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1	Introduction
One of the objectives of the Study on NR Sidelink Relay (RP-193253) is to study mechanism(s) to support the SA requirements for sidelink-based UE-to-network relay including service continuity.
There are two basic approaches for UE-to-Network Relay from the functionality of the Relay UE point of view:
· The Relay UE is a "Layer 2 UE-to-Network Relay"
· The Relay UE is a "Layer 3 UE-to-Network Relay"
Upper layers (layers above AS) are responsible for service continuity in Layer 3 UE-to-Network Relay solutions. However, AS layer should support the upper layers in providing service continuity. This paper discusses AS layer mechanisms that can be used to improve the path switching performance of layer 3 UE-to-Network relay solutions.
2	Discussion
2.1	Path Switching in L3 Relay Solutions
One of the requirements of this study item is to support service continuity during the communication path switch procedures for switching between a direct network communication path and an indirect communication path (e.g. switch between path #1 and path#2 of Figure 2.1-1), as well as for switching between two indirect network communication paths (e.g. switch between path #2 and path#3 of Figure 2.1-1).


Figure 2.1-1: Example scenario of direct or indirect network communication path between UE and Network
Based on the email discussion "[Post111-e][621][Relay] Service continuity" it is proposed that "RAN2 should study the mobility scenario of “between direct (Uu) path and indirect (via the relay) path” for U2N relay", and to "deprioritize the mobility scenario of “between indirect (via a first relay UE) and indirect (via a second relay UE)” for path switching in the SI phase".
There are different solutions using layer 3 UE-to-Network relay among the solutions in TR 23.752. The important properties from RAN perspective of these solutions are the following:
· There is no direct signalling connection between the Remote UE and the RAN
· The user plane traffic of the Remote UE is transferred as user plane traffic of the Relay UE over the RAN
· If there is any higher layer (non-AS) signalling between the Remote UE and the core network, then it is transferred as user plane traffic of the Relay UE over the RAN.
As there is no direct signalling connection between the Remote UE and the RAN, layers above AS are responsible for service continuity in Layer 3 UE-to-Network Relay solutions. Generally, upper layers are not aware of radio conditions and, therefore, upper layers cannot start the preparation for a path switch when the radio conditions are declining without support from AS layer. Another issue is that upper layers usually has no information about available neighbouring cells or frequency bands where neighbouring cells or Relay UEs may be found. This is another area where AS layer may provide support for path switching in L3 Relay solutions.
Observation 1: Without AS layer support it is difficult to achieve a good path switch performance in Layer 3 UE-to-Network solutions.
Therefore, our view is that it is important to study how AS layer could support the upper layers in providing service continuity for Layer 3 UE-to-Network Relay solutions. The support and deployment of these mechanisms can be optional, as it depends on the use-case whether there is a need of these type of enhancements. E.g., in case of non-real time services, the path switch performance (service break) is not important.
Proposal 1.1: RAN2 should investigate how RAN can support the enhancement of the performance (e.g. mobility, QoS) of layer 3 UE-to-Network relay solutions. 
Proposal 1.2: AS layer mechanisms for supporting path switch in Layer 3 UE-to-Network Relay solutions should be optional.
The rest of this paper presents some mechanism how AS layer mechanism can support the path switch performance of layer 3 UE-to-Network relays. 
2.2	RRC state and state transition for remote UE
One of the prioritized scenarios is the path switch for the Remote UE between direct (Uu) path and indirect (via the relay) path. This implies a state transition in the Remote UE between a state in which the Remote UE is being served via the Relay UE and the RRC_CONNECTED state of the serving RAN while being served directly via Uu. This state transition needs to be fast for a support of service continuity for the Remote UE.
Observation 2: When there is a path switch between indirect (via the relay) path and direct (Uu) path, there is a state transition of the Remote UE between a UE state in which the Remote UE is being served via L3 UE-to-Network relay and the RRC_CONNECTED state of the serving RAN while being served directly via Uu.
