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Introduction

During RAN#86 meeting, they study item of NR sidelink relay has been set up. According to the below cited from SID:
	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;


Relay UE initiation, relay UE selection/reselection are quite essential topics in the architecture of NR sidelink relay design. Therefore, in this contribution, we will first review Rel-13 LTE sidelink D2D relay UE initiation and relay UE selection/reselection mechanism, then investigate some potential enhancement in NR sidelink relay. 
Discussion

Relay UE initiation

LTE D2D relay UE initiation
In LTE D2D Relay, the relay UE served in UE-to-Network relay scenario could perform the function of traffic packet transferring between remote UE and network. Only those UEs which are under network’s coverage can become a relay UE. On the other hand, for remote UE, it can be both in coverage or out of coverage (When some specific UEs serving Public Safety service moving from in coverage to out of coverage, it needs to ensure its service continuity). 

Observation 1: In LTE D2D relay, relay UE should be in coverage, remote UE can be both in coverage or out of coverage.
In general, Relay UE initiation for UE-to-Network relay service needs network’s assistant. In details, eNB can broadcast UE-to-Network related system information, e.g. receiving discovery resource pool, through SIB18/SIB19, to indicate that current cell support Relay function. Optionally, network can also broadcast the transmission discovery resource pool. 

If network would like to enhance its control, the transmission discovery resource pool can also be configured via dedicated RRC signaling, where it will force relay UE to access into RRC connected mode if the UE would like to acquire the configuration. Not all UEs which supports UE-to-Network relay function can become a relay UE. For example, some UEs which are in coverage but far from base station have poor Uu link quality,e.g. UE1 shown in the below figure 1, where these UEs are not qualified for becoming relay UEs. On the other hand, if the UEs which have Relay capability are at the center of network coverage,e.g.,UE2 shown in the below figure 1, usually its surrounding UEs, e.g. UE3 shown in the below figure 1, should also have relative good Uu link quality, which does not need to trigger UE-to-Network relay service. 
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In details, network can configure two RSRP thresholds:

 Minimum required Uu RSRP threshold: If network configure this threshold, then only those UEs which have Relay capability targeted on UE-to-Network relay service and the Uu link measurement result is higher than the configured threshold, can initiate the Relay function.

Maximum required Uu RSRP threshold: If network configure this threshold, then only those UEs which have Relay capability targeted on UE-to-Network relay service and the Uu link measurement result is lower than the configured threshold, can initiate the Relay function.
Observation 2: In LTE D2D relay, to initiate relay UE, two RSRP thresholds can be optionally configured, which are minimum required Uu RSRP threshold and maximum required Uu RSRP threshold.
Both of the two above configured thresholds are optional configuration, if absent, then the UE which have Relay capability targeted on UE-to-Network relay service can initiate the Relay function at any time. Moreover, if network broadcast the transmission resource pool used for UE-to-Network relay discovery, then it means relay UE can perform relay discovery in RRC idle mode. Otherwise, if transmission resource pool is not configured, relay UE can listen to the relay solicitation message on the configured discovery reception resource pool, only when the relay UE needs to transmission relay response message, it would enter RRC connected mode to request dedicated discovery transmission resource pool. On the other hand, if relay UE initiate the Relay function when it is in RRC connected mode, then relay UE can only acquire discovery transmission resource pool via dedicated RRC signaling.

NR sidelink relay UE initiation

When it comes to NR sidelink relay, similar mechanism can be considered regarding to relay UE initiation. For UE to network relay, relay UE should be in coverage so that it is able to transfer remote UE’s data packet towards network. Before relay UE initiation, similarly, the relay UE can be RRC connected mode, or RRC idle/inactive mode. If there is no transmission resource pool configured via SIB, relay UE should enter RRC connected mode to acquire transmission resource pool. Remote UE can be both in coverage or out of coverage with RRC connected mode, RRC idle mode or RRC inactive mode.
Proposal 1: For UE to network relay in NR sidelink relay, the relay UE should be in coverage.

Proposal 2: For UE to network relay in NR sidelink relay, before relay UE initiation, the relay UE can be RRC connected mode, or RRC idle/inactive mode. 

