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1 Introduction

This paper discusses the ProSe UE-to-Network relay selection/reselection and in particular, the level of RAN control.
The WID [1] contains the following objective:
1)
Define enhancements to D2D communication to enable the following features:

a)
Support the extension of network coverage using L3-based UE-to-Network Relays, including service continuity (if needed), based on Release 12 D2D communication, considering applicability to voice, video. [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)

One use of ProSe UE-to-Network relaying is to extend the coverage of the network beyond the coverage of the eNB. This is illustrated in Figure 1 (taken from Figure 7.2.1.2.1 in TR 23.713 V1.1.0 [4]).
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Figure 1 – ProSe UE-to-Network Relay. Note that the Remote UE is not necessarily out of eNB coverage.

At RAN2#89bis, the following agreements were made:

	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.  




This paper tries to clarify these decisions and argue for the benefits of network control.

2 Discussion

2.1 Overall procedure

The procedure for a (remote) UE that connects to a UE-to-network relay contains in principle three main steps, as illustrated in Figure 2 below. For these steps, there are possibilities to provide different levels of RAN assistance and/or control. Moreover, the (remote) UE may be in eNB coverage or out of eNB coverage, which affects the level of eNB control that can be accomplished.
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Figure 2 – Overall procedure for selecting and connecting to a Relay UE (Remote UE in coverage).

Step 1: Setup of Relay UE
For the Relay UE to participate in the discovery and perform the actual UE-to-networking relaying it has to be authorized as a ProSe UE-to-network relay and therefore it needs to enter RRC_CONNECTED and obtain permission from the eNB to operate as a relay.. Moreover, for the relay discovery, there are two models – Relay UE-initiated and Remote UE-initiated - and which model to be used should be controlled by the eNB. 
Proposal 1 In order for a UE to participate in relay discovery and operate as a UE-to-network relay it needs to enter RRC_CONNECTED state and obtain permission by the eNB.

Step 2: E-UTRAN-assisted relay discovery
In this step, if the Remote UE is out of coverage, it performs an evaluation of Relay UE candidates. If the Remote UE is in coverage, the selection performed by the serving eNB of the Remote UE, based on measurement reports, which is further described in [3]. The selection criterion uses parameters such as the Relay UE’s connectivity (e.g. APN information) and measurements, e.g. sidelink RSRP, and sidelink RSRQ. For a Remote UE still in coverage, the eNB may configure it to initiate relay discovery.
Step 3: Establishment of secure layer-2 link over PC5
In this step, a unicast connection is established over PC5, including possible authentication and setup of security. The security aspects for this procedure are handled by SA3.
From RAN point of view, we have identified the following four main cases with respect to the mobility of the Remote UE:
Case 1:
A Remote UE in coverage is transferred to a Relay UE
Case 2:
A Remote UE connected to a Relay UE reselects and connects to another Relay UE

Case 3:
A Remote UE connected to a Relay UE enters coverage

Case 4:
A Remote UE outside coverage connects to a Relay UE

These cases are further discussed below.

2.2 Case 1: A Remote UE in coverage is transferred to a Relay UE
The current Intra-E-UTRAN-Access Mobility Support for UEs in ECM-CONNECTED is comprised of handover procedures and procedures specific for Dual Connectivity. For the handover procedures, the source eNB makes the final decision and commands the UE to use the new radio resources provided by the target eNB. Similarly, for the Dual Connectivity specific procedures, the MeNB makes the final decision and commands the UE to use the radio resources at the SeNB. 
The inter-RAT mobility is network-controlled through the source eNB, which makes the final decision and commands the UE to the radio resources target RAT (same principle always applies, but the details depend on type of mobility procedure and target RAT).

