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1 [bookmark: _Toc118273986]Introduction
During last RAN2 meeting, the discussion of Rel-18 UE-to-UE relay has been triggered, yet still quite a few issues should be addressed, therefore, in this contribution, we will investigate on those uncovered issues.
2 [bookmark: _Toc118273987]Discussion
2.1 Relay reselection
2.1.1 Triggering of relay selection
In rel-17, to initiate the UE-to-Network relay service, it has defined two thresholds for relay UE and one threshold for remote UE. In detail, if the Uu RSRP for relay UE is in between one upper threshold and one lower threshold, then the relay UE can initiate relay based discovery. On the other hand, if the Uu RSRP is below the configured threshold, then remote UE can initiate relay service.
When it comes to Rel-18, 
1) for U2U model A discovery, according to SA2’s latest study, it can be, e.g., firstly both source and target remote UE perform discovery announcement, then the potential relay UE detects the announced remote UE and perform announcement of the achievable UEs, including both source remote UE and target remote UE, and then the source remote UE knows which relay UE can reach the target remote UE and correspondingly initiate the DCR message
2) On the other hand, for U2U model B discovery, similarly, firstly source remote UE will send a relay solicitation message towards the proximity, and correspondingly the relay UE, upon reception of the solicitation message, sends the solicitation message towards the target remote UE. Then target remote UE feedback the response message towards to relay UE and relay UE further feedback the response message towards source remote UE.
3) In addition, SA2 proposed the integrated relay link establishment procedure. Source remote UE wants to establish unicast communication with target remote UE and the communication can be either through direct link with target remote UE or via a UE-to-UE relay. Then source remote UE broadcasts direct communication request with relay indication enabled. The message will be received by a U2U relay. The message may also be received by target remote UE if it is in the proximity of source remote UE. If relay UE would like to participate in the procedure, it will broadcast a new direct communication request message in their proximity without relay_indication enabled but include source UE info, target UE info and relay UE info. Then target remote UE who receiving this message will set up unicast link with U2U relay and then U2U relay will setup unicast link with source remote UE.
Within the procedures, it is still not clear 
1) In model-A, when relay-UE includes an achievable remote UE in its announcement message list, whether there needs to be any evaluation of link quality between the relay and remote UE;
2) In model-B, when source (or target) remote UE receives a response (or solicitation) message, whether there is a need to be any evaluation of link quality between source and target remote UE, to decide on the usage of the relay-based indirect link.
3) In integrate relay link establishment, when target remote UE recieves the DCR message, whether there is a need to evaluate the link quality. Or when source remote UE receives the SMC message, whether there is a need to evaluate the link quality.
Therefore, RAN2 should discuss whether to introduce AS layer criteria for U2U relay UE. 
[bookmark: _Toc118273988][bookmark: _Toc118274007]For model A, RAN2 discuss whether to introduce AS layer channel quality-based criteria for relay UE to decide whether a remote UE can be included in the achievable remote UE list included in the discovery announcement message.
[bookmark: _Toc118273989][bookmark: _Toc118274008]For model B, RAN2 confirm when source /target remote UE receives a response/solicitation message, it evaluates the link quality between relay and source/target UE, and between source and target remote UE.
[bookmark: _Toc118273990][bookmark: _Toc118274009]For integrated relay link establishment, RAN2 discuss when source/target remote UE receives the PC5-S SMC/DCR message, whether there is need for source/target remote UE to evaluate the link quality between relay and source/target UE, and between source and target remote UEs.
2.1.2 Relay reselection
During last meeting, it has been agreed that there would be the following triggering conditions of 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.


