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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN2 meeting, some agreements about baseline protocol stack, procedure and mechanism for L2 and L3 relay had been achieved, e.g.: 
L3 relay protocol stacks:
Proposal 1: On user plane protocol stacks of L3 UE-to-NW relay, capture the followings in RAN2 TR:
SA2 captured two user plane protocol stacks for L3 UE-to-NW relay in TR 23.752 (Figure 6.6.1-2 of solution#6 and Figure 6.23.2-3 of solution#23). No impacts are identified to support them from RAN2 perspective.
Proposal 2: In RAN2 TR, capture Figure 6.6.2-1 of TR 23.752 with a reference to SA2 TR with identified RAN2 impacts analysis. Relay (re)selection is added after the step of “Discovery”. Other procedures identified with RAN2 impact can also be added in the Figure.  RAN2 will further consider procedures with RAN2 impact.

L2 Relay Mechanism
Proposal-1: agree the following description for L2 UE-to-NW relay (also reflected by TP)
  For L2 UE-to-NW relay, the adaptation layer is put over RLC sublayer for both CP and UP between Relay UE and gNB.
  Uu SDAP/PDCP and RRC are terminated between Remote UE and gNB, while RLC, MAC and PHY are terminated in each link. 
  Remote UE needs to establish its own PDU sessions/DRBs with the network before user plane data transmission.
Proposal-3: agree the following description for L2 UE-to-UE relay (also reflected by TP)
  An adaptation layer is supported over PC5 link (between Relay UE and receiving Remote UE) for L2 UE-to-UE relay.
  For L2 UE-to-UE relay, the adaptation layer is put over RLC sublayer for both CP and UP between Relay UE and receiving Remote UE for L2 UE-to-UE relay.
  Sidelink SDAP/PDCP and RRC are terminated between two Remote UEs, while RLC, MAC and PHY are terminated in each PC5 link.

In this contribution, we aim at further analysis and proposals on the service continuity for L2 and L3 relay architectures.
2. Discussion
1. 
2. 
There are three typical HO scenarios related to NR sidelink relay:
Scenario 1: Remote UE switching between relay indirect link and direct link;
Scenario 2: Remote UE switching between two relay links;
Scenario 3: Relay UE HO with its remote UE(s) altogether;
The former two scenarios are remote UE mobility as following Figure 1. In the Email discussion [621], many companies agreed that scenario 1 needs to be prioritized since scenario 1 is more basic and typical than scenario 2. And scenario 3 is for relay UE mobility with remote UE(s) altogether. We think scenario 3 is very important especially for wearable devices and personal devices. Hence, we focus on scenario 1 and scenario 3. 
[image: ]
Figure 1 Typical HO scenarios for remote UE
In this contribution, we focus on detailed analysis on scenario 1 for L2 and L3 separately and show the superiority of L3 in scenario 3, i.e. Relay UE HO with its remote UE(s) altogether.
2.1. Remote UE switching between direct and indirect link in L3
In L3 architecture without N3IWF, service continuity for a remote UE can hardly be guaranteed since different link will have different CN connections, e.g. connected with remote UE’s AMF/UPF in direct link and with source/target relay UE’s AMF/UPF in indirect link. There are no common CN UP and CP anchors to achieve service continuity. 
Observation 1: In L3 architecture without N3IWF, service continuity for a remote UE between direct link and indirect link can hardly be guaranteed.
In LTE, L3 relay operation has been configured with some RSRP thresholds, e.g. Uu RSRP threshold_high and Uu RSRP threshold_low for relay UE, and Uu RSRP threshold_high for a remote UE. The mobility of remote UE is mainly related to selection and reselection of relay UE. When relay operation conditions are met, remote UE connects to a relay UE to transmit data via the indirect link. Once relay operation conditions are not satisfied any more, the remote UE will connect to NW to transmit data via the direct link. In order to achieve a good service experience for a NR remote UE, the source link may be maintained a little longer after switching condition is met to wait for the next service off period to perform CN connection switching. 
Proposal 1: In L3 architecture without N3IWF, a remote UE may delay the connection switching to a service off period after the switching threshold conditions are met for a better service continuous experience.
However, in L3 architecture using N3IWF, remote UE will have its own NAS connection and PDU session with its AMF and UPF. The remote UE performs PDU Session Establishment procedure with the PDU Session ID of the PDU Session to be moved from non-3GPP access to 3GPP access link and vice versa. Hence service continuity is feasible from the perspective of PDU session level.
Remote UE switching from an indirect link to a direct link with N3IWF
Signalling procedure for remote UE switching from an indirect link to a direct link with N3IWF L3 architecture is illustrated as Figure 2.
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Figure 2 Remote UE switching from indirect to direct link for L3 using N3IWF
In the above procedures, the remote UE triggers switching procedure, e.g. when its Uu link quality has been reached a configured threshold or conditions performing relay operation cannot be satisfied any more. And the remote UE performs PDU Session Establishment procedure with the PDU Session ID of the PDU Session to be moved from non-3GPP access to 3GPP access. The remote UE’s PDU session can be maintained continuously. Hence the service data in PDU session level is continuous. The admission control of remote UE will be performed in its serving gNB like legacy RB establishment procedure.
Remote UE switching from a direct link to an indirect link with N3IWF
Signalling procedure for remote UE switching from a direct link to an indirect link with N3IWF L3 architecture is illustrated as Figure 3.
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Figure 3 Remote UE switching from direct to indirect link for L3 using N3IWF
In the above procedures, the remote UE performs PDU Session Establishment procedure with the PDU Session ID of the PDU Session to be moved from 3GPP access to non-3GPP access. The remote UE’s PDU session can be maintained continuously. Hence the service data in PDU session level is continuous. The admission control of remote UE will be performed in relay UE’s serving gNB like legacy RB establishment procedure and also in relay UE considering relayed services buffering and processing capability based on detailed QoS requirement.
[bookmark: _Hlk47088682]Observation 2: When remote UE switching between direct link and indirect link, L3 relay architecture with N3IWF may provide service continuity in PDU session level for remote UE.
Furthermore, in Email Discussion [621], RAN based solutions for service continuity in L3 relay had also been discussed. From our point of view, remote UE controlled switching is baseline. It can be FFS whether relay UE can act as a gNB role to control remote UE and to introduce the Xn-like interface and interaction between the target node and the source node, i.e. relay UE and serving gNB. In our view, whether enhanced solutions are needed is depends on the architecture selection in WI and WI TU allocation.
Proposal 2: In L3 architecture with N3IWF, remote UE switches its connection once the switching conditions are met.
Proposal 3: In L3 architecture with N3IWF, remote UE establishes new PDU session(s) with source PDU session ID(s) to achieve the service continuity between direct link and indirect link.
Proposal 4: RAN based enhancement for service continuity of L3 relay architecture is FFS and depends on the architecture selection and TU allocation.

