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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
This contribution discusses the open issues for U2U Relay common part and Layer-2 specific part.
2. Discussion
2.1 Discovery and (re)selection part
In the last RAN2 meeting, some FFS issues for common part as shown as following.
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.
For UE-to-UE selection, the open issues are highlighted in yellow. It can reuse existing procedure as baseline on whether SL-RSRP or SD-RSRP can be used to determine the direct link falling below a threshold, i.e, Remote UE uses SL-RSRP measurements towards peer Remote UE for relay selection trigger evaluation when there is data transmission on direct link between the two Remote UEs, and it is left to Remote UE implementation whether to use SL-RSRP or SD-RSRP for relay selection trigger evaluation in case of no data transmission on direct link.
For Relay reselection, the open issues are highlighted in cyan. Similar with Relay selection on SL-RSRP and SD-RSRP usage, and each of the remote UEs can trigger Relay reselection based on currently measured hop link quality.
Proposal 1: For Relay UE selection or reselection, Remote UE uses SL-RSRP measurements towards peer Remote UE for relay selection and reselection trigger evaluation when there is data transmission on direct link, and it is left to Remote UE implementation whether to use SL-RSRP or SD-RSRP for relay selection trigger evaluation in case of no data transmission on direct link.
Each Remote UE should perform current hop link quality measurement and can trigger Relay selection or reselection based on current hop link quality.
Proposal 2: Either S-Remote UE or D-Remote UE can trigger Relay selection or reselection based on current hop quality.
When the Remote UE AS layer decides to trigger Relay selection or reselection, AS layer indicates to upper layer, and upper layer can decide whether to trigger discovery procedure.
Proposal 3: Remote UE AS layer indicates to upper layer in case Relay selection or reselection triggered, and it is upper layer decides whether to trigger discovery procedure.
For the FFS issue that if/how the second hop between the relay UE and the peer UE is considered, during Relay reselection, SA2 already agreed that the two Remote UEs will negotiate in PC5-S message the candidate Relay UEs and the selected Relay UE. From AS layer point of view, AS layer only considers current hop link quality for Relay reselection.
Proposal 4: During Relay reselection, the Remote UE AS layer only considers current hop link quality for Relay reselection, does not consider the link quality for another hop.
Another open issue is that how to handle the existing per-hop PC5 link in case of per-hop PC5 RLF. 
If the PC5 RLF is detected on the current hop, then the Remote UE should release per-hop PC5 link for the S-Remote UE and D-Remote UE pair, and try to discover and reselect another Relay UE towards the peer Remote UE. The E2E PC5 connection can be kept during per-hop PC5 recovery. 
If the per-hop PC5 RLF on second hop is detected by the Relay UE, the Relay UE should firstly recover the second hop via PC5 release and setup on the second hop; if Relay UE can recover the second hop, then the first hop is not impact, and the Relay UE does not indicate per-hop PC5 RLF to the source Remote UE.
Proposal 5: If the Relay UE detects per-hop PC5 RLF on the second hop (the hop between the Relay UE and the destination Remote UE), the Relay UE can try to recover the second hop link via PC5 setup procedure.
Proposal 6: If the Relay UE fails to recover the second hop, the Relay UE will indicate per-hop PC5 RLF on the second hop.
In case that the source Remote UE is indicated per-hop PC5 RLF by the Relay UE, the Remote UE assumes the old relay path is not available, then the source Remote UE should release the per-hop PC5 link for the S-Remote UE/D-Remote UE pair.
