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[bookmark: _Toc50024454]1	Introduction
[bookmark: references]The Rel-17 NR study item on Sidelink Relay [1] included two RAN2 meetings, i.e. RAN2#111e and RAN2#112e where several agreements related to the scope, discovery, L2 and L3 relaying concepts were made. Multiple detailed post-meeting email discussions were held to cover the different topics. Some topics that needed additional time have been deferred to work item phase due to lack of time. Certain L3 relaying related solution details have been left for SA2 discretion when no RAN2 impacts were identified. In this contribution, we will provide a summary conclusion of the overall study item from our point of view. 
[bookmark: definitions][bookmark: clause4][bookmark: _Toc50024460]2	Discussion
[bookmark: _Toc50024461]2.1	UE to Network relay
Layer-2 and Layer-3 based UE-to-NW relaying have been studied as part of the Sidelink Relay study item considering the solutions recommended in TR 36.746 [2] as well as the work done in SA2. A majority of the analysis is considered complete with some of the controversial topics moved to the WI phase. There are, however, a couple of leftover aspects that are worthwhile to be addressed before the study conclusion in RAN2. SA2, for their part have completed the evaluation and provided conclusions within their TR [3] and sent an LS response to RAN2 [4] during their last meeting. Some of the salient aspects of the conclusions are provided in annex for reference. 
As part of the scenarios and requirements, the intra-gNB scenario has been prioritized and captured in the TR [5]. The inter-gNB case has been suggested to be studied during the WI phase. We think that it is useful to highlight the differences of this to the intra-gNB scenario at least in a summary as showcased in [6]. If this is not possible (due to time constraints or lack of consensus), when the WI is initiated, we need to prioritize the study so that we can involve other working groups i.e. RAN3, as soon as possible for any necessary changes. As part of the SA2 conclusions [3] for UE-to-NW relaying, the following note has also been added:
	Editor's note:	For mobility issue, SA WG2 may need further study after RAN WG progress.


It may be worthwhile to discuss and understand SA2’s motivation behind this note and determine if any specific RAN2 impact is needed during the study. An LS may be generated to request further clarification from SA2. 
Observation 2.1.1: SA2 has indicated in their TR that they need collaboration from RAN2 for mobility issue for L2 UE-to-NW Relaying case.
Proposal 2.1.1: RAN2 to indicate in an LS to SA2 referring to the intra-gNB path switching scenario as our progress on L2 U2N mobility support or request further clarification if necessary, regarding the note on mobility issue in their TR (on conclusions for the L2-based UE-to-NW relay solution). 
Overall, SA2 has indicated that there is no showstopper identified for the support of both L2-based and L3-based UE-to-NW relaying. In a reply LS to SA2, we also indicated that both the layer-2 and layer-3 architectures are feasible. We are yet to capture this conclusion within our own TR. 
Observation 2.1.2: Barring a few editor’s notes within their TR (23.752), SA2 has concluded that no showstoppers have been identified for both L2 and L3-based UE-to-NW Relaying solutions and they recommend both solutions for normative work subject to RAN2/SA3 conclusions. 
During the RAN2 study, the scenarios for UE-to-NW and UE-to-UE relaying were first identified and thereafter different characteristics of relaying including common aspects such as discovery and relay (re)selection were studied. Relay/Remote UE authorization was concluded to have no RAN2 impact. L2 and L3 relay specific aspects such as QoS support, Service Continuity/Path Switching, Security and Impact on protocol stacks were analysed elaborately and the summary evaluation is summarized in the below tables. And, it is observed that there is no technical showstopper in supporting L2 and L3 based UE-to-NW relaying. 
Observation 2.1.3: Barring a couple of leftover aspects that could potentially be resolved during WI phase, L2 and L3 based UE-to-NW Relaying are both considered feasible in RAN2 based on the study.
Proposal 2.1.1: RAN2 to conclude that both L2 and L3 UE-to-NW relaying solutions are feasible from RAN perspective. 
In addition, we need to populate section 6 of the TR, on the comparison for UE-to-Network relay. To aid with this and for evaluation, we summarize the comparison between Layer-2 and Layer-3 relays for UE-to-NW relay in the table below. We also think that it would be beneficial to provide a summary view of feasibility within the TR. 
Proposal 2.1.2: An evaluation summary suggesting that both L2 and L3 based UE-to-NW relaying are feasible is to be included within the TR 38.836. 
 Table 1. L2 vs. L3-based NR Sidelink UE-to-NW relay comparison summary
	Relay aspects and RAN2 impacts
	UE-to-NW Relay (L2-based)

