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[bookmark: _Ref488331639][bookmark: _Toc131757144][bookmark: _Ref178064866]Introduction
This paper will discuss the U2U Relay.
[bookmark: _Toc131757145]Discussion
[bookmark: _Toc131757146]Relay (Re)Selection and Discovery
[bookmark: _Toc131757147]Issue-1: Relationship between discovery and relay (re)selection
The following FFS point relates to the relationship between discovery and relay (re)selection
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.
RAN2 has discussed what are the trigger conditions of discovery Tx/Rx and relay (re)selection at the remote UE. In R17, there is no such differentiation for the U2N relay and the spec also doesn’t differentiate the trigger of discovery and relay (re)selection, i.e., the UE triggers discovery and relay (re)selection at the same time upon the defined conditions.
	5.8.15.3	Selection and reselection of NR sidelink U2N Relay UE
A UE capable of NR sidelink U2N Remote UE operation that is configured by upper layers to search for a NR sidelink U2N Relay UE shall:
1>	if the UE has no serving cell; or
1>	if the RSRP measurement of the cell on which the UE camps (for L2 and L3 U2N Remote UE in RRC_IDLE or RRC_INACTIVE)/ the PCell (for L3 U2N Remote UE in RRC_CONNECTED) is below threshHighRemote within sl-remoteUE-Config:
2>	if the UE does not have a selected NR sidelink U2N Relay UE; or
2>	if the UE has a selected NR sidelink U2N Relay UE, and SL-RSRP of the currently selected NR sidelink U2N Relay UE is available and is below sl-RSRP-Thresh; or
2>	if the UE has a selected NR sidelink U2N Relay UE, and SL-RSRP of the currently selected NR sidelink U2N Relay UE is not available, and SD-RSRP of the currently selected U2N Relay UE is below sl-RSRP-Thresh; or
NOTE 1:	U2N Remote UE uses SL-RSRP measurements for relay reselection trigger evaluation when there is data transmission from U2N Relay UE to U2N Remote UE, and it is left to UE implementation whether to use SL-RSRP or SD-RSRP for relay reselection trigger evaluation in case of no data transmission from U2N Relay UE to U2N Remote UE. If SD-RSRP is used, the discovery procedure will be performed between the U2N Remote UE and the selected U2N Relay UE.
2>	if the UE has a selected NR sidelink U2N Relay UE, and upper layers indicate not to use the currently selected NR sidelink U2N Relay UE; or
2>	if the UE has a selected NR sidelink U2N Relay UE, and upper layers request the release of the PC5-RRC connection; or
2>	if the UE has a selected NR sidelink U2N Relay UE, and sidelink radio link failure is detected on the PC5-RRC connection with the current U2N Relay UE as specified in clause 5.8.9.3:
3>	perform NR sidelink discovery procedure as specified in clause 5.8.13 in order to search for candidate NR sidelink U2N Relay UEs;
…


[bookmark: _Ref131754965][bookmark: _Toc131756988][bookmark: _Toc131769573]R17 spec did not differentiate discovery Tx/Rx condition and relay (re)selection condition.
When comes to R18 U2U relay, there seems no reason to deviate from it, so there is no need to discuss the discovery Tx/Rx trigger condition and relay (re)selection trigger condition separately.
Then, another related issue is the interaction between AS and NAS layer, as discussed in the following FFS points:
Proposal 7.1b (modified):       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.

