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1
Introduction

In RAN#86 meeting, the SI named “Study on NR Sidelink Relay” was agreed [1]. The main objectives are cited as below:
	This study item targets to study single-hop NR sidelink-based relay. 
Study mechanism(s) with minimum specification impact to support the SA requirements for sidelink-based UE-to-network and UE-to-UE relay, focusing on the following aspects (if applicable)  for layer-3 relay and layer-2 relay [RAN2];

Relay (re-)selection criterion and procedure;

Relay/Remote UE authorization;

QoS for relaying functionality;
Service continuity;

Security of relayed connection after SA3 has provided its conclusions;

Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;
Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal [RAN2];


In this contribution, the scenarios for NR SL relay are discussed and some initial considerations for the relay, such as relay/remote UE authorization, relay UE performing cell selection, access control for relay UE, CU-DU split for support of NR SL relay, are presented.

SA requirements
Some requirements for UE-to-Network relay are cited from TS 22.261 [2] as below. At least, the UE-to-Network relay should support of QoS, service continuity and security for relayed data. In addition, key performance for UE-to-Network relaying is given in Table 7.7-1 in TS 22.261.
	The 5G system shall be able to support QoS for a user traffic session between the remote UE and the network using 3GPP access technology.
The 5G system shall support service continuity for a remote UE, when the remote UE changes from a direct network connection to an indirect network connection and vice-versa.

The 5G system shall support service continuity for a remote UE, when the remote UE changes from one relay UE to another and both relay UEs use 3GPP access to the 5G core network.
The 5G system shall support a secure mechanism to protect relayed data from being intercepted by a relay UE.


However, there is no clear use cases/requirements for UE-to-UE relay in TS 22.261. According to the SID [1], UE-to-UE relay is used for sidelink coverage extension. We may remember that in TS 22.886, two use cases may look like UE-to-UE relay, i.e. UE to RSU communication via another UE, and UE to UE communication via an RSU, where the RSU is an UE type RSU. 
	[PR.5.2-001]
The 3GPP system shall be able to support a maximum latency of [500] ms for the transport of V2X messages between a UE supporting V2X application and a RSU via another UE supporting V2X application.

[PR.5.10-006]
The 3GPP system shall be capable of transferring messages between two UEs supporting V2X application, directly or via an RSU, with a maximum application-layer end-to-end latency of [100] ms.


As we can see, there are explicit requirements for UE-to-Network relay but there is no clear use case/requirements for UE-to-UE relay in 5G system.
Observation 1: According to TS 22.261, there are explicit requirements for UE-to-Network relay. At least, the UE-to-Network relay should support of QoS, service continuity and security for relayed data.
Observation 2: For UE-to-UE relay, there is no clear use case/requirements for 5G system, except for the V2X use cases, i.e. UE to RSU communication via another UE, UE to UE communication via an RSU, where the RSU is an UE type RSU.
Discussion on scenarios for NR SL relay
3.1 UE-to-Network relay
A remote UE can perform indirect network communication with the network via a UE-to-Network Relay UE, as shown in Figure 1. 
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Figure 1. Indirect network communication via a UE-to-Network Relay UE
Regarding support of UE-to-Network relay in NR, for the RAT of PC5 interface between remote UE and relay UE and Uu interface between relay UE and network, there are the following cases:
Case 1: basically, NR-PC5 and NR-Uu is considered, and the NG-RAN is connected to 5GC. 
Case 2: the UE-to-Network relay UE can be served by an ng-eNB, that is, NR-PC5 between remote UE and relay UE and LTE-Uu between relay UE and ng-eNB who connects to 5GC are considered. For the relay UE, the QoS flow based QoS mechanism is applied. The data mapping between PC5 and Uu interface is the same as in case 1. The LTE-Uu configuration of the ng-eNB shall include NR configuration as a container. For L3 UE-to-Network relay, the impact to LTE-Uu is limited and it is easy to support. But for L2 UE-to-Network relay, adaptation layer may shall be considered in LTE-Uu, which may have considerable impacts to LTE specification.
Case 3: considering backward compatibility with LTE UE, it is better to consider LTE-PC5 and NR-Uu as well. For example, a R15 UE who may use NR-Uu for Uu communication and LTE-PC5 for sidelink communication. For both L3 and L2 UE-to-Network relay, the data mapping between LTE-PC5 and NR-Uu may need be considered. There may not be too much enhancements for this case. 
Case 4: NR-PC5 and LTE-Uu may also be considered. For example, a UE supports only NR-PC5 may discovery a relay UE who connects to a LTE eNB/EPC. Compared to case 2, for relay UE in this case, the LTE QoS mechanism is applied. Thus, the data mapping between NR-PC5 and LTE-Uu and LTE-Uu controls NR-PC5 may need be considered. And for L2 UE-to-Network relay, adaptation layer may shall be considered in LTE-Uu. This case may require considerable enhancements for LTE specification for both L3 and L2 UE-to-Network relay.
	Cases
RAT of interface
	PC5 interface between remote UE and UE-to-Network relay UE
	Uu interface between UE-to-Network relay UE and network
	Core network