However, for the first FFS on how to use the PC5 signal strength condition, since two hops needs to be considered in UE to UE relay, therefore, it is reasonable that the RSRP of either hop is below a configured threshold so that to trigger relay reselection.
[bookmark: _Toc118273991][bookmark: _Toc118274010]For U2U relay, when the RSRP of either hop is below a configured threshold, relay reselection is triggered.
For the second FFS that if some of the conditions could be indicated to upper layer, from our understanding, the rationale is to just follow UE to network relay design. Therefore, there is no strong motivation to have any differentiation, thus no need to indicate any trigger conditions to upper layer instead of directly causing reselection. Furthermore, based on the legacy scheme, the upper layer would be anyway aware of what is happening for the triggers of 1) Upper layer trigger; 2) PC5-RLF detection at the remote UE; 3) PC5-RLF indication received from the relay; 5) PC5 link release message from relay to remote.
[bookmark: _Toc118273992][bookmark: _Toc118274011]Leave the cross (lower/higher) layer indication for relay reselection to UE implementation in Rel-17.
In addition, for relay reselection criteria, several candidate options have been summarized during last meeting, as shown in the following:
· PC5 channel quality
· Relay load
· Whether the PC5 link of the second hop is established
· PLMN ID
· Cell/gNB ID
Prioritization of the direct link over a relayed link
To follow the U2N principle, PC5 channel quality is necessary to be considered. In details, only when the RSRP of both hops are above the configured threshold(s), the candidate relay can be selected. Furthermore, under the assumption that U2U relay and non-relay link will not share the same Layer 2 ID, then SD-RSRP can be used to measure the candidate relay. Also, RAN2 should send the LS towards SA2 to check the feasibility of the assumption, together with the assumption of separate L2 ID for communication and discovery, as in R17 U2N, where the draft LS is given in the annex section.
[bookmark: _Toc118273993][bookmark: _Toc118274012]When the RSRP of both hops are above the configured threshold(s), the candidate relay can be selected.
[bookmark: _Toc118273994][bookmark: _Toc118274013]Use SD-RSRP as the measurement quantity for candidate relay under the assumption that U2U relay and non-relay link will not share the Layer 2 ID.
[bookmark: _Toc118273995][bookmark: _Toc118274014]Send the LS towards SA2 to check whether it is feasible to differentiate the Layer 2 ID 1) between U2U relay and U2N/non-relay link, and 2) between U2U communication and U2U discovery.
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. In addition, according to SA2’s conclusion, it is not a must that relay UE needs to setup the PC5 link with target remote UE. It can 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, we do not 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. 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: _Toc118273996][bookmark: _Toc118274015]R2 not pursue U2U relay selection criterion based on relay load, or PLMN/gNB/Cell ID. 
2.2 Relay Discovery
During last meeting, most companies shared the view that for UE to UE relay discovery message transmission, a dedicated discovery resource pool should be used. However it is questionable that whether the dedicated discovery resource pool designed in UE to network relay can be shared to use for UE to UE relay. When recalling the design of dedicated discovery resource pool configuration, it can be used for both UE to network relay and non-relay discovery transmission. On the other hand, the gNB capability indication as shown below, two separate bits are used for non-relay discovery capability and Relay discovery capability indication. But it should be noticed that the combined capability for L3 UE to network relay and relay discovery are sharing that one bit. Therefore, it means that to support U2N relay discovery, network must support L3 UE to network relay. Thereafter, if U2U discovery transmission would like to share the dedicated discovery resource pool, then network must support L3 UE to network relay at the same time, which seems to be a severe restriction to network. Therefore, RAN2 should not limit the usage of dedicated U2U discovery pool to the U2N relay capable case only.
[bookmark: _Toc118273952]If network support U2N relay discovery, then it should support Layer 3 UE to network relay at the same time.
[bookmark: _Toc118273997][bookmark: _Toc118274016]RAN2 confirms the dedicated discovery resource pool, if configured, can be used for non-relay discovery, U2N relay discovery and/or U2U relay discovery, whatever is supported in the system.
2.3 Network capability indication
In Rel-17 U2N, since both L2 and L3 U2N services are supported, network should indicate its capability on 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 information element
-- ASN1START
-- TAG-SIB12-START

