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1. Introduction
Based on study item [1], some of the main objectives for sidelink-based UE-to-network and UE-to-UE relay include the following aspects:
A.
Relay (re-)selection criterion and procedure;

B.
Relay/Remote UE authorization;

C.
QoS for relaying functionality;

D.
Service continuity during path switching between direct Uu connection and PC5 relayed connection;

E.
Security of relayed connection;

F.
Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;
In this contribution, we considered some of the issues needed to support relaying, particularly on the aspects of relay discovery, relay (re)selection. 
2. Discussion 
It is stated in [1] that for the Rel-17 study phase, RAN should study mechanism(s) with minimum specification impact to support the SA requirements for sidelink-based UE-to-network and UE-to-UE relay.  According to [2] and [3], a UE supporting ProSe UE-to-Network Relaying shall include the following functions:

-
ProSe Direct discovery for ProSe UE-to-Network Relay;
And the enabling of UE-to-Network relay functionality (including service continuity) and UE-to-UE relay functionalities need to be resolved by RAN. 

2.1. Sidelink-based UE-to-Network relay 
UE-to-Network relaying was first specified in Rel-13 and further studied in Rel-15 [4] and the legacy UE-to-Network relaying mechanism was considered as baseline. Some of the main assumptions of the legacy UE-to-Network relaying mechanism are as follows [5]:
· The ProSe UE-to-Network Relay is always in-coverage of EUTRAN.
· A ProSe UE-to-Network Relay performing sidelink communication for ProSe UE-to-Network Relay operation has to be in RRC_CONNECTED.

· The eNB controls whether the UE can act as a ProSe UE-to-Network Relay
· The eNB may provide:

· Transmission resources for ProSe UE-to-Network Relay discovery using broadcast signalling for RRC_IDLE state and dedicated signalling for RRC_CONNECTED state;

· Reception resources for ProSe UE-to-Network Relay discovery using broadcast signalling;
· The eNB may broadcasts a minimum and/or a maximum Uu link quality (RSRP) threshold(s) that the ProSe UE-to-Network Relay needs to respect before it can initiate a UE-to-Network Relay discovery procedure
· The Remote UE can transmit ProSe UE-to-Network Relay discovery solicitation messages while in RRC_IDLE or in RRC_CONNECTED depending on the configuration of resources for ProSe UE-to-Network Relay discovery.
· The Remote UE performs radio measurements at PC5 interface and uses them for ProSe UE-to-Network Relay selection and reselection along with higher layer criterion.

· The Remote UE selects the ProSe UE-to-Network Relay, which satisfies higher layer criterion and has best PC5 link quality among all suitable ProSe UE-to-Network Relays.

Considering the SI is targeting only a single hop NR sidelink-based relay, the legacy UE-to-Network relaying should also be reused for Rel-17 as baseline.  
Proposal 1
For Rel-17 study, the legacy UE-to-Network relaying should be reused as baseline. 
For relay discovery SA assumes that both Model A and Model B are applicable for UE-to-Network Relay discovery procedure [3].  “In Model A mechanism, the UE-to-Network Relay announces the discovery message which includes relay related information. In Model B mechanism, the Remote UE requests relay related information in discovery solicitation message, the UE-to-Network Relay sends discovery response message which matches the information in discovery solicitation message.” Since the SID included the following statement in one of the objectives:

“Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel”
It should be assumed that the intention is not to support a new PHY layer discovery channel in NR; therefore, the discovery protocol will be based on upper-layer PC5-S signalling over the PSSCH.  It should be further discussed how the discovery protocol would work over PSSCH and whether the signalling protocol would work as part of PC5-RRC for unicast or if a groupcast/multicast type protocol would also be supported for relay discovery.  Also, further discussion is needed regarding whether the resources for UE-to-Network relaying utilize resource scheduled by the gNB, configured resources when in-coverage and pre-configured resources for OoC UEs, e.g., remote UEs. 
Proposal 2
RAN2 should consider how relay discovery is signalled. 
2.2. Sidelink-based UE-to-UE relay 
UE-to-UE relay is intended to support the E2E communication by splitting between the two PC5 interfaces. Relay splits the E2E QoS parameters into two parts: one part is for the PC5 interface between source UE and Relay, the other part is for the PC5 interface between Relay and the target UE.  This is provided in the functional description from figure 6.11.2-1 in [3]:
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Figure 1: UE-to-UE relay

With reference to in-coverage and out-of-coverage of the network, the following relay scenarios maybe be considered in Figure 2: 
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Figure 2a: UE1, UE2 OoC, relay inC (Scenario 1)
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Figure 2b: UE1, UE2 and relay OoC (Scenario 2)
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Figure 2c: UE1, relay OoC, UE2 inC (Scenario 3)
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Figure 2d: UE1 OoC relay, UE2 inC (Scenario 4)
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Figure 2e: UE1, UE2, relay inC (Scenario 5)
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Figure 2f: UE1 OoC relay, UE2 inC (Scenario 6)

UE 1

UE 2

relay

path2

cell2

cell1


Among all the scenarios scenarios 1, 2 and 3 are the ones that need to be supported since either the relay and/or UE2 (target UE) are OoC.  Scenarios 4, 5 and 6 should be further considered.  They have the commonality that the relay and UE2 are both in coverage so there is the option for these scenarios to be covered by UE-to-Network relaying, assuming path2 is supported by Uu and/or Xn rather than PC5.   

