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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we analyze the service continuity aspect of UE to network relay with Layer-2 and Layer-3 relay mechanisms, respectively.
Discussion
Mobility without service interruption is one of the most important features of cellular communication. Service continuity involving UE to network relay consists of two basic scenarios from the point of view of the remote UE:
· Switch from indirect communication with a gNB over a relay UE using PC5 interface to direct communication to the same or different gNB using Uu interface; and
· Conversely, switch from direct communication with a gNB using Uu interface to indirect communication with the same or different gNB over a relay UE using PC5 interface.  
[image: ]Figure 1 illustrates the switch between direct communication between UE and gNB 1 over Uu interface and indirect communication between UE and gNB 2 through relay UE over PC5 interface and Uu interface, as UE moves between points A and B. 
Figure 1: Switch between Direct Connection and Indirect Connection
Switch between Uu and PC5 in Layer-2 UE to Network Relay 
[bookmark: _Hlk46829698][bookmark: Proposal]Figure 2 shows the procedure for Layer-2 relay model to switch a UE from connecting to the network indirectly over PC5 interface through a relay UE to connecting to the network directly over Uu interface. It can be observed that it is essentially the NR handover procedure [1] with minimal changes (in Gray shadow): when the handover execution starts, the UE detaches from the relay UE and synchronizes to the target cell. RRC message exchange between the UE and the source gNB, such as measurement control and report, and handover command, is done between the remote UE and the source gNB over the relay UE.



Figure 2: Switch from Indirect Communication over PC5 interface to Direct Communication over Uu Interface with Layer-2 Relay Model
Figure 3 illustrates the procedure for Layer-2 relay model to switch a UE from connecting to the network directly over Uu interface to connecting to the network indirectly over PC5 interface through a relay UE. The similarity to NR handover procedure [1] can be easily recognized, as only a few changes are needed for the involvement of relay UE (in Gray shadow):
· At step 1, measurement control and report include the UE reporting relay UE and its connected cell info, e.g., cell identity.
· At step 3, in addition to the configuration information of the UE, Handover Request message also includes the identity information of the relay UE. 
· At step 4, the target cell performs admission control in consultation with AMF/SMF/PCF, with regard to indirect communication between the UE and the target cell through the relay UE.
· At step 4a, the target cell sends Relay UE Setup message to configure the relay UE, such as RLC channel over PC5 interface, and mapping between RLC channels of Uu interface and PC5 interface. 
· At step 5, after receiving the Relay UE Setup Complete message from the relay UE, the target cell/gNB includes a container for the UE in the Handover Request Acknowledge message sent to the source gNB, which contains the configuration for the UE to synchronize and establish sidelink connection with the relay UE, such as relay UE identity, and DRB configurations, such as configuration of RLC/PDCP/SDAP entities, including the mapping of 5G QoS flow to DRB.   
· When handover starts, UE detaches from the old cell and synchronize with the relay UE.
· At step 8, the UE establishes sidelink connection with the relay UE for UE to network relay, using the configuration information in the container, generated by the target gNB and forwarded by the source gNB. It then sends the RRC Reconfiguration Complete message to complete switching procedure at its end.

The above procedures cover the cases that the source gNB and target gNB can either be co-located or separated. As NR handover procedure is reused for the switch between Uu interface and PC5 interface involving the UE to network relay, lossless and in-sequence data delivery is supported with existing data forwarding mechanisms in RAN and core network.  
[bookmark: Observation1]Observation 1: Layer-2 relay model can reuse NR handover procedure to support lossless and in-sequence data delivery during the switch between indirect communication with a gNB over a relay UE using PC5 interface to direct communication to the same or different gNB using Uu interface.



Figure 3: Switch from Direct Communication over Uu Interface to Indirect Communication over PC5 Interface with Layer-2 Relay Model
Switch between Uu and PC5 in Layer-3 UE to Network Relay
Figure 4 shows the procedure for Layer-3 relay model to switch a UE from connecting to the network indirectly over PC5 interface through a relay UE to connecting to the network directly over Uu interface. It basically consists of two parts, steps 1 and 2 establishing connection for direct communication over Uu interface between the UE and the target gNB, followed by steps 3 – 5 releasing the sidelink connection between the UE and the relay UE used for the indirect communication between the UE and the source gNB.  


Figure 4: Switch from Indirect Communication over PC5 Interface to Direct Communication over Uu Interface with Layer-3 Relay Model
Figures 5 illustrates the procedure for Layer-3 relay model to switch a UE from connecting to the network directly over Uu interface to connecting to the network indirectly over PC5 interface through a relay UE. It also consists of two parts, steps 1 – 10 establishing connection for indirect communication between the UE and the target gNB through the relay UE over PC5 interface, followed by releasing the direct connection between the UE and the source gNB over Uu interface at steps 11 and 12.
As Layer-3 relay model performs switching as a combination of establishing new connection and releasing an old connection, and Layer-3 relay model doesn’t establish UE’s presence at a gNB involved in UE to network relay, existing data forwarding mechanism can’t be applied to maintain lossless and in-sequence delivery of user data during the connection switch between direct communication over Uu interface and indirect communication over PC5 interface. 
[bookmark: Observation2]Observation 2: As a remote UE doesn’t have its DRB terminated in RAN with Layer-3 relay model, RAN can’t perform data recovery and data forwarding mechanisms to maintain lossless and in-sequence delivery of user data during the connection switch between direct communication over Uu interface and indirect communication over PC5 interface.



Figure 5: Switch from Direct Communication over Uu Interface to Indirect Communication over PC5 Interface with Layer-3 Relay Model
Conclusions
This contribution analyzes the service continuity aspect of UE to network relay with Layer-2 and Layer-3 relay mechanisms, which leads to the following observations and proposal:
Observation 1: Layer-2 relay model can reuse NR handover procedure to support lossless and in-sequence data delivery during the switch between indirect communication with a gNB over a relay UE using PC5 interface to direct communication to the same or different gNB using Uu interface.
Observation 2: As a remote UE doesn’t have its DRB terminated in RAN with Layer-3 relay model, RAN can’t perform data recovery and data forwarding mechanisms to maintain lossless and in-sequence delivery of user data during the connection switch between direct communication over Uu interface and indirect communication over PC5 interface.
Proposal: The above analyses and observations should be captured in the TR 38.836. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _GoBack]References
3GPP TS 38.300, "NR; NR and NG-RAN Overall Description; Stage 2".
3GPP TR 23.752, “Study on system enhancement for Proximity based Services (ProSe) in the 5G System (5GS) (Release 17)”.
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