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Introduction 
A first version of NR sidelink has been developed in Release 16 which aims to support broadcast, unicast and groupcast communications pertaining to both safety-related V2X scenarios such as automated driving, vehicle platooning etc, and non-safety related V2X scenarios such as mobile high data-rate entertainment, dynamic digital map update etc. [1][2]. Introducing sidelink relaying functionality can prove beneficial in terms of network coverage extension and improved power efficiency for a wide range of applications and services and can cater to enhanced QoS requirements [3]. Under sidelink-based communication, there are two use-cases to consider regarding coverage extension:
· UE-to-network coverage extension: A solution for UE-to-network relay has previously been presented in release 13, however, it is limited to the EUTRA-based technology. Sidelink relaying functionality needs to be devised for NR-based system, for both NG-RAN and NR-based sidelink communication to support Uu coverage reachability for UEs to reach other UEs out of proximity area or to reach the server in PDN network.

· UE-to-UE coverage extension: Limited single-hop sidelink coverage is insufficient in the scenario where there is no Uu coverage. NR sidelink UE-to-UE relay can extend coverage for out-of-network remote UEs, hence providing proximity reachability to gNB.
This contribution aims to study the high-level requirements and supported scenarios for a single-hop NR sidelink based relay which may support the SID requirements with minimum specification impact for sidelink-based UE-to-network and UE-to-UE relay. The key issues identified in TR 23.752 [4] and the scenarios and study presented in TR.36.746 [5] are taken as starting points for this document. This study shall in future adapt to further input and progress from SA WGs (SA2, SA3, etc.) pertaining to the aspects (if applicable) of relay (re-)selection, relay/remote UE authorization, service continuity, QoS and security of relaying functionality and connection, respectively, and the impact on user-plane protocol stack and control plane procedure.
Discussion
[bookmark: Proposal_Pattern_Length]Scope
The scope of this study item covers NR sidelink relays over a single hop. Multi-hop sidelink relaying functionality is out of the scope of this study. Both Layer 2 and Layer 3 sidelink relays are considered for UE-to-UE and UE-to-Network relaying for remote/end UEs within network coverage and/or out-of-coverage.
Assumptions
· NR based PC5 is considered.
· Release 16 NR PC5 is taken as baseline for sidelink functionality.
· The standardized PQI values defined for NR PC5 can be used to support performance requirements.
· QoS support on PC5 is enabled and PQI to 5QI mapping is provided by upper layers.
· Remote UE can be in-coverage or out-of-coverage.
· NR sidelink UE-to-Network relay is assumed to be in RRC_CONNECTED state while relaying data.
· Remote UE can be RRC_INACTIVE or RRC_CONNECTED while sending data over L3-based NR sidelink relay and L2-based NR sidelink UE-to-UE relay. FFS Remote UE state for L2-based NR UE-to-NW sidelink relay.  
· Both NR Sidelink relay and Remote UEs can be served by same or different frequencies/cells.
· Service continuity is preserved during path switching from cellular (Uu) to relay (PC5) link (referred to as direct to indirect communication links in TR 23.752 [4]), from relay (PC5) to cellular (Uu) link, between two relay links (PC5 to PC5), from NR sidelink direct link (PC5) to NR relay sidelink (PC5), or from NR relay sidelink (PC5) to NR sidelink direct link (PC5). 
Requirements
The purpose of this section is to present the requirements for the NR sidelink relay:
1) Visibility and Reachability: The sidelink relay should be discoverable and visible to remote UEs both in-coverage and out-of-coverage.  The Remote UEs should be visible and reachable by the network.

2) Common Relay Architecture: For NR sidelink relay, both L2 and L3 relay architectures are considered, however, it is assumed that both the UE-to-UE as well as the UE-to-Network NR sidelink relay have a common architecture, i.e. both support either L2 or L3 relaying functionality.