2.2. Remote UE switching between direct and indirect link in L2
In L2 relay architecture, remote UE has its own RRC connection and CN connection. Hence the service continuity is similar with current Uu procedure. 
Remote UE switching from an indirect link to a direct link 
The following Figure 4 shows an example of signalling procedure for a remote UE switching from an indirect link to a direct link.
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Figure 4 Remote UE HO from indirect to direct link for L2
In the above procedure, gNB can directly control remote UE to hand over via dedicated RRC signaling. Moreover, the peer PDCP entity of remote UE is located in gNB, current PDCP data recovery procedure can be used for lossless data transfer. Compared to PDU session level in L3, service continuity for remote UE in L2 architecture can be guaranteed in PDCP packet and SN level like legacy.
Remote UE switching from a direct link to an indirect link 
The following Figure 5 shows an example of signalling procedure for a remote UE switching from a direct link to an indirect link.
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Figure 5 Remote UE HO from direct to indirect link for L2
In the above procedure, gNB can directly control remote UE to hand over via dedicated RRC signaling. Compared to another HO direction, there is a key issue in this case, i.e. admission control in relay UE. Since the target path is indirect link via relay UE. It should be decided whether relay UE can support the relayed service(s), e.g. service type, QoS requirement, and also buffering and processing capability. From our view, service type will be sent in PC5 relay discovery procedure. It needs to be decided whether detailed QoS parameters, e.g. PDB, BLER, GFBR and so on, should be notified to relay UE in initial PC5 discovery procedure or Uu RRC Reconfiguration procedure for final admission control in relay UE. In other words, admission control in relay UE means that relay UE can reject to provide relayed services for the remote UE when the request is out of its capability. And the sooner this rejection is, the better the efficiency is.
Proposal 5: In L2 architecture, remote UE HO between direct link and indirect link can be completely under the control of serving gNB like legacy UE.
Proposal 6: When remote UE HO between direct link and indirect link for L2 architecture, legacy HO like procedure can be baseline to provide service continuity in PDCP SN/packet level.
And for admission control in relay UE, we propose:
Proposal 7: When remote UE HO from direct link to indirect link in L2 architecture, RAN2 to further discuss in which sooner step the relay UE can be provided detailed QoS and bit rate information for relay UE accurate admission judgement, e.g. regarding buffering/processing capability.

