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1 Introduction

At RAN2#90, the following was agreed with respect to Relay UE selection:
	Agreements 

Relay reselection 

· UE relay reselection is supported.  For out-of-coverage, the criteria for reselection is based on PC5 measurements (RSRP or other RAN1 agreed measurements) and higher layer criteria.   The relay reselection can be triggered by the remote UE.  Whether and how the relay UE can also trigger a reselection is FFS. 

In-coverage scenarios 

· For relay discovery purposes from the remote UE, the monitoring and transmitting resources for discovery are provided by the eNB using the Rel-12 mechanisms (broadcast for idle mode and dedicated signalling for connected mode).   The remote UE can decide when to start monitoring.  It is FFS whether the eNB controls when the remote UE starts using or requesting the resources for transmission purposes (Model B).   




In [1] and [2] we have proposed procedures for UE-to- Network relay selection for the scenarios when the Remote UE is inside and outside coverage. The present contribution focuses on the cases when the Remote UE is inside coverage, and discuss different alternative approaches.
2 Discussion

For the discussion, the main three steps for the procedure to select and connect to a remote UE inside coverage is illustrated below.
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Figure 1 – Overall procedure for selecting and connecting to a Relay UE (Remote UE in coverage).

This contribution will mainly discuss the step “E-UTRAN assisted Relay UE selection” in this figure. Please note that Remote UE1 is served by eNB1 and Relay UE2 is served by eNB2 in this example, as we don’t see the need for the limitation of having the Remote UE and Relay UE to be served by the same eNB. Therefore the step “Setup of the Relay UE” does not involve eNB1. The step “Setup of Relay UE” is discussed in [3].
Observation 1 The UE serving as the Relay UE for a given Remote UE, may be served by a different eNB than the serving eNB of the Remote UE.
2.1 E-UTRAN assisted Relay UE selection
The E-UTRAN assisted Relay UE selection includes the following steps:
1.
The configuration of the UE-to-Network Relay Discovery. We identify two possibly cases; either the triggering is made by the eNB1, or by the Remote UE1. 

2.
The UE-to-Network Relay Discovery procedure used to identify suitable Relay UE candidates. We observe here that there are two possible models for this procedure; the Relay UE-initiated (“Model A”) and the Remote UE-initiated (“Model B”). 

3.
The evaluation and (initial) selection of the Relay UE. Here we can identify several approaches; that the eNB1 evaluates measurements reported from the Remote UE2, or that the Remote UE2 performs the selection, based on rules configured by the network.
In the following, we will discuss these steps further, including the alternative cases/approaches.

2.1.1 The configuration of the UE-to-Network Relay Discovery
In this step the Remote UE1 is configured with resources to be able to receive information from various Relay UEs. This can be used to estimate channel quality and send measurement reports to the eNB. Once configured, the Remote UE1 is able to perform UE-to-Network Relay Discovery. We see two alternatives to do this, using dedicated signalling and broadcast signalling.
2.1.1.1 Using dedicated signalling

The first alternative is that the configuration is performed by the serving eNB1 of the Remote UE1 using dedicated signalling. Please see the figure below.
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Figure 2 – Configuration of the UE-to-Network Relay Discovery using dedicated signalling.

This RRCConnectionReconfiguration carries two parts. The first part is the configuration of the Relay Discovery Channel and the second part is the measurement configuration which is used to trigger subsequent measurement reports of discovered Relay UEs. This alternative provides the eNB with great control over which Remote UEs are searching for Relay UEs. It limits the possibility for Remote UEs to “suddenly disappear” from the cell. It also fits well to the framework for eNB-based mobility.

Upon completion of this procedure the Remote UE1 would start to search for Relay UEs, i.e., initiate the step “UE-to-Network Relay Discovery”.

The trigger to initiate this procedure is in the eNB and need not be standardized.

2.1.1.2 Using broadcast signalling

The second alternative is that the configuration is performed by the serving eNB1 of the Remote UE1 using broadcast signalling. Please see the figure below.
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Figure 3 – Configuration of the UE-to-Network Relay Discovery using broadcast signalling.

The System information carries the configuration of the Relay Discovery Channel and a set of RSRP/RSRQ thresholds relating to the channel quality of the serving cell to enable the Remote UE1 to only search for Relay UEs in poor coverage cases for example.

Upon completion of this procedure and the RSRP/RSRQ criterion being met, the Remote UE1 would start to search for Relay UEs, i.e., initiate the step “UE-to-Network Relay Discovery”. Compared to using dedicated signalling, this alternative provides less control for the eNB, but on the other hand also reduces the implementation complexity.
2.1.1.3 Summary

We think both alternatives have their respective merits. They are not mutually exclusive and both should be standardized.

Proposal 1 Introduce dedicated signalling which enables the eNB to configure a UE to start discover Relay UEs and send measurement reports.

Proposal 2 The dedicated signalling consists of a Relay Discovery Channel configuration and a Measurement configuration.

Proposal 3 Upon receiving the dedicated signalling, the UE starts to search for Relay UEs and when triggered, send a measurement report to the eNB.

Proposal 4 Introduce broadcast signalling which enables the eNB to configure a UE to start discover Relay UEs.

