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Introduction
In this contribution, we will discuss the remaining issues for U2U relay, such as UE ID and Bearer ID in SRAP header, QoS split, sidelink radio link failure and relay (re)selection.
Discussion
2.1 SRAP remaining issues
BEARER ID derivation

In the last meeting, RAN2 agreed that Bearer ID size is 5bits in SRAP header, but FFS how to derive the 5-bit value from SLRB configuration index. In RRC spec, the SLRB-PC5-ConfigIndex is used to indicate a specific SLRB in PC5 interface, which is an integer ranging from 1 to 512. 
	RAN2#121bis: WA: E2E bearer ID (i.e., configuration index in the list of SLRB configurations) is used as input for the L2 U2U relay ciphering and deciphering at PDCP.

RAN2#123: E2E SL-SRB and E2E SL-DRB use different index(es).

RAN2#123: Fixed index (i.e., 0/1/2/3) are defined for E2E SL-SRB 0/1/2/3 respectively.
RAN2#123bis: For SRAP header in U2U Relay, the Bearer ID size is 5bits. FFS how to derive 5-bit value BEARER ID from SLRB configuration index.


Since RAN2 agreed E2E SL-SRB and E2E SL-DRB use different index(es) and Fixed index (i.e., 0/1/2/3) are defined for E2E SL-SRB 0/1/2/3 respectively, it is naturally that Bearer ID 0/1/2/3 in SRAP header can be used for SL-SRB 0/1/2/3 respectively while Bearer ID 4~31 in SRAP header can be used for SL-DRBs. So the SLRB-PC5-ConfigIndex indicating a SL-DRB is better to be configured in the range of (4~31).

On the other hand, if no restriction to the SLRB-PC5-ConfigIndex and the LSB 5bits of SLRB-PC5-ConfigIndex is used as Bearer ID, there may have collision issue, e.g. SLRBx, SLRB-PC5-ConfigIndex = 001101001; SLRBy, SLRB-PC5-ConfigIndex = 010101001. The LSB 5bits of SLRB-PC5-ConfigIndex of the two SLRBs are the same, but actually they are two different SLRBs.
For the sake of simplicity, the SLRB-PC5-ConfigIndex indicating a SL-DRB is better to be configured in the range of (4~31). Then the LSB 5bits of SLRB-PC5-ConfigIndex can be used as Bearer ID in SRAP header.
Proposal 1: The SLRB-PC5-ConfigIndex indicating a SL-DRB is configured in the range of (4~31). The LSB 5bits of SLRB-PC5-ConfigIndex is used as Bearer ID in SRAP header.

Local ID allocation
	Reuse RRC ReconfigurationSidelink to indicate the Local ID pair from relay UE to Remote UEs.

WA: Carry L2 ID and Local ID in RRCReconfigurationSidelink message with the assumption that the association between User Info and L2 ID is done at ProSe layer.

The UE ID assignment for U2U remote UEs is up to U2U relay UE implementation, i.e., no specification impact on how to assign the local ID is needed.


RAN2 agreed PC5-RRC signalling is used to indicate Local IDs from relay UE to remote UEs, and assumed L2 ID is carried along with Local ID to link the assigned Local ID to a particular remote UE considering 1-to-M U2U relay is supported. To be specific, when sending local ID of peer remote UE to source remote UE, L2 ID associated with the local ID should be included for source remote UE to identify a particular peer remote UE. However, it is not clear whether L2 ID is needed when allocating local ID to source remote UE.

Observation 1: When sending local ID of peer remote UE to source remote UE, L2 ID associated with the local ID should be included for source remote UE to identify a particular peer remote UE.
Observation 2: It is not clear whether L2 ID is needed when indicating local ID of source remote UE to the source remote UE.
For the indication of local ID of source remote UE, generally there are three ways:

Option 1: Local ID for source remote UE is sent to source remote UE without L2 ID. That is, local ID is allocated per UE/per hop PC5 link. Relay UE ensures the uniqueness of (source) local ID of each remote UE. In this case, the Local ID is shared/used by all E2E PC5 links’ traffic forwarded on the first hop PC5 link.  
Option 2: Local ID for source remote UE is sent to source remote UE per L2 ID of source remote UE, here the L2 ID is L2 ID of source remote UE used for E2E PC5 link (not L2 ID used for per hop PC5 link). 
Option 3: Local ID for source remote UE is sent to source remote UE per destination L2 ID/target remote UE. In this case, even if (dest) local IDs of different destinations UEs are the same, as long as the source local IDs are different for different destinations, there is no collision issue.
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Figure 1. Local ID indication
All the options are workable, however Option 1 has less specification impacts, a per node/per hop local ID is enough. It is suggested to adopt Option 1.
Proposal 2: It is suggested that Local ID for source remote UE is sent to source remote UE without L2 ID.

