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1. Introduction
[bookmark: _Hlk134533167]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]
1. [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
2. [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
2.1 Beam Pairing and Maintenance
As discussed in more detail in our previous contribution R2-2302657, the study of initial beam pairing and beam maintenance falls into the domain of RAN1, and RAN2 must wait for RAN1 progress on this matter. 

Proposal 1: RAN2 to discuss sidelink initial beam pairing and subsequent beam maintenance only after sufficient progress is made in RAN1, especially in terms of signals and mechanisms permitting beam quality evaluation.

An open RAN2 issue in this context may be only the question of unicast connection setup. The revised WID [RP-222806] restricts the work scope to unicast communications in the licensed FR2 spectrum and so one could consider combining the initial beam-pairing with the unicast connection setup. More specifically, the transmission of Direct Communication Request (DCR) and Direct Communication Accept (DCA) messages would be incorporated into beam sweeps. 

However, the benefits of such optimization seem to be rather minor. From the coverage point of view, it is irrelevant if the DCR and DCA messages are sent during or after beam sweeps as the same (best) narrow beams would be used. In terms of delay, if setting up the unicast connection only after initial beam pairing is concluded, it would result in a rather modest delay compared to the scheme combining beam sweeps with unicast setup as an acceptable beam pair could be found at the later beam-sweeping stage, possibly at the end. 

The downside of this delay optimization would be higher resource usage, increased interference, and significant decoding complexity. More importantly however, it is possible that the scheme for initial beam pairing may be at least partially reused for beam failure recovery purposes, i.e., it would be desirable to first let RAN1 decide on the actual mechanics of the initial beam pairing before any further design decisions are made in RAN2, let alone optimizations.

Proposal 2: RAN2 to discuss timing of unicast initiation only when sufficient RAN1 progress is made in terms of initial beam pairing mechanisms.


A more desirable enhancement would be the support of initial beam pairing from higher layers. 

The operation in FR2 introduces the problem of directionality where a UE can only receive (Rx) or transmit (Tx) in a given direction at a certain time. This directionality is highly dependent on the number of antenna elements in place and is expected to become more restrictive the higher in frequency is the operating carrier (i.e., the Rx and Tx beam width will become tighter due to the required beamforming gain to compensate for the propagation losses at higher frequencies). And even though the beam width at the Rx can in principle be widened, it will be at the cost of reduced Rx gain which in turn will lead the UE to being unable to receive and decode weaker signals from other UEs in the vicinity. 

Observation 1: Using wider receiving beams to allow faster beam alignment but will impact the communication performance as the UEs Rx gain will be reduced.

One way to cope with this is to perform beam alignment between the communicating UEs, yet as cooperative awareness and discovery messages are normally the first exchanges taking place between two UEs, then the affected UEs do not have enough information to establish this beam alignment. Alternatively, the beam alignment between two or more UEs could also be aided by the network infrastructure. However, this is not always possible as the sidelink communication can occur between UEs in different PLMNs, or between UEs in out of network coverage. Even between UEs in the same PLMN, active beam alignment aided by the network will require significant information to be shared back and forward between the UEs and the network. Such as the UEs position and orientation in the three-dimensional space. Furthermore, this information needs to be exchanged fast enough to cope with any eventual UE movement (rotation and translation in space). Additionally, in some cases the UEs might be close to each other, but the environment (e.g., a wall or other obstacle) might prevent their direct communication.

Observation 2: UE specific network aided beam alignment may not be sufficient to accommodate for all cases of sidelink FR2 design.

In some deployment scenarios, the UE can benefit from information from the higher layers (originated from the network or from the UE’s pre-configuration) that allow it to prioritize beamforming directions that the UE should consider when initiating and maintaining beam alignment. For instance, if a certain orientation of the beams is anyway pointing towards a wall, or other blocking obstacles, there may be no reason for the UE to search in that specific direction.

