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1. Introduction 
As per 3GPP RANP#88e meeting, the latest NR SL relay SID RP-193253 has agreed the objectives as follows.
	This study item targets to study single-hop NR sidelink-based relay. 
1. 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];
A. Relay (re-)selection criterion and procedure;

B. Relay/Remote UE authorization;

C. QoS for relaying functionality;
D. Service continuity;

E. Security of relayed connection after SA3 has provided its conclusions;

F. Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;
2. 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, we elaborate our views on mechanisms to support sidelink based relay for coverage extension.
2. Discussion

2.1 Relay (re-)selection criterion and procedure
Layer-3 relay
Layer 3 Relay is an IP layer relay as described in 36.300. In Rel-14, a UE-to-Network relay which provides L3 data forwarding has been defined for public safety. The remote UE performs radio link measurement on the PC5 link, and a candidate relay is considered suitable if the PC5 link quality exceeds a pre-configured threshold. The best PC5 link principle will be applied when there are multiple suitable relays. 
A remote UE will perform a re-selection procedure when the PC5 radio link quality is below a configured threshold or it receives a release message from a relay node.
Layer-2 relay

Layer 2 Relay is a relay operating below the PDCP layer and was discussed during the FeD2D SI and most recently during the IAB WI in Rel-16. In the Rel-15 FeD2D SI, it was assumed that the legacy PC5 relay discovery is to be used as baseline. It is also assumed that the legacy discovery physical channel as well as discovery message size are used. 
In Rel-16, IAB has been introduced to enable wireless relaying and could support access as well as backhauling via NR. Each IAB node supports IAB-DU functionality which provides NR access to UEs as well as terminating the F1 protocol to gNB-CU. The IAB node also supports IAB-MT functionality which supports a subset of the UE functionality.
We believe that the same principle as in IAB can be applied in the sidelink relay selection/re-selection procedure. To remote UEs, the relay node will provide access and backhauling functionalities and to the gNB, the relay node itself will access as a UE. Therefore, the basic NR cell selection/re-selection principle e.g. the best cell principle can be applied in sidelink relay. Furthermore, a similar concept as in IAB i.e. iab-support can be introduced in sidelink relay as well to indicate whether a UE will support relay functionality or not.  
Summary

In principle both legacy Layer-3 relay and Layer-2 relay adopt best radio link based selection/re-selection. Rel-16 IAB provides a good starting point for the NR sidelink relay selection/re-selection issue.
Proposal 1: Rel-16 IAB based selection/re-selection procedure should be assumed to be the baseline for sidelink relay selection/re-selection.
2.2 Relay/Remote UE authorization
Layer-3 relay
In Rel-14 sidelink relay, it is the upper layer that handles authorization for announcement and monitoring of discovery messages. The AS layer is not aware of the discovery message and discovery models and in other words, the UE gets authorization from the ProSe function in the HPLMN. The authorization on direct discovery and communication is on a per PLMN basis. For UE-to-Network relay discovery, a Relay Service Code is included in the discovery message which is for authentication and authorization between the remote UE and relay. Furthermore, the HPLMN will pre-configure the UE with authorization information on where the UE is allowed to perform discovery and/or communication. 
Layer-2 relay

In Rel-16 IAB, the authentication/authorization is performed during the IAB node integration procedure. During the authentication/authorization procedure, the IAB node will discover and select a serving node by performing an RRC connection setup procedure. Therefore, the IAB node may need to retrieve/transmit corresponding information e.g.
1) From OAM: commands, configuration data e.g.white list or black list to access
2) From/to AS: RRC signalling e.g. an indication in system information from a parent node IAB-DU to indicate whether IAB access is supported or not, inclusion of an IAB node indication in the RRCSetupComplete message to assist an IAB donor to select an appropriate AMF etc. 
In general, IAB-node MT setup is the first phase of an IAB node integration. The IAB-MT connects to the network as a normal UE.
Rel-16 V2X
The service authorization in Rel-16 V2X can be considered as a reference, where the UE may be authorized to use V2X communication over PC5 reference point on a per PLMN basis by the PCF in the HPLMN and PCF can include V2X policy/parameters over the PC5 reference point or the Uu reference point. 
Summary

A relay or remote UE should access to the network as a normal UE e.g. authorized by core network, in the same way as the procedure that is already defined in Rel-16 IAB. On the aspect of authorization between relay and remote UEs, the Rel-14 discovery message based solution or the introduction of new RRC connection establishment signalling on sidelink can be further discussed. Furthermore, Rel-16 V2X service authorization can be considered as a reference. 
Proposal 2: IAB-MT setup procedure which has been defined in Rel-16 IAB node integration should be the baseline for relay/Remote UE authorisation to the core network. The authorization between relay and remote UE needs further discussion.
2.3 QoS for relaying functionality

Layer-3 relay

In Rel-14 sidelink relay, the ProSe upper layer will provide a ProSe Per-Packet Priority associated with the protocol data unit to be passed to PC5 AS. The relay uses an uplink traffic flow template for mapping uplink unicast packets to uplink EPS bearers, which is done independently from the packets received from remote UEs. And the relay maps the QCI of the EPS bearer into a ProSe Per-Packet Priority for the downlink unicast packets.
Layer-2 relay
Rel-16 IAB has made steady progress on the QoS issue, compared to FeD2D. On the backhaul link, the PDCP PDU is carried over the Backhaul Adaptation Protocol (BAP) sublayer and the BAP PDUs are carried by backhaul RLC channels. Both one-to-one mapping and many-to-one mapping are supported, in other words multiple mappings can contain the same backhaul RLC channel. On the UE bearer to backhaul RLC channel mapping, as in the backhaul link, one-to-one mapping and many-to-one mapping are supported. 
Furthermore, pre-emptive BSR is introduced in IAB to further enhance the QoS aware UL scheduling. The IAB-node can send pre-emptive BSR based on UL grants it has provided to child nodes and/or UEs, or based on BSRs it has received from child nodes or UEs.  
Summary

Rel-16 IAB provides a flexible framework to address distinctive QoS requirements on sidelink relay e.g. one-to-one mapping will allow a relay node to be fully aware of the QoS on each UE bearer, therefore providing differentiated services, whereas many-to-one mapping can only provide less granular differentiation among different UE bearers but reduces the complexity and save resources e.g. channel ID etc. 
Proposal 3: QoS framework which has been adopted in Rel-16 IAB should be the baseline for the sidelink relay QoS function.