2.2 QoS split 
	RAN2#123bis:
WA: AS signalling is used to indicate the end-to-end QoS and QoS split for L2 U2U relay.


In the last meeting, RAN2 reached the above WA. But there are still some open issues, e.g. the following open issue listed in stage 2 running CR:

	Some companies think that the QoS split is done before end-to-end PC5 connection establishment. But other companies think that the QoS split is done after end-to-end PC5 connection establishment. When the QoS split is performed need to be clarified.

(Option-1) The QoS split performs before end-to-end PC5 connection establishment (i.e., before determination QoS flow between source remote UE and target remote UE). 
(Option-2) The QoS split performs after end-to-end PC5 connection establishment (i.e., after determination QoS flow between source remote UE and target remote UE).


Logically, the QoS split procedure should be performed after E2E QoS negotiation between source remote UE and target remote UE (i.e. after E2E PC5 link establishment). It is not necessary to perform QoS split for the QoS flows which have not been confirmed by the source and target remote UE. So the PC5-S procedure for QoS split for L3 U2U relay cannot be reused directly. Since SA2 send LS to ask RAN2 to consider AS procedure for QoS split for L2 U2U relay, RAN2 should not rollback to ask SA2 to enhance PC5-S procedure to support QoS split for L2 U2U relay.

Proposal 3: The QoS split procedure performs after E2E PC5 connection establishment (i.e., after determination of QoS flows between source remote UE and target remote UE).
Proposal 4a: RAN2 confirm that AS signalling is used to indicate the end-to-end QoS and QoS split for L2 U2U relay.
RRCReconfigurationSidelink could be reused for source remote UE to send the E2E QoS profiles to relay UE. Correspondingly, the relay UE uses the RRCReconfigurationCompleteSidelink to send the split QoS (i.e. split PDB) to source remote UE.
Proposal 4b: RRCReconfigurationSidelink/RRCReconfigurationCompleteSidelink are reused to indicate the E2E QoS profile and split-QoS between source remote UE and relay UE.
In L3 U2U relay, the split QoS of the second hop is used as the e2e QoS of the PC5 link on the second hop, so relay UE needs to send the split QoS to the target remote UE. But for L2 U2U relay, source remote UE negotiates the E2E QoS with target remote UE, relay UE derives the PC5 relay RLC channel configuration of the second hop based on split QoS of the second hop, it is not necessary for relay UE to send the split QoS of the second hop to target remote UE.
Proposal 5: For L2 U2U relay, it is not necessary for relay UE to send the split QoS of the second hop to target remote UE.

2.3 Sidelink RLF
	Issue 2.5
	5.8.9.1a.1.2
Sidelink DRB release operations
Editor Note: FFS on how to release SL DRB on E2E and hop configuration for U2U relay.

5.8.9.1a.3
Sidelink SRB release
Editor Note: FFS on how to release SL SRB on E2E and hop configuration for U2U relay.
5.8.9.3
Sidelink radio link failure related actions

Editor Note: FFS on how to handle E2E PC5 connection and hop PC5 connection.
	Issue 2.5 is captured based on company input in the offline email discussion [Post123bis][418][Relay] Rel-18 relay UE-to-UE CR (vivo)\Open Issues

The listed Editor Notes are related to how to handle the E2E PC5 connection and SL-RB configurations if per-hop PC5 RLF is detected. 




In the section, the remote UE behaviour when detecting PC5 RLF with the U2U relay UE and when receiving a PC5 RLF indication for a peer remote UE from the U2U relay UE are presented respectively. 
When remote UE detects PC5 RLF with the U2U relay UE, it shall:
Release the PC5 Relay RLC channels with the relay UE if configured;
consider the PC5-RRC connection with the relay UE is released;

Indicate the release of the PC5-RRC connection with the relay UE to the upper layer;

initiate SUI procedure to report the PC5 RLF with the relay UE to network if the UE is in RRC connected;
if the UE is acting as a L2 U2U remote UE, it shall:
Consider PC5 RLF is occurred for the E2E PC5-RRC connections with each peer remote UE via the relay UE;

Release all the E2E SL-SRBs/DRBs of all the concerned E2E PC5-RRC connections;

Consider all the concerned E2E PC5-RRC connections via the relay UE are released;

Indicate the release of all the concerned E2E PC5-RRC connections to the upper layer;
When remote UE receives a PC5 RLF indication for a peer remote UE from U2U relay UE, it shall

