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Introduction
During RAN2#120 meeting, the following agreements were reached:
Agreements:
Proposal 2: RAN2 to agree that in U2U relay, OOC UEs obtain discovery configuration from pre-configuration and IDLE/INACTIVE UEs obtain discovery configuration from SIB.
Proposal 6 (modified): RAN2 to confirm that SL-SRB0 is reused for DCR message if discovery is integrated into PC5 unicast link establishment procedure.
UE-to-UE relay selection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) of the direct link falling below a threshold.  FFS which remote UE (or both) can trigger relay selection.  FFS the relationship between selection and discovery.
UE-to-UE relay reselection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) between a remote UE and the relay UE falling below a threshold.  FFS which remote UE (or both) can trigger relay reselection.  FFS if/how the second hop between the relay UE and the peer UE is considered.
Proposal 15: RAN2 does not agree T400 as a new relay reselection trigger because it is already considered when determining PC5 RLF to trigger relay reselection.
Proposal 16 (modified): When the remote UE receives PC5-RLF indication from the U2U relay UE, it would inform upper layers and rely on upper layers to trigger relay reselection (or not).  FFS if there would be any constraints on the remote UE implementation behaviour to keep or release the PC5 link with the relay UE.


In this contribution, we consider the some of the remaining issues that need to be addressed for U2U operation, including issues related to discovery and U2N vs U2U relaying.
Discussion 
During RAN2# 120, several issues related to U2U discovery and communications were discussed in email [1], but majority of the proposals were not treated during online discussions.  These issues are further discussed in the subsequent sections.


2.1.	U2U discovery  
With respect to the conditions that would be used by the relay UE and the remote UE to transmit discovery, it is already agreed that “Discovery message transmission at the remote UE is conditioned on at least upper layer indication”. Therefore, RAN2 should consider whether other conditions should also be used for discovery transmissions.  If we assume the relay UE transmits Model A discovery (since Model B discovery will be dependent on reception of discovery query from the remote UE), the additional conditions that should be considered should be related to the ability for the relay UE to reach one or more target remote UEs.
Observation 1	In addition to upper layer indication, other conditions used by the relay UE to transmit discovery should be indicative of target remote UEs that is reachable by the relay UE.
One of the conditions for the relay UE to transmit Model A discovery that best meet the description from Observation 1, is the availability of reachable target remote UEs (or neighbour list), without which the remote UE would have no way of knowing whether the target remote UE is reachable. It may be further considered whether the neighbor list should be non-empty before the relay UE transmits discovery. 
The other condition that meets the description of Observation 1 is the channel condition (SD-RSRP or SL-RSRP) between the relay UE and the target remote UE(s). The target remote UE is not stationary, and it is not yet clear whether U2U service continuity can be supported or how well it would work compared to U2N relay.  Although, it may still be fine to allow the source remote UE to select any one of the available relay UEs, there should be sufficient information for the source remote UE to select a relay UE with better overall connection to the target remote relay UE.  
Proposal 1	The conditions for U2U relay UE to transmit Model A discovery should include a list of reachable target remote UEs (i.e., neighbour list) along with the channel conditions between the relay UE and each of the target remote UEs.
Another issue that needs to be addressed for U2U discovery is whether an in-coverage relay UE is allowed to transmit both U2N discovery and U2U discovery assuming the respective discovery transmit criteria and upper layer authorization is satisfied. Based on draft LS responses to RAN2 on U2N/U2U coexistence [2][3], there appears to be no specific restriction on a relay UE to operate both U2U discovery and U2N discovery as long as the relay UE is capable of both; thus, it also means a relay UE may simultaneously support both types of discoveries, since it’s up to the relay UE’s upper layer decision.  RAN2 has already agreed that “RAN2 will strive to simplify the gNB involvement in U2U-relay-specific operation as compared to the U2N case.  Details are FFS, including whether some gNB control is needed for the in-coverage scenario and how/whether the gNB involvement can be simplified compared to U2N.” In our view, gNB involvement may not be required other than the support for both U2N and U2U relay.  Although the choice of discovery procedure may be viewed as completely an upper layer decision, we think there are certain issues that are worth considering.  In particular, the choice for the discovery type may depend on whether the target remote UE is also in-coverage and/or whether the target remote UE is reachable directly by the relay UE.  If the target remote UE is OoC, then it wouldn’t be helpful for the source remote UE/remote UE to select a candidate relay UE based on U2N discovery.  Alternatively, if the target remote UE is in-coverage and is also reachable by the candidate relay UE, both U2N and U2U relay may be supported.  The choice for U2N relay vs U2U relay may depend on multiple factors:
1. U2N relay may be more reliable since service continuity and multipaths can be supported 
2. U2U relay may be more reliable in case the target remote UE is near cell edge.
The relay UE may be able to indicate in discovery whether the target remote UE is in-Coverage, or possibly the RRC state of the target remote UE when the relay UE is in coverage. This does not require the gNB to be involved.
Furthermore, in case the relay UE is allowed to send both types of discovery, it should be considered if the source remote UE needs to indicate to the relay UE the reason for the PC5 connection request (i.e., via the Direct Communication Request message) or if a source remote UE that is already PC5 connected to the relay UE is allowed to determine which type of relay operation (U2U or U2N) it prefers. 
Proposal 2	RAN2 should consider if there are AS layer impacts when both U2N and U2U discovery types operate simultaneously. 