Proposal 7: If the per-hop PC5 RLF is detected on the current hop or indicated by the Relay UE, then the S-Remote UE should release per-hop PC5 link for the S-Remote UE and D-Remote UE pair, and try to discover and reselect another Relay UE towards the D-Remote UE.
For the discovery configuration and resource, the existing Rel-17 can be reused, i.e. RRC_CONNECTED UEs obtains discovery configuration from SIB or dedicated signalling. Mode-1 and mode-2 are the mechanism for resource allocation, it should be regardless of U2U Relay or U2N relay or direct communication, and they can be reused for U2U discovery for both remote UEs and relay UE.
Proposal 8: RRC_CONNECTED UEs obtains discovery configuration from SIB or dedicated signalling.
Proposal 9: Mode-1 and mode-2 resource allocation methods can be reused for U2U discovery for both remote UEs and relay UE.
[bookmark: _Hlk126849493]2.2 Layer-2 specific U2U relay
[bookmark: _Hlk126682747]2.2.1 SA2 progress on Layer-2 specific U2U relay
SA2 has discussed U2U Relay and has some conclusions in TR 23.700-44 [3], the conclusions related to Layer-2 specific U2U relay are listed as following. 
-	In the case of one Source UE communicates with multiple Target UEs, the PC5 link between Source UE and UE-to-UE Relay can be shared for multiple Target UEs per RSC while the PC5 links may be established individually between UE-to-UE Relay and Target UEs per RSC. For the shared PC5 link, the Layer-2 link modification procedure can be used.
-	In the case of multiple Source UEs communicate with one Target UE, the PC5 link between UE-to-UE Relay and Target UE can be shared per RSC while the PC5 links may be established individually between Source UEs and UE-to-UE Relay per RSC. For the shared PC5 link, the Layer-2 link modification procedure can be used.
-	For UE-to-UE Relay Per-hop links setup (i.e. PC5 link establishment between Source UE and UE-to-UE Relay, as well as between UE-to-UE Relay and Target UE), Source UE initiates the PC5 link setup with UE-to-UE Relay (first hop), and UE-to-UE Relay initiates the PC5 link setup with the target UE (second hop). Sol#11 is used as basis for normative work.
-	Per-hop links (i.e. PC5 link between Source UE and UE-to-UE Relay, as well as between UE-to-UE Relay and Target UE) needs to be established before E2E PC5 link establishment is performed. Sol#30 (clause 6.30.2.2) is used as basis for normative work.
NOTE 8:	How the E2E PC5-S messages are forwarded by the UE-to-UE Relay is to be determined by RAN WGs.
NOTE 9:	For Layer-2 UE-to-UE Relay, RAN WGs will define how the E2E QoS will be handled and split over the PC5 links.
From SA2 conclusions, it can be observed:
[bookmark: _Hlk127215184]- PC5 link on each hop can be shared by multiple S-Remote-UE/D-Remote-UE pairs, i.e. PC5 connection for same S-Remote-UE with different D-Remote-UEs or same D-Remote-UE with different S-Remote-UEs.
- There are per-hop PC5 link and E2E PC5 link, and per-hop PC5 link are setup before E2E link is established
- How to handle the E2E QoE is left to RAN2 discussion and no progress in SA2
- How to forward E2E PC5 message and traffic is left to RAN2 discussion
Observation 1: Observations from SA2 conclusion:
- PC5 link on each hop can be shared by multiple S-Remote-UE/D-Remote-UE pairs.
- There are per-hop PC5 link and E2E PC5 link, and per-hop PC5 link are setup before E2E link is established
- How to handle the E2E QoE is left to RAN2 discussion and no progress in SA2
- How to forward E2E PC5 message and traffic is left to RAN2 discussion
2.2.2 End-to-end protocol architecture for U2U Relay
In Rel-17, U2U end-to-end protocol architecture was discussed, and the following Figure 5.5.1-1 and Figure 5.5.1-2 are the architectures for control plane and user plane captured in TR 38.836 [2]. These protocol architectures were also agreed in SA2.


