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Introduction
In RAN#86 meeting, a new SI named “Study on NR Sidelink Relay” was approved and following two coverage extension scenarios are agreed[1]. 
· UE-to-network coverage extension: Uu coverage reachability is necessary for UEs to reach server in PDN network or counterpart UE out of proximity area. However, release-13 solution on UE-to-network relay is limited to EUTRA-based technology, and thus cannot be applied to NR-based system, for both NG-RAN and NR-based sidelink communication. 
· UE-to-UE coverage extension: Currently proximity reachability is limited to single-hop sidelink link, either via EUTRA-based or NR-based sidelink technology. However, that is not sufficient in the scenario where there is no Uu coverage, considering the limited single-hop sidelink coverage.
In this paper, we discuss feasible deployment scenario for UE-to-network coverage extension and provide our view on work scope for objectives described in SID. 
Discussion 
Deployment scenarios
A UE can be classified into remote UE or UE-to-Network Relay. According to [2], the remote UE is a 5G ProSe-enabled UE that communicates with a data network via a UE-to-Network Relay. UE-to-Network Relay is a UE that provides functionality to support connectivity to the network for Remote UE(s). 
There are two communication modes. A direct network communication means communication mode where there is no UE-to-Network Relay between a UE and the 5G network. In indirect network communication, there is a UE-to-Network Relay between a UE and the 5G network.   
The UE-to-network coverage extension can be used for both commercial use case and public safety. There may be two types of deployment scenarios in UE-to-network coverage extension as shown figure 1. In-coverage scenario is a case where both remote UE and UE-to-Network Relay are located within a cell coverage by a gNB. Partial-coverage scenario is a case where UE-to-Network Relay is only located in a cell coverage by gNB and remote UE is located in out of coverage.


Figure 1. Deployment scenarios for UE-to-network coverage extension

Proposal 1: RAN2 to discuss deployment scenarios for UE-to-network coverage extension.
Considerations and Work scope
In this section, we provide our view on work scope for each objective in NR sidelink relay study. 

Relay (re-)selection 
Relay (re-)selection is to select or reselect a UE-to-Network Relay for communication path of data relaying for a remote UE. The relay (re-)selection can be occurred when a UE-to-Network Relay is located within communication range of remote UE intending to indirect network communication. In this case, the UE-to-Network Relay should have capability to provide relay link over PC5 to remote UE while it connects to network with direct link over Uu. The remote UE can reselect another UE-to-Network Relay in case where link quality is worse than threshold or congestion is occurred on UE-to-Network Relay. Therefore, RAN2 should discuss detail mechanism for relay (re-)selection including triggering condition, functional node for control/decision and protocol procedures. 
Proposal 2: RAN2 to discuss triggering condition, functional node for control/decision and protocol procedures for relay (re-)selection.

Authorization 
In UE-to-network coverage extension, there are two authorization cases such as UE-to-Network Relay authorization and remote UE authorization. The UE-to-Network Relay authorization is to authorize a UE to be a UE-to-Network Relay and the remote UE authorization is to authorize a UE to access 5GC via a UE-to-Network Relay. According to [2], three was discussion on service authorization and provisioning for UE-to-Network Relay. The PCF based service authorization and provisioning was provided as a solution for authorization mechanism both UE-to-Network Relay and remote UE. However, this issue is mainly related to SA2. Therefore, we should discuss RAN2 issues based on decision of related other WG.
Proposal 3: RAN2 to discuss authorization issues based on SA2 decision.

QoS 
In UE-to-network coverage extension, it is necessary to guarantee end-to-end QoS on communication path between the remote UE and the network via a UE-to-Network Relay. The relay communication path comprises of two legs such as PC5 and Uu. The end-to-end QoS can be achieved only when each leg satisfies QoS requirement and proper QoS mapping is provided on UE-to-Network Relay. The QoS mapping may be divided into two parts. First one is parameter mapping, which means a UE-to-Network Relay translates a Uu QoS information into corresponding PC5 QoS parameter or vice versa. The other one is flow mapping scheme between Uu and PC5, which can be achieved by 1:1 mapping or 1:N mapping, if we consider multiple flows with various QoS in UE-to-network coverage extension. 
Proposal 4: RAN2 to discuss QoS mapping mechanism between Uu link and PC5 link. 