SIB12-r16 ::=                 SEQUENCE {
    segmentNumber-r16             INTEGER (0..63),
    segmentType-r16               ENUMERATED {notLastSegment, lastSegment},
    segmentContainer-r16          OCTET STRING
}

SIB12-IEs-r16 ::=             SEQUENCE {
    sl-ConfigCommonNR-r16         SL-ConfigCommonNR-r16,
    lateNonCriticalExtension      OCTET STRING                   OPTIONAL,
    ...,
    [[
    sl-DRX-ConfigCommon-GC-BC-r17        SL-DRX-Config-GC-BC-r17                                                OPTIONAL,    -- Need R
    sl-DiscConfigCommon-r17              SL-DiscConfigCommon-r17                                                OPTIONAL,    -- Need R
    sl-L2U2N-Relay                       ENUMERATED {support}                                                   OPTIONAL,    -- Need R
    sl-NonRelayDiscovery                 ENUMERATED {support}                                                   OPTIONAL,    -- Need R
    sl-L3U2N-RelayDiscovery              ENUMERATED {support}                                                   OPTIONAL     -- Need R
    ]]
}
In details, sl-L2U2N-Relay is used to indicate on whether network support the L2 U2N Relay service. Sl-NonRelayDiscovery is used to indicate on whether network support the configuration of non-relay discovery message transmission and reception. Sl-L3U2N-RelayDiscovery is used to indicate on whether network support the configuration of L3 U2N Relay service and Relay Discovery transmission and reception.
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 on whether to use separate indications for L2 U2U and L3 U2U can be discussed in stage 3 discussion.
[bookmark: _Toc118273998][bookmark: _Toc118274017]To introduce indication(s) in SIB message for the network capability on U2U service.
2.4 U2U RRC_CONNECTED UE handling
During last meeting, the concept of simplified gNB control for RRC_CONNECTED U2U UEs have been proposed and the following FFS issues remained to be addressed:
	FFS if any restrictions specific to UE-to-UE relay are introduced for in-coverage UE in RRC_CONNECTED(for discovery configuration acquiring)
FFS for the gNB involvement, whether some gNB control is needed for the in-coverage scenario, whether gNB involvement can be simplified compared to U2N