3) Service Continuity: For cellular, sidelink and relay communication, efficient/fast path switching from NR sidelink relay to NR sidelink relay, or from NR sidelink relay to Uu links and vice versa is required. Service continuity needs to be maintained for these switching scenarios.

4) QoS for Relaying Functionality: Service performance requirements for various QoS configurations should be met and standardized PQI values for NR PC5 should be supported. End-to-end QoS requirements (such as data rate, reliability, latency) should be supported.

5) Traffic distinction: For UE-to-NW relaying, depending on the relay architecture, the gNB should be able to distinguish between the traffic originating from Remote UE and from the NR sidelink relay UE. The gNB should also differentiate between the incoming traffic from a single NR sidelink relay which has originated from multiple remote UEs.

6) Efficient signaling: Signaling over both PC5 and Uu links for various traffic models, under different scenarios and use-cases should support efficient operation (e.g. discovery, selection, management, release, etc.). Path switching between a cellular/sidelink path and an NR sidelink relay communication path, as well as switching between two NR sidelink relay communication paths should be efficient.

7) Security: For UE-to-NW relaying, security (confidentiality and integrity protection) should be enforced between the endpoints at the Remote UE and the gNB which includes secure communication over the PC5 link between the Remote UE and the NR sidelink relay, and over the Uu interface between the NR sidelink relay UE and the gNB either using end-to-end or hop-by-hop security. For UE-to-UE relaying, end-to-end security protection is required between source UE and target UE. 

Proposal 1:  RAN2 agree the Scope, Assumptions and Requirements delineated in sections 2.1, 2.2, and 2.3, respectively, to be included in the TR.
Supported Coverage Scenarios
In this section, the basic scenarios supported under both relay types, that is, UE-to-Network relay and UE-to-UE relay are discussed.
2.4.1. Scenarios for UE-to-Network Relay
Three scenarios are considered for this study item as shown in Figure 1 where a Remote UE communicates with the gNB using a UE-to-Network sidelink relay.
1) Scenario 1: Both the Remote UE and the NR Sidelink UE-to-Network Relay UE are in-coverage with both served by the same gNB. 
2) Scenario 2: The NR Sidelink UE-to-Network Relay UE is in-coverage but the Remote UE is out-of-coverage. The NR sidelink relay forwards the Remote UE’s data, received over the relay PC5 link, to the gNB over the Uu link.
3) Scenario 3: The Remote UE and the NR Sidelink UE-to-Network Relay UE are both served by different gNBs. In this case, the NR Sidelink UE-to-Network Relay UE forwards the data from the Remote UE to its own gNB which forwards the data to the Core Network. The NR Sidelink UE-to-Network Relay is assumed to be RRC_CONNECTED during the transmission of remote UE’s traffic to the gNB.
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Figure 1: Scenarios for NR Sidelink UE-to-Network Relay







2.4.2. Scenarios for UE-to-UE Relay
Five scenarios are considered for this study item as shown in Figure 2 where a Source Remote UE communicates with a Remote Target UE using an NR sidelink UE-to-UE relay.
1) Scenario 1: All three UEs, the remote UEs (source and target) and the UE-to-UE relay are within the coverage area of the same cell.
2) Scenario 2: In this scenario, the target Remote UE is out-of-coverage while the source Remote UE and the NR Sidelink UE-to-UE relay are both located inside the coverage area of the cell.
3) Scenario 3: The source Remote UE transmitting the data is out-of-coverage but the UE-to-UE relay and the target Remote UE are within the cell coverage area.
4) Scenario 4: In this scenario, both the remote UEs (source and target) are out-of-coverage and relaying communication through an in-coverage UE-to-UE relay over the PC5 link. 
5) Scenario 5: All three UEs, the remote UEs (source and target) and the UE-to-UE relay UE are out-of-coverage during communication.

