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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we analyze the protocol stack and connection setup procedure of Layer-2 and Layer-3 relay mechanisms.
Discussion
Sidelink Relay Protocol Stack
[bookmark: Proposal]As noted in the SID [1], “NOTE 4: For layer-2 UE-to-network relay, the architecture of end-to-end PDCP and hop-by-hop RLC, e.g., as recommended in TR 36.746, is taken as starting point.” Figures 1 and 2 present the protocol stacks of user plane and control plane in Layer-2 sidelink relay. Adaptation layer resides on top of RLC layer, which maps RLC SDU of a remote UE’s DRB to a Uu RLC channel at the relay UE, and vice versa at the gNB. As the adaptation function applies to RLC channels of all radio bearers, it supports both SRB and DRB of the remote UE.  


Figure 1: Layer-2 Sidelink Relay Protocol Stack of User Plane


Figure 2: Layer-2 Sidelink Relay Protocol Stack of Control Plane 
Layer-3 sidelink relay can relay unicast traffic (UL and DL) between the Remote UE and the network as follows [2]:
“-	For IP traffic over PC5 reference point, the ProSe UE-to-Network Relay uses IP type PDU Session towards 5GC.
-	For Ethernet traffic over PC5 reference point, the ProSe UE-to-Network Relay can use Ethernet type PDU Session or IP type PDU Session towards 5GC.
-	For Unstructured traffic over PC5 reference point, the ProSe UE-to-Network Relay can use Unstructured type PDU Session or IP type PDU Session (i.e. IP encapsulation/de-capsulation by UE-to-Network Relay) towards 5GC.”
Figure 3 shows the protocol stack of Layer-3 sidelink relay.


Figure 3: Layer-3 Sidelink Relay Protocol Stack of User Plane
In Layer-3 UE to network relay approach [2], 5G QoS flow is first mapped to PC5 QoS flow for sidelink transmission; then the PC5 QoS flow is mapped to 5G QoS flow of the relay UE for transmission over Uu interface; finally the 5G QoS flow of the relay UE is mapped back to the remote UE’s 5G QoS flow at UPF.
As Layer-3 sidelink relay operates at the level of PDU connection, it doesn’t relay control plane data through relay UE between remote UE and network. On the other hand, as Layer-2 sidelink relay operates at the level of RLC channel, it is agnostic to SRB or DRB, and both control plane and user plane data can be relayed by the relay UE for the remote UE and network. 
[bookmark: _Hlk46675983][bookmark: Observation1]Observation 1: Layer-2 sidelink relay can relay both control plane and user plane data, while layer-3 sidelink relay applies only to user plane.
Connection Setup Procedure of Sidlelink Relay
Figure 4 depicts the connection setup procedure for UE to network relay for both Layer-2 and Layer-3 sidelink relay models. For both Layer-2 and Layer-3 sidelink relay schemes,
· PC5 RRC connection is needed to configure sidelink radio bearer for unicast transmission between the remote UE and the relay UE;
· RRC connection between the relay UE and RAN is involved for RAN to provide the relay UE with the sidelink radio bearer configuration for the PC5 segment of UE to network relay connection.   
RRC connection between the relay UE and RAN also configures the adaptation layer of Layer-2 relay. Table 1 explains and compares the procedure steps for Layer-2 and Layer-3 relay operations. 


Figure 4: Sidelink Relay Connection Setup Procedure
Table 1: Procedural Steps in Layer-2 and Layer-3 Relay Operations
	
	Layer-2 Relay
	Layer-3 Relay

	1. Relay UE Discovery and Authorization
	The relay UE is authorized, and provides the remote UE with information of the serving gNB, e.g., its PLMN and cell identities, by PC5-S.

	2. PC5 RRC Connection Establishment
	PC5 RRC connection is established between the remote UE and relay UE for unicast communication.

	3. UE to Network Relay Setup Request
	The remote UE requests the establishment of UE to network relay, and provides the relay UE with information, such as the selected PLMN, and its identity. 

	
	
	The remote UE also provides the information of PC5 QoS flow to be used for UE to network relay.

	4. Relay UE Setup Request
	The relay UE forwards the remote UE’s request and information to the serving gNB.

	5. Admission Control
	Based on the information of the remote UE and relay UE, the serving gNB and AMF/SMF/PCF perform policy check and admission control to allow the indirect 5G connection of the remote UE through the relay UE.

	
	The serving gNB is provided with QoS profile of the remote UE.
	