Firstly, considering the purpose of avoiding gNB controlled U2U path switch, of which it is necessary since in the most cases there is no need of network involvement for U2U services, therefore, there is no need of network control on it. On the other side, SA2 currently is discussing how to handle the path switch in upper layer, which is transparent to AS layer. Therefore, it is reasonable to avoid path switch for U2U under network control.
[bookmark: _Toc118273999][bookmark: _Toc118274018]R2 not pursue AS-layer solution but rely on SA2 defined higher layer procedure for U2U path switch (i.e., relay reselection).
Secondly, considering other companies’ proposal that to avoid RRC_CONNECTED U2U UEs to receive dedicated configuration, there could be two solutions:
· To avoid in coverage U2U UEs enter RRC_CONNECTED state
· Always use SIB configuration even in RRC_CONNECTED state
For the first alt, since U2U UEs may always act as a normal Uu UE, therefore, the UE should anyway enter RRC_CONNECTED state for Uu purposes, which cannot be avoided.
For the second alt, anyway during handover case of the U2U UE, it can only acquire dedicated configuration, whereas it seems to break the rule of the second alt. As a conclusion, it seems hard to foresee a solution as simplified gNB control.
[bookmark: _Toc118273953]It is unclear how to define a ‘simplified gNB control’.
2.5 QoS Related
2.5.1 UP Aspects
In Rel-17, the SRAP sublayer over PC5 hop is only for the purpose of bearer mapping. For L2 remote UE’s message on SRB0, the SRAP sublayer is not present over PC5 hop, but the SRAP sublayer is present over Uu hop for both DL and UL. A local Remote UE ID is included in both PC5 SRAP header and Uu RSAP header. L2 relay UE is configured by the gNB with the local remote UE ID to be used in SRAP header. Remote UE obtains the local remote ID from the gNB via Uu RRC messages including RRCSetup, RRCReconfiguration, RRCResume and RRCReestablishment. Uu DRB(s) and Uu SRB(s) are mapped to different PC5 Relay RLC channels and Uu Relay RLC channels in both PC5 hop and Uu hop.
When it comes to Rel-18 UE-to-UE layer 2 relay, it is preferred to try to reuse Rel-17 SRAP design as much as possible. That is firstly, the L2-ID can still be carried within SRAP layer, considering only single-hop case is supported in this release, thus a single ID is sufficient. The advantage of full-length L2 ID is to reduce temp ID allocation collision, for the case of OOC where a distributed temp ID allocation is necessary anyway. However, it can be further studied on which entity is responsible for the ID allocation and ID collision mechanism. 
[bookmark: _Toc117785736][bookmark: _Toc118274000][bookmark: _Toc118274019]R2 discuss whether one or two IDs to be included within SRAP layer header to support L2 U2U Relay, and FFS whether the ID length equals to L2 ID.
2.5.2 CP Aspects
In details, the whole procedure would be firstly, both source remote UE and target remote UE should negotiation end-to-end QoS information, and announce the end-to-end QoS information towards U2U Relay UE. The end-to-end QoS information would be a directional QoS info which is configured from transmission UE towards receiving UE. Secondly, for the negotiation on QoS split, source remote UE and relay UE should exchange signalling to negotiate on QoS split for the transmission direction from source remote UE to target remote UE. On the other hand, target remote UE and relay UE should exchange signalling to negotiate on the QoS split for the transmission direction from target remote UE to source remote UE. Thirdly, both source remote UE and target remote UE should perform PDCP/SDAP configuration. In details, the configuration should be a directional configuration of which configured from transmission UE towards receiving UE. Then the SRAP/RLC configuration should be configured per-hop among source remote UE, U2U Relay UE and target remote UE. In details, this configuration should also be a directional configuration from transmission UE towards receiving UE for each hop.
[bookmark: _Toc117785737][bookmark: _Toc118274001][bookmark: _Toc118274020]RAN2 confirm L2 source and L2 target remote UE exchange signaling to negotiate on E2E QoS.
[bookmark: _Toc117785738][bookmark: _Toc118274002][bookmark: _Toc118274021]RAN 2 confirm L2 source and L2 relay exchange signaling to negotiate on QoS split for the direction from L2 source to L2 target, and L2 target and L2 relay exchange signaling to negotiate on QoS split for the direction from L2 target to L2 source.
[bookmark: _Toc117785739][bookmark: _Toc118274003][bookmark: _Toc118274022]L2 Source and L2 target remote UE (in case of RRC_IDLE/RRC_INACTIVE/ OOC) or its serving gNB (in case of RRC_CONNECTED) derive SDAP/PDCP/SRAP/RLC of Tx entity based on E2E and split QoS information.
[bookmark: _Toc117785740][bookmark: _Toc118274004][bookmark: _Toc118274023]Tx UE sends the configuration to the Rx UE (SDAP/PDCP to the E2E Rx UE, SRAP/RLC to the per-hop Rx UE) for the parameters that related to both Tx and Rx.
3 [bookmark: _Toc118274005]Conclusion
In this contribution, we have discussed the relay discovery and (re-)selection of the newly introduced Rel-18 U2U use case and investigated some potential enhancements. A brunch of observations is given below:
Observation 1:	If network support U2N relay discovery, then it should support Layer 3 UE to network relay at the same time.
Observation 2:	It is unclear how to define a ‘simplified gNB control’.