2.2.	U2U relay HARQ feedback and RLF detection
Assuming the E2E PC5 connection is supported for U2U relay, both HARQ feedback and RLF detection are expected to be supported over the indirect path (i.e., PC5 connection via relay UE). Currently, assuming HARQ feedback is enabled, the source remote UE’s physical layer is expected to monitor PSFCH for the transmission and perform PSFCH reception.  However, since the source remote UE will not likely be able to receive the HARQ feedback directly from the target remote UE on the 2nd hop by monitoring PSFCH, it will likely need assistance from the relay UE to provide the HARQ feedback on the 2nd hop. It should be discussed how the source remote UE obtains the overall HARQ feedback for the E2E PC5 link. 




Proposal 3	RAN2 should consider how HARQ feedback should work for the E2E PC5 link, considering the source remote UE will not likely be able to receive HARQ feedback directly from the target remote UE by monitoring PSFCH. 
With respect to SL-RLF detection, it will also be necessary for the relay UE to assist the source remote UE (and target remote UE) with regards to the possible SL-RLF that may occur in the 2nd hop that’s not directly observable by the source remote UE as the FFS in the agreement above also mentioned “FFS if/how the second hop between the relay UE and the peer UE is considered.”  Therefore, RAN2 should also consider how the relay UE should provide the 2nd hop SL-RLF to the source remote UE. In some ways, this isn’t too different from the U2N relay case, whereby the relay UE notifies the remote UE of Uu RLF.  So, a similar type of notification could also be applicable when the 2nd hop experiences SL-RLF, except that the SL-RLF notification should go both ways i.e., it is also sent to the target remote UE when the 1st hop SL-RLF occurs. 
Proposal 4	RAN2 should consider how the source remote UE/target remote UE determines the SL-RLF that occurs on the hop no directly observation by the source remote UE/target remote UE. 

Based on the above agreements, U2U relay reselection can be triggered based on the PC5 RSRP between a remote UE and the relay UE falling below a threshold.  Similar U2U relay reselection can also be triggered in case SL-RLF is detected at the remote UE or informed by the relay UE. According to Solution #7 from SA2 [4], relay reselection may be negotiated:


Figure 2: UE-to-UE Relay Reselection Procedure [4]
The relay reselection procedure is useful for reselecting a candidate relay UE that may have a better signal level than that with the existing relay UE.  There are at least two issues that should be considered as part of such a negotiated relay reselection:
Case 1. In case U2U service continuity isn’t supported, switching to a new relay UE when the existing relay UE can still support ongoing communication will result in disruption of service between the source and target remote UEs.
Case 2. In case on SL-RLF in any of the two hops such a negotiated procedure will not be possible.  An alternate procedure will be needed for relay reselection.
Regarding Case 1, our understanding is that the decision for triggering relay reselection is based on the proper configuration of SL-RSRP threshold and the decision by the upper layer.  The configuration of the SL-RSRP threshold will have a big impact on whether there would be too early or too late triggering of relay reselection. Since the remote UEs and the relay UE are assumed to be non-stationary, the negotiated candidate relay UE may not always work due to dynamic changes in signal level.
Note that in the list of agreements above, there was also the FFS:
Proposal 16 (modified): When the remote UE receives PC5-RLF indication from the U2U relay UE, it would inform upper layers and rely on upper layers to trigger relay reselection (or not).  FFS if there would be any constraints on the remote UE implementation behaviour to keep or release the PC5 link with the relay UE.
To allow for improved relay reselection, both source and target remote UEs should be allowed to connect with the candidate relay UE without releasing the connection to the existing relay UE (i.e., make-before-break PC5 connection to the two relay UEs). To assist with the reselection of candidate relay UEs with minimal interruption, the neighbor list in the Model A discovery transmitted by the candidate relay UE may also include the PC5 connection status of the remote UEs; otherwise, the two remote UEs may confirm with one another the successful PC5 connections to the same candidate relay UE over the existing relay UE if it’s still available.  In case a candidate relay UE cannot be found, the PC5 communication may continue using the existing relay UE (assuming SL-RLF has not been declared by either of the remote UEs).
Proposal 5	The remote UE is allowed to be support make-before-break relay reselection (i.e., release the existing relay UE after PC5 connection is established with the candidate relay UE).

Regarding Case 2, when the remote UE detected SL-RLF on the first hop or receives notification from the relay UE on the SL-RLF from the second hop, relay reselection should be triggered. In this situation, negotiated relay reselection will not work.  Furthermore, since the two remote UEs may not detect SL-RLF simultaneously, the source remote UE may reselect a candidate relay UE, which should in turn inform the target remote UE via discovery message.  Upon receiving the discovery message from the candidate relay UE, the target remote UE may release the existing relay UE and establish connection with the candidate relay UE. It may be further discussed what message is used to inform the target remote UE regarding the new candidate relay UE.
Proposal 6	In case of SL-RLF, the source remote UE should inform the target remote UE via the candidate relay UE of the new path.