Figure 5.5.1-1: User plane protocol stack for L2 UE-to-UE Relay


Figure 5.5.1-2: Control plane protocol stack for L2 UE-to-UE Relay
Then, it is proposed to confirm the user plane protocol stack for L2 UE-to-UE Relay in Figure 5.5.1-1 and control plane protocol stack for L2 UE-to-UE Relay in Figure 5.5.1-2 of TR 38.836 [2].
Proposal 10: RAN2 confirms the user plane protocol stack for L2 UE-to-UE Relay in Figure 5.5.1-1 and control plane protocol stack for L2 UE-to-UE Relay in Figure 5.5.1-2 of TR 38.836 [2].
2.2.3 Adaptation design
In Rel-17 study, SRAP design was discussed, and the conclusion captured in TR 38.836 [X] as following.
-----------------------------------------------  From 5.5.1 of TR 38.836------------------------------------------------------
For the first hop of L2 UE-to-UE Relay:
-	The N:1 mapping is supported by first hop PC5 adaptation layer between Remote UE SL Radio Bearers and first hop PC5 RLC channels for relaying.
-	The adaptation layer over first PC5 hop  between Source Remote UE and Relay UE supports to identify traffic destined to different Destination Remote UEs.
For the second hop of L2 UE-to-UE Relay:
-	The second hop PC5 adaptation layer can be used to support bearer mapping between the ingress RLC channels over first PC5 hop and egress RLC channels over second PC5 hop at Relay UE.
-	PC5 Adaptation layer supports the N:1 bearer mapping between multiple ingress PC5 RLC channels over first PC5 hop and one egress PC5 RLC channel over second PC5 hop and supports the Remote UE identification function.
For L2 UE-to-UE Relay:
-	The identity information of Remote UE end-to-end Radio Bearer is included in the adaptation layer in first and second PC5 hop.
[bookmark: _Hlk59519250]-	In addition, the identity information of Source Remote UE and/or the identity information of Destination Remote UE are candidate information to be included in the adaptation layer, which are to be decided in WI phase.
---------------------------------------------------------------------------------------------------------------------------------------
It can be observed that Remote UE E2E Radio Bearer ID should be included in the adaptation layer in first and second PC5 hop to identity the E2E radio bearers, and the Remote UE determines the egress RLC channel based on the mapping of the E2E bearer ID and egress RLC channel on the first hop.
Proposal 11: RAN2 confirms Remote UE E2E Radio Bearer ID should be included in the adaptation layer in first and second PC5 hop.
Proposal 12: RAN2 confirms Remote UE determines the egress RLC channel based on the mapping of the E2E bearer ID and egress RLC channel.
For the second PC5 hop, it can be discussed how the Relay UE determines the egress RLC Channel. There could be two options as discussed in Rel-17.
Option 1 (captured in TR 38.836): There is mapping between ingress RLC Channels and egress RLC Channels in the Relay UE, the Relay UE determines the egress RLC Channels based on the mapping.
Option 2 (reuse U2N relay mechanism): There is mapping between E2E radio bearers and egress RLC Channels in the Relay UE, the Relay UE determines the egress RLC Channel based on the mapping of E2E bearer and egress RLC Channel mapping.
Both options should be workable, then it is proposed to discuss which option can be used for the Relay UE determining the egress RLC Channels.
Proposal 13: RAN2 discusses which one of two options can be used for Relay UE determining the egress RLC Channels.
In addition, in order to support shared PC5 link on each hop by multiple S-Remote-UE/D-Remote-UE pairs which is concluded by SA2, the identity information of Source Remote UE and/or the identity information of Destination Remote UE should be included in the adaptation layer.
[bookmark: _Hlk127213845]Proposal 14: RAN2 confirms identity information for the S-Remote-UE/D-Remote-UE pair should be included the adaptation layer.
For the identity information of the S-Remote-UE/D-Remote-UE pair, there was no detailed discussion during study phase. Technically, there could be two options to be discussed.
Option 1 : Local ID on per-hop to identify the S-Remote-UE/D-Remote-UE pair
The local ID on each hop is assigned by the Relay UE and unique within one hop. The Relay UE notifies to the Remote UE during PC5 connection establishment for the S-Remote-UE and D-Remote-UE pair. The Relay UE maintains the mapping of the two local IDs. The length of the local ID can be same as defined in Rel-17, i.e., 8bits.
Option 2 : Common local ID on the both hops
In this option, the Relay UE will assign one local ID to be used on both hops for S-Remote-UE/D-Remote-UE pair identification. There is problem for this option that the local ID could be collision on the two hops if the Remote UE behaves as a Relay UE for another S-Remote-UE/D-Remote-UE pair. Then a mechanism for local ID assignment negotiation or for collision IDs resolution needs to be studied. This will introduce large complexity especially considering multi-hop relay in future release. It is difficult to negotiate unique local ID assignment during multi-hop relay.
[bookmark: _Hlk126848074]Option 3 : S-Remote-UE User Info ID and D-Remote-UE User Info ID to identify the S-Remote-UE/D-Remote-UE pair
[bookmark: _Hlk127213968][bookmark: _Hlk127213990]In this option, unique S-Remote-UE User Info ID and D-Remote-UE User Info ID are included in adaptation layer on each hop, and the Relay UE does not need to assign the ID for the S-Remote-UE and the D-Remote-UE. The Relay UE will obtain the S-Remote-UE User Info ID and D-Remote-UE User Info ID during PC5 connection establishment for the S-Remote-UE/D-Remote-UE pair. The size of User Info ID is 48bits, and the header overhead on each is 96bit, which is much larger than the local ID.
[bookmark: _Hlk127214656]Option 4 : S-Remote-UE Layer-2 ID and D-Remote-UE Layer-2 ID to identify the S-Remote-UE/D-Remote-UE pair
In this option, S-Remote-UE Layer-2 ID and D-Remote-UE Layer-2 ID are included in adaptation layer on each hop, and the Relay UE does not need to assign the ID for the S-Remote-UE and the D-Remote-UE. The Relay UE will obtain the S-Remote-UE Layer-2 ID and D-Remote-UE Layer-2 ID during PC5 connection establishment for the S-Remote-UE/D-Remote-UE pair. The size of User Info ID is 24bits, and the header overhead on each is 48bit. The Layer-2 ID usually identifies the UE in layer-2 link and is not unique. Considering the future-compatibility design for multi-hop, there could be risk that Layer-2 ID is conflict with other UEs after multiple hops relay.
Option 5: S-Remote-UE ID or D-Remote-UE ID on different hops
In this option, only one UE ID is added in SRAP layer on each hop. For single hop U2U relay, it could work that the D-Remote-UE ID is included in the SRAP on the first hop and the S-Remote-UE ID is included ion the second hop. But it cannot work in multi-hop U2U relay. Each PC5 hop link can be shared multiple S-Remote-UE / D-Remote-UE pairs, then it is infeasible for all the Relay UE to route the traffic if only S-Remote-UE ID included in the SRAP.
In summary, the benefits and the drawback of the three options are shown in the following table.

