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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss the RAN2 work on the following objective on SL-FR2. 
	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.


Discussion
The following table has listed the main RAN2 work in Uu beam management
Table 1 Summary of main RAN2 work in Uu beam management
	
	Uu work

	Beamforming-based initial access (initial Beam-pairing)
	Initial beam-pairing is done during RACH procedure.

	Beam maintenance
	DL beam measurement/report (L1): L1 RSRP/SINR of configured CSI-RS/SSB, CSI-RS/SSB is configured/activated by RRC+MAC CE
DL beam indication: TCI state indication by RRC+MAC CE+DCI

	
	UL beam indication: signal indication by RRC+ MAC CE

	Beam failure detection and recovery
	Beam failure detected for SpCell: RACH-based BFR;
Beam failure detected for SCell: MAC CE based BFR report;

	Beam-based RRM
	Cell-level + beam-level L3 measurement report


Initial Beam-pairing 
In Uu, the initial beam-pairing is achieved during RACH, for the DL Tx beam,
· Firstly, the UE selects one ‘good’ SSB, and the DL Tx beam is selected accordingly;
· Then UE transmits the corresponding PRACH associated with the selected good SSB;
· gNB can be aware of the selected beam based on the association between SSB and the received PRACH.
[bookmark: _Toc131769410]In Uu, the initial beam-pairing is achieved during RACH, relying on the association between PRACH and SSB.
While in sidelink, there is no RACH procedure, the unicast link is established according to the following PC5-S signaling exchange[1]:


