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1. Introduction
A new study item for Rel-17 on NR sidelink relay has been approved at RAN#86 [1]. The objectives of the SI are 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];
0. Relay (re-)selection criterion and procedure;
0. Relay/Remote UE authorization;
0. QoS for relaying functionality;
0. Service continuity;
0. Security of relayed connection after SA3 has provided its conclusions;
0. Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;
1. Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal [RAN2];
NOTE 1: The study shall take into account of further input from SA WGs, e.g., SA2 and SA3, for the bullets above (if applicable).
NOTE 2: It is assumed that UE-to-network relay and UE-to-UE relay use the same relaying solution.
NOTE 3: Forward compatibility for multi-hop relay support in a future release needs to be taken into account.
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.

In this document, 1A and 1C from points in the above-mentioned study item will be discussed. 

2. Motivation
The NR sidelink relay-based communication is considered as a necessary solution in 5G due to the following high-level motivations:
· Enhanced QoS 
· Power efficiency improvement
· Sidelink coverage enhancement 
· Network coverage enhancement
The sidelink relaying functionality relates to UE-to-Network relay and UE-to-UE relay. Coverage extension is one of the most important scenarios for relay-based communication. However, several scenarios might be considered for it as follows: 
· V2X
· Public Safety
· Commercial applications
3. Different types of relay UEs
There are two types of relay UEs to be studied in the SI for relaying. The UE-to-Network and UE-to-UE relays are shown in Figure 1. Both types of relay UEs are discussed in the following sections. 
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Figure 1: Different types of sidelink relay in NR 

UE-to-Network relay
A reference design for UE-to-Network relay is Rel-13 ProSe UE-to-Network relaying in LTE [2] which is L3-based. Another design model is a L2-based relay which is based on Rel-15 FeD2D SID in LTE [3]. The control plane and data plane of L2-based relay are shown in Figures 2 and 3. Figure 4 illustrates the protocol stack in a L3-based relay communication. 
[bookmark: _Toc47601866]RAN2 to study and specify the protocol stack for UE-to-Network relay. 
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Figure 2: User plane radio protocol stack for layer 2 evolved UE-to-Network relay (PC5) [3]
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Figure 3: Control plane radio protocol stack for layer 2 evolved UE-to-Network relay (PC5) [3]
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Figure 4:  Protocol stack for ProSe 5G UE-to-Network Relay (L3) [4]