If the UE is acting as a L2 U2U remote UE,

Consider PC5 RLF is occurred for the E2E PC5-RRC connection with the peer remote UE;

Release all the E2E SL-SRBs/DRBs of the E2E PC5-RRC connection with the peer remote UE;

Consider the E2E PC5-RRC connection with the peer remote UE is released;

Indicate the release of the E2E PC5-RRC connection with the peer remote UE to the upper layer;
(Determine whether the PC5-RRC connection of the first hop between the remote UE and the relay UE is to be released or not;) [discussion on Issue 2.3]
If the PC5-RRC connection with the relay UE is determined to be released, 

indicate upper layer to trigger PC5 link release; (and rely on upper layer to trigger relay re-selection or not;)

Else (maintain the PC5-RRC connection): 
Indicate the PC5 RLF indication between relay UE and the peer remote UE to upper layer (and rely on upper layer to trigger relay re-selection or not);

When U2U relay UE detects PC5 RLF with a remote UE, it shall

Release the PC5 Relay RLC channels with the remote UE if configured;
consider the PC5-RRC connection with the remote UE is released;

Indicate the release of the PC5-RRC connection with the remote UE to the upper layer;

initiate SUI procedure to report the PC5 RLF with the remote UE to network if the UE is in RRC connected;
Proposal 6: When L2 U2U remote UE detects PC5 RLF with the L2 U2U relay UE, it shall
Consider PC5 RLF is occurred for the E2E PC5-RRC connections with each peer remote UE via the relay UE;

Release all the E2E SL-SRBs/DRBs of all the concerned E2E PC5-RRC connections;

Consider all the concerned E2E PC5-RRC connections via the relay UE are released;

Indicate the release of all the concerned E2E PC5-RRC connections to the upper layer.
Proposal 7: When L2 U2U remote UE receives a PC5 RLF indication for a peer remote UE from L2 U2U relay UE, it shall

Consider PC5 RLF is occurred for the E2E PC5-RRC connection with the peer remote UE;

Release all the E2E SL-SRBs/DRBs of the E2E PC5-RRC connection with the peer remote UE;

Consider the E2E PC5-RRC connection with the peer remote UE is released;

Indicate the release of the E2E PC5-RRC connection with the peer remote UE to the upper layer.
One left question is, if L2 U2U remote UE considers the concerned E2E PC5 link(s) as PC5 RLF when detecting PC5 RLF with the relay UE or receiving PC5 RLF indication for a peer remote UE from relay UE, whether the L2 U2U remote UE should report the PC5 RLF of the E2E PC5 link(s) to the serving gNB if the UE is in RRC connected state. 

In our view, it depends on whether the peer remote UE was reported to the gNB when requesting L2 U2U relay communication resources. Only if the peer remote UE was reported, remote UE should report the PC5 RLF of the E2E PC5 link for the peer remote UE to the gNB. Otherwise, remote UE only need to report to gNB the PC5 RLF of the PC5 link with the relay UE.

Proposal 8: Only if the peer remote UE was reported to the gNB when requesting L2 U2U relay communication resources, the remote UE should report the PC5 RLF of the E2E PC5 link for the peer remote UE to the gNB.
	Issue 2.3
	5.8.9.10.4
Actions related to reception of NotificationMessageSidelink message
Editor Note: FFS if there would be any constraints on the Remote UE implementation behaviour to keep or release the PC5 link with the relay UE.
	Issue 2.3 was captured in accordance with the RAN2#120 agreement as following:

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 behavior to keep or release the PC5 link with the relay UE.


As RAN2 agreed, when receiving PC5 RLF notification from the relay UE, remote UE would inform upper layers and rely on upper layers to trigger relay re-selection or not. Whether the remote UE should keep or could release the PC5 link with the relay UE, depends on whether the PC5 link between the remote UE and the relay UE is shared by other E2E PC5 links towards different peer remote UEs (e.g. there are multiplexing traffic of different destinations mapped to the PC5 RLC channels of the first hop PC5 link), no matter whether the upper layer triggers relay re-selection or not. It is up to remote UE implementation.
Proposal 9: When receiving PC5 RLF notification from the relay UE, the remote UE should keep or could release the PC5 link with the relay UE, depends on whether the PC5 link between the remote UE and the relay UE is shared by other E2E PC5 links towards different peer remote UEs, no matter whether the upper layer triggers relay re-selection or not.

2.4 Relay (re)selection

Relay selection trigger

With regard to the relay selection, the following triggers have been agreed:
	#119bis: Relay selection triggers include at least 1) Upper layer trigger; 2) PC5 signal strength conditions.  

#120: 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.  