And a brunch of proposals is given below:
Proposal 1.	For model A, RAN2 discuss whether to introduce AS layer channel quality-based criteria for relay UE to decide whether a remote UE can be included in the achievable remote UE list included in the discovery announcement message.
Proposal 2.	For model B, RAN2 confirm when source /target remote UE receives a response/solicitation message, it evaluates the link quality between relay and source/target UE, and between source and target remote UE.
Proposal 3.	For integrated relay link establishment, RAN2 discuss when source/target remote UE receives the PC5-S SMC/DCR message, whether there is need for source/target remote UE to evaluate the link quality between relay and source/target UE, and between source and target remote UEs.
Proposal 4.	For U2U relay, when the RSRP of either hop is below a configured threshold, relay reselection is triggered.
Proposal 5.	Leave the cross (lower/higher) layer indication for relay reselection to UE implementation in Rel-17.
Proposal 6.	When the RSRP of both hops are above the configured threshold(s), the candidate relay can be selected.
Proposal 7.	Use SD-RSRP as the measurement quantity for candidate relay under the assumption that U2U relay and non-relay link will not share the Layer 2 ID.
Proposal 8.	Send the LS towards SA2 to check whether it is feasible to differentiate the Layer 2 ID 1) between U2U relay and U2N/non-relay link, and 2) between U2U communication and U2U discovery.
Proposal 9.	R2 not pursue U2U relay selection criterion based on relay load, or PLMN/gNB/Cell ID.
Proposal 10.	RAN2 confirms the dedicated discovery resource pool, if configured, can be used for non-relay discovery, U2N relay discovery and/or U2U relay discovery, whatever is supported in the system.
Proposal 11.	To introduce indication(s) in SIB message for the network capability on U2U service.
Proposal 12.	R2 not pursue AS-layer solution but rely on SA2 defined higher layer procedure for U2U path switch (i.e., relay reselection).
Proposal 13.	R2 discuss whether one or two IDs to be included within SRAP layer header to support L2 U2U Relay, and FFS whether the ID length equals to L2 ID.
Proposal 14.	RAN2 confirm L2 source and L2 target remote UE exchange signaling to negotiate on E2E QoS.
Proposal 15.	RAN 2 confirm L2 source and L2 relay exchange signaling to negotiate on QoS split for the direction from L2 source to L2 target, and L2 target and L2 relay exchange signaling to negotiate on QoS split for the direction from L2 target to L2 source.
Proposal 16.	L2 Source and L2 target remote UE (in case of RRC_IDLE/RRC_INACTIVE/ OOC) or its serving gNB (in case of RRC_CONNECTED) derive SDAP/PDCP/SRAP/RLC of Tx entity based on E2E and split QoS information.
Proposal 17.	Tx UE sends the configuration to the Rx UE (SDAP/PDCP to the E2E Rx UE, SRAP/RLC to the per-hop Rx UE) for the parameters that related to both Tx and Rx.

4 [bookmark: _Toc118274006]Annex
Title:	[Draft] LS on differentiation of Layer-2 ID for UE to UE relay
Response to:	
Release:	Rel-18
Work Item:	NR_SL_relay_enh-Core
	
Source:	[To be RAN WG2]
To:	SA2
Cc:	

Contact Person:	
Name:	Boyuan Zhang
E-mail Address:	zhangboyuan@oppo.com

Attachments:	 

1. Overall Description:
RAN2 assumed that a U2U remote UE will not reuse a same L2 link for U2U Relay service (i.e., to connect to a peer UE as U2U Relay) with the link for U2N Relay service (i.e., to connect to a peer UE as U2N Relay) or Non-relay service. And similar to R17, it is assumed different L2 ID would be used for communication and discovery for U2U Relay service. Therefore, RAN2 would like to check SA2 on the following questions?
Q1. Is it feasible to differentiate the Layer 2 ID between U2U Relay service and U2N Relay and Non-relay service?
Q2. Is it feasible to differentiate the Layer 2 ID between U2U Relay communication and U2U Relay discovery transmission?

2. Actions:
To: SA2
ACTION: 	RAN2 respectfully asks SA2 to feedback to the above questions.

3. Date of Next TSG-RAN2 Meetings:
RAN2#121 	27 February – 3 March 2023			     Athens, GR
RAN2#121-bis-e 	17 April – 21 April 2023						Online