UE-to-UE relay
A UE-to-UE relay is a UE which exchanges messages in one or both direction(s) between two remote UEs. The goal to employ such a relay UE shares the same motivation for the UE-to-Network relay-based communication. The architecture for UE-to-UE relay can be L2 or L3 architecture same as UE-to-Network relay. Figure 1 also shows a UE-to-UE relay-based communication.
[bookmark: _Toc47601786]A UE-to-UE relay node may be employed between two remote UEs.
[bookmark: _Toc47601867]Study and specify if the same protocol stack as that of UE-to-Network relay may be applied for UE-to-UE relay. 
4. Comparison of L2 and L3 relay: 
In this section the L2 and L3 architectures for a relay are compared. 
Service continuity 
As the handover is a L2 procedures, the L2 relay can keep the service continuity better than L3 relay.  Moreover, longer interruption due to layer 3 process in L3 relay is a disadvantage of L3 relay in comparison with L2 relay. 
Complexity
As L3 relay has been studied in ProSe relay in LTE [2], there might be less standardization impact for adaptation of L3 relay in NR. On the other hand, low complex solutions for NR L2 relay should be studied to compare the relaying complexity of NR L2 and L3 solutions.
Security 
All messages are decrypted in the layer 3 of the L3 relay. On the other hand, messages remain encrypted in L2 relay. The encrypted messages in the L2 relay UE may fulfil the security requirements of an application.   
QoS
The L2 or L3 architecture of the relay UE may have an impact on the 5GS flow-based QoS. L2 architecture may apply the same flow-based QoS with some adaptations. On the other hand, in L3 architecture the end-to-end QoS between remote UE and the network ends in the relay UE where the end-to-end QoS requirements might not be fulfilled. 
[bookmark: _Toc47601868]RAN2 to study L2 and L3 architectures for relay UE with respect to the fulfillment of QoS requirements, service continuity and complexity. 
5. Relay (re-)selection criterion and procedure
Recognition of the need for a relay-based communication
A communication between a remote UE and gNB or between two remote UEs may be direct or through a relay node. In some cases, the relay-based communication will provide the advantages which were mentioned in section 2. The path of a message flow should be chosen reasonably to fulfil the requirements of the traffic flow and the remote UE. 
[bookmark: _Toc47601787]A network entity should recognize the need for the relay-based communication for a message flow.
[bookmark: _Toc47601869]RAN2 to study which network entity should decide the path of messages and the need for a relay-based communication.  Different criteria, e.g. QoS requirement of message flow and the state of remote UEs might be considered in this decision.  
Decision maker on relay-based communication and the relay node
The need for relay-based communication should be recognized by a network entity as mentioned earlier. The entity which makes the decision about employing a UE as a relay should have enough information about the requirements of a message flow, and further conditions of the remote UEs and the network. Then, the network entity can apply this information to define the path of messages through a relay node or directly between two UEs or between a UE and the gNB. In the process of decision making, the decision maker entity can select a set of UEs as candidate relays and finally selects a relay node or set of relays for a message flow.
[bookmark: _Toc47601788]The state of network and requirements of message flows should be known to decide the need for relay-based communication. 
[bookmark: _Toc47601870]The decision maker entity on relay-based communication and relay UE may be the gNB or a remote UE. 
[bookmark: _Toc47601789]A relay or set of relay UEs should be selected by the decision maker entity based on some criteria. 
[bookmark: _Toc47601871]The relay node(s) may be selected based on at least the state of the network, state of remote UEs or QoS requirements of the message flows.    
Prerequisites for a UE acting as relay
The decision maker on relay-based communication may select a set of UEs as potential relays (UE-to-Network or UE-to-UE). The selected UEs in the set must fulfil some requirements to be considered as potential relay UEs. The prerequisites for this selection aim to provide the objectives of the relay-based communication such as coverage extension, power saving and latency enhancement.
[bookmark: _Toc47601790]A UE should fulfil a set of prerequisite to be considered as a potential relay node for a message flow. 
[bookmark: _Toc47601872]The prerequisites for a UE to be selected as a relay may be based on the state of remote UE and relay UE or the QoS requirements of a message flow. 
Observation of relay-based communication and relay reselection
The state of a relay-based communication may change over time due to the dynamics of the network such as the mobility of UEs or the traffic congestion. In such situations, the decision maker entity should continuously monitor the fulfilment of traffic flow requirements. In case the relay node is not able to satisfy the requirements for a message flow, the decision maker entity should reselect a new relay node and define the new path for the traffic flow. 
[bookmark: _Toc47601791]Due to dynamic nature of mobile networks, the state of the network and quality of the relay-based communication may change over time.
[bookmark: _Toc47601873]A decision maker entity e.g. a remote UE or a gNB should monitor the quality of relay-based communication and reselect a new relay node and define the new path for the message flow, e.g. in the case of any deterioration.   
Types of relayed information
Different types of information may be relayed between remote UEs or between a remote UE and a gNB. The types of information might be control or data messages which each of them has specific requirements such as latency or reliability. The decision maker entity which considers the state of the UEs to select them as a relay should also consider the type of information to be relayed in its decision.  
[bookmark: _Toc47601792]Control and data messages may have different requirements in the relay-based communication. 
[bookmark: _Toc47601874]The decision maker entity may select a relay UE only for data messages or control messages else for both of them. 
6. QoS for relaying functionality
The QoS requirements of messages should be fulfilled in a relay-based communication. For this reason, existing procedures should be adapted to the relay-based communication considering the relay UE architecture. The architecture of the relay UE might impact on the QoS provisioning. 
[bookmark: _Toc47601875]RAN2 to study and adapt existing procedure in 5GS flow-based QoS to fulfil QoS requirements considering the relay UEs L2 or L3 architecture. 
7. Conclusions
The following observations and proposals have been made in this document:
Observation 1:	A UE-to-UE relay node may be employed between two remote UEs.
Observation 2:	A network entity should recognize the need for the relay-based communication for a message flow.
Observation 3:	The state of network and requirements of message flows should be known to decide the need for relay-based communication.
Observation 4:	A relay or set of relay UEs should be selected by the decision maker entity based on some criteria.
Observation 5:	A UE should fulfil a set of prerequisite to be considered as a potential relay node for a message flow.
Observation 6:	Due to dynamic nature of mobile networks, the state of the network and quality of the relay-based communication may change over time.
Observation 7:	Control and data messages may have different requirements in the relay-based communication.

Proposal 1:	RAN2 to study and specify the protocol stack for UE-to-Network relay.
Proposal 2:	Study and specify if the same protocol stack as that of UE-to-Network relay may be applied for UE-to-UE relay.
Proposal 3:	RAN2 to study L2 and L3 architectures for relay UE with respect to the fulfillment of QoS requirements, service continuity and complexity.
Proposal 4:	RAN2 to study which network entity should decide the path of messages and the need for a relay-based communication.  Different criteria, e.g. QoS requirement of message flow and the state of remote UEs might be considered in this decision.
Proposal 5:	The decision maker entity on relay-based communication and relay UE may be the gNB or a remote UE.
Proposal 6:	The relay node(s) may be selected based on at least the state of the network, state of remote UEs or QoS requirements of the message flows.
Proposal 7:	The prerequisites for a UE to be selected as a relay may be based on the state of remote UE and relay UE or the QoS requirements of a message flow.
Proposal 8:	A decision maker entity e.g. a remote UE or a gNB should monitor the quality of relay-based communication and reselect a new relay node and define the new path for the message flow, e.g. in the case of any deterioration.
Proposal 9:	The decision maker entity may select a relay UE only for data messages or control messages else for both of them.
Proposal 10:	RAN2 to study and adapt existing procedure in 5GS flow-based QoS to fulfil QoS requirements considering the relay UEs L2 or L3 architecture.
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