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Introduction
In the RAN plenary meeting #86, a new SI on NR Sidelink Relay [4] was approved with the following objectives
	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;
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 present our views on the aspects of A and C (highlighted above) in terms of differences in high-level procedures and signaling details between Layer-2 (L2) and Layer-3 (L3) relaying.
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Figure 1: Simplified block diagram of UE-to-Network and UE-to-UE relaying
In the relaying functionality, a source (remote UE) would enlist the services of a relay UE, in proximity over the PC5 sidelink interface, to communicate with a destination, which is unreachable by the remote UE directly. The destination would be the network, in the case of UE-to-Network relaying, and another UE, in the case of UE-to-UE relaying.
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To ‘Discovery’ or not to ‘Discovery’
A number of solutions have been included in the SA WG2 TR [1], to address the issue of relay selection. These subset of solutions can be classified into two categories,
a. Relay Selection with Discovery (RS-WD)
b. Relay Selection without Discovery (RS-WoD)
Although most of the solutions mentioned in the TR target the case of UE-to-UE relaying, in principle the same would also be applicable for the case of UE-to-Network relaying.
Relay-Selection with Discovery (RS-WD)
The core network, having provided the remote UE with the necessary authorization and provisioning, would enable the remote UE to perform direct discovery and use the PC5 signaling protocols to establish a secure connection with the relay UE. It is assumed that the PC5 signaling protocols would use the existing V2X setup procedures [2] as baseline. However, these signaling procedures could be subject to modification based on the type of relaying i.e., L2 or L3.
The discovery procedure in a relaying scenario can be based on the two well-defined models for direct discovery namely, Model A and Model B. In Model A, the relay UE would announce its presence to the neighbouring remote UE(s) in proximity. In Model B, the remote UE would announce its request through a solicitation message to enlist the services of a relay UE.
Model – A


(a) UE-to-UE Relaying 


(b) UE-to-Network Relaying
Figure 2: Model-A discovery procedure
a. A relay UE would broadcast its availability to perform relaying.
b. A remote UE then establishes a secure connection with the relay UE using the PC5 signaling protocols.
c. At the time of data transmission, if the remote UE was unable to locate the destination using direct discovery, it would query the relay UE to communicate with the destination.  
d. If more than one relay UE exists, the source (remote UE) or destination could be the entity to decide on the relay path. 

Model – B

 
(a) UE-to-UE Relaying


(b)  UE-to-Network Relaying
Figure 3: Model-B discovery procedure
a. At the time of data transmission, a remote UE, not having found the destination using direct discovery, would request the services of a relay UE using a solicitation message.
b. The relay UE, in response to the solicitation message from the remote UE, would confirm the reachability to the destination.
c. The remote UE then establishes a secure connection with the relay UE using the PC5 signaling protocols and subsequently communicates with the destination.  
d. If more than one relay UE exists, the source (remote UE) or destination could be the entity to decide on the relay path. 

In case of UE-to-Network relaying, the network, which ideally has the knowledge of all the relay UE(s) within the coverage area, would be the suitable entity to make a decision on which relay path to use. On the other hand, in case that the remote UE is to make the decision on the relay path to the network, the NG-RAN can provide some assistance signaling to help in the selection. In some cases, the assistance signaling from the NG-RAN can also eliminate the need for the discovery procedure. 
The RS-WD would be beneficial in a scenario where the relay UE(s) are mostly confined within a region, thereby enabling the remote UE(s) to discover the relay UE(s) once and then request the same for communication when necessary. However, in the case when the relay UE(s) are dynamically moving in and out of a region, the remote UE(s) will have to perform the discovery procedure frequently.  
Relay Selection without discovery (RS-WoD)
This refers specifically to solution #8 in [1]. In this case, the aspect of selection and discovery is integrated with the unicast link establishment procedure. The solution suggests the addition of a parameter called ‘relay_indication’ to the link establishment procedure as a part of the broadcast message. Based on this value, the broadcast message is either forwarded to the next hop or dropped. In a single hop scenario, the relay_indication value is set to ‘1’. If there exists more than one relay path to the destination, then it is the destination entity which decides on which relay path to use. However, the decision to choose between the direct path to the destination and the indirect path (via the relay UE) is taken up by the source (remote UE). 
The RS-WoD is beneficial in a scenario where the relay UE(s) are dynamically moving in and out of a region. In which case, the remote UE(s) do not need to perform the discovery procedure frequently, they can just use the services of the relay UE(s) currently operational in that region. On the other hand, in a scenario where the remote UE(s) are confined within a region, the remote UE(s) might need to perform the updated unicast link establishment procedure every time they need to communicate. Further, the RS-WoD mechanism involves changes to the PC5 signaling protocol to establish a secure unicast connection. 
	Proposal 1:
	RAN2 should study, for both UE-to-Network and UE-to-UE relaying, the following relay selection mechanisms and potential impacts to the current unicast link establishment procedure. 
a. Relay Selection with Discovery (RS-WD)
b. Relay Selection without Discovery (RS-WoD)