	Benefits and drawbacks
	Benefits
	Drawbacks

	Option 1
	- Less header overhead (8bit)
- No ID collision issue
- Future-compatibility to multi-hop U2U Relay
	Relay UE needs to assign the local ID for each hop

	Option 2
	- less header overhead (8bit)

	- ID collision issue
- Future-incompatibility to multi-hop U2U Relay
- Relay UE needs to assign the local ID for each hop

	Option 3
	- No ID collision issue 
- Future-compatibility to multi-hop U2U Relay 
- Relay UE does not need to assign the local ID for each hop

	- More header overhead (96bit)


	Option 4
	- Relay UE does not need to assign the local ID for each hop

	- More header overhead (48bit)
- ID collision issue
- Future-incompatibility to multi-hop U2U Relay


	Option 5
	- Relay UE does not need to assign the local ID for each hop

	- Header overhead (24bit or 48bit)
- Future-incompatibility to multi-hop U2U Relay



Considering the benefits and drawbacks of each option list in the above-mentioned table, it is proposed to adapt option 1 to identify information of the S-Remote-UE / D-Remote-UE pair.
Proposal 15: It is proposed to adopt option 1 (Relay UE assigns per-hop local ID for each hop) to identify S-Remote-UE/D-Remote-UE pair on each hop.
Proposal 16:  Relay UE assigns per-hop local ID for each hop and notifies the S-Remote-UE or the D-Remote-UE using PC5-S message.
2.2.4 E2E SL-SRB configuration
Currently, for PC5 direct communication, default configuration for SL SRB is used. For U2U relay, the current mechanism can be taking as baseline.
Proposal 17: Taking the default configuration as baseline for E2E SL-SRB, i.e. use default E2E PC5 PDCP configuration , use default per-hop RLC Channel configuration.
It can be further discussed to reuse existing default configuration specified for SL-SRBs or introduce new default configuration for E2E SL-SRBs via U2U relay. 
Proposal 18: It is FFS whether to reuse the existing default configuration specified for SL-SRBs or introduce new default configuration for E2E SL-SRBs via U2U relay.
2.2.5 E2E QoS and E2E SL-DRB configuration
As SA2 agreed, for Layer-3 based U2U relay, it is the Relay UE to split the E2E QoS profiles and sends to the S-Remote-UE and D-Remote-UE using PC5-S message, and then the per-hop SL-DRB is established based on the spitted QoS profiles on the two hops.
Similar method can be reused for L2 relay, per-hop RLC Channel can be configured based on the split QoS profiles, and the E2E SL SDAP and PDCP can be configured based on the E2E QoS profiles.
Proposal 19: The Remote UE sends E2E PC5 QoS profiles to the Relay UE using per-hop PC5-S message, and the Relay UE splits the E2E QoS profiles into per-hop QoS profiles and sends to the two Remote UEs using per-hop PC5-S message. 
Proposal 20: Per-hop RLC Channel is configured based on the per-hop QoS profiles using per-hop RRC message, E2E SL SDAP and PDCP is configured based on the E2E QoS profiles using E2E RRC message.
Proposal 21: Send LS to confirm with SA2 about proposal 16 and 19.
3. Conclusion
This contribution discusses RAN2 part for UE-to-UE relay discovery and (re-) selection and provides the following proposals.
Discovery and (re)selection part
Proposal 1: For Relay UE selection or reselection, Remote UE uses SL-RSRP measurements towards peer Remote UE for relay selection and reselection trigger evaluation when there is data transmission on direct link, and it is left to Remote UE implementation whether to use SL-RSRP or SD-RSRP for relay selection trigger evaluation in case of no data transmission on direct link.