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.
The above 2 FFS points are related to the functionalities split between AS/NAS layer. In R17 U2N relay, there is no spec impact on capturing the interaction between AS and NAS layer, the inter-layer information exchange is left to UE implementation. 
So the same principle can be applied in R18 U2U relay.
[bookmark: _Toc131756989][bookmark: _Toc131769574]The internal interaction between AS and NAS for relay (re)selection triggering in R17 U2N relay UE was left to UE implementation.
So RAN2 can focus on the AS layer functionality discussion, and leave AS/NAS interaction as UE implementation.
[bookmark: _Toc131769547]As in R17 U2N, no need to differentiate the AS-layer criterion for discovery Tx/Rx and relay (re)selection, and the AS/NAS interaction for relay (re)selection triggering is left to UE implementation.
[bookmark: _Toc131757148]Issue-2: Trigger condition of U2U relay (re)selection
For relay selection/re-selection, RAN2 has made the following agreements:
Relay selection:
Proposal 7.1a:       Relay selection triggers include at least 1) Upper layer trigger; 2) PC5 signal strength conditions.  RAN2 further discuss details for trigger 2).
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.
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.
Relay reselection:
Proposal 7.1b (modified):       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.
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 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 relay UE reselection, the remote UE uses SL-RSRP measurements towards the relay UE to trigger relay UE reselection when there is data transmission on the indirect link.
Each Remote UE can trigger Relay reselection based at least on current hop quality.
For relay (re)selection, as shown in the above agreements, one FFS point is whether/how the hop-1 AS layer link quality (i.e., RSRP, RLF) needs to be considered by the hop-2 remote UE. It was agreed that RLF of one hop should be notified to end-UE of the other hop, and when the RLF indication is received by the remote UE, it will inform upper layers and rely on upper layer to trigger reley reselection. Yet it is still FFS whether/how link quality degradation of hop-1 should be notified to hop-2. 
The link quality degradation is different from RLF since the signal strength degradation may not lead to failure, i.e., the hop can still work. Besides, we have agreed that the UE can trigger relay reselection based on the current hop quality, i.e., the link quality degradation is already handled. Therefore, the hop-1 AS link quality doesn’t need to be considered by the hop-2 remote UE during relay reselection.
[bookmark: _Toc131769548]Relay UE does not forward AS link quality degradation of one hop to the peer remote UE of the other hop. 
[bookmark: _Toc131757149]Issue-3: Different configured thresholds for SL-RSRP and SD-RSRP
For relay (re)selection, the following agreements have been made, it is concluded that the SL-RSRP and SD-RSRP can be used for relay (re)selection evaluation
Agreements:
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.
FFS if there need to be different configured thresholds for SL-RSRP and SD-RSRP.
In R17 U2N relay discussion, a similar issue has been discussed and the conclusion is a single threshold is enough
Agreement:
No separate threshold is needed for SD-RSRP measurement for the case that when SL RSRP of the serving relay is not available (UE treats the SD-RSRP measurement with the same threshold as SL-RSRP).
The same principle should be followed in R18 U2N relay, so there is no need to configure different thresholds for SL-RSRP and SD-RSRP.
[bookmark: _Toc131769549] A single threshold is configured for SL-RSRP and SD-RSRP in R18 U2U relay. 
[bookmark: _Toc131757150]Issue-4: Whether/How to define AS-layer criterion for discovery evaluation 
During 120, the following proposals were discussed. For model-A discovery
Proposal 10: RAN2 to wait for more SA2 progress before discussing how to determine the neighbour list at U2U relay UE and whether it is used as discovery transmission condition at relay UE.
It is OK to leave it to S2 to conclude on it, i.e., whether AS-layer criterion is needed, for a relay UE to decide whether a remote UE should be included in its neighbour list.
[bookmark: _Toc131769550]For model-A discovery, R2 relies on S2 to decide whether an AS-layer criterion is needed for a relay UE to decide whether a remote UE should be included in the announced neighbour list. If Yes, R2 can further work on it. 
For model-B discovery
Proposal 8: RAN2 to discuss whether the following can be agreed as AS-conditions for discovery message transmission at source/target remote UEs:
1)  Source Remote UE can transmit discovery message only when the PC5 RSRP (FFS SL-RSRP or SD-RSRP) of direct link towards target Remote UE is below a configured threshold. FFS PC5 RLF of the PC5 direct link.
2)  Target Remote UE can response based on the received discovery message only when the PC5 RSRP (FFS SL-RSRP or SD-RSRP) towards the relay UE is above a configured threshold.
Proposal 9: RAN2 to discuss whether the following can be agreed as AS-conditions for discovery message transmission at U2U relay UE:
1) Relay UE can forward discovery message to target remote UE only when the PC5 RSRP (FFS SL-RSRP or SD-RSRP) between the relay UE and source remote UE is above the minimum threshold. FFS whether maximum threshold is also applied.  
2) Relay UE can respond discovery message to source remote UE only when the PC5 RSRP (FFS SL-RSRP or SD-RSRP) between this relay UE and target remote UE is above the minimum threshold. FFS whether maximum threshold is also applied.
For P8: The criterion 1) is not necessary, since as analysed in issue-2, radio link quality degradation of direct link would lead to relay selection (which has been agreed in RAN2 #121), and discovery message transmission is a result of relay selection, decided by NAS-layer, there is no need for AS-layer to link the two together. Criterion-2) is fine, and a similar criterion for source remote UE is needed as well.
For P9: In the latest S2 TR, there is no description on the AS-layer filtering by relay UE, but just by end-UEs. So it is not motivated to go for P9 above. 
[bookmark: _Toc131769551]For model-B discovery, target remote UE, upon discovery solicitation message reception, select suitable relay candidates only if the PC5 RSRP (FFS SL-RSRP or SD-RSRP) towards the relay UEs is above a configured threshold.
[bookmark: _Toc131769552]For model-B discovery, source remote UE, upon discovery response message reception, select suitable relay candidates only if the PC5 RSRP (FFS SL-RSRP or SD-RSRP) towards the relay UEs is above a configured threshold.
For integrated discovery
Proposal 7: RAN2 to discuss whether the condition to control discovery message transmissions can be used to control DCR message as well in case of discovery integrated into PC5 unicast link establishment procedure.
Similar to P9, there is no need to define a AS-layer criterion for DCR message transmission, considering a AS-layer criterion for relay (re)selection has been defined. 
And for the AS-criterion of the candidate relay to be selected, according to the SA2 spec[1], the relay selection is performed by the target remote UE
6.7.3.2	Procedure for Communication via Layer-3 UE-to-UE Relay
<omit the figure>
0.	UEs are authorized and provisioned with parameters to use the service provided by the UE-to-UE relays. UE-to-UE relays are authorized and provisioned with parameters to provide service of relaying traffic among UEs.
1.	UE-1 wants to establish a unicast communication with UE-2 and broadcasts a Direct Communication Request. The parameters included in the Direct Communication Request message are described in clause 6.4.3.7.
	The relay_indication in the Direct Communication Request is used to indicate whether UE-to-UE relay can forward the Direct Communication Request message or not. It is also used to limit the number of hops of UE-to-UE relay by removing relay_indication in the Direct Communication Request message from the UE-to-UE Relay.
NOTE:	The data type of relay_indication can be determined in Stage 3.
2.	When receiving Direct Communication Request with relay_indication from UE-1, Relay (here, relay-1 and relay-2) may decide to participate in the procedure and broadcast a Direct Communication Request message in its proximity without relay_indication. The parameters included in the Direct Communication Request message are described in clause 6.4.3.7.
	The Direct Communication Request message uses relay's Layer-2 ID as the source Layer-2 ID.
3.	When UE-2 receives a Direct Communication Request from one or multiple UE-to-UE relays, UE-2 select a UE-to-UE Relay which UE-2 will respond. UE-2 may select UE-to-UE relay according to the signal strength, local policy, operator policy per Relay Service Code if any.
[bookmark: _Toc131769553]For integrated discovery, target remote UE, upon DCR message reception, select suitable relay candidates only if the PC5 SL-RSRP towards the relay UEs is above a configured threshold.
[bookmark: _Toc131757151]Issue-5: Metric for relay (re)selection
In RAN2#120, it was discussed that
Proposal 18: RAN2 to further discuss whether the following new criteria can be supported for relay (re)selection:
-	Relay load
-	PLMN/gNB/Cell ID
-	Existed PC5 link (i.e. Relay UE having an established unicast link with target remote UE should be prioritized)
For ‘Relay load’: In U2N relay, relay load has been proposed as a candidate option but finally filtered out. Therefore, there is no strong motivation to only adopt this in U2U relay. 
For ‘Eisted PC5 link’: In addition, according to SA2’s conclusion, it is not a must that relay UE has set up the PC5 link with target remote UE. The relay UE without an established link can still be regarded as candidate relay UE when the remote UE is achievable, i.e., the RSRP is above a configured threshold. 
For ‘PLMN ID’: since different from U2N relay, there is no need to take PLMN dimension into account, i.e., U2U relay should be allowed even if the remote/relay UEs are of different PLMNs. Therefore, it is not necessary to have the PLMN ID as a criterion. 
For ‘gNB/cell ID’: Also, different from U2N relay, there is not much difference on the cell coverage of the relay UE, therefore, cell/gNB ID is not necessary neither.
[bookmark: _Toc131769554]R2 not pursue U2U relay selection criterion based on relay-load/PLMN/gNB/Cell ID.
[bookmark: _Toc131757152]Adaptation Layer Design
[bookmark: _Toc131757153]Issue-1: U2U SRAP header field
In RAN2 #121 meeting, the following agreement has been made for U2U SRAP header
RAN2 confirms Remote UE E2E Radio Bearer ID should be included in the adaptation layer in first and second PC5 hop.
RAN2 confirms Remote UE determines the egress RLC channel based on the mapping from the E2E bearer ID to egress RLC channel, for a particular target Remote UE.
FFS if multiplexing of different destinations in the same RLC channel is supported.
An ID mappable to the destination remote UE is needed in the first hop (Tx remote UE to relay), at least in case multiplexing of different destinations in the same RLC channel is supported.
An ID mappable to the source remote UE is needed in the second hop (relay to Rx remote UE).
FFS if the IDs are different (e.g., source and destination UE IDs) or common (e.g., a local ID for the pair).
FFS whether both UE IDs are included in the header or the relay UE does a mapping.
As concluded, the bearer ID should be included in the SRAP header, besides, there is an ID mappable to the source/destination included in the SRAP header for the second/first hop at least in case multiplexing of different destinations in the same RLC channel is supported. The FFS points are 
· Whether the multiplexing of different destinations in the same RLC channel is supported;
· Whether a single or both source/destination IDs will be included for both hops;
· Whether the ID(s) to be included is L2 ID or local ID.
For the first FFS point on the supporting of multiplexing different destinations in the same RLC channel, as we have agreed on the protocol stack, i.e., there is SRAP above RLC and MAC layer, which allows the multiplexing of different destinations in the same RLC channel, and it is also what has been agreed in R17 U2N relay as follows
Agreement:
Proposal-2: [Easy] agree the following description for L2 UE-to-NW relay 
The different RBs of the same Remote UE and/or different Remote UEs can be subject to N:1 mapping and data multiplexing over Uu RLC channel
[bookmark: _Toc131769555]The SRAP for L2 U2U relay supports multiplexing of the different bearers from the same and/or different remote UEs into the same RLC channel.
For the second FFS point, i.e., whether 1 or 2 IDs should be included. In Rel-17, the SRAP with local UE ID and bearer ID is present at both Uu and PC5 hop:
· the SRAP header over PC5 hop is used for the purpose of bearer mapping;
· the SRAP header over Uu hop is used for gNB to identify the remote UE.
When it comes to R18 UE-to-UE relay, there may be multiple source/target remote UEs connecting through one relay UE which is different from R17 UE-to-Network relay with only one remote UE and one gNB. 
If considering multi-hop scenario, IDs of both end-UEs are needed for the relay UEs to forward the packet.
Even if considering single-hop only, a single ID is not sufficient, for the triangle topology below