	Case 1
	NR-PC5
	NR-Uu
	5GC

	Case 2
	NR-PC5
	LTE-Uu
	5GC

	Case 3
	LTE-PC5
	NR-Uu
	5GC

	Case 4
	NR-PC5
	LTE-Uu 
	EPC


Based on the above analysis, case 4 (NR-PC5 and LTE-Uu) may require considerable enhancements for LTE specification for both L3 and L2 UE-to-Network relay, which can be ruled out. Regarding support of L3 UE-to-Network relay in NR, besides case 1, for case 2 and 3, the impact to LTE-Uu is limited and acceptable. It is suggested to consider case 2 and case 3 for L3 UE-to-Network as well. For L2 UE-to-Network relay in case 2, adaptation layer may shall be considered in LTE-Uu, which may have considerable impacts to LTE specification. This case is not to be considered. Case 3 which may have only a little impact to LTE may be considered for L2 UE-to-Network relay.
Proposal 1a: Regarding support of L3 UE-to-Network relay in NR, besides the NR-PC5 and NR-Uu, different RAT of PC5 and Uu interface, i.e. NR-PC5 and LTE-Uu connected to 5GC, LTE-PC5 and NR-Uu, shall also be considered.

Proposal 1b: Regarding support of L2 UE-to-Network relay in NR, besides the NR-PC5 and NR-Uu, different RAT of PC5 and Uu interface, i.e. LTE-PC5 and NR-Uu, shall also be considered.
As stated in the SID of NR SL relay, only single hop relay is studied, but in the relay design, forward compatibility for multi-hop relay support in a future release needs to be taken into account. It is suggested to confirm that single hop relay is considered in this release, but forward compatibility for multi-hop relay support in a future release can be considered in the relay design.

Proposal 2: RAN2 confirms that single hop relay is considered in this release, but forward compatibility for multi-hop relay support in a future release can be considered in the relay design. 
Since only unicast is supported on NR Uu yet, for NR UE-to-Network relay, it is suggested that only Uu unicast is considered between the relay UE and the NG-RAN node. The support of broadcast/multicast over NR Uu is beginning to study in R17, we can support the Uu broadcast/multicast for UE-to-Network relay in the future release after the NR Uu broadcast/multicast specification is stable. Regarding to the cast type over PC5 between the remote UE and the UE-to-Network relay, since MBMS-like service is not considered in NR Uu at this stage, it is not necessary to consider the relay UE forwarding MBMS-like service to remote UEs via SL broadcast/goupcast. For UE-to-Network relay to forward data between remote UE and the network, the remote UE should establish PC5 unicast link with the relay UE. Therefore, it is suggested that only unicast is considered for support of UE-to-Network relay.
Proposal 3: It is suggested that only unicast is considered for support of UE-to-Network relay. 
UE may be able to access to network via the direct network communication (path#1) or the indirect network communication via different UE-to-Network relays (path#2 and path#3), as shown in Figure 2. Since the direct network communication gains more reliability and less latency, generally, the UE is intended to access network via direct network communication and only selects the indirect network communication when the direct Uu path is not available. For service continuity, there may be a short time the UE connects to both the network directly and the relay link simultaneously during path switch between direct and indirect network communication. But, in normal cases, the UE shall use either direct network communication or indirect network communication to access to network. 
If indirect network communication is selected (direct network communication is not available), for L3 based UE-to-Network relay, it may be not limited for the UE to use multiple relays to forward different services towards/from network. However, for L2 based UE-to-Network relay, it is better to use/choose only one relay to perform indirect network communication for simplicity in this release. 
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Figure 2. Direct network communication and indirect network communication
Proposal 4a: UE shall use either direct network communication or indirect network communication to access to network. Only during path switch between direct and indirect network communication, UE may connect to Uu and relay link simultaneously in a short time.