	6. Relay UE Setup
	The serving gNB provides the relay UE with RLC configuration of PC5 interface for UE to network relay operation.  

	
	The serving gNB also provides the relay UE with adaptation configuration to map RLC channels of Uu interface and PC5 interface, and a container of DRB configurations of the remote UE, such as SDAP and PDCP configurations, including the mapping of 5G QoS flow to DRB.
	[bookmark: _GoBack]The serving gNB also provides the relay UE with SDAP and PDCP configurations of sidelink DRBs, including the PC5 QoS flow to DRB mapping.

	7. UE to Network Relay Setup
	The relay UE configures sidelink RLC entities for UE to network relay operation.

	
	The relay UE also forwards the container of DRB configurations of the remote UE, such as SDAP and PDCP configurations, including the mapping of 5G QoS flow to DRB.
	The relay UE configures the remote UE with SDAP and PDCP configurations of sidelink DRBs, including the PC5 QoS flow to DRB mapping.

	8. UE to Network Relay Setup Complete
	After establishing sidelink RLC entities for UE to network relay operation, the remote UE provides the relay UE with confirmation.

	
	The remote UE also provides the relay UE with a container of confirmation of proper configuration of SDAP and PDCP entities of UE to network DRBs.
	The remote UE also provides the relay UE confirmation and possible updates of SDAP, PDCP, and RLC configuration of sidelink DRBs.

	9. Relay UE Setup Complete
	The relay UE informs the serving gNB that sidelink RLC channels have been established for UE to network relay.

	
	The relay UE also informs the serving gNB the mapping is established between the sidelink RLC channel and Uu RLC channel for the adaptation layer. The relay UE forwards the container of confirmation of proper configuration of SDAP and PDCP entities of UE to network DRBs.
	The relay UE also informs the serving gNB that SDAP and PDCP entities have been established for sidelink DRBs.



[bookmark: _Hlk46676085]Though a UE to network relay connection can be setup with the above procedure for both Layer-2 and Layer-3 relay models, remote UE served by Layer-2 relay establishes both control plane and user plane connections with RAN and enters into RRC_CONNECTED state, while remote UE served by Layer-3 relay doesn’t establish presence in RAN and may still stay in RRC_IDLE/INACTIVE state.
[bookmark: Observation2]Observation 2: Layer-2 and Layer-3 relay models involve similar steps in UE to network relay connection setup, as both of them need to apply PC5 RRC for configuration of unicast communication over sidelink.
[bookmark: Observation3]Observation 3: After UE to network relay connection is setup, a remote UE served by Layer-2 relay establishes both control plane and user plane connections with RAN and enters into RRC_CONNECTED state, while a remote UE served by Layer-3 relay doesn’t establish presence in RAN and may still stay in RRC_IDLE/INACTIVE state.
Furthermore, when the above UE to network relay setup procedure concludes, Layer-2 relay can already operate its adaptation layer with proper configuration of RLC channel mapping between PC5 and Uu interfaces, while Layer-3 relay would still need further configuration from core network for its adaptation layer to properly handle mapping between 5G QoS flows in remote UE’s PDU session, PC5 QoS flows in sidelink PDU session, and 5G QoS flows in relay UE’s relay PDU session [2][3].
[bookmark: Observation4]Observation 4: After UE to network relay connection is setup, Layer-2 relay can already operate its adaptation layer with proper configuration of RLC channel mapping between PC5 and Uu interfaces, while Layer-3 relay would still need further configuration of its adaptation layer from core network.
Conclusions
This contribution analyzes the protocol stack and connection setup procedure of Layer-2 and Layer-3 relay mechanisms, which leads to the following observations and proposal:
Observation 1: Layer-2 sidelink relay can relay both control plane and user plane data, while layer-3 sidelink relay applies only to user plane.
Observation 2: Layer-2 and Layer-3 relay models involve similar steps in UE to network relay connection setup, as both of them need to apply PC5 RRC for configuration of unicast communication over sidelink.
Observation 3: After UE to network relay connection is setup, a remote UE served by Layer-2 relay establishes both control plane and user plane connections with RAN and enters into RRC_CONNECTED state, while a remote UE served by Layer-3 relay doesn’t establish presence in RAN and may still stay in RRC_IDLE/INACTIVE state.
Observation 4: After UE to network relay connection is setup, Layer-2 relay can already operate its adaptation layer with proper configuration of RLC channel mapping between PC5 and Uu interfaces, while Layer-3 relay would still need further configuration of its adaptation layer from core network.
Proposal: The above analyses and observations should be captured in the TR 38.836. 
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