Figure 1 Triangle Topology
When UE-A receives a packet from UE-C with ID of UE-B in SRAP header, it does not know whether it is 
· A packet sent from C to B, via A as a relay (in this case, UE-B is included as the target end-UE); or
· A packet sent from B to A, via C as a relay (in this case, UE-B is included as the source end-UE)
One may argue the link of A-B and the link of B-C should not co-exist in the scenario, but if there is no reciprocity of the two directions, e.g., A=>B and B<=A, e.g., physically separately deployed Tx and Rx, or different radio environment due to directional transmission and etc. 
Anyway, at least considering the future-proof of multi-hop relay (which is indicated in the WID to consider the forward compatibility for supporting more than one hop in a later release), including both IDs is slightly preferred.
Note 1A: This work should take into account the forward compatibility for supporting more than one hop in a later release.
[bookmark: _Toc131769556]R2 discuss including IDs of both end-UEs in the adaptation layer.
Then for the last FFS point, i.e., whether to reuse the L2 ID or configure some local/temp ID, the key point is the ID determination.
For the ID determination, uniqueness needs to be secured. In R17 U2N, it is the gNB who assigns the temp ID in the SRAP header. But now in R18 U2U, to support out-of-coverage case, if we still rely on someone to assign the ID, it has to be either end-UE or relay UE to do the assignment. 
E.g., if it is the relay UE to assign the shortened ID, then if we consider two U2U flows
· Flow-1: UE-A and UE-C as end-UE, UE-B as relay UE
· Flow-2: UE-B and UE-D as end-UE, UE-C as relay UE