Relay (re-)Selection Mechanisms
Relay re-selection is triggered when an entity (either the source or destination) detects that the link quality has degraded (for example) below a threshold value. The signaling and procedures involved depends on the type of the relaying mechanism, i.e., L2 or L3. RAN2 should consider a common (re-)selection mechanism framework for both UE-to-UE and UE-to-Network relaying, also taking into account forward compatibility. 
	Proposal 2:
	RAN2 should consider a common (re-)selection mechanism framework for both UE-to-UE and UE-to-Network relaying, also taking into account forward compatibility.


L2 relaying


Figure 4: Schematic representation of (re-)selection for L2 UE-to-Network relaying
In the case of L2 UE-to-Network relaying, the remote UE is visible to NG-RAN/5GC and can exchange RRC messages with the RAN. Hence, the mechanism for relay (re-)selection can be similar to the handover procedure in NR. 
Observation 1: As the remote UE in L2 relaying is visible to the NG-RAN, the (re-)selection procedure can be performed in a fashion, similar to the NR handover mechanism. 
The NG-RAN can trigger a (re-)selection based on the measurement report transmitted by the remote UE. In addition to triggering the relay (re-)selection, the NG-RAN can also provide, through the RRC messages, some assistance to the remote UE to find another relay UE in the network. For the case of L2 UE-to-UE relaying, a similar mechanism can be used where either the source or destination can trigger a (re)selection if the link quality degrades below a pre-defined threshold value. 
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Figure 5: Schematic representation of source-triggered (re-)selection for L3 UE-to-Network relaying 
In the case of L3 UE-to-Network relaying, the remote UE is not visible to the NG-RAN and is not registered in the 5GC. Hence, only the remote UE can trigger a (re-)selection based on the quality of the link. The remote UE has to tear down the unicast connection with the relay UE and re-establish a new unicast connection. The L3 UE-to-UE relaying would also have a similar mechanism. As a result, a disadvantage of L3 is that service continuity cannot be supported during path switching. However, enhancements to the L3 relaying mechanism have been submitted in [1] to provide IP-level service continuity, the details of which are discussed in our companion contribution [3].  
	Proposal 3:
	RAN2 should study, for both UE-to-Network and UE-to-UE relaying scenarios, the (re-)selection procedures and signaling protocols in,
a. L2 relaying – using existing NR handover mechanism as baseline.
b. L3 relaying – using source/destination triggered (re-)selection as baseline