Proposal 3: RAN2 to discuss whether higher layers may provide general assistance information to help with beam alignment.

[bookmark: _Hlk142300869]2.2 Beam Failure Detection and Recovery
RAN2 made two initial agreements on beam failure detection and recovery. The first one is as follows:

Agreement: 
Upon beam failure is detection, support BFR signaling exchange between peer UEs, and further study e.g., RLF declaration due to beam failure.

In this context, the WID focus on unicast communications in licensed FR2 spectrum is also noteworthy. If unicast is the sole atomic objective of this specification feature, then it should be used also as a basis for the design of beam failure detection and recovery procedures, that is, these two procedures should be operated on a per-unicast basis.

Proposal 4: Beam failure detection and recovery procedures operate on per-unicast basis.

NR Uu triggers RLF when BFR process is not successful and beam failure cannot be recovered. Our view is that the same principle shall be applied to SL RLF trigger.

Proposal 5: Trigger SL RLF when beam failure cannot be recovered. 

The second agreement inherits the legacy Uu logic for beam failure detection but leaves the questions of triggering node for further study:

Agreement:
For beam failure detection, reuse Uu design of timer + counter based mechanism as baseline, and R2 further study how SL beam failure is detected. FFS on Tx or Rx UE based manner. 

Nevertheless, regarding Tx-based or Rx-based BFD, we found the agreement below from RAN1#112b-e [1].

Agreement
RAN1 is to study sidelink Beam Failure Recovery (BFR) mechanism at least for the scheme where SL BFI is triggered based on the measurement of reference signal for BFD (if supported), including
· candidate beam(s) identification
· FFS details on reference signals for candidate beam identification, including structure, procedure, timing.
· sidelink BFR request (BFRQ), including resources, transmit and/or receive beams, container, timing, etc. 
· sidelink BFR response (BFRR), including container, procedure, timing, etc.
· FFS applicability to the scheme where SL BFI is triggered based on SL HARQ feedback (if supported).


From the above agreement, we understand that triggering the SL BFI based on the measurement of reference signal for BFD is an RX-based BFD method, which RAN1 has agreed to study. This BFD method is based on the reception of a number of BFIs (more than a threshold) during a timer. On the other hand, we think that triggering SL BFI based on SL HARQ feedback could be considered a Tx-based BFD method, which RAN1 has considered as an FFS.

Observation 3: Rx-based BFD shall be studied prior to Tx-based BFD.

Proposal 6: RAN2 first studies Rx-based SL BFD and waits for a conclusion from RAN1 regarding Tx-based SL BFD. 


Our view is that prior to discussing the question of whether the BFD trigger shall be TX and/or RX based, two higher-level design options should be understood:
1. To what extent is gNB involved if in coverage?
2. Can FR1 signalling options be reused if available?

Observation 4: gNB- and FR1-based signaling may be efficiently reused for SL FR2 design.

Both options may be seen as in scope of the revised WID in the sense that legacy Uu design shall be reused whenever possible. The usage of FR1 may be a more controversial interpretation of the WID but is not explicitly precluded.

The motivation for the above two questions is the fact that an FR2 SL beam failure can occur any time during the lifetime of a beam pair (i.e., during the initial beam pairing, maintenance, and recovery) due to diverse factors such as sleep modes, transmission inactivity, mobility, adverse radio propagation. Consequently, having a simple RX and / or TX-based design for BFD may not be sufficient.

Regarding the first option, the presence of a serving gNB in in-coverage conditions may be advantageous for both triggering and facilitating the beam failure recovery procedure. In out-of-coverage conditions however, there is a need for peer-to-peer communications between the two UEs sharing a unicast connection. 

Proposal 7: RAN2 to discuss which signaling options are to be used for beam failure recovery procedures:
1. gNB-centric signaling
2. purely inter-UE signaling.

Similarly, it would be also useful to confirm if FR1-based signaling (e.g., on RRC basis) may be used for implementing or offloading some FR2 signaling.