Figure 2 Linear topology of A-B-C-D
Considering the two flows are overlapping in the B-C hop, i.e., 
· B will assign ID of C for A-B-C flow, e.g., B assign ID of 0000 to A, 0001 to C
· C will assign ID of B for B-C-D flow, e.g., C assign ID of 0000 to B, 0001 to D
When B gets an PDU from C, with source ID of 0001, and target ID of 0000, it could be confusing that whether it is for B itself or it is to be forwarded to A. 
(Or if a single ID to be included in SRAP header, as long as the ID of A (assigned by B) and D (assigned by C) is duplicated, there would be confusion issue).
This issue comes from the adhoc essentiality of distributed network, and will become worse when the node density increase, and when the number of hops increase. 
[bookmark: _Toc131756990][bookmark: _Toc131769575]There might be confusion issues caused by different assigner / assignee role for different end-to-end flows happening on the same/overlapping physical link. 
It is suggested to rely on L2 ID of each UE, which provides the most uniqueness / randomness, to determine on the ID to be included in SRAP ID. Another benefit is to save the discussion to decide which UE acts as assigner / assignee.
[bookmark: _Toc131769557]R2 discusses using 24-bit L2 ID as the UE ID to be included in SRAP header. 
[bookmark: _Toc131757154]PC5-RRC procedure and QoS Enforcement
[bookmark: _Toc131757155]Issue-1: SL-SRB Configuration
Based on S2 TR 23.700-33 conclusion
The following conclusions are specific for Layer-2 UE-to-UE Relay:
-	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.
In order to allow the E2E PC5-S signaling exchange (for DCR/DCA, and SMC messages) after the per-hop link establishment, the AS-layer setting for the related SL-SRBs have to be ready in advance. It seems natural to follow the legacy approach, i.e., specified configuration for the PDCP/RLC/MAC. 
And for the SRAP configuration, as we have agreed that the SRAP is also there for the SRB, the same principle, i.e., the specified configuration for SRAP can be used for the SRBs.
[bookmark: _Toc131769558]Rely on specified configuration for E2E SRB in L2 U2U Relay, including PDCP/SRAP/RLC/MAC configuration of end-UE, and SRAP/RLC/MAC configuration of relay-UE.
[bookmark: _Toc131757156]Issue-2: QoS negotiation
In the latest S2 TS 23.304, the QoS negotiation of L2 U2U is specified as follows
5.6.3.2	QoS handling for 5G ProSe Layer-2 UE-to-UE Relay
For a 5G ProSe Layer-2 End UE connecting with another 5G ProSe Layer-2 End UE(s) via 5G ProSe Layer-2 UE-to-UE Relay, the source 5G ProSe Layer-2 End UE and the target 5G ProSe Layer-2 End UE negotiate the end-to-end QoS for the traffic transmission between source 5G ProSe Layer-2 End UE and target 5G ProSe Layer-2 End UE.
Editor's note:	It is FFS whether and how to perform QoS enforcement for first hop PC5 interface (between the source 5G ProSe Layer-2 End UE and 5G ProSe Layer-2 UE-to-UE Relay) and second hop PC5 interface (between the 5G ProSe Layer-2 UE-to-UE Relay and the target 5G ProSe Layer-2 End UE).
For L3 U2U relay QoS split, as captured in SA2 spec, it is split by relay UE and sent to the 2 end UEs

                     
Figure 6.4.2-1: QoS control for Layer 3 UE-to-UE Relay
1.      Source UE wants to establish unicast communication with target UE, it decides the E2E QoS parameters between source UE and target UE based on the application layer requirements. The Source UE sets up a PC5 QoS Flow with PFI=PFI_s. Then Source UE provides the PFI_s, E2E QoS parameters, source and target user info to UE-to-UE Relay. The process is similar to the unicast L2 link establishment or modification procedure as defined in clause 6.4.3 of TS 23.304 [3].
2.	Relay splits the E2E QoS parameters into two parts: one part is for the PC5 interface between source UE and Relay, the other part is for the PC5 interface between Relay and the target UE. Relay will setup a PC5 QoS Flow with PFI=PFI_t using the target side PC5 QoS parameters between Relay and the target UE.
3.	Relay provides the PFI_t, target side PC5 QoS parameters, source and target user info to target UE. The process is similar to the unicast L2 link establishment or modification procedure as defined in clause 6.4.3 of TS 23.304 [3].
4.	Relay receives the Layer-2 link establishment/modification accept from target UE.
5.	Relay provides the Layer-2 link establishment/modification accept to the source UE with the PFI_s and the source side PC5 QoS parameters.
As shown in the above SA2 spec, the QoS split is done by the relay UE during L2-link establishment or modification procedure. I.e., in DCA message from Target remote UE to relay UE and relay UE to Source UE, the split QoS of 2nd and 1st hop is to be acknowledged or indicated.
[bookmark: _Toc131756991][bookmark: _Toc131769576]According to SA2 spec, for L3 U2U relay, the split QoS is negotiated during the PC5-S L2 link establishment.
Then for L2 U2U relay, since the link establishment is the same as the L3 relay, the above procedure can be reused. And for the QoS enforcement, i.e., the AS-layer parameter configuration can rely on PC5-RRC signaling, as usual. 
[bookmark: _Toc131769559]As L3 U2U relay, rely on PC5-S procedure for the QoS split decision of L2 U2U relay. 
[bookmark: _Toc131757157]Issue-3: PC5-RRC signaling for L2 Parameter Configuration
Assuming PC5-S signaling is used to decide on both E2E QoS and per-hop QoS (i.e., QoS split), the next step is how for PC5-RRC signaling to perform L2 parameter configuration, to enforce the QoS requirement. 
To decide on this issue, it is beneficial to understand the legacy design of non-relay sidelink, which is summarized as follows.
Table 1 AS-layer configuration in R16 for non-relay link
	AS-layer setting configuration
	Tx UE
	Rx UE

	Parameter related to Tx side only
	Up to pre-configuration or network configuration
	N.A.