The Remote UE may be in either out-of-coverage or in-partial-coverage. When the Remote UE is in-partial-coverage of the network its Uu connection is not good enough to provide services, but the Remote UE can be still kept in 5GMM-REGISTERED, and AS level in RRC_IDLE or in RRC_INACTIVE. When the UE is in RRC_INACTIVE the UE is kept as “always on” from the 5G core side, but the RRC connection between the UE and the serving RAN can be suspended and resumed upon a UE request. This enables the UE to quickly resume the PDU session when there is a need for UL or DL data transmission for the UE.
Thus, allowing the Remote UE to be in RRC_INACTIVE state of the serving RAN while being served with L3 UE-to-Network relay via the Relay UE, as opposed to keeping the Remote UE in RRC_IDLE state may help to speed up the state transition of the Remote UE to or from the RRC_CONNECTED state for a support of service continuity for the Remote UE.
Proposal 2: RAN2 considers allowing the Remote UE to be in RRC_INACTIVE state of the serving RAN while being served with L3 UE-to-Network relay via the Relay UE.
2.3	Transfering end-to-end PDCP status for lossless path switch
During the path switching of remote UE between indirect and direct path, the lossless service continuity may be enabled by identifying which packet has been delivered to the final destination entity (i.e. gNB for UL traffic and remote UE for DL traffic) successfully via the old path before/during path switching so that the source entity (i.e. gNB for DL traffic and remote UE for UL traffic) knows which packets it needs to transmit or retransmit via the new path after path switching. In U2N relay scenario, the successful packet delivery from the source entity to the relay UE in the first hop does not mean the packet is delivered to the final destination entity via the second hop correctly. Therefore, transferring of PDCP SN status of first hop to source entity does not enable lossless path switching. In addition, there is an end-to-end access stratum (AS) layer protocol stack for each hop independently in L3 U2N relay solution. It does not work to transfer PDCP SN status of second hop to source entity without additional information as source entity is not involved in the end-to-end AS protocol of second hop. 
Observation 3: Hop specific PDCP status transfer during indirect to direct path switching does not enable lossless service continuity.
In U2N relay, the relay UE is aware of the packet delivery status of both hops. Therefore, relay UE is able to maintain and provide PDCP SN status based on the packet delivery situation on both hops. To support lossless service continuity during indirect to direct path switching, the relay UE may be triggered to transfer PDCP SN status to the source entity using the existing SN status transfer signalling procedure. But the PDCP SN status should not only take into account the PDCP SDU delivery status on the first hop but also the PDCP SDU delivery status on the second hop. To achieve this, relay UE needs to map and associate the PDCP PDUs/SDUs delivered in the first hop and second hop as there is end-to-end PDCP entity in each hop for L3 U2N relay. To make the mapping and association of the PDCP PDUs/SDUs in two hops easier, it can be configured to have 1:1 mapping of radio bearers in SL and Uu for the traffic flow that requires lossless service continuity.
Proposal 3: RAN2 should consider allowing the Relay UE to transfer PDCP SN status considering the second hop PDCP PDU/SDU delivery status during path switching in order to support lossless service continuity.
3	Conclusions
This paper contains the following observations and proposals related to L3 Relay Service continuity:
Observation 1: Without AS layer support it is difficult to achieve a good path switch performance in Layer 3 UE-to-Network solutions.
Proposal 1.1: RAN2 should investigate how RAN can support the enhancement of the performance (e.g. mobility, QoS) of layer 3 UE-to-Network relay solutions. 
Proposal 1.2: AS layer mechanisms for supporting path switch in Layer 3 UE-to-Network Relay solutions should be optional.
Observation 2: When there is a path switch between indirect (via the relay) path and direct (Uu) path, there is a state transition of the Remote UE between a UE state in which the Remote UE is being served via L3 UE-to-Network relay and the RRC_CONNECTED state of the serving RAN while being served directly via Uu.
Proposal 2: RAN2 considers allowing the Remote UE to be in RRC_INACTIVE state of the serving RAN while being served with L3 UE-to-Network relay via the Relay UE.
Observation 3: Hop specific PDCP status transfer during indirect to direct path switching does not enable lossless service continuity.
Proposal 3: RAN2 should consider allowing the Relay UE to transfer PDCP SN status considering the second hop PDCP PDU/SDU delivery status during path switching in order to support lossless service continuity.
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