Quality of Service (QoS) for Relaying Functionality
From the perspective of a commercial or public safety application, providing the required QoS is an important aspect of the overall user quality of experience. Further, it would be a good indication of the efficacy of the public safety applications with high reliability and low latency.  
For the case of L2 vs L3 relaying, L2 can provide an end-to-end QoS negotiation, as the upper layers of the protocol stack terminate at the destination. In the case of UE-to-Network relaying, the end-to-end QoS would be the Uu QoS (5QI) and in the case of UE-to-UE relaying, the end-to-end QoS would be the PC5 QoS (PQI) [2]. However, new procedures will have to be studied for routing of the traffic above the RLC layer. In addition, for the case of UE-to-Network relaying, the 5QI requirements of the remote UE should be mapped to PC5 radio bearers and at the UE-to-Network relay UE, the PC5 bearers are to be mapped to Uu bearers. These new procedures can be based on the Integrated Backhaul Access (IAB) L2 relaying Backhaul Adaptation Protocol (BAP) as a baseline. 
Observation 2: The procedures required to support L2 relaying can be based on the BAP layer protocols in IAB.  
In contrast, L3 relaying involves hop-by-hop QoS negotiations as the upper layers of the protocol stack terminate at each hop. Hence, in the case of UE-to-Network relaying, the negotiation between the remote UE and UE-to-Network relay UE would be the PC5 QoS (PQI). Further, across the UE-to-Network relay UE and the network, the Uu QoS (5QI) is to be negotiated. In the case of UE-to-UE relaying, the negotiation on each hop would be the PC5 QoS (PQI).  
The network, either communicating via a relay (over Uu) with the UE (remote, indirectly over PC5) or enabling the communication between two UEs (remote, over PC5) via a relay, depending on the relaying solution, might have fewer degrees of freedom to support the QoS requirements of the remote UE(s) application. This is as opposed to if the UE (remote) was directly connected to the network over the Uu path. As a result, new procedures or modifications to existing procedures need to be studied for supporting end-to-end QoS.    
When the QoS cannot be supported, relay (re-)selection can be triggered. A (re-)selection based on meaningful trigger conditions could result in QoS improvements. Therefore, apart from the link quality based triggers, RAN2 should also study other triggers for (re-)selection like the ‘QoS requirements can no longer be fulfilled’. This is because the non-fulfilment of QoS is not always caused by poor link quality. 
Observation 3: In a relaying scenario, the reason for QoS non-fulfilment cannot always be attributed to poor link quality.
In case that the QoS is not fulfilled over a particular relay path, the application may suffer from QoS degradation and try to cope with the issue, e.g. by adjusting itself to another QoS level and re-negotiating that QoS. Such a situation, in which the link cannot provide the negotiated QoS during a session, is definitely undesirable. Furthermore, if the higher layers start to re-negotiate the QoS on the existing relay link, this would lead to an increase in complexity of the system and signaling overhead. In comparison, (re-)selection to another relay link, which will be able to provide the required QoS for the remote UE, could be an important mechanism for supporting the end-to-end QoS requirements for not only commercial but also some public safety applications. 
	Proposal 4:
	RAN2 in addition to studying link quality trigger based relay (re-)selection, should also study the QoS fulfilment based (re-)selection triggers.
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The following are the observations we make from the above discussions:
Observation 1: As the remote UE in L2 relaying is visible to the NG-RAN, the (re-)selection procedure can be performed in a similar fashion to the NR handover mechanism.
Observation 2: The procedures required to support L2 relaying can be based on the BAP layer protocols in IAB.
Observation 3: In a relaying scenario, the reason for QoS non-fulfilment cannot always be attributed to poor link quality.
Based on the discussion above, we have the following proposals:
	Proposal 1:
	RAN2 should study, for both UE-to-Network and UE-to-UE relaying, the following relay selection mechanisms and potential impacts to the current unicast link establishment procedure. 
a. Relay Selection with Discovery (RS-WD)
b. Relay Selection without Discovery (RS-WoD)


	Proposal 2:
	RAN2 should consider a common (re-)selection mechanism framework for both UE-to-UE and UE-to-Network relaying, also taking into account forward compatibility.



	Proposal 3:
	RAN2 should study, for both UE-to-Network and UE-to-UE relaying scenarios, the (re-)selection procedures and signaling protocols in,
a. L2 relaying – using existing NR handover mechanism as baseline.
b. L3 relaying – using source/destination triggered (re-)selection as baseline


	Proposal 4:
	RAN2 in addition to studying link quality trigger based relay (re-)selection, should also study the QoS fulfilment based (re-)selection triggers.
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