#121: For relay UE selection, the remote UE uses SL-RSRP measurements towards peer remote UE to trigger relay UE selection when there is data transmission on direct link.  In both cases, it is left to remote UE implementation whether to use SL-RSRP or SD-RSRP for relay (re)selection trigger evaluation in case of no data transmission.
#121b: Each remote UE (source or destination) can trigger relay selection based on the direct link quality.  FFS interaction between discovery and selection.


Besides above trigger conditions for relay selection, it is reasonable that when PC5 RLF of direct link is detected, either source remote UE or target remote UE can trigger relay selection.
Proposal 10: When PC5 RLF of the direct link is detected, remote UE can trigger relay selection. 

	Issue 2.4
	5.8.X2.2
NR Sidelink U2U Remote UE threshold conditions
Editor Note: FFS whether/how to capture if the SL-RSRP/SD-RSRP measurement of the peer NR sidelink U2U Remote UE is not available.
	Issue 2.4 was proposed by the Rapporteur during the RRC running CR drafting.

Rapporteur noticed that current RAN2 agreements for triggering relay selection were made only for the case when there is a direct link with the peer U2U Remote UE, in which case either SL-RSRP or SD-RSRP measurement can be used for the PC5 threshold condition checking. But for the case when there is no direct link established yet (which means both the SL-RSRP/SD-RSRP measurements of the peer U2U Remote UE are not available), there is no conclusion whether/how to capture it for triggering relay selection. Therefore, an EN was added for companies to have further consideration in the coming RAN2 meeting.

	#120: 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.  

#121: For relay UE selection, the remote UE uses SL-RSRP measurements towards peer remote UE to trigger relay UE selection when there is data transmission on direct link. 

#121: In both cases, it is left to remote UE implementation whether to use SL-RSRP or SD-RSRP for relay (re)selection trigger evaluation in case of no data transmission.


RAN2 agreements for triggering relay selection were made for the case when there is a direct link with the peer remote UE. But the case when there is no direct link established yet should also be considered for relay selection trigger. For example,

- 1) No signal is received from the peer remote UE (e.g. not in the ProSe range);

- 2) remote UE receives ProSe direct discovery message from the peer remote UE, however the SD-RSRP detected is not good (below a threshold). Then there is no need to establish a direct PC5 unicast link. 

- 3) remote UE receives ProSe direct communication request message from the peer remote UE, however the SL-RSRP detected is not good (below a threshold). Then the remote UE should not establish the direct PC5 unicast link with the peer remote UE.
For all the above three cases, i.e. when there is no direct link, if remote UE detects SL-RSRP or SD-RSRP of the peer remote UE is below a threshold or there is no signal received from the peer remote UE, a UE capable of U2U remote UE operation can be triggered to initiate relay selection. In the current running CR, it specified the relay selection trigger when there is a direct link. Considering also the case there is no direct link, a general way can be used, i.e. when evaluating SL-RSRP/SD-RSRP of peer remote UE for relay selection trigger, there is no need to differentiate whether there is a established PC5 link between the two remote UEs. 
Proposal 11: When there is no direct link, if remote UE detects SL-RSRP or SD-RSRP of the peer remote UE is below a threshold or there is no signal received from the peer remote UE, the remote UE can be triggered to perform relay selection.

Relay re-selection
	RAN2#123bis: RAN2 confirm the following agreement applies to both source L2 remote UE and L2 target remote UE. FFS for L3 U2U relay, including whether there is a need for the PC5-RLF indication in this case.

- 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 (re)selection (or not).


In the last meeting, some companies have concern for L3 U2U relay, relay UE may not need to send PC5-RLF with the target remote UE to source remote UE.
In R17, when U2N relay UE detects Uu RLF, it indicates the Uu RLF to U2N remote UE. This is applies to both L2 and L3 U2N relay. Similarly, for U2U relay, there is no difference for L2 and L3 U2U relay that relay UE informs the PC5 RLF with the peer remote UE on the other hop to the remote UE. When L3 remote UE receives the PC5 RLF indication from relay UE, it should inform upper layers and rely on upper layers to trigger L3 U2U relay discovery and relay re-selection.
Proposal 12: RAN2 confirm the following agreement applies to L3 U2U relay.
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).
	#119b: Relay reselection triggers include at least 1) Upper layer trigger; 2) PC5-RLF detection at the remote UE; 3) PC5-RLF indication received from the relay; 4) PC5 signal strength conditions; 5) PC5 link release message from relay to remote.  RAN2 further discuss details for trigger 4), potentially including T400 expiry.  FFS if some of the conditions could be indicated to upper layer instead of directly causing reselection.
#120: 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.  

#120: 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.