2.3. Relay UE mobility 
Scenario 3 is a typical case for wearable devices or personal devices, where mobile phone is the relay UE and other portable device(s) are remote UE(s) and they move together shown as the following Figure 6.
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Figure 6 Relay UE HO with remote UE together
For this scenario, in L3 architecture, there is only one handover procedure for the relay UE and the remote UE(s) since only the relay UE has RRC connection with gNB, which can be shown in Figure 7 as an example.
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Figure 7 Relay UE HO with remote UE together in L3
However, in L2 relay architecture, scenario 3 will trigger simultaneous multiple handover procedures, e.g. one procedure for one UE including not only relay UE but also remote UE(s). Signalling overhead and service interruption time will be higher than L3 architecture. Moreover, it needs further study on how to guarantee multiple UEs synchronous handover to the target, e.g. group handover procedure.
Proposal 8: In scenario 3, i.e. relay UE HO with remote UE(s) altogether, only one HO procedure for relay UE is needed and related remote UE(s) may perform Idle mode mobility in L3 relay architecture.
Proposal 9: In scenario 3, i.e. relay UE HO with remote UE(s) altogether, L3 relay architecture has simpler signaling procedure and lower service interruption &signaling overhead than L2 relay.
In this contribution, we give detailed analysis on switching cases between direct link and indirect link for L2 and L3 separately and show the superiority of L3 when Relay UE HO with its remote UE(s) altogether.
Proposal 10: To capture the above 5 typical switching procedure figures in the TR.

3. Conclusion
In this contribution, we give analysis and comparisons on protocol stack, QoS and service continuity for L2 and L3 relay. Based on the discussion, we have the following observations and proposals:
Observation 1: In L3 architecture without N3IWF, service continuity for a remote UE between direct link and indirect link can hardly be guaranteed.
Observation 2: When remote UE switching between direct link and indirect link, L3 relay architecture with N3IWF may provide service continuity in PDU session level for remote UE.
And we propose:
Proposal 1: In L3 architecture without N3IWF, a remote UE may delay the connection switching to a service off period after the switching threshold conditions are met for a better service continuous experience.
Proposal 2: In L3 architecture with N3IWF, remote UE switches its connection once the switching conditions are met.
Proposal 3: In L3 architecture with N3IWF, remote UE establishes new PDU session(s) with source PDU session ID(s) to achieve the service continuity between direct link and indirect link.
Proposal 4: RAN based enhancement for service continuity of L3 relay architecture is FFS and depends on the architecture selection and TU allocation.
Proposal 5: In L2 architecture, remote UE HO between direct link and indirect link can be completely under the control of serving gNB like legacy UE.
Proposal 6: When remote UE HO between direct link and indirect link for L2 architecture, legacy HO like procedure can be baseline to provide service continuity in PDCP SN/packet level.
Proposal 7: When remote UE HO from direct link to indirect link in L2 architecture, RAN2 to further discuss in which sooner step the relay UE can be provided detailed QoS and bit rate information for relay UE accurate admission judgement, e.g. regarding buffering/processing capability.
Proposal 8: In scenario 3, i.e. relay UE HO with remote UE(s) altogether, only one HO procedure for relay UE is needed and related remote UE(s) may perform Idle mode mobility in L3 relay architecture.
Proposal 9: In scenario 3, i.e. relay UE HO with remote UE(s) altogether, L3 relay architecture has simpler signaling procedure and lower service interruption &signaling overhead than L2 relay.
Proposal 10: To capture the above 5 typical switching procedure figures in the TR.
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5. Text Proposal
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Figure 4.5-x Remote UE HO from indirect to direct link for L2
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Figure 4.5-x Remote UE HO from direct to indirect link for L2

In L2 architecture, remote UE HO between direct link and indirect link can be completely under the control of serving gNB like legacy UE. When remote UE HO between direct link and indirect link for L2 architecture, legacy HO like procedure can be baseline to provide service continuity in PDCP SN/packet level. When remote UE HO from direct link to indirect link in L2 architecture, it is FFS in which sooner step the relay UE can be provided detailed QoS and bit rate information for relay UE accurate admission judgement, e.g. regarding buffering/processing capability.


***********************************The second change***************************************
[bookmark: _Toc50133444]4.6	Layer-3 Relay
[bookmark: _Toc50133448]4.6.4	Service Continuity
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Figure 4.6-x Remote UE switching from indirect to direct link for L3 using N3IWF
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Figure 4.6-x Remote UE switching from direct to indirect link for L3 using N3IWF
In L3 architecture without N3IWF, service continuity for a remote UE between direct link and indirect link can hardly be guaranteed. A remote UE may delay the connection switching to a service off period after the switching threshold conditions are met for a better service continuous experience.
When remote UE switching between direct link and indirect link, L3 relay architecture with N3IWF may provide service continuity in PDU session level for remote UE.Remote UE switches its connection once the switching conditions are met. Remote UE establishes new PDU session(s) with source PDU session ID to achieve the service continuity between direct link and indirect link.
RAN based enhancement for service continuity of L3 relay architecture are FFS and depends on the architecture selection and TU allocation.
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Figure 4.6-x Relay UE HO with remote UE together in L3
In scenario of relay UE HO with remote UE(s) altogether, only one HO procedure for relay UE is needed and related remote UE(s) may perform Idle mode mobility in L3 relay architecture. L3 relay architecture has simpler signaling procedure and lower service interruption &signaling overhead than L2 relay.
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