Proposal 8: RAN2 to discuss if and under what conditions FR1-based signaling can be used for FR2-related signaling.

In sidelink communications, a UE may have more than one unicast links with different UEs within the same shared BWP. Therefore, it may happen that a beam pair between UE1 and UE2 fails in certain direction, whereas the beam pair between UE2 and UE3 in another direction is not failed. In such regard, declaring BFD per BWP is not sensible as it will prevent the other link from being transmitted using the BWP on which the BFD was detected, even though the declaration was for another beam. <something about whether/how long the BFD persists?

Observation 5: Declaring BFD per BWP may prevent another link using other beams from transmitting on said BWP, even though it may suffice for the other beam.

Proposal 9: BFD shall not be declared per BWP.

Some companies suggest the BFD to be declared per unicast link. However, it may happen that a UE (UE1) has multiple links with another UE (UE2) using the same beam pair.

For example, if UE1 has two unicast links using the same beam pair with UE2, then declaring BFD per unicast link will not be sensible because the same beam pair may be used for different unicast links and the procedure must run multiple times. Hence, BFD may be declared per beam pair. However, it may happen that a beam pair which fails in a direction does not fail in the other direction in case of a non-reciprocal reflector. 

Proposal 10: BFD may be declared per beam pair and possibly link direction (in case of non-reciprocal reflector).


2.3 RRM Measurements
Mobility management is the main purpose of RRM measurements over the Uu, i.e., UEs require to measure beams and cells and report to the network to assist the network to perform configurations based on UEs’ mobility. However, in SL, RRM measurements are used for power control. RAN2 requires to wait for RAN1 progress in the study of power control and RRM measurements, in general. Thus, it is up to RAN1 progress on whether beam-based power control, which needs beam-based measurements is required.

Proposal 11: RAN2 to discuss RRM measurement topics upon sufficient progress of RAN1, especially in terms of power control.

1. Conclusions
Based on the discussion in Section 2, we make the following observations and proposals:

Observation 1: Using wider receiving beams allows faster beam alignment but will impact the communication performance as the UEs Rx gain will be reduced.

Observation 2: UE specific network aided beam alignment may not be sufficient to accommodate for all cases of sidelink FR2 design.

Observation 3: Rx-based BFD shall be studied prior to Tx-based BFD.

Observation 4: gNB- and FR1-based signaling may be efficiently reused for SL FR2 design.

Observation 5: Declaring BFD per BWP may prevent another link using other beams from transmitting on said BWP, even though it may suffice for the other beam.



Proposal 1: RAN2 to discuss sidelink initial beam pairing and subsequent beam maintenance only after sufficient progress is made in RAN1, especially in terms of signals and mechanisms permitting beam quality evaluation.

Proposal 2: RAN2 to discuss timing of unicast initiation only when sufficient RAN1 progress is made in terms of initial beam pairing mechanisms.

Proposal 3: RAN2 to discuss whether higher layers may provide general assistance information to help with beam alignment.

Proposal 4: Beam failure detection and recovery procedures operate on per-unicast basis.

Proposal 5: trigger SL RLF when beam failure cannot be recovered. 

Proposal 6: RAN2 first studies Rx-based SL BFD and waits for a conclusion from RAN1 regarding 
Tx-based SL BFD. 

Proposal 7: RAN2 to discuss which signaling options are to be used for beam failure recovery procedures:
1. gNB-centric signaling
2. purely inter-UE signaling.

Proposal 8: RAN2 to discuss if and under what conditions FR1-based signaling can be used for FR2-related signaling.

Proposal 9: BFD shall not be declared per BWP.

Proposal 10: BFD may be declared per beam pair and possibly link direction (in case of non-reciprocal reflector).

Proposal 11: RAN2 to discuss RRM measurement topics upon sufficient progress of RAN1, especially in terms of power control.
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