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Introduction

In RAN#86 meeting, the SI of “Study on NR Sidelink Relay” was agreed [1]. The main objectives are listed 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 Relay discovery and link management are discussed and some initial considerations are presented.

Discussion

 Relay discovery models

According to SA process [2], for UE-to-UE Relays, the UE shall perform Group Member Discovery procedure firstly, after having discovered its neighbours, it shall perform UE-to-UE Relay discovery procedure. For UE-to-Network Relays, the UE obtains the authorization and provision to be a UE-to-Network Relay and/or a Remote UE as defined for service authorization solutions firstly, then it shall perform UE-to-Network Relay discovery procedure. 

For both the UE-to-UE Relay discovery procedure and the UE-to-Network Relay discovery procedure, there are two models for ProSe Direct Discovery: 1) Model A, Relay UE announces Relay message by periodically transmitting an Announcement message; 2) Model B, Remote UE solicits potential Relays by transmitting the Solicitation message. Upon reception of the Solicitation message, Relay UE responds that it can act as a Relay and replies with a Response message. Considering that all the messages used for Relay discovery have been defined by SA2, it is reasonable to take them as PC5-S signaling.
Since the Remote UE has not established a one-to-one communication link with Relay UE, the PC5-S signaling such as the Announcement, Solicitation and Response message cannot be sent via PC5 unicast message. Therefore, all the messages used for Relay discovery are sent by PC5 broadcast/groupcast manner. 
Relay discovery procedure related message such as the Announcement, Solicitation and Response message is sent via PC5-S signaling by PC5 broadcast/groupcast manner.

For the Model A, it is necessary for the Relay UE to obtain the transmitting resources to send Announcement message. For the Model B,  it is necessary for both the Relay UE and Remote UE  to obtain the transmitting resources to send  Solicitation and Response message. 

Observation 1:  For the Model A, the Relay UE shall obtain the transmitting resources to send Announcement message. For the Model B,  both the Relay UE and Remote UE shall obtain the transmitting resources to send Solicitation and Response message. 

According to LTE D2D Relay specification, for the Relay UE with model A,  if the UE starts the Relay function in the RRC idle state, the Relay UE determines whether the serving cell broadcasts the transmitting resource pool for Relay discovery. If yes, the Relay UE can perform Relay discovery in the idle state. If not, the Relay UE needs to enter the RRC connected state to request for Relay discovery resources to perform Relay discovery. For the Relay UE with model B, if the serving cell broadcasts the transmitting resource pool for Relay discovery, the Relay UE can perform Relay discovery in the RRC idle state. Otherwise, the Relay can monitor the Relay Solicitation message in the RRC idle state according to the receiving resource pool broadcast by the serving cell. Only when the Relay UE needs to send the Response message, it will enter the RRC connection state and request for Relay discovery resources to send Relay response message. On the other hand, if the UE starts the Relay function in the RRC connected state, the Relay UE can only request the transmission resources for Relay discovery through dedicated RRC signaling. 

When it comes to NR sidelink Relay, the similar mechanism can be considered. However, since there is no specific discovery resource pool exists for NR sidelink. RAN2 is suggested to discuss whether a specific NR sidelink resource pool shall be introduce for Relay discovery. 
RAN2 is suggested to discuss whether a specific NR sidelink resource pool shall be introduce for Relay discovery. 
According to R16 NR sidelink, three types of SCCHs are defined to transmit different PC5-S messages: SL SRB0 is used for the sidelink signalling radio bearer of unprotected PC5-S message (e.g. Direct Communication Request); SL SRB1 is used for the sidelink signalling radio bearer of PC5-S message establishing PC5-S security (e.g. Direct Security Mode Command and Direct Security Mode Complete); SL SRB2 is used for the sidelink signalling radio bearer of protected PC5-S message. In addition, SL SRB3 is used for the sidelink signalling radio bearer of PC5-RRC message RRC. Considering the Security Mode is not active during Relay discovery procedure, the Relay discovery related message is carried by SL SRB0.
Relay discovery related  PC5-S message is carried by SL SRB0.

Relay Link maintenance 

After the Relay discovery procedure is finished, the Remote UE shall select/reselect a Relay UE. According to LTE D2D Relay specification, the Remote UE shall monitor discovery message to measure PC5 link quality. If the RSRP of the PC5 link is lower than a configured threshold, it may change another Relay UE. Since there is no specific physical resource reserved to send relay discovery message, LTE D2D Relay link maintenance mechanism cannot be reused for NR sidelink relay. However, considering that the UE can monitor NR sidelink message to measure RSRP of NR sidelink quality, we suggest that if the RSRP of the NR sidelink is lower than a configured threshold, it may trigger Relay UE re-selection. 
Observation 3: Since there is no specific physical resource reserved to send relay discovery message, LTE D2D Relay link maintenance mechanism cannot be reused for NR sidelink relay.

 If the RSRP of the NR sidelink is lower than a configured threshold, the Remote UE may trigger Relay UE re-selection. 

Moreover, since the Relay UE and Remote UE can establish sidelink connection of unicast, the link maintenance and release mechanism defined for NR sidelink of unicast can be considered for Relay UE and Remote UE. As we know, according to SA2, keep-alive can be used for link management in NR unicast sidelink. In addition, in NR sidelink specification, a lot of criterion for judging sidelink radio link failure have been specified, such that 1) the maximum number of RLC retransmissions for a specific destination has been reached; 2) T400 is expired; 3) the maximum number of consecutive HARQ DTX for a specific destination has been reached; 4) integrity check failure indication from sidelink PDCP entity.  In case of sidelink radio link fails, the sidelink link will be released. Moreover, PC5-RRC connection is released when the PC5 unicast link releasing is indicated by upper layers. In our opinion, all above criterion can be reused as the condition to release the link between Relay UE and Remote UE. For example, if the Remote UE detect a more suitable Relay UE and decide to change the Relay UE, the upper layer will send the link release indication to the AS layer, then it shall release PC5-RRC link with current Relay UE.
All the criterion used for releasing sidelink link of unicast can be reused to release the link between Relay UE and Remote UE.
Conclusion

Based on the analysis provided above, we have the following observation and proposals:

Observation 1:  For the Model A, the Relay UE shall obtain the transmitting resources to send Announcement message. For the Model B,  both the Relay UE and Remote UE shall obtain the transmitting resources to send Solicitation and Response message. 
Observation 2: Since there is no specific physical resource reserved to send relay discovery message, LTE D2D Relay link maintenance mechanism cannot be reused for NR sidelink relay.

Relay discovery procedure related message such as the Announcement, Solicitation and Response message is sent via PC5-S signaling by PC5 broadcast/groupcast manner.
RAN2 is suggested to discuss whether a specific NR sidelink resource pool shall be introduce for Relay discovery. 

Relay discovery related  PC5-S message is carried by SL SRB0.

 If the RSRP of the NR sidelink is lower than a configured threshold, the Remote UE may trigger Relay UE re-selection. 
All the criterion used for releasing sidelink link of unicast can be reused to release the link between Relay UE and Remote UE.
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