Previously, for V2X communication it is assumed once the two UEs moves away from one another, there’s no point to try and reestablish the sidelink connection. However, with U2U relay, even if the U2U connection experiences SL-RLF, it may be possible for the source remote UE and target remote UE to be reconnected via a different U2U relay UE.  It may even be possible that the two UEs may be PC5 connected directly without a relay UE.  
Proposal 7	RAN2 should consider whether SL re-establishment of the E2E PC5 link should be supported for U2U relay. 

If Proposal 7 is agreeable, RAN2 should also consider whether it makes sense to introduce a PC5-RRC state.  Previously, we simply rely on PC5-S to determine when PC5 unicast link needs to be established or released with the peer UE and it’s up to the UE’s AS layer to inform PC5-S in case of SL-RLF.  However, if SL reestablishment is introduced and since it’s under AS layer control, it would be simpler to introduce PC5-RRC state to track the UE’s behaviour that may differ depending on whether the SL reestablishment succeeded or failed.
Proposal 8	RAN2 should consider introducing PC5-RRC state if SL re-establishment of the E2E PC5 link is supported for U2U relay.
In our understanding, SA2 is currently discussing whether U2U path switch from one relay UE to another could be supported.  Although, some companies’ understanding is that there’s no specific requirement in the WID to support path switch, it could be considered if at least the path switch between direct path and indirect path could be supported; otherwise, it means the E2E configuration would need to be released and reconfigured even though the E2E configuration is separate from the configuration between the source remote UE to relay UE (target remote UE to relay UE).
Proposal 9	RAN2 should consider if U2U path switch between direct path and indirect path can be supported.
Conclusion 
In this contribution, remaining issues for SL U2U issues are highlighted.  RAN2 is kindly asked to take into account the proposals below: 
Observation 1	In addition to upper layer indication, other conditions used by the relay UE to transmit discovery should be indicative of target remote UEs that is reachable by the relay UE.
Proposal 1	The conditions for U2U relay UE to transmit Model A discovery should include a list of reachable target remote UEs (i.e., neighbour list) along with the channel conditions between the relay UE and each of the target remote UEs.
Proposal 2	RAN2 should consider if there are AS layer impacts when both U2N and U2U discovery types operate simultaneously. 
Proposal 3	RAN2 should consider how HARQ feedback should work for the E2E PC5 link, considering the source remote UE will not likely be able to receive HARQ feedback directly from the target remote UE by monitoring PSFCH. 
Proposal 4	RAN2 should consider how the source remote UE/target remote UE determines the SL-RLF that occurs on the hop no directly observation by the source remote UE/target remote UE. 
Proposal 5	The remote UE is allowed to be support make-before-break relay reselection (i.e., release the existing relay UE after PC5 connection is established with the candidate relay UE).
Proposal 6	In case of SL-RLF, the source remote UE should inform the target remote UE via the candidate relay UE of the new path.
Proposal 7	RAN2 should consider whether SL reestablishment of the E2E PC5 link should be supported for U2U relay. 
Proposal 8	RAN2 should consider introducing PC5-RRC state if SL re-establishment of the E2E PC5 link is supported for U2U relay.
Proposal 9	RAN2 should consider if U2U path switch between direct path and indirect path can be supported.
[bookmark: _Ref432678446]References
[1] [bookmark: _Ref45023395]R2-2213121, “Summary of agenda item 8.9.2 on UE-to-UE relay”, Vivo
[2] S2-2300504, “[DRAFT] Reply LS on Differentiation of Layer2 ID and Coexistence of U2N/U2U”, CATT
[3] S2-2300605, “[DRAFT] Reply LS on Differentiation of Layer2 ID and Coexistence of U2N/U2U”, OPPO
[4] TR 23.700-33, “Study on system enhancement for Proximity based Services (ProSe) in the 5G System (5GS)”


image2.emf
 

Relay 2   Target UE   Source UE   Relay 1  

5 . Relay UE reselection  response ()  

Traffic   transfer  

6 .  Connection   setup between Source UE and Target UE via new Relay UE  

1.  Connection   setup between Source UE and Target UE via Relay1  

2.  Decide   to Relay  UE reselection  

3. Relay UE reselection  request ( candidate Relay UE ID)  

4 .  Decide   the Relay  UE change  


oleObject1.bin


Relay 2







Target UE







Source UE







Relay 1







5. Relay UE reselection response ()







Traffic transfer







6. Connection setup between Source UE and Target UE via new Relay UE







1. Connection setup between Source UE and Target UE via Relay1







2. Decide to Relay UE reselection







3. Relay UE reselection request (candidate Relay UE ID)







4. Decide the Relay UE change












image1.emf
SOURCE

REMOTE 

UE

 RELAY UE 

1

ST

 HOP 

HARQ

FEEDBACK

TARGET

REMOTE

UE

2

ND

  HOP 

HARQ

FEEDBACK

E2E PC5

HARQ

FEEDBACK?

Figure 1: HARQ feedback for E2E PC5 link
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