So therefore, the mobility process for a connected mode UE is based on network-controlled UE-assisted handovers, typically enabled by the control and evaluation of UE and eNB measurements. The eNB control is performed by a combination of system information and dedicated messages (e.g. RRC Connection Reconfiguration).
A UE-to-network relay should be seen as another target for UE mobility and should therefore be incorporated into the existing mobility concept for connected mode UEs, respectively. For example, the source eNB should decide whether a connected mode UE should perform an inter-RAT handover or use a UE-to-network relay and for this decision the source eNB needs measurements. 
Proposal 2 The UE mobility in network coverage is controlled by the eNB, also when introducing UE-to-network relaying.

A UE in coverage may either be in RRC_IDLE or RRC_CONNECTED state, depending on the activity level of the UE. In case the UE is in RRC_CONNECTED state, it may typically transmit/receive data to/from the network and in this state service continuity is maintained to avoid data loss, by means of network-controlled handover. In line with this principle, the transfer of a UE in RRC_CONNECTED state to a Relay UE is also controlled by the eNB.

Proposal 3 The transfer of a UE in RRC_CONNECTED state to a UE-to-network relay is controlled by the eNB.

As a UE in RRC_IDLE does not transmit/receive data, there is no need for a UE in RRC_IDLE to be transferred to a Relay UE. It needs first to enter RRC_CONNECTED state.

For the Relay UE selection inside coverage there are different possible levels of eNB control:
Level 0: The Remote UE selects a Relay UE based on UE implementation. When data is no longer transmitted on Uu the inactivity timer will release the UE. 
Level 1: The Remote UE selects a Relay UE based on parameters provided in system information from the eNB. When data is no longer transmitted on Uu the inactivity timer will release the UE. 
Level 2: The Remote UE selects a Relay UE based on parameters provided in dedicated signalling from the eNB. When data is no longer transmitted on Uu the inactivity timer will release the UE. 
Level 3: Following a phase of eNB-configured relay discovery, the Remote UE provides eNB with measurement reports of Relay UE candidates which fulfil a minimum criterion. The eNB selects the Relay UE and hands over the Remote UE to Relay UE, either using RRCConnectionReconfiguration (i.e. standard HO), or through RRCRelease with redirect. 
We think that level 3 provides the maximum flexibility and the most consistent behaviour since the Relay UE selection is performed by the eNB. The details of this procedure can be found in [3].
Proposal 4 The selection of a UE-to-network relay for a Remote UE inside coverage is performed by the eNB.

Proposal 5 The Remote UE provides the eNB with measurements of UE-to-network relays. 

The minimum criterion for being a Relay UE candidate is for example the following:

-
The connectivity provided by the Relay UE (e.g. APN information and PLMN identity, if needed) meets requirements provided by upper layers; and
-
A sidelink measurement quantity (e.g. sidelink RSRQ) made by the Remote UE on the received discovery message from the Relay UE is above a configurable threshold

Proposal 6 A specified minimum criterion is used by an in coverage Remote UE to identify UE-to-network relay candidates

2.3 Case 2: A Remote UE connected to a Relay UE reselects and connects to another Relay UE
In this case, the Remote UE is outside coverage. The Remote UE uses a Relay UE reselection procedure, which contains three steps:
1.
Maintain a set of Relay UE candidates which fulfil a minimum criterion, such as connectivity and a sidelink measurement quantity above a certain threshold. In order to maintain this set, the Remote UE uses discovery.
2.
If the currently connected Relay UE does not fulfil the minimum criterion (is removed from the set of Relay UE candidates), trigger a reselection to another Relay UE. For this, a timer and/or hysteresis may be used for the currently connected Relay UE before it is removed from the set of Relay UE candidates.
3.
Relay UE reselection, which may be performed according to one of the following options:

a.
The Remote UE performs a ranking of the Relay UEs in the candidate set and selects the Relay UE with the highest rank. As ranking, e.g. the sidelink RSRP can be used.

b.
The Remote UE randomly selects a Relay UE in the candidate set.
c.
The Remote UE selects a Relay UE in the candidate set based on UE implementation.
The parameters used by the Remote UE in the minimum criterion for being in the candidate set may be preconfigured or under network control. We think that ranking of the Relay UEs in the candidate set have advantages and that the parameters used in the ranking may be preconfigured or under network control. More details to this procedure including signalling charts can be found in [3].
Proposal 7 The parameters used by the Remote UE to perform relay reselection out of coverage are preconfigured or under network control and the reselection rules should be specified.