	Parameter related to both Tx and Rx side 
	Up to pre-configuration or network configuration (via Uu-RRC), and forwarded to Rx-UE (via PC5-RRC) 
	Up to configured forwarded by Tx UE (via PC5-RRC)

	Parameter related to Rx side only 
	N.A.
	Up to Rx-UE implementation


Follow the same spirit, we can extend the design to single-hop U2U relay link.
Table 2 AS-layer configuration in R18 for L2 U2U Relay link
	AS-layer setting configuration
	Tx end-UE
	Relay-UE as Rx-UE for data from Tx end-UE
	Relay-UE as Tx UE for data to Rx-end-UE
	Rx end-UE

	E2E Parameter related to Tx side only
	Up to pre-configuration or network configuration
	N.A.
	N.A.
	N.A.

	E2E Parameter related to both Tx and Rx side 
	Up to pre-configuration or network configuration (via Uu-RRC), and forwarded to Rx-UE (via E2E PC5-RRC) 
	N.A
	N.A
	Up to configuration forwarded by Tx UE (via E2E PC5-RRC)

	E2E Parameter related to Rx side only 
	N.A.
	N.A.
	N.A.
	Up to Rx-UE implementation

	Per-hop Parameter related to Tx side
	Up to pre-configuration or network configuration
	N.A.
	?
	N.A.

	Per-hop Parameter related to both Tx and Rx side
	Up to pre-configuration or network configuration (via Uu-RRC), and forwarded to Relay-UE (via per-hop PC5-RRC)
	Up to configuration forwarded by Tx UE (via per-hop PC5-RRC)
	?
	Up to configuration forwarded by Tx UE (via per-hop PC5-RRC)

	Per-hop Parameter related to Rx side only 
	N.A.
	Up to Rx-UE implementation
	N.A.
	Up to Rx-UE implementation


Which can be summarized as follows, i.e., 
For PDCP/SDAP, as marked as blue, since they are E2E layers, i.e., only end-UEs have to be involved, there is not much difference compared to legacy, i.e., source remote UE and target remote UE should perform PDCP/SDAP configuration. E.g., source end-UE (or the serving gNB) would configure the PDCP/SDAP of its own, and forward it to target end-UE. 
[bookmark: _Toc131769560]For PDCP/SDAP configuration for E2E DRB in L2 U2U Relay, as in legacy, Tx end-UE (or its serving gNB) decides on the Tx side related parameters, and Tx end-UE forward the parameters that are related to both Tx side and Rx side to Rx end-UE via E2E PC5-RRC signaling. Rx end-UE decides on the parameters only related to Rx side by implementation.
For SRAP/RLC/MAC/PHY configuration, since they are per-hop layers, both end-UE and relay-UE should be involved. 
Firstly, we assume the behavior of end-UE, as marked as green blocks, should follow the legacy spirit. 
[bookmark: _Toc131769561]For SRAP/RLC/MAC/PHY configuration for E2E DRB in L2 U2U Relay, for end-UEs, as in legacy, Tx side related parameters are decided by Tx-UE its (or its serving gNB), and the parameters that related to both Tx side and Rx side are to be forwarded to Rx-UE, and parameters only related to Rx side is decided by Rx UE by implementation.
After the discussion on which parameter to configure by remote-UE, the next question is how for remote-UE to configure the parametes. In legacy SL and R17 L2 U2N relay, the bearer configurations (including SDAP/PDCP/RLC/MAC) are all configured by network based on QoS, 
· In legacy SL, there is E2E QoS to refer during bearer configurations;
· In L2 U2N relay, there are E2E QoS and split QoS can be referred by the gNB during bearer configurations.
 For the E2E configuration, i.e., PDCP/SDAP configurations, the legacy configuration for direct SL communication is feasible but considering the new configution for per-hop MAC/RLC/SRAP is anyway needed for U2U relay UE, it seems also possible to have the separate PDCP/SDAP configuration for U2U relay.Then the question is what can be referred by the network to configure the bearer for the end-UEs. For the E2E QoS, there is nothing different from the legacy direction SL communications.
[bookmark: _Toc131756992][bookmark: _Toc131769577]For U2U relay, the QoS enforcement for E2E QoS is the same as legacy non-relay SL communications.
[bookmark: _Toc131769562]For OOC/IDLE/INACTIVE L2 U2U Remote UE, PDCP/SDAP setting is obtained via Pre-configuration/SIB by referring to end-to-end QoS as in legacy. FFS whether the legacy SLRB configuration IE is reused or a new SLRB configuration IE is necessary.
For the split QoS, it is split by relay UE in U2U relay, so it is hard for network to configure bearer by categorizing the split QoS, considering the split QoS is very likely to be the non-standardized QoS.
In R17 U2N relay, only split-PDB is agreed to be configured to the U2N relay UEs, while the other QoS parameters are concluded as no need for relay UE to know. For the detailed QoS parameters
Table 3 PC5 QoS parameter 
	
	R17 U2N Relay
	Whether need to be split

	sl-ResourceType-r16           
	No discussion on the split
	No since whether it should be the same for  E2E QoS and per-hop QoS on this aspect (i.e., whether it is GBR, delay critical GBR, non-GBR)

	sl-PriorityLevel-r16          
	No discussion on the split
	No since the priority should be the same for  E2E QoS and per-hop QoS on this aspect (i.e., a high priority data should be high priority on each hop)

	sl-PacketDelayBudget-r16  
	gNB configure the split PDB to the remote/relay UE
	Similar to R17, the PDB impacts the resource selection/scheduling

	sl-PacketErrorRate-r16        
	Up to gNB implementation
	May relate to SRAP/RLC/MAC setting, If split, (1-E2E PER)=(1-hop_1 PER)*(1- hop_2 PER)

	sl-AveragingWindow-r16              
	No discussion on the split
	No since it indicates the averaging window for a QoS flow, which is not related to AS configuration.

	sl-MaxDataBurstVolume-r16   
	No discussion on the split
	No since MDBV denotes the largest amount of data that the 5G-AN is required to serve within a period of 5G-AN PDB, i.e., should be the same for per-hop and E2E QoS