Proposal 2: Each Remote UE can trigger Relay selection or reselection based on current hop quality.
Proposal 3: Remote UE AS layer indicates to upper layer in case Relay selection or reselection triggered, and it is upper layer decides whether to trigger discovery procedure.
Proposal 4: During Relay reselection, the Remote UE AS layer only considers current hop link quality for Relay reselection, does not consider the link quality for another hop.
Proposal 5: If the Relay UE detects per-hop PC5 RLF on the second hop (the hop between the Relay UE and the destination Remote UE), the Relay UE can try to recover the second hop link via PC5 setup procedure.
Proposal 6: If the Relay UE fails to recover the second hop, the Relay UE will indicate per-hop PC5 RLF on the second hop.
Proposal 7: If the per-hop PC5 RLF is detected on the current hop or indicated by the Relay UE, then the S-Remote UE should release per-hop PC5 link for the S-Remote UE and D-Remote UE pair, and try to discover and reselect another Relay UE towards the D-Remote UE.
Proposal 8: RRC_CONNECTED UEs obtains discovery configuration from SIB or dedicated signalling.
Proposal 9: Mode-1 and mode-2 resource allocation methods can be reused for U2U discovery for both remote UEs and relay UE.
Layer-2 specific U2U relay
Observation 1: Observations from SA2 conclusion:
- PC5 link on each hop can be shared by multiple S-Remote-UE/ D-Remote-UE pairs.
- There are per-hop PC5 link and E2E PC5 link, and per-hop PC5 link are setup before E2E link is established
- How to handle the E2E QoE is left to RAN2 discussion and no progress in SA2
- How to forward E2E PC5 message and traffic is left to RAN2 discussion
Proposal 10 : RAN2 confirms the user plane protocol stack for L2 UE-to-UE Relay in Figure 5.5.1-1 and control plane protocol stack for L2 UE-to-UE Relay in Figure 5.5.1-2 of TR 38.836 [2].
Proposal 11: RAN2 confirms Remote UE E2E Radio Bearer ID should be included in the adaptation layer in first and second PC5 hop.
Proposal 12: RAN2 confirms Remote UE determines the egress RLC channel based on the mapping of the E2E bearer ID and egress RLC channel.
Proposal 13: RAN2 discusses which one of two options can be used for Relay UE determining the egress RLC Channels.
Proposal 14: RAN2 confirms identity information for the S-Remote-UE/D-Remote-UE pair should be included the adaptation layer.
Proposal 15: It is proposed to adopt option 1 (Relay UE assigns per-hop local ID for each hop) to identify S-Remote-UE/D-Remote-UE pair on each hop.
Proposal 16:  Relay UE assigns per-hop local ID for each hop and notifies the S-Remote-UE or the D-Remote-UE using PC5-S message.
Proposal 17: Taking the default configuration as baseline for E2E SL-SRB, i.e. use default E2E PC5 PDCP configuration , use default per-hop RLC Channel configuration.
Proposal 18: It is FFS whether to reuse the existing default configuration specified for SL-SRBs or introduce new default configuration for E2E SL-SRBs via U2U relay.
Proposal 19: The Remote UE sends E2E PC5 QoS profiles to the Relay UE using per-hop PC5-S message, and the Relay UE splits the E2E QoS profiles into per-hop QoS profiles and sends to the two Remote UEs using per-hop PC5-S message. 
Proposal 20: Per-hop RLC Channel is configured based on the per-hop QoS profiles using per-hop RRC message, E2E SL SDAP and PDCP is configured based on the E2E QoS profiles using E2E RRC message.
Proposal 21: Send LS to confirm with SA2 about proposal 16 and 19.
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