	UE-to-NW Relay (L3-based)

	Comments

	Discovery
	a) Relay UE should always be connected to SL-relay capable gNB to transmit discovery messages.

b) FFS if OOC Remote UE connected via Relay UE can obtain radio configuration from serving gNB to transmit discovery messages.
	a) Relay UE can use pre-configuration to transmit discovery messages when connected to non-SL relay capable gNB, in case its serving carrier is not shared with carrier for sidelink operation.

b) OOC Remote UE connected via Relay UE cannot obtain radio configuration from serving gNB to transmit discovery messages.
	L2-and L3-based relaying will have same baseline discovery procedure. Differences are highlighted here. 

	Relay (re-) selection
	Common solution is utilized. Additional AS layer criteria to be considered during WI phase.
gNB may control relay (re-) selection for RRC_CONNECTED remote UE (to be considered in WI phase)
	Common solution is utilized. Additional AS layer criteria to be considered during WI phase.
	L2 and L3-based relaying will have similar baseline support of at least NW configured /preconfigured PC5 link threshold that the remote UE compares to its own measurements

	Relay/ Remote UE Authorization
	No RAN2 impact is expected.

	No RAN2 impact is expected.
	Potential RAN3 impact.

	QoS support
	 Network/gNB control of QoS breakdown over PC5 and Uu links to support end-to-end QoS (between Remote UE and network).
	a) Left to SA2 solution#24 and solution#25. No RAN2 impact identified for now.
b) FFS whether any gNB impact for QoS (pending SA2 conclusion/progress).
	RAN2 impact for L2-based relaying is highlighted.
Feasibility of Network control in L2 case is considered as the main difference. 

	Service Continuity/ Path Switching
	a) Supported using Rel-15 NR handover procedure as baseline. 
b) Intra-gNB study has been completed. Pending inter-gNB study (may be considered in WI phase).
	Left to upper layer handling and no RAN2 impact is foreseen.

	RAN2 impact for L2-based relaying is highlighted.

	Security
	Relaying below PDCP allows end-to-end security to be achieved using PDCP.
	No RAN2 impact is foreseen. Left to SA2 solution#23. Pending SA3 input. 

	No new impact for L2-based relaying.

	Impact on protocol stacks
	a) Adaptation layer above RLC layer over Uu
b) FFS Adaptation layer over PC5 
	No RAN2 impact is foreseen [data exchange above IP layer using relay UE’s PDU session]
	RAN2 impact for L2-based relaying is highlighted.


