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1. Introduction

In Rel-17, a SL based relay SI/WI is pursued which include a SI followed by a WI. In SI/WI for SL based relay, both L2 and L3 relay are studied and specified. The main motivations is to satisfy more stringent requirement for both enhanced public safety and emerging commercial needs, which not only include coverage extension but also improved performance. In Rel-18 workshop held in June this year, many companies submitted proposals to further enhance Rel-17 SL based relay in Rel-18. As the outcome of the workshop, a potential list of Rel-18 subjects were summarized by Mr Chairman in [1] for further discussion towards RANP #93.  To further discuss the list of potential Rel-18 subjects, email discussions were launched before RANP#93.  For Rel-18 SL relay enhancement, many companies showed strong interests and expressed their views.  This paper summarize the outcome of this round of R18 email discussion on SL relay enhancement and provide our views on some of the subjects.  More technical details are included in appendices 

2. Outcomes of Rel18 email discussion

For SL relay, many companies actively participated in the email discussion before RANP#93. After 3 rounds of intensive email discussion, recommendations from the moderator are captured as in the following:
	It is recommended to consider the following as the first candidate topics (non-controversial).
“UE-to-UE relay”

· Limit the scope to the single hop operation while taking into account the forward compatibility for supporting more than one hop in a later release.

· Discuss whether Layer-2 and/or Layer-3 relay need to be considered. Discuss whether to limit the scope to unicast

· Leading WG: RAN2, Secondary WG: TBD

· SA/CT impact is expected

“Service continuity enhancements”

· The target scenarios are inter-gNB mobility and indirect-to-indirect path switching.

· Continue discussion on whether the indirect-to-indirect path switching will include the inter-gNB mobility case.

· Leading WG: RAN2, Secondary WG: RAN3

· SA/CT impact is expected

It is recommended to continue discussion on whether to include the following in the candidate topic (controversial):

“Multi-path relay”

· Limit the scope to the combination of one direct path and one indirect path while taking into account the forward compatibility for supporting other scenarios in a later release.

· Discuss further whether the scenario will include the case where a UE is connected via the indirect path to a cell different from its serving cell of the direct path.


For the recommenations, in general we think the moderator’s proposals are reasonable and in a good shape. However we think the justification of “controverisal” or “non-controversial” may not be that clear. We understand from the email dicussion whether to select L2 or L3 U2U relay remains unclear, and for service continuity whether both inter-gNB case and indirect-indirect handover for intra-gNB case have same priorities, are still under discussion. Therefore it may be more useful to list the disucssion points which may need further check.
Discussion points:
· U2U relay scope
We understand the main requirements for supporting U2U relay is public safety. From our observation there is no big performance difference between L3 and L2 U2U relay. In this case we think only pursue one solution is already sufficient and from our view, L3 U2U relay is simpler and we prefer to specify L3 U2U relay with small impacts in RAN. We also agree with others that single hop can be the starting point for Rel-18 U2U relay.

· Service continuity scope
We understand there is support to continue service continuity. In our view, indirect to indirect handover for inter-gNB case is not a typical case and the impacts are seen significant. If companies want to consider such scenario, it shall be limited to the intra-gNB case. We are also not keen on supporting inter-gNB case, although this is a leftover, this may not be the important scenarios to be supported compared with other scenarios. If the work load is the main worry, we think this part can be second priority. 
· Multi-path scope
For multi-path rely, as we iterated during the discussion that it is vital to fulfil the requirement of higher data rate for enhanced public safety and commercial cases which could not be satisfied by SL relay developed in Rel-17 as latter only has single path. The PDCP layer data split/aggregation can be used to achieve this enhancement, which fits well with L2 relay structure and reuses some techniques already developed in NR such as DC. Thus the workload is also manageable. If companies have worry on the scope, it is acceptable for us to start with 2 paths of one direct link and one indirect link for Rel-18.
Proposal 1:  Recommendation of the SL relay for Rel-18 as below:

· Single-hop L3 U2U relay is considered;

· Limit the scope of Service continuity enhancements, e.g. indirect to indirect handover is only for intra-gNB case;

· Multi-path U2N relay is considered staring with one direct link and one indirect link.
3. Conclusions
In conclusion, some views and observations after email discussion on Rel-18 SL relay enhancement are summarized in the following:
Proposal 1:  Recommendation of the SL relay for Rel-18 as below:

· Single-hop L3 U2U relay is considered;

· Limit the scope of Service continuity enhancements, e.g. indirect to indirect handover is only for intra-gNB case;

· Multi-path U2N relay is considered staring with one direct link and one indirect link.
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5. Appendices: 
In Rel-17, both L2 and L3 relay are specified. However, only single path relay is supported at any given time. That means, at any time, remote UE only maintain one path connection with gNB, either via a relay UE (indirect path) or via direct path to the gNB.  Single path relay could meet the need for coverage extension. However, for some applications such as enhanced public safety and commercial cases where higher data rate (for video signal for example) could be required, such structure may not be satisfactory. 
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Figure 1 Multi-path U2N relay illustration
As shown in Figure 1, in some scenarios, the remote UE is in coverage or it can see two or more relay UE(s) with good link quality when it is out of coverage. In these cases, multi-path connection could be established between the remote UE and the gNB. These paths include both direct paths and indirect paths. The data of remote UE could be split/duplicated at PDCP layer for example and distributed/transmitted over multi-pathes. At the gNB side, the data received over multi-path could be aggregated at PDCP layer. This would enhance the throughput/reliability for cell edge UE which is critical for some applications, especially for UL performance. We also see this can be the solution to fulfill the UE aggregation requirement as being discussed as one topic for Rel-18 [1]. Figure 2 shows an example of protocol stack for multi-path U2N relay
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Figure 2: Example of protocol stack for multi-path U2N relay  

To achieve this goal, the following mechanism shall be studied/specified
· Specify mechanism to establish multi-path connectivity simultaneously between remote UE and gNB
· Specify mechanism for PDCP data split/aggregation over multi-path connections
For multi-path relay, there could be different combination of path including direct+indirect and indirect+indirect and the path could connect to the same cell or different cells.  If the work load is a concern for Rel-18, we can prioritize the path/cell combination to direct+indirect connecting to the same (serving) cell. 
The established multi-path connectivity could also be used to achieve other enhancements. For example it could be used to reduce the path switch latency for service continuity. For Rel-17 L2 relay, the path switch is based on handover (HO) principle in NR where remote UE would release the source path (or at least not transmit/receive on the source path) after receiving the path switch command (such as RRCReconfiguration signal), that incurs more interruption as the remote UE needs time to establish connectivity with the target path. 

With multi-path connectivity, this path switch interruption could be improved  As shown in Figure 3, when gNB decides path switch for the remote UE, it could configure remote UE to establish the target path with the gNB while at the same time still maintain the source path. After establishment of target path is completed, the gNB could trigger the path switch and release the source path.  By doing this, the interruption time for path switch as developed in Rel-17 could be improved and the path switch time could reach as low as 0ms. The principle used here is similar as that for DAPS based HO. 
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Figure 3: DAPS based 0ms path switch enhancement
In Rel-17, both U2U and U2N relay were studied at the beginning. But later on, due to working load and limited time unit, U2U relay specification was postponed.  During Rel-18 workshop, many companies proposed to consider U2U relay in Rel-18 as SL relay enhancement.  As this is a left-over issue from Rel-17 for public safety, we think it should be first discussed whether to do L2 or L3 U2U relay, if L3 U2U is the target, the major work is in SA and there may be no or little impact on RAN side. For L2 U2U relay, as it is not specified before like U2N relay, we think specifying a basic single hop and single path U2U relay would be enough in Rel-18. That could lead to manageable working load and specification complexity. The other task for specifying a basic L2 U2U relay could include the following 

· connection establishment in SA2
· basic mechanisms for end-to-end security 
· bearer mapping in RAN2.
Other enhancement was proposed for Rel-18 SL relay enhancement including some left-over mobility support from Rel-17 such as path switch between indirect/indirect path and between inter-gNB, group HO, support MBS for SL based relay, power saving for relay, Non-3GPP PC5 etc. In overall, we think the decisions to determine SL relay enhancement for Rel-18 shall be based on benefits/interest/spec efforts and complexity. 
To summarize, our views on Rel-18 SL based relay enhancement along with corresponding priority is listed in Table 1
Table 1: Our view on Rel-18 SL relay enhancement with priority

	
	Priority and aspect

	Multi-path U2N relay
	High

	0-ms DAPS based path switch
	Medium

	U2U relay
	Discuss whether to support L2 or L3 U2U relay first
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