Proposal 4b: If indirect network communication is selected, it is suggested to choose only one relay path to perform indirect network communication at least for L2 UE-to-Network relay.
It is natural that a UE in MR-DC can act as a UE-to-Network relay and it may be a common scenario that a UE selects a relay UE who is in MR-DC, as shown in Figure 3. For L3 based UE-to-Network relay, the relay UE follows legacy MR-DC procedure to transmit remote UE’s traffic to network and forwards DL traffic to remote UE comply with LTE or NR L3 relay mechanism. Compared to normal NR L3 relay mechanism, no additional issues are identified for the UE-to-Network relay in MR-DC. But for L2 based UE-to-Network relay, it needs to consider whether the remote UE can only connect to the MN of the relay UE or the SN can also serve the remote UE as a standalone base station and how/who to decide whether the remote UE performs RRC connection with the MN or the SN of the relay UE. If the remote UE connects to one of the base station via the relay UE, whether the other leg can be used for UL/DL data forwarding and how to configure the MCG/SCG relay backhaul bearer shall be considered. It is suggested to consider the MR-DC scenario for L2 based UE-to-Network Relay.
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Figure 3. An example of MR-DC scenario for UE-to-Network relay
Proposal 5: It is suggested to consider the MR-DC scenario for L2 UE-to-Network Relay. 
3.2 UE-to-UE relay
UE-to-UE relay is beneficial to sidelink coverage extension. For example, when two UEs are not in direct communication range, they can still communicate with each other via a UE-to-UE relay who is in direct communication range of the two UEs and help forward data between the two UEs, as shown in Figure 4. The same as UE-to-Network relay, single hop is considered for UE-to-UE relay. The UE-to-UE relay is not supported in LTE, it is not necessary to consider the backward compatibility. On the other hand, if different RAT of PC5 interface is considered, LTE PC5 discovery procedure which defined by SA2 needs to be extended to support UE-to-UE relay discovery. In addition, the ensurance of the end-to-end QoS of the two UEs (e.g. UE 1 and UE 3) is more complicated. Therefore, in the SI phase, we can only consider NR-PC5 RAT between UE and the UE-to-UE relay. 
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Figure 4. UE-to-UE relay
Proposal 6: For UE-to-UE relay, only NR-PC5 RAT between UE and the relay is considered. 

Basically, PC5 unicast is used for the UE-to-UE relay to forward traffic for two remote UEs (e.g. UE 1 and UE 3). The remote UEs need relay function shall establish PC5 unicast link with the relay UE separately. Since the use cases/requirements for the support of broadcast/groupcast UE-to-UE relay is not clearly identified in SA1, it is suggested not to consider the broadcast/groupcast UE-to-UE relay in this release.
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Figure 5. an example of broadcast/groupcast UE-to-UE relay
Proposal 7: For UE-to-UE relay, only PC5 unicast between remote UE and the relay is considered.
Figure 6 shows an example of multi-path for UE-to-UE relay. UE may choose different UE-to-UE relays to forward services with different QoS requirements. Or UE may choose multiple UE-to-UE relays for data forwarding considering the load balance of the relay UEs. RAN2 is suggested to consider whether multi-path is supported for UE-to-UE relay.
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Figure 6. multi-path for UE-to-UE relay
Proposal 8: RAN2 is suggested to consider whether multi-path is supported for UE-to-UE relay.
Initial considerations on some common issues
4.1 Relay initiation and relay (re-)selection

In R13 D2D relay, relay initiation, i.e. network controls whether a UE can act as a UE-to-Network relay, is studied. We believe the similar issue shall be studied for NR Sidelink Relay. In addition, as stated in the SID [1], Relay (re-) selection criterion and procedure shall be studied for NR Sidelink Relay. More details about relay initiation and relay (re-)selection for NR Sidleink Relay are discussed in our companion contribution [3].
4.2 Relay UE performing cell selection

For support of UE-to-Network relay in NR, the network should be able to provide the relay configuration, such as relay UE initiation criteria, relay (re-)selection criteria, sidelink relay communication resources, bearer configuration for relay communication, etc. A UE that intends to act as a UE-to-Network relay UE and perform relay communication shall select those cells which can provide sidelink relay configuration.

Proposal 9: A UE that intends to act as a UE-to-Network relay UE and perform relay communication shall select those cells which can provide sidelink relay configuration.
4.3 Access control for relay 

NR Uu supports overload and access control functionality such as RACH back off, RRC Connection Reject, RRC Connection Release and UE based access barring mechanisms. NG-RAN broadcasts barring control information indicated through Access Categories and Access Identities, to control the prioritization for different types of UE to access into network. Correspondingly, based on the barring information broadcast for the selected PLMN, the UE determines whether an access attempt is authorized.

