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1      Introduction

Rel-13 LTE eD2D ProSe WI [1] discussions started at the last RAN2#89bis meeting. Among other aspects, UE-to-Network relays related scenarios and architecture, relay initiation (whether network control or network configured rules), relay discovery and selection (UE discovering relay in-coverage) were discussed. The following were the agreements:
     Agreements

· For the relay discovery and relay selection both in-coverage and out-of-coverage scenarios remote UEs can be addressed.   

· We will discuss the potential minimization of service interruption for the cases where the UE is moving from in-coverage to out-of-coverage and from out-of-coverage to in-coverage.  

· Relay UE will always be in-coverage.  The eNB at the radio level can control whether the UE can act as a relay.   FFS whether the network control is per relay UE, per cell (broadcast configuration), or both.  

Relay selection 

· The remote UE can take radio level measurements of the PC5 radio link quality.  

· For out-of-coverage, the radio level measurements can be used by the remote UE together other higher layer criteria to perform relay selection.   

· For in-coverage, it is FFS how these measurements are used (e.g. the measurements can be used by the UE to perform selection similar to out-of-coverage case, or they can be reported to the eNB).    

· FFS how reselection is handled and who performs reselection decision.  FFS if Uu link quality is required for selection/reselection purposes.

· We will send an LS to RAN1/4 to notify them of RAN2 agreement that remote UE can take radio level measurements of the PC5 radio link quality and how these measurements will be used.  RAN2 would like to ask RAN1 to assess the feasibility of performing these measurements.  

In this contribution we address the following open aspects and discuss various options taking the above agreements into consideration.
7.5.1.1
Relay selection/reselection 

How relay selection is performed for in-coverage case. What is the level of eNB involvement? How are the measurements on PC5 link quality used?  

2      Background information
As per [3], the UE-to-NW relay is agreed to be a Layer-3 relay (i.e. an IP router), and the remote UE as shown in Figure 1 is considered out-of-coverage for utilizing relay support. The remote UE is a ProSe-enabled UE that performs Relay discovery to find available relays in proximity to route its traffic.
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Figure 1 ProSe UE-to-NW relay [3]
UE-to-NW Relay Discovery
As per the recent SA2 meeting #108, radio layer information has been agreed as one of the parameters to be included within UE-to-Network Relay Discovery for public safety [5]. 
“The following parameters are used for UE-to-Network Relay Discovery [4]:

-
ProSe Relay UE ID: link layer identifier that is used for direct communication and is associated with a PDN connection the ProSe UE-to-Network Relay has established.

-
PLMN ID: this identifies the PLMN to which radio frequencies used on the link to the Remote UE belong. If these radio frequencies are shared between multiple PLMNs, or not allocated to any PLMN, then the choice of PLMN ID is configured by the HPLMN.

-
Connectivity Info: Parameter identifying connectivity the ProSe UE-to-Network Relay provides (e.g. including APN information).

-
Status/maintenance flags (e.g. indicating whether the relay is temporarily without connectivity or battery running low so the Remote UEs can seek/reselect another Relay).

-
Group Info: contains information about the group(s) that the UE-to-Network Relay is currently relaying.
-
Radio Layer Information: contains information about the radio layer information, e.g. radio conditions between the eNB and the UE-to-Network Relay, to assist the Remote UE selecting the proper UE-to-Network Relay.

Editor's Note: The details of Radio Layer Information parameters are to be identified and if agreed then to be defined by RAN WGs.”
3      Discussion
UE-to-Network Relay selection is one of the most important aspects of Relay operation by which the remote UE requests the relay UE to route its traffic. In this section we discuss the different possibilities for relay selection and reselection considering the two agreed scenarios i.e. out-of-coverage and in-coverage. 
As for eNB involvement in this process, there are two approaches: 
· eNB-controlled for in-coverage remote UEs similar to handover procedure or UE-controlled for out-of-coverage scenario similar to LTE cell (re) selection
· UE-controlled for both in-coverage and out-of-coverage remote UEs. 
3.1 Out-of-Coverage scenario

Considering this baseline case, as a first step, the remote UE performs discovery procedure to find a Relay UE for extending its network coverage and route its traffic. If it finds multiple potential Relay UEs meeting the necessary upper layer criteria (e.g. APN information), the remote UE then proceeds to select the best option based on the combination of measured PC5 link quality and advertised Uu link quality between eNB and Relay UE (provided by the Relay UE in the discovery message). In this section we discuss the relay selection and re-selection criteria and triggers for the out-of-coverage case in more detail.
3.1.1 Relay selection 
It has been agreed in SA2 to utilize Radio layer information as part of UE-to-Network Relay discovery. The existing RRM measurements for the Uu interface, such as RSRP/RSRQ are well defined in RAN1 specifications and can be used to characterize backhaul link quality and can be provided to remote UE for intelligent Relay UE selection/re-selection. It is beneficial to use this information in addition to previously agreed PC5 link quality measurement (which may need a new measurement framework to be defined involving RAN1/RAN4).