#121: Each Remote UE can trigger Relay reselection based at least on current hop quality.


As we can see, RAN2 agreed that Each Remote UE can trigger Relay reselection based at least on current hop quality. On the other hand, RAN2 agreed relay re-selection triggers include PC5-RLF indication received from the relay, that is, relay UE can notify the PC5-RLF of the second hop to remote UE to trigger relay re-selection at the remote UE. Follow the same logic, relay UE can inform the poor link quality of the second hop to remote UE for remote UE to decide whether to trigger relay re-selection.
Proposal 13: Relay UE sends indication to the remote UE upon detecting the PC5 link quality of the second hop is below a configured threshold. When receiving the indication, the remote UE may trigger relay re-selection even if the PC5 link quality of the first hop is good.
Conclusion
In this contribution, we discussed remaining U2U relay issues. And we have the following observations and proposals:

SRAP:
Proposal 1: The SLRB-PC5-ConfigIndex indicating a SL-DRB is configured in the range of (4~31). The LSB 5bits of SLRB-PC5-ConfigIndex is used as Bearer ID in SRAP header.

Observation 1: When sending local ID of peer remote UE to source remote UE, L2 ID is needed to associated with the local ID, for source remote UE to identify a particular peer remote UE.
Observation 2: It is not clear whether L2 ID is needed when indicating local ID of source remote UE to the source remote UE.

Proposal 2: It is suggested that Local ID for source remote UE is sent to source remote UE without L2 ID.
QoS split:
Proposal 3: The QoS split procedure performs after E2E PC5 connection establishment (i.e., after determination of QoS flows between source remote UE and target remote UE).
Proposal 4a: RAN2 confirm that AS signalling is used to indicate the end-to-end QoS and QoS split for L2 U2U relay.

Proposal 4b: RRCReconfigurationSidelink/RRCReconfigurationCompleteSidelink are reused to indicate the E2E QoS profile and split-QoS between source remote UE and relay UE.
Proposal 5: For L2 U2U relay, it is not necessary for relay UE to send the split QoS of the second hop to target remote UE.
Sidelink RLF:

Proposal 6: When L2 U2U remote UE detects PC5 RLF with the L2 U2U relay UE, it shall
Consider PC5 RLF is occurred for the E2E PC5-RRC connections with each peer remote UE via the relay UE;

Release all the E2E SL-SRBs/DRBs of all the concerned E2E PC5-RRC connections;

Consider all the concerned E2E PC5-RRC connections via the relay UE are released;

Indicate the release of all the concerned E2E PC5-RRC connections to the upper layer.
Proposal 7: When L2 U2U remote UE receives a PC5 RLF indication for a peer remote UE from L2 U2U relay UE, it shall

Consider PC5 RLF is occurred for the E2E PC5-RRC connection with the peer remote UE;

Release all the E2E SL-SRBs/DRBs of the E2E PC5-RRC connection with the peer remote UE;

Consider the E2E PC5-RRC connection with the peer remote UE is released;

Indicate the release of the E2E PC5-RRC connection with the peer remote UE to the upper layer.
Proposal 8: Only if the peer remote UE was reported to the gNB when requesting L2 U2U relay communication resources, the remote UE should report the PC5 RLF of the E2E PC5 link for the peer remote UE to the gNB.
Proposal 9: When receiving PC5 RLF notification from the relay UE, the remote UE should keep or could release the PC5 link with the relay UE, depends on whether the PC5 link between the remote UE and the relay UE is shared by other E2E PC5 links towards different peer remote UEs, no matter whether the upper layer triggers relay re-selection or not.

Relay (re)selection:
Proposal 10: When PC5 RLF of the direct link is detected, remote UE can trigger relay selection. 

Proposal 11: When there is no direct link, if remote UE detects SL-RSRP or SD-RSRP of the peer remote UE is below a threshold or there is no signal received from the peer remote UE, the remote UE can be triggered to perform relay selection.
Proposal 12: RAN2 confirm the following agreement applies to L3 U2U relay.
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).
Proposal 13: Relay UE sends indication to the remote UE upon detecting the PC5 link quality of the second hop is below a configured threshold. When receiving the indication, the remote UE may trigger relay re-selection even if the PC5 link quality of the first hop is good.
3GPP


UE1
Relay UE
UE2
UE3
E2E link 1
E2E link 2
Suppose:
- L2 IDx of UE1 is used for per hop link
- L2 IDx1 (of UE1) is used for E2E link1
- L2 IDx2 (of UE1) is used for E2E link2
Suppose:
UE2 uses L2 IDy1 for E2E link1
Suppose:
UE3 uses L2 IDz1 for E2E link2