[bookmark: _Toc49150797][bookmark: _Toc50024466]2.2	UE-to-UE relay 
Similar to UE-to-NW relaying, L2 and L3 UE-to-UE relay specific aspects such as QoS support, security and impact on protocol stacks were studied. Most of the aspects to be supported for UE-to-UE relaying were agreed by a majority of companies in part due to the relatively less complex design of this case compared to UE-to-NW relaying. As for the scenarios and requirements, UE-to-UE relaying in same cell is agreed to be considered with higher priority than the different cell scenario, especially if there is additional impact due to the different cell scenario. This is to ensure that there is minimal RAN2 standard impact from supporting different cases (e.g. Relay UE in the same cell as source UE and destination UE in different cell; relay UE and destination UE in different cell compared to the source UE). 
Similar to the situation where the peer UEs can belong to different cells when they are involved in direct sidelink communication, we think that the UE-to-UE relaying may also be supported, however, we need to carefully analyse any new changes required to support the different cell scenario. This can be done at the beginning of the WI phase and a decision can be made accordingly. 
Observation 2.2.1: Support of different cell scenario for UE-to-UE relaying can be studied in detail at the beginning of WI phase.
As per SA2 evaluation and conclusions as provided in the annex, both L2 and L3 based UE-to-UE relaying have been considered feasible. 
Observation 2.2.2: Within their TR 23.752, SA2 has concluded that no showstoppers have been identified for both L2 and L3-based UE-to-UE Relaying solutions and they recommend both solutions for normative work.
In RAN2, we have agreed to all the aspects (including QoS, security, protocol stack with the new adaptation layer, etc.) for L2-based relaying while many of the L3 related aspects are left to the scope of SA2 as there is no RAN2 impact identified. Therefore, it is observed that there is no technical showstopper in supporting L2 and L3 based UE-to-UE relaying from RAN2 point of view. We are yet to capture this conclusion within our own TR.
Observation 2.2.3: Barring a couple of leftover aspects that could be handled during WI phase, L2 and L3 based UE-to-UE Relaying have been considered feasible in RAN2 based on our study.
Proposal 2.2.1: RAN2 to conclude that both L2 and L3 UE-to-UE relaying solutions are feasible from RAN perspective.
In addition, we need to populate section 6 of the TR, on the comparison for UE-to-UE relay. To aid with this and for evaluation, we summarize the comparison between Layer-2 and Layer-3 relays for UE-to-UE relay in the table below. We also think that it would be beneficial to provide a summary view of feasibility within the TR.
Proposal 2.2.2: An evaluation summary suggesting that both L2 and L3 based UE-to-UE relaying are feasible is to be included within the TR 38.836. 
Table 2. L2 vs. L3-based NR Sidelink UE-to-UE relay comparison summary
	Relay aspects and RAN2 impacts
	UE-to-UE Relay (L2-based)

	UE-to-UE Relay (L3-based)

	Comments

	Discovery
	Common solution is utilized. 
	Common solution is utilized. 
	L2 and L3-based relaying will have same baseline discovery procedure. 

	Relay (re-) selection
	 Common solution is utilized. 
	 Common solution is utilized. 
	L2 and L3-based relaying will have same baseline support of at least NW configured/preconfigured PC5 link threshold that the remote UE compares to its own measurements.

	Relay/ Remote UE Authorization
	No RAN2 impact is expected.

	No RAN2 impact is expected.

	Potential RAN3 impact. 

	QoS support
	Left to upper layer; SA2 solution#31 is agreed to be considered.
	Left to upper layer; SA2 solution#31 is agreed to be considered.
	No RAN2 impact is foreseen.

	Security
	Relaying below PDCP allows end-to-end security to be achieved using PDCP.
	No RAN2 impact is foreseen. Left to SA2. Pending SA3 input. 

	Pending SA3 input.

	Impact on protocol stacks
	a) Adaptation layer above RLC layer
b) End-to-end PDCP maintained

	a) No RAN2 impact is foreseen [data exchange above IP layer]
b) PDCP is terminated per-link.
	RAN2 impacts for L2 based relaying is highlighted.



3	Conclusions
In this contribution, we provide our view on the conclusion of the sidelink relaying study and comparison for L2 and L3 based UE-to-NW and UE-to-UE NR Sidelink relaying and have the following observations and proposals:
UE-to-NW Relaying
Observation 2.1.1: SA2 has indicated in their TR that they need collaboration from RAN2 for mobility issue for L2 UE-to-NW Relaying case.
Proposal 2.1.1: RAN2 to indicate in an LS to SA2 referring to the intra-gNB path switching scenario as our progress on L2 U2N mobility support or request further clarification if necessary, regarding the note on mobility issue in their TR (on conclusions for the L2-based UE-to-NW relay solution). 
 Observation 2.1.2: Barring a few editor’s notes within their TR (23.752),  SA2  has concluded that no showstoppers have been identified for both L2 and L3-based UE-to-NW Relaying solutions and they recommend both solutions for normative work subject to RAN2/SA3 conclusions. 
Observation 2.1.3: Barring a couple of leftover aspects that could potentially be resolved during WI phase, L2 and L3 based UE-to-NW Relaying are both considered feasible in RAN2 based on the study.
Proposal 2.1.1: RAN2 to conclude that both L2 and L3 UE-to-NW relaying solutions are feasible from RAN perspective. 
Proposal 2.1.2: An evaluation summary suggesting that both L2 and L3 based UE-to-NW relaying are feasible is to be included within the TR 38.836. 
UE-to-UE Relaying
Observation 2.2.1: Support of different cell scenario for UE-to-UE relaying can be studied in detail at the beginning of WI phase.
Observation 2.2.2: Within their TR 23.752, SA2  has concluded that no showstoppers have been identified for both L2 and L3-based UE-to-UE Relaying solutions and they recommend both solutions for normative work.
Observation 2.2.3: Barring a couple of leftover aspects that could be handled during WI phase, L2 and L3 based UE-to-UE Relaying have been considered feasible in RAN2 based on our study.
Proposal 2.2.1: RAN2 to conclude that both L2 and L3 UE-to-UE relaying solutions are feasible from RAN perspective.
Proposal 2.2.2: An evaluation summary suggesting that both L2 and L3 based UE-to-UE relaying are feasible is to be included within the TR 38.836. 
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[bookmark: _Hlk50062504]6.      Comparison
RAN2 has completed the study on L2 and L3 based UE-to-NW relay and UE-to-UE relay and considers both solutions feasible from RAN2 point of view. Based on the analysis of the different characteristics of L2-based and L3-based UE-to-NW/UE-to-UE Sidelink relaying, the comparison tables are provided in the below sections.