Figure 1: Layer-2 link establishment procedure[1]
[bookmark: _Toc131769411]In PC5, the link establishment procedure relies on discovery and PC5-S signalling exchange, without RACH-like procedure. 
Therefore, the RACH-based beam access cannot be copied directly in sidelink, the initial beam-pairing during PC5 unicast link establishment needs to be further considered.
And in Uu, the initial beam selection is based on SSB measurement, while in sidelink, which signal/quantity should be measured and used boils down to RAN1 design on beam-based reference signal and measurement solution, so RAN2 should wait for RAN1’s progress on this issue first.
[bookmark: _Toc131769401]For SL initial beam-pairing, RAN2 wait for RAN1 progress first.
[bookmark: _Toc114214864][bookmark: _Toc114245162][bookmark: _Toc114649503][bookmark: _Toc114750371]Beam management
The beam management after initial beam-pairing in Uu includes the following aspects:
· UE measures the Tx beam of the gNB and reports L1 SINR/RSRP based on network configuration;
· gNB determines the Tx beam based on UE’s report and indicates DL beam to the UE.
By following Uu principle, similar mechanism can be considered in sidelink, e.g., 
· Rx UE performs beam measurement and reports the measurement results based on Tx UE configuration;
· Tx UE determines the Tx beam based on Rx UE’s report and indicates the Tx beam to the Rx UE.
However, in Uu beam management, the mechanism design was mainly done in RAN1 and RAN2 work was on some MAC CE (e.g., TCI state activation/deactivation MAC CE) content design based on RAN1 agreements. 
[bookmark: _Toc131769412]In Uu beam management, the L1 beam measurement  and indication were designed by RAN1, while RAN2 work was on MAC CE design (e.g., TCI state activation/deactivation, etc.) as triggered by RAN1.
Therefore, RAN2 can wait for RAN1 progress on the beam measurement/report (L1) and indication now.
[bookmark: _Toc131769402]For SL beam management (including L1 measurement report and beam indication), RAN2 waits for RAN1 progress.
Beam-based RRM measurement
In Uu link, the RRM measurement is mainly used for mobility management. UE performs beam and cell measurement reports based on network configuration, and network may use the measurement result to determine the mobility-related configuration.
While in SL, the RRM measurement is mainly used for power control, and whether the per-beam based RRM measurement report is needed or not is related to whether the per-beam based power control is needed. Power control is designed by RAN1, so whether the per-beam based RRM measurement report is needed is pending on RAN1 design on the power control in FR2.
[bookmark: _Toc131769403]For SL beam-based RRM measurement report, RAN2 waits for RAN1 progress. 
Beam failure detection and recovery
For BFR, the questions are who to trigger BFR, whether the beam failure is per-directional or bi-directional, the signaling to carry the BFR, and whether the gNB involvement in SL BFR procedure is needed.
For the issue of whether the beam failure is detected per-directional or bi-directional, it is related to whether there is a coupling relationship between the beam of the 2 directions (i.e., UE1->UE2 and UE2->UE1), 
· If there is no coupling relationship between the beams of the 2 directions (e.g., there is no beam correspondence, and thus the two directions are using different path), considering in legacy sidelink the behavior is always per-direction defined, and without correspondence, the beam is a naturally directional concept, so it is straightforward to have the beam failure detection/recovery in a per-directional manner;
· If there is a coupling/correspondence relationship between the beams of the 2 directional (e.g., there is beam correspondence, and the two directions are using the same path), whether the beam failure detection and recovery are bi-directional (i.e., if the beam from UE1 to UE2 is detected as failed then the correspondence-beam from UE2 to UE1 may also be considered as failed), can be further discussed based on RAN1 conclusion on whether/how the correspondence is defined in sidelink.
So at least the former case needs to be supported, and whether to support the latter case is still FFS and pending further discussion in R1 and R2. 
In Uu, BFD-RS set is configured for the UE to detect beam failure. And the detection is an Rx behavior, i.e., the beam failure is detected by RS signaling monitoring/measurement.
[bookmark: _Toc131769413]BFR in Uu is more of an Rx behavior.
In SL FR2, the same mechanism can be reused, i.e., beam failure is detected/recovered based on beam monitoring/measurement, which means the Rx-based beam failure detected/recovery mechanism should be applied in SL FR2.
[bookmark: _Toc131769404]Support per-direction beam failure detection, i.e., Rx UE of each direction performs beam failure detection.
In Uu, beam failure is detected in MAC by counting the beam failure instance indication from lower layers to MAC entity, and the UE declares beam failure when the number of beam failure instance indications from the physical layer reaches a configured threshold before a configured timer expires.
[bookmark: _Toc131769414]In Uu beam failure detection, both a timer and a counter were introduced, where the counter is reset when the timer expires and incremented when beam failure instance indication is received from the physical layer.
In SL-FR2, beam failure also needs to be detected and we can reuse the Uu beam failure detection mechanism, i.e., introduce both a timer and a counter in sidelink for beam failure detection.
[bookmark: _Toc131769405]For SL beam failure detection, RAN2 discuss to reuse the timer + counter-based mechanism as Uu for SL-FR2.
When beam failure is detected in Uu, serval solutions have been discussed to help the UE to recover from beam failure. For different carriers/cells, the UE behaviors upon consistent LBT failure are different,
· If beam failure happens on SpCell, UE performs RACH, and may trigger RLF if random access is not successful for the beam failure recovery;
· If beam failure happens on SCell and SpCell (only in case of CBRA), UE reports beam failure via MAC CE.
[bookmark: _Toc131769415]In Uu, the UE performs RACH upon beam failure on SpCell and triggers RLF if the random access is not successful.
[bookmark: _Toc131769416]In Uu, the UE reports BFR MAC CE upon beam failure on SCell and SpCell (only in case of CBRA).  
And in multiple-TRP case, the BF is detected/recovered per TRP.
While for SL, considering there be no CA in FR2 spectrum, there is no need to discuss the different BFR mechanisms for different carriers (cells). But considering there may be multi-UC link for a UE, similar to Uu multi-TRP case, the BF can be detected per-UC link.
[bookmark: _Toc131769417]There is no CA in SL FR2 spectrum now, so no need for the consideration of different SL BFR mechanisms for different carriers.
[bookmark: _Toc131769406]RAN2 to discuss SL beam failure is declared/handled per-SL-BWP and per-unicast-link.
And for the detailed solution for beam failure recovery on PC5 link, e.g., how to report the beam failure to the peer UE and whether SL-RLF is triggered if sidelink beam failure recovery is not successful, it can be discussed in RAN2.
[bookmark: _Toc131769407]For SL beam failure recovery, RAN2 discuss the solution, e.g., report the beam failure to the peer UE, trigger RLF and etc.
For the signalling to carry BFR, in Uu, MAC CE/MSG1/MSGA are used to carry the BFR request to the network, 
· In R15, the BFR is only defined for Pcell, and Preamble is used to identify the candidate beam for beam recovery;
· In R16/17, the BFR is defined for both Pcell and Scell, and MAC CE is used to indicate the failed-beams and the candidate beams;
By following the WID guidance, the Uu mechanism can be reused, the question is which Uu mechanism to select, i.e., physical signalling or MAC CE. Both the 2 signalings seem work, 
· For the MAC CE based solution, the benefit is both the beam failure declaration and recovery are handled by MAC;
· For the physical signalling based solution, it also works considering there is no CA in SL FR2, i.e., more similar to the BFR at Pcell only scenario in R15.
Therefore, it is proposed to wait for R1 decision before adopting the MAC CE based solution to indicate SL beam failure from Rx to the Tx UE.
[bookmark: _Toc131769408]RAN2 waits for R1 decision before adopting MAC CE to carry SL beam failure indication from Rx-UE to Tx-UE.
Based on the above analysis, the general procedure of BFR in SL FR2 can be as follows:


