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There were agreements reached at RAN2#113bis-e in the AI of 8.7.3 Relay re/selection as below: 

Agreement (R2-2104287): 
Proposal 8: RAN2 confirm that remote UE triggers relay reselection if PC5 RLF with current relay UE is detected by remote UE.  FFS if there is any impact to other RLF handling activities.
Agreement (from R2-2104415): 
Proposal 4: When Uu RLF is detected by relay UE, relay UE may send a PC5-S message (similar to LTE) to its connected remote UE(s) and this message may trigger relay reselection. FFS other indication/message can also be used for notification.
These agreements may have some impacts on the RRC re-establishment procedure of Remote UE. 

During RAN2#114e meeting, RAN2 agrees that the Uu RLF indication from Relay UE may trigger the Remote UE connection re-establishment (i.e. proposal 5 within R2-2106577).

As summarized by R2-2106577 for RAN2#114e, “In case of the Relay UE Uu RLF, majority companies think that this situation can be indicated to Remote UE instead of using existing PC5-S message (i.e., PC5 link release similar to LTE)”. “But details of the indication/message e.g., PC5 RRC or adaptation layer control PDU may need further study.”

In addition, at RAN2#115e, RAN2 agreed to support the adaptation layer on PC5 for bearer mapping only.

Taking account of all of the backgrounds above, this contribution intends to discuss the Uu RLF handling for Relay UE. 
Uu RLF handling 
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In a layer 2 sidelink UE-to-network relaying architecture, a Relay UE serves one or more Remote UEs over a sidelink (PC5) connection, extending network coverage to the Remote UEs through the sidelink. The serving gNB has the context for both Relay UE and Remote UE(s).
During relaying operation, the scenario for Uu RLF is the Uu RLF experienced by Relay UE. If the Relay UE suffers from RLF or Handover failure (on Uu interface), it is unclear on how to continue the relaying operation. 
In case of Uu RLF, the Relay UE may reestablish its connection with the same cell or a different cell hosted by the same serving gNB. Alternatively, the Relay UE may select another cell hosted by a new gNB, in which, however, the new gNB did not have the context of both Relay UE and Remote UE(s). 
During the Uu RLF recovery procedure for Relay UE, if the PC5 connection between Relay UE and Remote UE(s) is still active, it is preferred to continue the relaying operation after the RLF recovery procedure. 
The essential issue is that if the Remote UE(s) is not aware of what happened at Relay UE during Relay UE’s Uu RLF, the Remote UE(s) may continue to transfer its uplink data to Relay UE for relaying, as long as the PC5 relaying channel is still active. But the Relay UE can not relay the uplink data to its serving gNB due to Uu connection loss. It seems there is a need for Relay UE to notify the RLF status to its connected Remote UE(s) with the intention to ask the Remote UE(s) to suspend the uplink data transmission and any uplink signaling transmission until the recovery of Uu connection between Relay UE and gNB. 
There may be several options to conduct such notification as explained above: 
Option-1: 
Relay UE can notify its Uu RLF status to its connected Remote UE(s) via PC5 RRC message. Relay UE can also notify its Uu RLF recovery to its connected Remote UE(s) via PC5 RRC message.
Option-2:
Relay UE notify its Uu RLF status to its connected Remote UE(s) via PC5 adaptation layer. For example, a new control PDU can be introduced into PC5 adaptation layer for such notification. However, as discussed, PC5 adaptation layer is only specified for bearer mapping for sidelink operation.   
Option-3:
It is up to PC5-S to release the PC5 connection e.g. via Disconnect message between Relay UE and its connected Remote UE(s). 

In our understanding, option-2 is automatically excluded according to the previous agreement RAN2 made. Option-3 is not an efficient handling method as it always release the PC5 connection in case of RLF. Option-1 provides a way at AS layer to resolve the issue, and it presents the better potential from performance perspective, even though a new RRC signaling should be introduced over PC5 between Relay UE and its connected Remote UE(s). 

Proposal-1: PC5 RRC message is used to notify Relay UE’s Uu RLF status to its connected Remote UE(s) 

Further Details of Option-1
When the Relay UE sends the Uu RLF status to its connected Remote UE(s), there may be some rest uplink data stored at Relay UE, since Relay UE may have no chance to forward them to the previous cell because of Uu RLF. Then there may be a need for Relay UE to take data forwarding to target cell after RLF recovery. However, we believe a simpler way is to allow Remote UE to perform retransmission at PDCP layer.  
Proposal-2: No data forwarding is performed from Relay UE to target cell after Relay UE’s Uu RLF and Remote UE(s) initiates data recovery to target cell at PDCP layer 

The Relay UE’s Uu RLF status notification also has the effect of notifying the Remote UE that the previous serving cell is no longer valid, and it needs to use the exceptional pool in case it transmits anything on SL (e.g. if it has sidelink connections with other peer UEs besides the relay) before receiving the new serving cell’s pool configuration.
During RRC reestablishment, the Relay UE may select a new serving cell, then when Relay UE notify its Uu RLF recovery to its connected Remote UE(s) via PC5 RRC message, the new serving cell information may be included in order for the Remote UE(s) to perform RRC reestablishment with this new serving cell.
Proposal-3: Relay UE provides the new serving cell information to the Remote UE(s) after its successful Uu RRC reestablishment. 
Proposal-4: Remote UE performs RRC reestablishment with Relay UE’s new serving cell.

During RRC reestablishment, the Relay UE may select a new serving cell hosted by a different gNB, then when Relay UE performs inter-gNB RRC reestablishment, Relay UE context and its connected Remote UE’s context may need be fetched from the original gNB in one shot. The details of such case deserve further study. Taking account of the workload for sidelink relay at Rel-17, we suggest to postpone the discussion of inter-gNB RRC reestablishment to the next release. 

Proposal-5: Postpone the discussion of inter-gNB RRC reestablishment for Relay UE and its connected Remote UE(s) to the next release.

2.1 
2.2 
Conclusion
The following proposals are made:
Proposal-1: PC5 RRC message is used to notify Relay UE’s Uu RLF status to its connected Remote UE(s)
Proposal-2: No data forwarding is performed from Relay UE to target cell after Relay UE’s Uu RLF and Remote UE(s) initiates data recovery to target cell at PDCP layer
Proposal-3: Relay UE provides the new serving cell information to the Remote UE(s) after its successful Uu RRC reestablishment. 
Proposal-4: Remote UE performs RRC reestablishment with Relay UE’s new serving cell.
Proposal-5: Postpone the discussion of inter-gNB RRC reestablishment for Relay UE and its connected Remote UE(s) to the next release.
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