NOTE: As per section 6.9.2 in TR 23.752 [4], the UE-to-UE relay registers with the network and specifies its relay capabilities, however, no SA2 requirement for the NR sidelink UE-to-UE relay to be in RRC_CONNECTED state while relaying data from the remote UE to the target UE is explicitly stated. It is therefore assumed that for UE-to-UE relaying functionality, all three UEs can be out-of-coverage during data transmission.

[bookmark: _Hlk46243911]Proposal 2:  RAN2 agree to capture the supported scenarios for UE-to-Network Relay and the UE-to-UE Relay with respect to network coverage as described in section 2.4.1. and 2.4.2., respectively, in the TR.
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Figure 2: Scenarios for NR Sidelink UE-to-UE Relay


Supported Scenarios with respect to Service Continuity
This section presents the scenarios for both UE-to-UE relay and UE-to-Network relay performing relay switching from cellular to relay communication link and vice versa, between relay communication links (relay re-selection), and between sidelink and relay sidelink communication paths. Note that service continuity and efficient signalling is required during this path switching process.
Scenarios for NR Sidelink UE-to-Network Relay
3.1.1 Switching from cellular to relay communication link
Two scenarios can be considered where a Remote UE performs path switching from a Uu link to a relay link, relaying information via the NR sidelink relay. Both intra-gNB and inter-gNB switching are considered as shown in Figure 3.
1) Scenario 1:  In this scenario, the Remote UE switches from a Uu link to a relay link with the NR sidelink relay UE within the same gNB coverage. This is intra-gNB path switching from Uu to relay. 
2) Scenario 2: The Remote UE switches from Uu link to the relay path and sends information via an NR sidelink relay which is connected to a different gNB. This is an inter-gNB path switching from Uu to relay.
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Figure 3: Switching from cellular to relay communication link scenarios



3.1.2 Switching from relay to cellular communication link
Two scenarios can be considered where a Remote UE performs path switching from a relay link to a Uu link. Both intra-gNB and inter-gNB switching is considered as shown in Figure 4.
1) Scenario 1: Both the NR sidelink relay UE and the Remote UE are located in the same cell, and the Remote UE switches from a relay path to a Uu link. This is intra-gNB path switching from relay to Uu.
2) Scenario 2: The Remote UE currently relaying information through an NR sidelink relay UE situated in a different cell, switches to a cellular communication Uu link in its serving cell. This is an inter-gNB path switching from relay to Uu.
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Figure 4: Switching from relay to cellular communication link scenarios




3.1.3 Switching between relay communication links (relay re-selection)
Three scenarios are considered here for path switching between two relay communication links. Both intra-gNB and inter-gNB cases are taken into account as shown in Figure 5.
1) Scenario 1: The Remote UE switches between two NR sidelink UE-to-Network relay UEs within its cell. This is intra-gNB relay re-selection.
2) Scenario 2: The Remote UE currently relaying information through an NR sidelink relay UE located in a different cell, switches over to a relay UE within its serving cell. This is an inter-gNB path relay re-selection.
3) Scenario 3: The Remote UE currently relaying information through an NR sidelink relay UE located in the same cell, switches over to a relay UE in a different cell. This is an inter-gNB relay re-selection.

Proposal 3:  RAN2 agree to capture the NR sidelink UE-to-Network relay scenarios with inter-gNB and intra-gNB path-switching as discussed in section 3.1 in the TR.
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Figure 5: Scenarios for path switching between relay communication links for UE-to-Network Relay


Scenarios for NR Sidelink UE-to-UE Relay 
3.2.1 Switching between relay communication links
In this section, the Remote UE switches between two NR sidelink UE-to-UE relays, or in other words UE-to-UE relay re-selection is performed. One scenario is considered here for path switching between relay communication links, that is, indirect PC5-to-PC5 switching, and is shown in Figure 6. 
1) Scenario: The Remote UE switches from an NR sidelink UE-to-UE relay to another NR sidelink relay, to transmit data to the target remote UE.[image: ]
Figure 6: Scenarios for path switching between relay communication links for UE-to-UE Relay