Proposal 3: For UE to network relay in NR sidelink relay, after relay UE initiation, the relay UE may need to access into RRC connected mode if the transmission resource pool configuration is absent.
Similar to LTE D2D relay, in order to ensure a good Uu link quality, a minimum required Uu RSRP threshold needs to be configured to the relay UE. The relay UE whose RSRP measurement is higher than the configured minimum required Uu RSRP threshold can assume itself has a good Uu link quality which may satisfy remote UE’s service QoS requirement. On the other hand,  in the case the relay UE is close enough to network node, it can be assumed that the surrounding UEs also have good Uu quality. Thereafter, a maximum required Uu RSRP threshold can be considered to the relay UE.

Proposal 4: In NR sidelink relay, both minimum required Uu RSRP threshold and maximum required Uu RSRP threshold can be configured towards relay UE for determination of relay UE initiation.

Relay UE selection/reselection
LTE D2D relay UE selection/reselection

In LTE D2D Relay, when remote UE is in coverage, if its Uu link quality become poor enough, remote UE will start to perform relay UE selection. One Uu RSRP threshold is configured to indicate when remote UE can use the discovery transmission resource pool for sidelink discovery announcement. 

Observation 4: In LTE D2D, one Uu RSRP threshold is configured to indicate when remote UE can use the discovery transmission resource pool for sidelink discovery announcement.
When the remote UE is in RRC connected mode and is connecting to one relay UE, it should send sidelinkUEInformation towards network to report that it is requesting one to one PC5 connection with the relay UE. If the remote UE has already connected to one relay UE, if its PC5 RSRP measurement result is lower than the network configured threshold A, remote UE will trigger to perform relay UE reselection. In addition, when remote UE receiving layer-2 link release message from the connected relay UE, the remote UE will also trigger relay UE reselection. On the other hand, when remote UE performing relay UE selection/reselection for both in coverage and out of coverage scenarios, only those relay UE whose RSRP measurement result is higher than the configured threshold B can be regarded as appropriate relay UE. The configured threshold A is same as configured threshold B. 

Observation 5: In LTE D2D, one PC5 RSRP threshold is configured for remote UE to indicate when it should trigger relay UE reselection as well as whether other candidate relay UE can be reselected.
Remote UE will perform ranking according to the RSRP measurement result for its detected appropriate relay UEs. Furthermore, in order to avoid ping-pong selection, the RSRP measurement of targeted relay UE should be higher above the RSRP measurement of current relay UE than a configured hysteresis value. If model B discovery mode is applied, remote UE should periodically transmit UE-to-Network relay discovery solicitation message so that to get relay UE’s UE-to-Network relay discovery response message. In order to avoid unnecessary response from the surrounding relay UEs, remote UE should carry relay service code within the discovery solicitation message, only those relay UEs which admits the relay service code will transmit discovery response message.

NR sidelink relay UE selection/reselection
When it comes to NR sidelink relay, the Uu RSRP threshold can be also configured for allowing remote UE to use  transmission resource pool for transmission of sidelink discovery message. 

Proposal 5: In NR sidelink relay, remote UE should be configured with a Uu RSRP threshold to determine whether the sidelink discovery message can be allowed to be transmitted in the configured transmission resource pool.

In addition, when remote UE performing relay UE reselection, a PC5 RSRP threshold can also be configured, for remote UE to decide when it should trigger relay UE reselection as well as whether other candidate relay UE can be reselected.

Proposal 6: In NR sidelink relay, remote UE should be configured with a PC5 RSRP threshold, to determine when it should trigger relay UE reselection as well as whether other candidate relay UE can be reselected.

In addition, considering that sidelink architecture has been evolved for multiple releases with much more completed design. Thus, only considering PC5 RSRP threshold may not be enough in current release. Besides PC5 RSRP , the following potential factors can also be considered for helping remote UE perform relay UE reselection:

- The CBR measurement of sidelink transmission resource pool configured for relay UE:

If the CBR measurement is quite high, it will be hard for relay UE to select candidate transmission sidelink resource for the relay service. Thereafter, the service quality on PC5 link is hard to be ensured. As a consequence, remote UE should select the relay UE whose transmission pool CBR measurement should be lower.

