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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]UL performance has been the bottleneck of the whole system and the issue is getting worse in NR. For example, higher frequency bandwidth impacts the coverage and throughput. New applications have more stringent requirements such as higher throughput and lower latency. On the other side, public safety communication has requirements on network coverage and efficiency. To meet such requirements, in Rel-18, multi-path operation based on PDCP split architecture is studied and specified, which improves the throughput and reliability for both the remote UE and the overall system. These aspects can be further enhanced in Rel-19.
In this contribution, aspects on Rel-19 SL relay further enhancements are discussed and our views are provided.
2 Discussion 
In general, for Rel-19, the enhancements of U2N relay can be focused on the following three areas:
· Multi-Path U2N enhancement
· Multi-Hop U2N relay support 
· U2N relay mobility enhancement
Multi-Path U2N relay enhancement
For multi-path support, the enhancement could be considered for more cases, and Rel-18 framework of PDCP split architecture can be used as the baseline.
As shown in Figure 1, based on Rel-17 SL U2N relay, in Rel-18 the multi-path support is introduced and specified to improve the UE and system throughput and reliability. Two multi-path scenarios are supported [1] which include a remote UE is connected to the same gNB using one direct path and one indirect path
· 1) via Layer-2 UE-to-Network relay
· 2) via another UE where the UE-UE inter-connection is assumed to be ideal
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[bookmark: _Ref141880425]Figure 1: Rel-18 multi-path evolution from Rel-17 SL U2N relay
However, in practice the Uu direct link of the remote UE, if in the cell edge, may hardly provide reliable and efficient transmission. In this case the better way is to provide the remote UE with two indirect paths. Therefore, the support of two indirect paths for remote UE can be considered for Rel-19. In short the multi-path mechanism can be extended to support indirect+indirect paths for intra-gNB case.
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[bookmark: _Ref141881139]Figure 2: Rel-19 multi-path case
As the Rel-18 PDCP split architecture has already built up a good basis for two paths at the same gNB, it is easier to extend to support more indirect paths.
To summarize, we propose the following
Proposal 1: Specify multi-path support of indirect + indirect path for intra-gNB case based on Rel-18 PDCP split architecture.
In Rel-18, multi-path support is limited to two paths, which may limit the performance due to limited resource (path) and transmit power. In Rel-19, this can be further enhanced by supporting more than two paths. For example, as shown in Figure 3, three-path are supported between remote UE and gNB with one direct path and two indirect paths. As the Rel-18 PDCP split architecture has already built up a good basis for two paths at the same gNB, it is easier to extend this by configuring more paths and selectively (de)activate suitable paths. 
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[bookmark: _Ref141885660]Figure 3: Support of multi-path with more than two paths
To summarize, we propose the following
Proposal 2: Specify multi-path support with more than two paths including multi-path configuration and path management for intra-gNB case, based on Rel-18 PDCP split architecture.
Multi-Hop U2N relay support
In Rel-17, single hop U2N relay is supported mainly for coverage improvement and in Rel-18, single hop multi-path support is introduced to improve the throughput and reliability. In some cases, further coverage extension is needed for public safety and emergency service in very poor coverage area. To support this requirement, multi-hop U2N relay could be considered. Figure 4 illustrates a multi-hop U2N relay where a remote UE connects to the gNB via a number of relay UE(s). Aspects to support multi-hop U2N relay include
· Network controlled relay UE condition, e.g. number of relaying hops.
· Network controlled routing via multiple relay UEs
· Handling of the RLF/HO/RRC failure of intermediate relay UE
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[bookmark: _Ref144444285]Figure 4: Multi-hop U2N relay support
To summarize, we propose the following
Proposal 3: To study and specify multi-hop U2N relay for further coverage extension.
U2N relay mobility management 
Mobility enhancement can be studied to reduce interruption time of remote UEs to better support service continuity in Rel-19, for example, the group handover as shown in Figure 5. In Rel-17, relay UE will notify the remote UE when it changes the serving cell. A RRC_CONNECTED remote UE has to trigger the RRC re-establishment upon receiving the notification from the relay UE, which can cause a service interruption. With the group handover illustrated in Figure 5, the remote UE can move together with the relay UE from the source gNB to the target gNB. By doing this, the connection between remote UE and the relay UE is maintained during HO, thus the connection between remote UE and the network can be resumed immediately.
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[bookmark: _Ref144444316]Figure 5: Group handover for remote UE/relay UE
To summarize, we propose the following
Proposal 4: To study and specify the group handover for the remote UE/relay UE to reduce the service interruption.
3 Conclusion
In this paper, we provide our views on the following aspects for Rel-19 SL relay further enhancement
Proposal 1: Specify multi-path support of indirect + indirect path for intra-gNB case based on Rel-18 PDCP split architecture.
Proposal 2: Specify multi-path support with more than two paths including multi-path configuration and path management for intra-gNB case, based on Rel-18 PDCP split architecture.
Proposal 3: To study and specify multi-hop U2N relay for further coverage extension.
Proposal 4: To study and specify the group handover for the remote UE/relay UE to reduce the service interruption.
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