Figure 2 General BFR procedure in SL FR2
As seen in the above figure, the general procedure is
From the direction from UE1 to UE2:
1. UE1 sends RS signalling to UE2 (the RS signalling is up to RAN1 design);
2. UE2 performs RS signaling monitoring/measurement (measurement relies on RAN1 design);
3. UE2 detects beam failure and triggers BFR when the BFR counter defined for the UC-link reaches the maximum value before the BFR timer expires;
4. UE2 indicates the BF info to UE1 (e.g., via MAC CE), and UE2 can consider the BFR complete upon the successful transmission of the BF indication.
From the direction from UE2 to UE1:
A similar procedure as above with the change of direction.
[bookmark: _GoBack]At last, for the gNB involvement of SL BFR procedure, considering beam is a direction/location-related concept, which is dynamic and not known by the network, so the gNB involvement for BFR seems not necessary and RAN2 can prioritize the study of beam failure recovery of RRC_IDLE/INACTIVE/OOC UEs first.
[bookmark: _Toc131769409]RAN2 to prioritize the study on beam failure recovery of RRC_IDLE/RRC_INACTIVE/OOC UEs, and wait for R1 progress before deciding whether/how network should be involved for RRC_CONNECTED Tx/Rx UEs. 
Conclusion
We have the following observations:
Observation 1	In Uu, the initial beam-pairing is achieved during RACH, relying on the association between PRACH and SSB.
Observation 2	In PC5, the link establishment procedure relies on discovery and PC5-S signalling exchange, without RACH-like procedure.
Observation 3	In Uu beam management, the L1 beam measurement  and indication were designed by RAN1, while RAN2 work was on MAC CE design (e.g., TCI state activation/deactivation, etc.) as triggered by RAN1.
Observation 4	BFR in Uu is more of an Rx behavior.
Observation 5	In Uu beam failure detection, both a timer and a counter were introduced, where the counter is reset when the timer expires and incremented when beam failure instance indication is received from the physical layer.
Observation 6	In Uu, the UE performs RACH upon beam failure on SpCell and triggers RLF if the random access is not successful.
Observation 7	In Uu, the UE reports BFR MAC CE upon beam failure on SCell and SpCell (only in case of CBRA).
Observation 8	There is no CA in SL FR2 spectrum now, so no need for the consideration of different SL BFR mechanisms for different carriers.

We have the following proposals:
Proposal 1	For SL initial beam-pairing, RAN2 wait for RAN1 progress first.
Proposal 2	For SL beam management (including L1 measurement report and beam indication), RAN2 waits for RAN1 progress.
Proposal 3	For SL beam-based RRM measurement report, RAN2 waits for RAN1 progress.
Proposal 4	Support per-direction beam failure detection, i.e., Rx UE of each direction performs beam failure detection.
Proposal 5	For SL beam failure detection, RAN2 discuss to reuse the timer + counter-based mechanism as Uu for SL-FR2.
Proposal 6	RAN2 to discuss SL beam failure is declared/handled per-SL-BWP and per-unicast-link.
Proposal 7	For SL beam failure recovery, RAN2 discuss the solution, e.g., report the beam failure to the peer UE, trigger RLF and etc.
Proposal 8	RAN2 waits for R1 decision before adopting MAC CE to carry SL beam failure indication from Rx-UE to Tx-UE.
Proposal 9	RAN2 to prioritize the study on beam failure recovery of RRC_IDLE/RRC_INACTIVE/OOC UEs, and wait for R1 progress before deciding whether/how network should be involved for RRC_CONNECTED Tx/Rx UEs.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
[1] TS 23.304 Proximity based Services (ProSe) in the 5G System 
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