Proposal 3
RAN2 should decide which of the above scenarios should be adopted for UE-to-UE relays.
Assuming Proposal 2 is agreeable, it should be further discussed whether the same criteria for UE-to-Network relays can be applicable to UE-to-UE relays.  Looking at the scenarios, it is already clear that UE-to-UE relays cannot always be in Connected mode with the network as in the case for UE-to-Network relays and the permission for a UE to serve as a relay might also need to be pre-configured.  

Observation 1
The requirements for UE-to-UE relays will be different from UE-to-Network relays.
Furthermore, how the relay UE is selected may also differ from that of the UE-to-Network relay.  For the UE-to-Network relays, the relay is assumed to be in coverage.  With UE-to-UE relay, although path 1 may be selected based on PC5 radio measurement criteria, the selection of a reliable path 1 does not guarantee path 2 between the relay and the target UE over PC5 is possible or sufficiently reliable when it’s available.   Based on Solution#8 of [3], the relay will forward the communication request from UE1 to UE2.  Once UE2 received the request indirectly from the relay it may respond to the relay that it accepts UE1’s communication request.  Once UE1 receives the request accept from the selection of the relay can be considered complete and communication between UE1 and UE2 may proceed.  In some cases, UE1 may choose multiple relay candidates and select the relay that best fit the communication requirement.  
Observation 2
For UE-to-UE relay, relay selection is completed after the remote UE receives request accept from the relay.  
In some cases, UE1 may choose multiple relay candidates and select the relay that best fit the QoS requirement so it should be considered whether it is necessary for UE1 to choose the “best” relay or simply a suitable relay (e.g., a relay with PC5 connection to UE2 with minimum required radio quality as determined by the gNB).  When there are many candidate relay UEs to choose from the process for selecting the best candidate relay UE can be quite complicated involving lots of signalling overhead, so this should be considered as part of the relay selection process.
Proposal 4
RAN2 should consider the criteria for deciding the selection of relay when multiple relay candidates are available.  
2.3. Relay reselection upon connection failure 
Another aspect that need to be considered is when the relay link (i.e., path2) whether it is towards the cell or over PC5 towards UE2 experiences radio link problem.  For the UE-to-Network relay, in case of Uu link failure the relay may attempt to re-establish with the source cell or a neighboring cell and if the reestablishment is successful communication may be restored for the remote UE.  However, with UE-to-UE relay, path2 is a PC5 link; therefore, as in the case for NR V2X, no re-establishment procedure should be defined esp. since the SI only considers one-hop relaying.  

Proposal 5
For UE-to-UE relay, in case the connection fails between the relay and the target UE no re-establishment procedure needs to be defined. 

Furthermore, RAN2 should consider how the relay informs the remote UE of either its connection condition in the Uu link or the PC5 link towards the target UE.  In the case of UE-to-UE relay, it’s straightforward to consider a message to indicate to the remote UE that its connection to the target UE has failed and the remote UE may consider the reselection of an alternate relay.  
Proposal 6
RAN2 should consider how the relay UE informs the remote UE of its connection status.  

3. Conclusion 
In this contribution, the initial consideration for SL UE-to-Network relaying and SL UE-to-UE relaying are discussed, including issues that RAN2 should address.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
For Rel-17 study, the legacy UE-to-Network relaying should be reused as baseline. 
Proposal 2
RAN2 should consider how relay discovery is signalled. 
Proposal 3
RAN2 should decide which of the above scenarios should be adopted for UE-to-UE relays.
Observation 1
The requirements for UE-to-UE relays will be different from UE-to-Network relays.
Observation 2
For UE-to-UE relay, relay selection is completed after the remote UE receives request accept from the relay.  

Proposal 4
RAN2 should consider the criteria for deciding the selection of relay when multiple relay candidates are available.  

Proposal 5
For UE-to-UE relay, in case the connection fails between the relay and the target UE no re-establishment procedure needs to be defined. 

Proposal 6
RAN2 should consider how the relay UE informs the remote UE of its connection status.  
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Figure 2a: UE1, UE2 OoC, relay inC (Scenario 1)
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Figure 2b: UE1, UE2 and relay OoC (Scenario 2)
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Figure 2c: UE1, relay OoC, UE2 inC (Scenario 3)
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Figure 2d: UE1 OoC relay, UE2 inC (Scenario 4)
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Figure 2e: UE1, UE2, relay inC (Scenario 5)
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Figure 2f: UE1 OoC relay, UE2 inC (Scenario 6)
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