method could be for a SL FR2 UE to rely on SL FR1 communication for beam reporting to the nearby SL FR2 UE, since SL FR1 communication is quasi-omni and may not rely on beamforming. The SL FR2 UE can transmit the beam reference signal over FR2, and the other SL FR2 UE can share the beam report over SL FR1 channel. This is shown in Figure 2 below. In the example shown, beam correspondence is assumed between the two SL FR2 UEs, i.e only one beam measurement is required 


Figure 4: SL FR2 discovery mechanism using SL FR1 for initial information exchange
Proposal 1. [bookmark: _Toc127270382][bookmark: _Toc127270411][bookmark: _Toc127364376][bookmark: _Toc127462082][bookmark: _Toc131513017][bookmark: _Toc131691959]SL FR2 beam discovery for beam acquisition can be network controlled or UE-autonomous based. 
SL FR2 Beam Failure
In Uu, the gNB configures the UE with beam failure detection reference signals (SSB or CSI-RS) and the UE can declare a detected beam failure using a configured threshold and timer [TS 38.321]. In FR2, SL beam failure can potentially occur during any of the three phases of beam management, (i) during initial beam acquisition and pairing process, (ii) during beam maintenance phase owing to dormancy or inactivity of the FR2 communication link, (iii) during beam recovery. From RAN2 perspective, beam failure which occurs during beam maintenance phase needs to be considered e.g if a certain number of beam failures are detected, then MAC layer can initiate a beam recovery procedure.
[bookmark: _Toc127270409][bookmark: _Toc127364375][bookmark: _Toc127462081][bookmark: _Toc131513015][bookmark: _Toc131513127][bookmark: _Toc131691957]Beam failure for SL FR2 may occur during any of the three phases of beam management, (i) initial beam acquisition and pairing, (ii) beam maintenance, (iii) beam recovery.
In Uu, beam failure is detected by counting beam failure instance indication from the lower layers to the MAC entity. A similar indication would be expected to be received for SL FR2 from the PHY layer, as a pre-requisite for a beam failure and recovery process to be introduced in RAN2 for SL FR2.
Proposal 2. [bookmark: _Toc127462083][bookmark: _Toc131513018][bookmark: _Toc131691960]A beam failure instance indication in needed in PHY before RAN2 can develop a beam failure detection and recovery process in layer 2. RAN2 waits for RAN1 progress in this regard.
A beam failure could also be declared by a SL FR2 UE if there is no communication over the SL FR2 channel i.e. the channel does not meet some “keep-alive” requirements, or if the SL FR2 channel does not meet some configured channel quality threshold. RAN2 can discuss the different scenarios/conditions under which beam failure can occur, and also how the SL FR2 UE can declare/detect such beam failure event.
If a beam failure is detected, there is potential RAN2 impact foreseen with respect to the beam failure recovery procedure, for example with respect to how or which SL FR2 UE initiates the beam failure recovery procedure, and how beam failure is indicated to the peer UE and/or gNB.
Proposal 3. [bookmark: _Toc127270383][bookmark: _Toc127270412][bookmark: _Toc127364377][bookmark: _Toc127462084][bookmark: _Toc131513019][bookmark: _Toc131691961]RAN2 impact is foreseen to support beam failure detection and recovery for SL FR2 communication.
1. Conclusion
The observations captured are the following:
Observation 1.	In evaluation methodology for FR2, mode1/2 resource allocation schemes, and IC/OOC scenarios are simulated in RAN1. It has not been agreed in RAN1 whether NR SL FR2 UE can use both mode-1 or mode-2 resource allocation modes
Observation 2.	Beam failure for SL FR2 may occur during any of the three phases of beam management, (i) initial beam acquisition and pairing, (ii) beam maintenance, (iii) beam recovery.
The proposals captured are the following:
Proposal 1.	SL FR2 beam discovery for beam acquisition can be network controlled or UE-autonomous based.
Proposal 2.	A beam failure instance indication in needed in PHY before RAN2 can develop a beam failure detection and recovery process in layer 2. RAN2 waits for RAN1 progress in this regard.
Proposal 3.	RAN2 impact is foreseen to support beam failure detection and recovery for SL FR2 communication.
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