- The UE capability for relay service:

Different relay UEs may have differentiated relay UE capabilities, some relay UE may have better battery performance or support more PC5 connections. Then in order to ensure service quality, remote UE should be prioritized to select those relay UEs with vigoroso UE capabilities.

- Hop number:

Although in Rel-17, only single hop relay scenario is considered, considering the future release, multiple hop scenario will be probably introduced. In that case, the fewer the hop is, the lower the delay budget of packet transmission will be consumed. Thus, remote UE should also consider hop number for relay service.

Also, other factors which are not mentioned does not mean unnecessary to be considered. However, if more factors are introduced, it will heavily increase the specification impact and design complexity on remote UE for relay UE selection function, e.g. relay UE1 has better UE capability, but relay UE2 has lower CBR measurement with fewer hop number, in this case, it is hard to decide which relay UE should be selected.

Observation 6: In NR sidelink relay, if multiple factors are considered for relay UE reselection, it will heavily increase the specification impact and design complexity on remote UE side.

Thus, RAN2 should discuss whether to consider multiple factors on relay UE reselection besides PC5-RSRP threshold with a simplified solution.

Proposal 7: RAN2 should discuss whether to consider multiple factors on relay UE reselection besides PC5-RSRP threshold with a simplified solution.

In addition, in LTE D2D, for the purpose of increasing network coverage status, after remote UE receiving the configured PC5-RSRP threshold, the remote UE will autonomously perform relay UE reselection without any further network instructions. But when it comes to NR sidelink relay, network may also perform load balance if it can be on its initiative to indicate some connected UE to change from Uu direct communication to UE to network relay mode, when network finds its current load status is quite high.

Proposal 8: For different purposes, RAN2 should discuss the feasibility of the following two alternatives:

- remote UE autonomously perform relay UE reselection

- network assisting remote UE to perform relay UE reselection.
Conclusion

In this contribution, we have reviewed the LTE relay UE initiation and relay UE selection/reselection mechanism, as well as investigate NR relay UE initiation and relay UE selection/reselection mechanism. A brunch of observations and proposals are given below:
Observation 1: In LTE D2D relay, relay UE should be in coverage, remote UE can be both in coverage or out of coverage.
Observation 2: In LTE D2D relay, to initiate relay UE, two RSRP thresholds can be optionally configured, which are minimum required Uu RSRP threshold and maximum required Uu RSRP threshold.
Proposal 1: For UE to network relay in NR sidelink relay, the relay UE should be in coverage.

Proposal 2: For UE to network relay in NR sidelink relay, before relay UE initiation, the relay UE can be RRC connected mode, or RRC idle/inactive mode. 

Proposal 3: For UE to network relay in NR sidelink relay, after relay UE initiation, the relay UE may need to access into RRC connected mode if the transmission resource pool configuration is absent.
Proposal 4: In NR sidelink relay, both minimum required Uu RSRP threshold and maximum required Uu RSRP threshold can be configured towards relay UE for determination of relay UE initiation.

Observation 4: In LTE D2D, one Uu RSRP threshold is configured to indicate when remote UE can use the discovery transmission resource pool for sidelink discovery announcement.
Observation 5: In LTE D2D, one PC5 RSRP threshold is configured for remote UE to indicate when it should trigger relay UE reselection as well as whether other candidate relay UE can be reselected.
Proposal 5: In NR sidelink relay, remote UE should be configured with a Uu RSRP threshold to determine whether the sidelink discovery message can be allowed to be transmitted in the configured transmission resource pool.

Proposal 6: In NR sidelink relay, remote UE should be configured with a PC5 RSRP threshold, to determine when it should trigger relay UE reselection as well as whether other candidate relay UE can be reselected.

Observation 6: In NR sidelink relay, if multiple factors are considered for relay UE reselection, it will heavily increase the specification impact and design complexity on remote UE side.

Proposal 7: RAN2 should discuss whether to consider multiple factors on relay UE reselection besides PC5-RSRP threshold with a simplified solution.

Proposal 8: For different purposes, RAN2 should discuss the feasibility of the following two alternatives:

- remote UE autonomously perform relay UE reselection

- network assisting remote UE to perform relay UE reselection.
Reference

3GPP