Which method to use for the Relay UE reselection procedure needs to be discussed. Each option has pros and cons.
Proposal 8 As part of the specified relay reselection rules, a minimum criterion is used.
2.4 Case 3:
 A Remote UE connected to a Relay UE enters coverage
In this case, the UE will perform cell selection of an E-UTRAN cell. Then, depending on the EMM state, it may trigger an establishment of RRC connection to perform e.g. Tracking Area Update.

When a Remote UE is connected to a Relay UE, comes from out of coverage and detects a cell it should switch from being served by the Relay UE to the eNB. We think it is beneficial to stick to the corresponding behaviour in Release 12.

Proposal 9 Keep the current Rel-12 behaviour for sidelink transmission in coverage as baseline, also for a Remote UE using a UE-to-network relay.
2.5 Case 4:
 A Remote UE outside coverage connects to a Relay UE

In this case the Remote UE uses an initial Relay UE selection procedure which contains two steps:
1.
Create a set of Relay UE candidates which fulfil a minimum criterion, such as connectivity and a sidelink measurement quantity above a certain threshold. In order to create this set, the Remote UE uses discovery.

2.
Relay UE selection, which may be performed according to one of the following options:

a.
The Remote UE performs a ranking of the Relay UEs in the candidate set and selects the Relay UE with the highest rank. As ranking, e.g. the sidelink RSRP can be used.

b.
The Remote UE randomly selects a Relay UE in the candidate set 

c.
The Remote UE selects a Relay UE in the candidate set based on UE implementation

The parameters used by the Remote UE in the minimum criterion for being in the candidate set may be preconfigured or under network control. We think that ranking of the Relay UEs in the candidate set have advantages and that the parameters used in the ranking may be preconfigured or under network control. Which method to use for the initial Relay UE selection procedure needs to be discussed. Each option has pros and cons. More details to this procedure including signalling charts can be found in [3].
Proposal 10 The parameters used by the Remote UE to perform initial relay selection out of coverage are preconfigured or under network control and the selection rules should be specified.

Proposal 11 As part of the specified initial relay selection rules, a minimum criterion is used.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
In order for a UE to participate in relay discovery and operate as a UE-to-network relay it needs to enter RRC_CONNECTED state and obtain permission by the eNB.
Proposal 2
The UE mobility in network coverage is controlled by the eNB, also when introducing UE-to-network relaying.
Proposal 3
The transfer of a UE in RRC_CONNECTED state to a UE-to-network relay is controlled by the eNB.
Proposal 4
The selection of a UE-to-network relay for a Remote UE inside coverage is performed by the eNB.
Proposal 5
The Remote UE provides the eNB with measurements of UE-to-network relays.
Proposal 6
A specified minimum criterion is used by an in coverage Remote UE to identify UE-to-network relay candidates
Proposal 7
The parameters used by the Remote UE to perform relay reselection out of coverage are preconfigured or under network control and the reselection rules should be specified.
Proposal 8
As part of the specified relay reselection rules, a minimum criterion is used.
Proposal 9
Keep the current Rel-12 behaviour for sidelink transmission in coverage as baseline, also for a Remote UE using a UE-to-network relay.
Proposal 10
The parameters used by the Remote UE to perform initial relay selection out of coverage are preconfigured or under network control and the selection rules should be specified.
Proposal 11
As part of the specified initial relay selection rules, a minimum criterion is used.


More details, including signalling charts for the different cases, are provided in [3].
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