As analized in the above table, only the PDB and PER may need to be split in U2U relay. For PDB, it is similar to R17 U2N relay, i.e., the PDB is only used as the input for resource selection.
[bookmark: _Toc131756993][bookmark: _Toc131769578]For QoS enforcement of per-hop QoS, the PDB is used for resource allocation;
In R18 U2U relay, the QoS is split by relay UE, and the PER may have some impacts on bearer configuration, e.g., the SRAP/RLC/MAC setting. But on the other hand, it is not clear how to split the PER and how to use the PER to derive the SRAP/RLC/MAC setting. If RAN2 agrees that the split of PER is necessary, for how to split PER, the following alternatives are feasible:
· Alt1: Up to relay UE implementation to split the E2E QoS/PER;
· Alt2: Assuming PER is split equally between the 2 hops.
For the above 2 alts, the first one gives relay UE more flexibility on the split, but it also leaves more further issues on how to derive the SRAP/RLC/MAC setting, considering in legacy the setting is all controlled by network, and the non-standardized PER is not known by the network for the OOC/IDLE/INACTIVE UE. On the contrary, the second one restricts the split flexibility but it also avoids the SRAP/RLC/MAC setting issue, besides since the 2 hops are both PC5 hops, the transmission condition are similar, so it is fine to split the PER equally at the 2 hops.
[bookmark: _Toc131756994][bookmark: _Toc131769579]For QoS enforcement of per-hop QoS, there is a trade-off between flexibility and complexity with respect to how to split PER.
Therefore, based on the above discussions, the E2E QoS can be used as the reference of per-hop configuration, i.e., SRAP/RLC/MAC setting as legacy, but it needs more discussions on whether/how the split QoS impact the bearer settings, which depends on whther/how PER is to be split.
[bookmark: _Toc131769563]For OOC/IDLE/INACTIVE L2 U2U Remote UE, SRAP/RLC/MAC setting is obtained via Pre-configuration/SIB by referring to end-to-end QoS as input at least. RAN2 further discusses whether per-hop QoS needs to be taken into account.
On the other hand, the behavior of relay UE as Rx-UE of Tx end-UE can be clarified, as marked as orange.
[bookmark: _Toc131769564]For relay UE as Rx-UE of first hop, for SRAP/RLC/MAC/PHY configuration for E2E DRB in L2 U2U Relay, it follows the legacy design to derive the Rx side related parameters. 
But for relay UE as Tx-UE of Rx end-UE, it is not super clear, as marked as yellow, because
· In legacy, a UE decide on the RLC/MAC/PHY configuration based on per-flow QoS and the SDAP configuration (as flow-to-bearer mapping), no matter by pre-configuration or network configuration.
· In U2U relay, at relay UE, it has no control on the flow to bearer mapping, which is controlled by SDAP entity located at end-UE, but can only adjust the mapping based on bearer ID within SRAP header. So at least the legacy pre-configuration taking QoS flow as input does not work here.
[bookmark: _Toc131756995][bookmark: _Toc131769580]Legacy design cannot apply directly to the relay UE as Tx-UE of the second hop, since the QoS flow to bearer mapping is controlled by end-UE. 
Due to this reason, we see several alternatives to solve this:
Alt1: Still follow the legacy framework, i.e., up to relay UE (or the serving gNB) as Tx UE to decide on the Tx configuration for the second hop, FFS how to revise the pre-configuration considering the difference caused by L2 U2U Relay. 
Alt2: Rely on Tx end-UE to decide on the Tx configuration for the second hop, i.e., the Tx configuration of relay UE comes from Tx end-UE (or its serving gNB). So that still the pre-configuration can take QoS flow as input.
[bookmark: _Toc131769565]For relay UE as Tx-UE of the second hop, R2 discusses whether rely on relay UE itself (or the serving gNB) or the Tx end-UE (or the serving gNB) to decide on the Tx side related parameters.
For the SLRB/RLC configurations, in R17 U2N relay, RAN2 only discuss it for L2 U2N relay and considers the legacy configurations will be used for L3 relay/remote UEs. In R18 U2U relay, the same principle can be reused.
[bookmark: _Toc131756996][bookmark: _Toc131769581]For L3 U2N relay/remote UE, only discovery configurations was discussed/introduced in R17.
[bookmark: _Toc131769566]RAN2 confirms L3 U2U remote/end-UE can derive SLRB configuration as non-relay UEs.
[bookmark: _Toc131757158]L2 U2U relay E2E security
For the ciphering/deciphering, 
· In Uu, the ciphering and deciphering function is applied with bearer ID as input (as the left figure in Figure 3).
· In legacy SL the ciphering and deciphering function is applied with LSB 5 bits of LCID  as input (as the middle figure in Figure 3), the main reason of change from bearer-ID to LCID was that there was no definition of bearer-ID in LTE SL, due to no PC5-RRC signaling exchange. 
In L2 U2U relay (as the right figure in Figure 3), there is no E2E MAC (LCH) between 2 end UEs, i.e., the LCID used at the 2 hops can be different, and the bearer-to-LCH mapping for the 2-hop can be N:1 (N>1), which means the legacy SL solution can not be used. However, since we limit to unicast in R18, and PC5-RRC exists, which means bearer ID based solution is feasible. 
SLRB-Config-r16::=                      SEQUENCE {
    slrb-PC5-ConfigIndex-r16                SLRB-PC5-ConfigIndex-r16,
    sl-SDAP-ConfigPC5-r16                   SL-SDAP-ConfigPC5-r16                                               OPTIONAL, -- Need M
    sl-PDCP-ConfigPC5-r16                   SL-PDCP-ConfigPC5-r16                                               OPTIONAL, -- Need M
    sl-RLC-ConfigPC5-r16                    SL-RLC-ConfigPC5-r16                                                OPTIONAL, -- Need M
    sl-MAC-LogicalChannelConfigPC5-r16      SL-LogicalChannelConfigPC5-r16                                      OPTIONAL, -- Need M
    ...
}