6.1     Comparison of UE-to-NW Relay
Table 1. L2 vs. L3-based NR Sidelink UE-to-NW relay comparison summary
	Relay aspects and RAN2 impacts
	UE-to-NW Relay (L2-based)

	UE-to-NW Relay (L3-based)

	Comments

	Discovery
	a) Relay UE should always be connected to SL-relay capable gNB to transmit discovery messages.

b) FFS if OOC Remote UE connected via Relay UE can obtain radio configuration from serving gNB to transmit discovery messages.
	a) Relay UE can use pre-configuration to transmit discovery messages when connected to non-SL relay capable gNB, in case its serving carrier is not shared with carrier for sidelink operation.

b) OOC Remote UE connected via Relay UE cannot obtain radio configuration from serving gNB to transmit discovery messages.
	L2-and L3-based relaying will have same baseline discovery procedure. Differences are highlighted here. 

	Relay (re-) selection
	Common solution is utilized. Additional AS layer criteria to be considered during WI phase.
gNB may control relay (re-) selection for RRC_CONNECTED remote UE (to be considered in WI phase)
	Common solution is utilized. Additional AS layer criteria to be considered during WI phase.
	L2 and L3-based relaying will have similar baseline support of at least NW configured /preconfigured PC5 link threshold that the remote UE compares to its own measurements

	Relay/ Remote UE Authorization
	No RAN2 impact is expected.

	No RAN2 impact is expected.
	Potential RAN3 impact.

	QoS support
	Network/gNB control of QoS breakdown over PC5 and Uu links to support end-to-end QoS (between Remote UE and network).
	a) Left to SA2 solution#24 and solution#25. No RAN2 impact identified for now.
b) FFS whether any gNB impact for QoS (pending SA2 conclusion/progress).
	RAN2 impact for L2-based relaying is highlighted.
Feasibility of Network control in L2 case is considered as the main difference. 

	Service Continuity/ Path Switching
	a) Supported using Rel-15 NR handover procedure as baseline. 
b) Intra-gNB study has been completed. Pending inter-gNB study (may be considered in WI phase).
	Left to upper layer handling and no RAN2 impact is foreseen.

	RAN2 impact for L2-based relaying is highlighted.

	Security
	Relaying below PDCP allows end-to-end security to be achieved using PDCP.
	No RAN2 impact is foreseen. Left to SA2 solution#23. Pending SA3 input. 

	No new impact for L2-based relaying.

	Impact on protocol stacks
	a) Adaptation layer above RLC layer over Uu
b) FFS Adaptation layer over PC5 
	No RAN2 impact is foreseen [data exchange above IP layer using relay UE’s PDU session]
	RAN2 impact for L2-based relaying is highlighted.



6.2     Comparison of UE-to-UE Relay
Table 2. L2 vs. L3-based NR Sidelink UE-to-UE relay comparison summary
	Relay aspects and RAN2 impacts
	UE-to-UE Relay (L2-based)

	UE-to-UE Relay (L3-based)

	Comments

	Discovery
	Common solution is utilized. 
	Common solution is utilized. 
	L2 and L3-based relaying will have same baseline discovery procedure. 