2.4 Service continuity

Layer-3 relay

In Rel-14 sidelink relay, the remote UE is allowed to perform relay discovery and communication only when the Uu radio link quality is below a certain threshold. A remote UE selects a relay based on the PC5 radio link and in the meantime, it keeps monitoring the Uu radio link. Once the Uu link quality goes above the certain threshold, it should stop using the relay.
In case of L3 relay, IP packets for the remote UE should be carried in the same DRB as the relay’s which means the IP flow for the remote UE and for the relay UE should be merged. It implies that from the base station point of view, it may not be able to distinguish between an IP packet from a remote UE and one from a relay UE.
Layer-2 relay
In FeD2D, group handover, where remote UEs together with a relay UE will handed over from one eNB to another eNB, has been extensively discussed. The basic message flows e.g. group handover command, group handover response, inter-eNB signalling etc. have been studied. We believe that group handover should be included in this study according to its promising results on improving the handover performance.

The handover in Rel-16 IAB, in terms of topology adaptation, is the procedure where a migrating IAB node hands over from a source IAB node to a target IAB node within the same CU. The IAB-MT part of the migrating IAB node will perform the handover as a normal UE. This basic procedure could be applied for sidelink relay handover as well e.g. when a relay moves from one base station to another base station, or a remote UE moves from one sidelink relay to another relay.
Furthermore, according to the UE DRB-backhaul RLC channel mapping principle in IAB, the network can distinguish the traffic from remote UEs to the traffic from relay UEs. Therefore, the issue in Layer-3 relay doesn’t exist in IAB based Layer-2 relay. But the enhancements on how to improve service continuity between gNB and relay e.g. when the remote UE moves from a gNB to a relay UE and vice versa will need more study.    
Summary

Group handover, as proposed in FeD2D, can improve handover performance in terms of signalling overhead reduction, hence should be included in the NR sidelink relay study. The Rel-16 IAB topology adaptation framework provides a good starting point on handover e.g. relay UE handover and remote UE handover between relays. Further considerations are needed on the handover of a remote UE moving between a gNB and relay UE.
Proposal 4: Group handover proposed in FeD2D should be included in NR sidelink relay study and the Rel-16 IAB topology adaption framework should be the baseline on service continuity in the NR sidelink relay study.
2.5 Security of relayed connection
In the 3GPP SA3#99e meeting, the document S3-201400 on a study on security aspects of enhancement for proximity based services in 5GS has been agreed. SA3 is going to study security and privacy aspects of UE-to-Network relay and security aspects of UE-to-UE relay. The relay architecture e.g. Layer-3 relay or Layer-2 relay may also affect the SA3 work. RAN2 should await the progress in SA2 and SA3 before further discussion on security issues.
2.6 User plane protocol stack and control plane procedure
Layer-3 relay

The user plane protocol stack of Rel-14 UE-to-Network sidelink relay is depicted as below.
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Figure 23.10.2.1-1: User-Plane protocol stack for sidelink communication [1]
The control plane protocol stack for one-to-one communication is depicted as below.
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Figure 23.10.2.2-2: Control-Plane protocol stack for one-to-one sidelink communication [1]
Layer-2 relay

In FeD2D, the user plane and control plane protocol stack are as follows.
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Figure 5.1.1-1: User plane radio protocol stack for layer 2 evolved UE-to-Network relay (PC5) [2]
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Figure 5.1.1-2: Control plane radio protocol stack for layer 2 evolved UE-to-Network relay (PC5) [2]
Rel-16 IAB user plane and control plane protocol stacks are as follows.
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Fig. 4.7.2-1: Protocol stack for the support of F1-U protocol [3]
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Fig. 4.7.2-2: Protocol stack for the support of F1-C protocol [3]
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Figure 4.7.2-3: Protocol stack for the support of IAB-MT’s RRC and NAS connections [3]
The Backhaul Adaptation Protocol (BAP) sublayer introduced in IAB will provide services e.g. data transfer, routing, RLC channel mapping, flow control, RLF etc. 
Summary
Rel-16 IAB protocol stacks are designed based on NR and the BAP design should be the baseline for NR sidelink relay, although its adaptation to sidelink will need more discussion.
Proposal 5: Rel-16 IAB BAP should be the baseline for NR sidelink relay.
3. Conclusion
We propose RAN2 to consider the proposals as follows.
Proposal 1: Rel-16 IAB based selection/re-selection procedure should be assumed to be the baseline for sidelink relay selection/re-selection.

Proposal 2: IAB-MT setup procedure which has been defined in Rel-16 IAB node integration should be the baseline for relay/Remote UE authorisation to the core network. The authorization between relay and remote UE needs further discussion.

Proposal 3: QoS framework which has been adopted in Rel-16 IAB should be the baseline for the sidelink relay QoS function.

Proposal 4: Group handover proposed in FeD2D should be included in NR sidelink relay study and the Rel-16 IAB topology adaption framework should be the baseline on service continuity in the NR sidelink relay study.

Proposal 5: Rel-16 IAB BAP should be the baseline for NR sidelink relay.
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