Service continuity 
In order to provide seamless service in UE-to-network coverage extension, it is essential to provide efficient communication path configuration and path switching between a direct network communication and an indirect network communication. 
The path configuration means communication path selection for data exchange. In general, single path is configured for a service, but multiple paths can be also configured for reliability enhancement. In single path configuration, either direct network communication or indirect network communication is able to be configured for a remote UE. In multiple paths configuration, both direct network communication and indirect network communication can be simultaneously configured. Therefore, it is necessary to discuss whether to support multiple paths configuration scenario during Rel-17 NR sidelink relay study. 
The path switching can be classified into three scenarios, which are Uu to PC5, PC5 to Uu, and PC5 to PC5. The path switching from Uu to PC5 is data path change from direct network communication to indirect network communication. The path switching from PC5 to Uu is reverse case to Uu to PC5. The path switching between PC5s can be occurred when new UE-to-Network Relay is configured between the remote UE and network. 
Proposal 5: RAN2 to discuss path configuration and path switching for service continuity. 
In addition, there may be two deployment scenarios in UE-to-Network coverage extension according to UE location, such as intra-cell scenario and inter-cell scenario. In intra-cell scenario, remote UE and UE-to-Network Relay are located within same cell. In inter-cell scenario, remote UE and UE-to-Network Relay are located in different cell. Since different technical issues may be required between two scenarios, RAN2 should discuss whether to support both scenarios or not.  
Proposal 6: RAN2 to discuss whether to support intra-cell scenario and inter-cell scenario.

Security
According to [3], 3GPP shall support end-to-end integrity protection and confidentiality for data transmission to/from a UE when the UE is in indirect network communication. Even though security and privacy aspects are mainly handled in SA3, there may be issues in terms of relaying architecture from RAN2 perspective. 
Assuming layer 3 relaying, hop-by-hop security can be supported in the PC5 link and Uu link. But, if there are requirements beyond hop-by-hop security for protection of remote UE's traffic in this case, some security mechanism is needed to be applied on upper layer. If we consider layer 2 relaying, security can be enforced at the PDCP layer between the remote UE and the gNB. The PDCP traffic is relayed securely over two links, one between the remote UE and the UE-to-Network Relay and the other between UE-to-Network Relay to the gNB, without any exposing of the remote UE's data to the UE-to-Network Relay. Therefore, RAN2 should discuss the security issues taking into account relaying architecture. 
Proposal 7: RAN2 to discuss security issues taking into account relaying architecture.

Discovery model/procedure for sidelink relaying 
According to [2], Model A and Model B was discussed for discovery mechanisms in UE-to-Network relay scenario, which means discovery is based on application layer signalling. In Model A mechanism, the UE-to-Network Relay announces the discovery message including information that the UE is able to carry out relay function. In Model B mechanism, the remote UE requests relay discovery related information in discovery solicitation message, the UE-to-Network Relay replies with discovery response message which matches the information in discovery solicitation message.
Two types of resource allocation mechanisms were decided in Rel-16 V2X [4]. In Mode 1 resource allocation, gNB schedules sidelink resource to be used by UE for transmission, while UE determines sidelink transmission resource within resource pool configured by gNB or pre-configured resource in Mode 2. The Mode 1 and Mode 2 resource allocation can be used for discovery in NR sidelink relay.
Basically, discovery model and procedure for sidelink relaying should be designed based on above mechanisms. But if three are some requirements in terms of QoS and service continuity, RAN2 needs to discuss enhancement on discovery mechanism such as AS level procedure, even though, physical layer enhancement is not considered. 
Proposal 8: RAN2 to discuss whether to enhance discovery mechanism for NR sidelink relay.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this contribution, we discuss deployment scenario and consideration on for UE-to-network coverage extension for NR sidelink relay from RAN2 point of view. Several proposals have been outlined below. 
Proposal 1: RAN2 to discuss deployment scenarios for UE-to-network coverage extension.
Proposal 2: RAN2 to discuss triggering condition, functional node for control/decision and protocol procedures for relay (re-)selection.
Proposal 3: RAN2 to discuss authorization issues based on SA2 decision.
Proposal 4: RAN2 to discuss QoS mapping mechanism between Uu link and PC5 link. 
Proposal 5: RAN2 to discuss path configuration and path switching for service continuity. 
Proposal 6: RAN2 to discuss whether to support intra-cell scenario and inter-cell scenario.
Proposal 7: RAN2 to discuss security issues taking into account relaying architecture.
Proposal 8: RAN2 to discuss whether to enhance discovery mechanism for NR sidelink relay.
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