3.2.2 Switching between direct-PC5 and indirect-PC5 (relay) communication links
The use-cases for switching from an NR sidelink communication path to an indirect link via the NR sidelink relay, and vice versa are considered as shown in Figure 7, for exchanging data between a source Remote UE and a target Remote UE.
1) Scenario 1: The source Remote UE, currently using the NR sidelink PC5 link to transmit data to the target Remote UE, switches to a relay link using the NR sidelink UE-to-UE relay.
2) Scenario 2: The remote UE switches from using an NR sidelink UE-to-UE relay to a direct PC5 NR sidelink connection to communicate with the target Remote UE.
Proposal 4:  RAN2 agree to capture the NR sidelink UE-to-UE relay scenarios as discussed in section 3.2 in the TR.
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Figure 7: Switching between NR sidelink PC5 path and NR sidelink relay PC5 path

Summary
This section provides briefly, in Tables 1 and 2, the scenarios discussed in this contribution for UE-to-Network Relay, UE-to-UE relay, and for service continuity use-cases.
Table 1: Supported Scenarios for NR Sidelink Relay
	Relay Type
	Scenario
	Description

	NR Sidelink UE-to-Network Relay
	Scenario 1
	Remote UE and NR sidelink Relay are in-coverage

	
	Scenario 2
	Remote UE is out-of-coverage

	
	Scenario 3
	NR Sidelink relay and Remote UE are served by different gNBs

	NR Sidelink UE-to-UE Relay
	Scenario 1
	All three UEs are in-coverage

	
	Scenario 2
	Target Remote UE is out-of-coverage

	
	Scenario 3
	Source Remote UE is out-of-coverage

	
	Scenario 4
	Source and Target Remote UE are out-of-coverage

	
	Scenario 5
	All three UEs are out-of-coverage



Table 2: Supported Scenarios with Service Continuity
	Relay Type
	Category
	Scenario
	Description

	NR Sidelink UE-to-Network Relay
	Switching from cellular to relay communication link
	Scenario 1
	Intra-gNB path switching from Uu to relay

	
	
	Scenario 2
	Inter-gNB path switching from Uu to relay

	
	Switching from relay to cellular communication link
	Scenario 1
	Intra-gNB path switching from relay to Uu

	
	
	Scenario 2
	Inter-gNB path switching from relay to Uu

	
	Switching between relay communication links
	Scenario 1
	Switching between NR sidelink relays in the same cell as Remote UE

	
	
	Scenario 2
	Switching from NR sidelink relay in different cell to NR sidelink relay in same cell as remote UE

	
	
	Scenario 3
	Switching from NR sidelink relay in same cell to NR sidelink relay in different cell from remote UE

	NR Sidelink UE-to-UE Relay
	Switching between relay communication links
	Scenario 1
	Switching between NR sidelink UE-to-UE (relay re-selection)

	
	Switching between direct-PC5 and indirect-PC5 (relay) links
	Scenario 1
	Switching from direct PC5 to relay PC5 link

	
	
	Scenario 2
	Switching from relay PC5 to direct PC5 link


Conclusions
Proposal 1:  RAN2 agree the Scope, Assumptions and Requirements delineated in sections 2.1, 2.2, and 2.3, respectively, to be included in the TR.
Proposal 2:  RAN2 agree to capture the supported scenarios for UE-to-Network Relay and the UE-to-UE Relay with respect to network coverage as described in section 2.4.1. and 2.4.2., respectively, in the TR.
Proposal 3:  RAN2 agree to capture the NR sidelink UE-to-Network relay scenarios with inter-gNB and intra-gNB path-switching as discussed in section 3.1 in the TR.
Proposal 4:  RAN2 agree to capture the NR sidelink UE-to-UE relay scenarios as discussed in section 3.2 in the TR.
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It is proposed to capture section 2 and 3 including Figures 1-7 as part of the TR, as proposed in Proposals 1-4.
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