Figure 3 Example of Uu/direct-PC5/U2U Relay security 
[bookmark: _Toc131756997][bookmark: _Toc131769582]The legacy SL security solution based on LSB 5bits of LCID cannot be used since there is no E2E LCID.
Then for the way forward to support the E2E U2U relay security, considering the 2 legacy solutions on the table, since the LCID based solution in legacy SL is not feasible, and there is E2E bearer in U2U relay, RAN2 can discuss to reuse the bearer ID based ciphering and deciphering for U2U relay. And RAN2 can check with SA3 whether the bearer ID based ciphering is feasible from SA3 point of view.
[bookmark: _Toc131769567]RAN2 to discuss using the bearer ID as input for the L2 U2U relay ciphering and deciphering at PDCP, and check with SA3 on the feasibility using LS.
[bookmark: _Toc131757159]Network involvement in U2U relay
For the network involvement in U2U relay, RAN2 have made the following agreements:
Proposal 1.1 (modified):In UE-to-UE relay, the remote/relay UE in RRC_IDLE/RRC_INACTIVE or OOC can acquire discovery configuration as in Rel17 (i.e., cell-specific configuration/preconfiguration).  FFS if any restrictions specific to UE-to-UE relay are introduced for in-coverage UE in RRC_CONNECTED.   
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.
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.
RAN2 has agreed that for OOC/IDLE/INACTIVE UEs, the same configuration mechanisms for discovery are reused, i.e., rely on SIB/Precnfiguration. And the left issues for the network involvement is: 
1) how for the UE to know whether the current network supports U2U relay service;
2) whether mode-1 scheduling can be used by U2U relay/remote UEs.
In Rel-17 U2N, network indicates its capability on whether/which types of U2N service it can support towards U2N Remote UE and U2N Relay UE. Therefore, finally in the SIB, the following Boolean parameters are used for such indication:
SIB12-IEs-r16 ::=             SEQUENCE {
    sl-ConfigCommonNR-r16         SL-ConfigCommonNR-r16,
    lateNonCriticalExtension      OCTET STRING                   OPTIONAL,
    ...,
    [[
    sl-DRX-ConfigCommonGC-BC-r17         SL-DRX-ConfigGC-BC-r17                                                 OPTIONAL,    -- Need R
    sl-DiscConfigCommon-r17              SL-DiscConfigCommon-r17                                                OPTIONAL,    -- Need R
    sl-L2U2N-Relay-r17                   ENUMERATED {enabled}                                                   OPTIONAL,    -- Need R
    sl-NonRelayDiscovery-r17             ENUMERATED {enabled}                                                   OPTIONAL,    -- Need R
    sl-L3U2N-RelayDiscovery-r17          ENUMERATED {enabled}                                                   OPTIONAL,    -- Need R
    sl-TimersAndConstantsRemoteUE-r17    UE-TimersAndConstantsRemoteUE-r17                                      OPTIONAL     -- Need R
    ]]
}
Similarly, when it comes to Rel-18 U2U Relay, such indication is also necessary to allow U2U Remote UE and U2U Relay UE to get well of the network capability. The signalling details can be discussed in stage 3 discussion.
[bookmark: _Toc131769568]Introduce indication(s) in SIB message for the network capability on U2U service.
Then for the RRC_CONNECTED UEs, currently, the configuration from network includes:
· Resource configuration, e.g, Mode-1 scheduling;
· Bearer configuration;
· for R17 U2N relay, the path switch-related configuration.
For Mode-1 scheduling, there seems no need to prevent a U2U relay/remote UE to use the mode-1 resource, it is all up to network configuration without extra effort compared to R16/17 SL/U2N relay.
[bookmark: _Toc131769569]RAN2 to discuss support Mode-1 resource allocation for L2 and L3 U2U remote/relay UE.
For bearer configuration, as discussed in above, the same configurations  can be added in the dedicated RRC, i.e., as in legacy, the RRC_CONNECTED UE acquires the configuration from dedicated RRC configuration. Meanwhile, we have agreed to look into possibility of simplifying the gNB involvement in U2U-relay-specific operation as compared to the U2N case. So it depends on companies discussion on whether the dedicated configuration for bearer is needed in U2U relay.
[bookmark: _Toc131769570]For RRC CONNECTED UE, RAN2 to discuss whether to support dedicated configuration or rely on the configurations in SIB for L2 U2U relay SLRB configuration.
Besides, no matter which option is selected by RAN2, the network awareness of U2U relay is inevitable since 
· For U2U relay UE, the network awareness on the UE role as a relay UE is needed so that network knows only RLC/MAC/PHY configuration needed;
· For U2U End UEs, the network awareness of UE role as a remote UE is needed so that network knows the reported destination in SUI is L2 ID for relay UE.
[bookmark: _Toc131769571]RAN2 to discuss L2 U2U relay and remote UE reports the UE role to network.
At last, for the path switch, in R17 U2N relay, the path switch is handled by gNB, but in R18 U2U relay,
· [bookmark: _GoBack]It has been indicated in the SI discussion that the service continuity is not supported in U2U relay from RAN2 perspective;
· SA2 has concluded the NAS procedure for path-switching and relay reselection negotiation which doesn’t involve network configuration;
· The gNB control of U2U relay path-switching requires a lot of network effort on measurement report reception/path-switch decision… which violates the intention of “simplify the gNB involvement in U2U-relay-specific operation”.
Thus it is preferred that besides the AS criterion determination for U2U relay reselection as discussed in section 2.1, no further RAN2 discussion on the path-switch issue is needed, the higher layer procedure defined by SA2 is sufficient.
[bookmark: _Toc131769572]Besides the AS layer criterion for U2U relay reselection, R2 not pursue further AS-layer spec impact for relay reselection, but just rely on the higher layer procedure defined by SA2.
[bookmark: _Toc131757160]Conclusion
We have the following obersarvations:
Observation 1	R17 spec did not differentiate discovery Tx/Rx condition and relay (re)selection condition.
Observation 2	The internal interaction between AS and NAS for relay (re)selection triggering in R17 U2N relay UE was left to UE implementation.
Observation 3	There might be confusion issues caused by different assigner / assignee role for different end-to-end flows happening on the same/overlapping physical link.
Observation 4	According to SA2 spec, for L3 U2U relay, the split QoS is negotiated during the PC5-S L2 link establishment.
Observation 5	For U2U relay, the QoS enforcement for E2E QoS is the same as legacy non-relay SL communications.
Observation 6	For QoS enforcement of per-hop QoS, the PDB is used for resource allocation;
Observation 7	For QoS enforcement of per-hop QoS, there is a trade-off between flexibility and complexity with respect to how to split PER.
Observation 8	Legacy design cannot apply directly to the relay UE as Tx-UE of the second hop, since the QoS flow to bearer mapping is controlled by end-UE.
Observation 9	For L3 U2N relay/remote UE, only discovery configurations was discussed/introduced in R17.
Observation 10	The legacy SL security solution based on LSB 5bits of LCID cannot be used since there is no E2E LCID.