	Relay (re-) selection
	 Common solution is utilized. 
	 Common solution is utilized. 
	L2 and L3-based relaying will have same baseline support of at least NW configured /preconfigured PC5 link threshold that the remote UE compares to its own measurements.

	Relay/ Remote UE Authorization
	No RAN2 impact is expected.

	No RAN2 impact is expected.

	Potential RAN3 impact. 

	QoS support
	Left to upper layer; SA2 solution#31 is agreed to be considered.
	Left to upper layer; SA2 solution#31 is agreed to be considered.
	No RAN2 impact is foreseen.

	Security
	Relaying below PDCP allows end-to-end security to be achieved using PDCP.
	No RAN2 impact is foreseen. Left to SA2. Pending SA3 input. 

	Pending SA3 input.

	Impact on protocol stacks
	a) Adaptation layer above RLC layer
b) End-to-end PDCP maintained

	a) No RAN2 impact is foreseen [data exchange above IP layer]
b) PDCP is terminated per-link.
	RAN2 impacts for L2 based relaying is highlighted.
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6 Annex
Excerpts from TR 23.752
For Key Issue #3 (Support of UE-to-Network Relay), the followings are taken as interim conclusions:
-	UE-to-Network Relay conclusions are subject to confirmation from RAN WG2 and SA WG3 for normative work.
-	The final decision on whether or not to proceed with Layer-2 and/or Layer-3 into normative work will be made in cooperation with other WGs.
The following is taken as interim conclusions for the L3 UE-to-Network Relay solution:
-	No showstopper has been identified by SA WG2 for L3 UE-to-Network solution. SA WG2 recommends L3 UE-to-Network Relay proceed into normative work, subject to RAN WG2 and SA WG3 conclusion.
…
The followings are taken as interim conclusions for the L2 UE-to-Network Relay solution:
-	No showstopper has been identified by SA WG2 for L2 UE-to-Network Relay solution. SA WG2 recommends L2 UE-to-Network Relay solution proceed into normative work, subject to RAN WG2 and SA WG3 conclusion.
…
NOTE 2:	It is left to RAN WG2 and to decide how to support end-to-end QoS between the Remote UE and RAN.
NOTE 3:	It is left to RAN WG2 and SA WG3 to decide the details of how to support end-to-end security between the Remote UE and RAN.
Editor's note:	The radio aspects of relay (re-)selection criteria and procedures, and service continuity for L2 U2N Relay are still under discussion in RAN WG2 in TR 38.836 [32] and will be determined by RAN WG2.
Editor's note:	For mobility issue, SA WG2 may need further study after RAN WG progress.
…
The followings are taken as interim conclusion for Layer-3 UE-to-UE relay:
-	No showstopper has been identified by SA2 for L3 UE-to-UE solution. SA WG2 recommends L3 UE-to-UE Relay proceed into normative work, subject to RAN2 and SA3 conclusion.
…
The following are taken as interim conclusions for the L2 UE-to-UE Relay:
-	No showstopper has been identified by SA WG2 for L2 UE-to-UE solution. SA WG2 recommends L2 UE-to-UE Relay proceed into normative work.
NOTE  1:	The operation procedures for supporting the L2 UE-to-UE Relay need coordination with RAN2 to decide how the UE-to-UE Relay performs the data/signalling routing.
-	For UE-to-UE Relay discovery, both Model A and Model B are supported. It is recommended that Relay discovery is integrated into the PC5 unicast link establishment procedure.
-	For QoS handling, Sol#31 can be taken as baseline.
NOTE 2:	It is left to RAN WG2 to support the QoS enforcement in AS layer.
-	For Relay reselection, the negotiated UE-to-UE Relay reselection in Sol#50 and the Relay selection in Sol#8 can be used under different conditions. Both Sol#50 and Sol#8 can be taken as baseline.
NOTE 3:	It is left to RAN WG2 to decide the radio criteria on Relay reselection.
NOTE 4:	It is left to RAN WG2 and SA WG3 to decide the details of how to support end-to-end security between the Source UE and Target UE.