In NR sidelink relay, when a UE capable of and/or interested in relay communication access into network, it could indicate its relay capability and interest. The network then determines whether to allow the UE to get access. On the one hand, due to relay UE may need to help remote UE transfer data, network may prioritize relay UE to access into network. However, on the other hand, relay UE may also consume more radio resources on both Uu and PC5 interface, network may de-prioritize relay UE to access into network when resources overload. For NR sidelink relay, it is suggested to consider access control for relay UE.
Proposal 10: For NR sidelink relay, it is suggested to consider access control for relay UE.
4.4 Relay/remote UE authorization

In R13 D2D, ProSe UE-to-Network Relaying authorization for relay UE is performed at eNB. When UE requests sidelink resources for relay communication, the eNB checks the UE's authorization information according to the ProSe Authorized IE in the UE context obtained from the MME. If the UE is authorized to act as a relay UE, the eNB configures the corresponding resource for the UE. Similarly, in NR Sidelink Relay, relay UE authorization at gNB shall be considered. Specifically, when UE requests for sidelink relay communication, gNB verifies whether the UE is authorized to act as a relay UE and configures relay related configuration for the UE.

In addition, we may consider whether remote UE authorization in NR SL Relay is needed or not. In R13 D2D, L3 UE-to-Network relay is supported and remote UE authorization is not considered. For NR SL L3 UE-to-Network relay, remote UE performs legacy PC5 unicast communication with the relay UE. Similar as R13 D2D, the remote UE authorization is not necessary to be considered. But for NR SL L2 UE-to-Network relay, the remote UE shall establish RRC connection with gNB via the UE-to-Network relay UE and obtain sidelink configuration for relay communication. In this case, the gNB may need to verify whether the accessing UE can communicate via a relay UE, i.e. to check whether the UE is authorized to act as a remote UE and perform sidelink relay communication. After successful authorization, gNB allows the remote UE to connect to network and configures sidelink configuration for relay communication for the remote UE. Therefore, it is suggested to consider remote UE authorization for L2 UE-to-Network relay.         
Proposal 11a: For UE-to-Network Relay, relay UE authorization shall be considered.

Proposal 11b: It is suggested to consider remote UE authorization for L2 UE-to-Network Relay.
4.5 CU-DU split for support of NR SL Relay

In NR V2X, impacts on F1 interface for support of NR V2X sidelink communication in gNB-CU/DU split scenario is studied, such as F1 impacts for sidelink resource allocation and configuration, sidelink DRB configuration. When it comes to support of NR SL relay, F1 impacts for support of relay communication in gNB-CU/DU split case shall be considered.
Proposal 12: F1 impacts for support of NR SL relay communication in gNB-CU/DU split case shall be considered.
Conclusion
In this contribution, we discussed the scenarios for NR SL relay and initial considerations for some common issues. And we have the following observations and proposals:

Observation 1: According to TS 22.261, there are explicit requirements for UE-to-Network relay. At least, the UE-to-Network relay should support of QoS, service continuity and security for relayed data.
Observation 2: For UE-to-UE relay, there is no clear use case/requirements for 5G system, except for the V2X use cases, i.e. UE to RSU communication via another UE, UE to UE communication via an RSU, where the RSU is an UE type RSU.
Proposal 1a: Regarding support of L3 UE-to-Network relay in NR, besides the NR-PC5 and NR-Uu, different RAT of PC5 and Uu interface, i.e. NR-PC5 and LTE-Uu connected to 5GC, LTE-PC5 and NR-Uu, shall also be considered.

Proposal 1b: Regarding support of L2 UE-to-Network relay in NR, besides the NR-PC5 and NR-Uu, different RAT of PC5 and Uu interface, i.e. LTE-PC5 and NR-Uu, shall also be considered.
Proposal 2: RAN2 confirms that single hop relay is considered in this release, but forward compatibility for multi-hop relay support in a future release can be considered in the relay design. 
Proposal 3: It is suggested that only unicast is considered for support of UE-to-Network relay. 
Proposal 4a: UE shall use either direct network communication or indirect network communication to access to network. Only during path switch between direct and indirect network communication, UE may connect to Uu and relay link simultaneously in a short time.

Proposal 4b: If indirect network communication is selected, it is suggested to choose only one relay path to perform indirect network communication at least for L2 UE-to-Network relay.
Proposal 5: It is suggested to consider the MR-DC scenario for L2 UE-to-Network Relay. 
Proposal 6: For UE-to-UE relay, only NR-PC5 RAT between UE and the relay is considered. 

Proposal 7: For UE-to-UE relay, only PC5 unicast between remote UE and the relay is considered.
Proposal 8: RAN2 is suggested to consider whether multi-path is supported for UE-to-UE relay.
Proposal 9: A UE that intends to act as a UE-to-Network relay UE and perform relay communication shall select those cells which can provide sidelink relay configuration.
Proposal 10: For NR sidelink relay, it is suggested to consider access control for relay UE.
Proposal 11a: For UE-to-Network Relay, relay UE authorization should be considered.

Proposal 11b: It is suggested to consider remote UE authorization for L2 UE-to-Network Relay.
Proposal 12: F1 impacts for support of NR SL relay communication in gNB-CU/DU split case shall be considered.
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