We have the following proposals:

Proposal 1	As in R17 U2N, no need to differentiate the AS-layer criterion for discovery Tx/Rx and relay (re)selection, and the AS/NAS interaction for relay (re)selection triggering is left to UE implementation.
Proposal 2	Relay UE does not forward AS link quality degradation of one hop to the peer remote UE of the other hop.
Proposal 3	A single threshold is configured for SL-RSRP and SD-RSRP in R18 U2U relay.
Proposal 4	For model-A discovery, R2 relies on S2 to decide whether an AS-layer criterion is needed for a relay UE to decide whether a remote UE should be included in the announced neighbour list. If Yes, R2 can further work on it.
Proposal 5	For model-B discovery, target remote UE, upon discovery solicitation message reception, select suitable relay candidates only if the PC5 RSRP (FFS SL-RSRP or SD-RSRP) towards the relay UEs is above a configured threshold.
Proposal 6	For model-B discovery, source remote UE, upon discovery response message reception, select suitable relay candidates only if the PC5 RSRP (FFS SL-RSRP or SD-RSRP) towards the relay UEs is above a configured threshold.
Proposal 7	For integrated discovery, target remote UE, upon DCR message reception, select suitable relay candidates only if the PC5 SL-RSRP towards the relay UEs is above a configured threshold.
Proposal 8	R2 not pursue U2U relay selection criterion based on relay-load/PLMN/gNB/Cell ID.
Proposal 9	The SRAP for L2 U2U relay supports multiplexing of the different bearers from the same and/or different remote UEs into the same RLC channel.
Proposal 10	R2 discuss including IDs of both end-UEs in the adaptation layer.
Proposal 11	R2 discusses using 24-bit L2 ID as the UE ID to be included in SRAP header.
Proposal 12	Rely on specified configuration for E2E SRB in L2 U2U Relay, including PDCP/SRAP/RLC/MAC configuration of end-UE, and SRAP/RLC/MAC configuration of relay-UE.
Proposal 13	As L3 U2U relay, rely on PC5-S procedure for the QoS split decision of L2 U2U relay.
Proposal 14	For PDCP/SDAP configuration for E2E DRB in L2 U2U Relay, as in legacy, Tx end-UE (or its serving gNB) decides on the Tx side related parameters, and Tx end-UE forward the parameters that are related to both Tx side and Rx side to Rx end-UE via E2E PC5-RRC signaling. Rx end-UE decides on the parameters only related to Rx side by implementation.
Proposal 15	For SRAP/RLC/MAC/PHY configuration for E2E DRB in L2 U2U Relay, for end-UEs, as in legacy, Tx side related parameters are decided by Tx-UE its (or its serving gNB), and the parameters that related to both Tx side and Rx side are to be forwarded to Rx-UE, and parameters only related to Rx side is decided by Rx UE by implementation.
Proposal 16	For OOC/IDLE/INACTIVE L2 U2U Remote UE, PDCP/SDAP setting is obtained via Pre-configuration/SIB by referring to end-to-end QoS as in legacy. FFS whether the legacy SLRB configuration IE is reused or a new SLRB configuration IE is necessary.
Proposal 17	For OOC/IDLE/INACTIVE L2 U2U Remote UE, SRAP/RLC/MAC setting is obtained via Pre-configuration/SIB by referring to end-to-end QoS as input at least. RAN2 further discusses whether per-hop QoS needs to be taken into account.
Proposal 18	For relay UE as Rx-UE of first hop, for SRAP/RLC/MAC/PHY configuration for E2E DRB in L2 U2U Relay, it follows the legacy design to derive the Rx side related parameters.
Proposal 19	For relay UE as Tx-UE of the second hop, R2 discusses whether rely on relay UE itself (or the serving gNB) or the Tx end-UE (or the serving gNB) to decide on the Tx side related parameters.
Proposal 20	RAN2 confirms L3 U2U remote/end-UE can derive SLRB configuration as non-relay UEs.
Proposal 21	RAN2 to discuss using the bearer ID as input for the L2 U2U relay ciphering and deciphering at PDCP, and check with SA3 on the feasibility using LS.
Proposal 22	Introduce indication(s) in SIB message for the network capability on U2U service.
Proposal 23	RAN2 to discuss support Mode-1 resource allocation for L2 and L3 U2U remote/relay UE.
Proposal 24	For RRC CONNECTED UE, RAN2 to discuss whether to support dedicated configuration or rely on the configurations in SIB for L2 U2U relay SLRB configuration.
Proposal 25	RAN2 to discuss L2 U2U relay and remote UE reports the UE role to network.
Proposal 26	Besides the AS layer criterion for U2U relay reselection, R2 not pursue further AS-layer spec impact for relay reselection, but just rely on the higher layer procedure defined by SA2.
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