Proposal 1: RAN2 to discuss and agree that the eNB<->Relay UE link quality measurements such as RSRP/RSRQ can be utilized to characterize backhaul link quality for relay UE selection/re-selection. 
For the PC5 or sidelink radio link quality measurements between remote UE and relay UE, we have the following considerations; further details can be found in [6]:
· S-RSRP measurement may not be suitable to derive PC5 link quality as the remote UE cannot distinguish the transmitter because multiple Sync sources may send the same Sync signal.
· A one-time measurement based on the discovery resource narrow band physical structure may limit the accuracy and moreover, the interference level will be different in discovery vs. communication resources due to different number of UEs participating in each.

· The sidelink radio-link quality is not symmetrical (e.g. different transmit powers, different interference levels). Measurements at both ends of sidelink may complicate the UE-to-NW Relaying procedure and may be considered as an over optimization for support of L3 relaying in the LTE Rel-13.
Observation 1: No methodology exists to measure remote UE<-> relay UE radio link quality in an accurate manner. 
If it is not feasible to define the standardized measurement, sidelink measurements may be left to UE implementation wherein the remote UE may autonomously perform measurements to determine a suitable Relay UE, thus incurring minimal specification impact.

Proposal 2: The feasibility of standardizing PC5 link quality measurement framework needs to be studied alongside the specification impacts before further agreements are made.
3.1.2 Relay re-selection
As the relay UE has been selected based on the above criteria we can assume that the backhaul link quality is fairly semi-static due to the relay UE being low mobility. Hence, it may not be necessary for the remote UE to obtain the Uu link quality measurement periodically. However, the following conditions may occur:

· Uu link quality becomes worse e.g. due to changing interference situation on Relay UE to eNB backhaul link. 
· Relay UE may not be able to serve remote UE any longer due to higher priority cellular traffic.
· Radio link quality between remote UE and relay UE may deteriorate.
Considering the above aspects, either the relay UE or remote UE may trigger the re-selection process in this case.
Proposal 3: For out-of-coverage scenario, remote UE performs relay re-selection and either the remote UE or relay UE may trigger the relay UE re-selection procedure.
Also, it is to be noted that for the remote UE moving from out-of-coverage towards in-coverage, the remote UE may switch to Uu connection based on LTE cell selection process/RRC connection establishment. 
3.2 In-coverage scenario 
In order to maintain service continuity, the in-coverage UE may need to discover and establish connection with the relay UEs in advance of moving to out of coverage. To facilitate this, the eNB may control the remote UE to perform Relay discovery and thereby influence the connection switching operation. Further details on eNB involvement in relay UE selection is provided in the sub-section below.
3.2.1 eNB involvement

During the previous RAN2 meeting, it has been suggested that the relay selection for in-coverage scenario may be performed with eNB involvement. There are two aspects related to how the eNB may be involved as per below: 

In the first aspect, the remote UE forwards the measurements of PC5 link and its Uu direct link as part of a measurement report to the eNB to allow for a similar modeling to legacy handover procedure. As noted in the background section, the Relay discovery message provides other useful criteria for relay selection. Therefore, the remote UE needs to perform filtering based on the higher layer information advertised in discovery messages e.g. APN information before forwarding the filtered PC5 link measurement report to the eNB. This may already incur some processing at the remote UE that it may be better for the remote UE to select suitable relay UE by itself. Thus, the overhead and latency involved in performing the relay UE selection at the eNB should be studied and evaluated against the benefits. 
Proposal 4: RAN2 to agree that the remote UE should select suitable relay UE at least based on the higher layer information provided by candidate relay UEs via discovery. 

Proposal 5: RAN2 to discuss the benefits of the relay UE selection by the eNB considering the delay in initiating relay operation. 

Additionally, eNB may direct a remote UE while in-coverage to perform discovery (e.g. Solicitation request or monitoring advertisement from a relay UE) towards Relay UEs; this could be triggered based on poor channel quality observed on the direct link indicating that the remote UE is moving out-of-coverage. This aids in service continuity for the remote UE. At the same time, the trigger may also be configured as thresholds to be evaluated internally in the UE.
Proposal 6: RAN2 to discuss whether dedicated signalling is required to trigger discovery procedure in remote UE or broadcasting thresholds apriori is sufficient for in-coverage UEs moving towards out-of-coverage.
4      Conclusions and proposals
In this contribution, we discussed the different aspects to be considered in RAN2 for ProSe UE-to-NW Relay selection and re-selection and have the following observations and proposals.
Proposal 1: RAN2 to discuss and agree that the eNB<->Relay UE link quality measurements such as RSRP/RSRQ can be utilized to characterize backhaul link quality for relay UE selection/re-selection.
Observation 1: No methodology exists to measure remote UE<-> relay UE radio link quality in an accurate manner.

Proposal 2: The feasibility of standardizing PC5 link quality measurement framework needs to be studied alongside the specification impacts before further agreements are made.

Proposal 3: For out-of-coverage scenario, remote UE performs relay selection and either the remote UE or relay UE may trigger the relay UE re-selection procedure.

Proposal 4: RAN2 to agree that the remote UE should select suitable relay UE at least based on the higher layer information provided by candidate relay UEs via discovery. 

Proposal 5: RAN2 to discuss the benefits of the relay UE selection by the eNB considering the delay in initiating relay operation.
Proposal 6: RAN2 to discuss whether dedicated signalling is required to trigger discovery procedure in remote UE or broadcasting thresholds apriori is sufficient for in-coverage UEs moving towards out-of-coverage.
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