Proposal 5 The broadcast signalling consists of a Relay Discovery Channel configuration and a set of RSRP/RSRQ thresholds.

Proposal 6 Upon receiving the broadcast signalling and when fulfilling the conditions mandated by the RSRP/RSRQ thresholds, the UE starts to search for Relay UEs.

2.1.2 The UE-to-Network Relay Discovery procedure

In this step the Remote UE1 searches for Relay UEs. It does not perform any selection (which is part of the next step). From the previous step it has been configured with suitable resources to perform this discovery. In this step we see two alternatives based on whether Relay UE-initiated (Model A) discovery or Remote UE-initiated (Model B) discovery is used.
2.1.2.1 Relay UE-initiated (Model A) discovery

In this alternative, the Relay UE2 starts with sending the Relay Announcement message over the Relay Discovery Channel. This message contains both higher and lower layer information which allows later selection of one Relay UE to use. Please see the figure below..
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Figure 4 – Relay UE-initiated (“Model A”) UE-to-Network Relay Discovery.

It can be noted that eNB2 has configured the Relay UE2 with proper resources and to use this discovery model. Moreover, a given eNB may configure multiple Relay UEs in the cell controlled by it and thus a given Remote UE may receive Relay Announcement messages from several candidate Relay UEs. The details of this can be found in [3]. The Relay Announcement is transmitted periodically.

2.1.2.2 Remote UE-initiated (Model B) discovery

In this alternative, the Remote UE1 starts with sending the Relay Solicitation message which is received by the Relay UE2. Please see the figure below.
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Figure 5 – Remote UE-initiated (“Model B”) UE-to-Network Relay Discovery with admission control in the eNB.

As explained in [3] with this discovery model, the Relay UE2 is not configured with any TX resources for Relay Discovery Channel. It can therefore not immediately reply to the Remote UE1 upon receiving the Relay Solicitation. Note that the Relay UE1 may receive Relay Response messages from multiple candidate Relay UEs (other than Relay UE2). The advantage of this procedure is that the eNB (eNB2 in this case) is responsible for the admission control of Remote UE1.
2.1.2.3 Summary
Both Discovery model A and B must be supported. To support them and with respect to the existing messages, we make the following proposals.

Proposal 7 Introduce signalling to enable a Relay UE to request Discovery TX resources to reply to Relay Solicitation message (e.g. through extending SidelinkUEInformation message).

Proposal 8 This signalling contains information necessary for the eNB to perform admission control of the Remote UE, such as Remote UE sidelink RSRP/RSRQ, Remote UE ProSe UE ID, priority.
2.1.3 The evaluation and (initial) selection of the Relay UE

The purpose of this step is for one Relay UE to be selected. In the previous step the Remote UE searches for Relay UEs using Discovery. In this step we see two alternatives, depending on whether the Remote UE was configured using dedicated or broadcast signalling.

2.1.3.1 Using dedicated signalling

This alternative is used if the Remote UE1 was configured with dedicated signalling in the first step. In that case the Remote UE1 has been configured with a measurement configuration and is able to search for Relay UEs. Once a measurement report is triggered (e.g. Relay UE stronger than a threshold or Relay UE X dB stronger than serving cell) it is sent to the eNB1. Based on this report the eNB1 can select Relay UE2. The eNB1 sends an RRCConnectionReconfiguration message, informing the Remote UE1 to connect to Relay UE2. The Remote UE1 replies with an RRCConnectionReconfigurationComplete message. This is very similar to a handover in existing LTE releases.
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Figure 7 – The serving eNB1 of the Remote UE1 selects the Relay UE.

This alternative allows the eNB to select when a Remote UE is allowed to connect to a Relay UE and on what basis. As the Remote UE is in coverage and in RRC_CONNECTED, it seems reasonable to maintain the principle of eNB-centric mobility.
2.1.3.2 Using broadcast signalling

This alternative is used if the Remote UE1 was configured with broadcast signalling in the first step. The system information contains all relevant information for the Remote UE1 to make its selection, hence no new signalling is needed in this alternative. How the Remote UE1 ranks and selects one Relay UE is discussed in [4].
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Figure 8 – The Remote UE1 selects the Relay UE2, based on network-configured rules.

This alternative does not involve the eNB. This can be useful as this reduces the complexity of the implementation, compared to the alternative using dedicated signalling. The drawback is the reduced eNB control.
2.1.3.3 Summary

Both alternatives are useful and have their respective merits. They are not exclusive and should both be standardized.

Proposal 9 Introduce signalling to allow the UE to report measurements of Relay UEs.
Proposal 10 Introduce signalling to allow the eNB to inform the UE to connect to a specific Relay UE.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The UE serving as the Relay UE for a given Remote UE, may be served by a different eNB than the serving eNB of the Remote UE.


Based on the discussion in section 2 we propose the following:
Proposal 1
Introduce dedicated signalling which enables the eNB to configure a UE to start discover Relay UEs and send measurement reports.
Proposal 2
The dedicated signalling consists of a Relay Discovery Channel configuration and a Measurement configuration.
Proposal 3
Upon receiving the dedicated signalling, the UE starts to search for Relay UEs and when triggered, send a measurement report to the eNB.
Proposal 4
Introduce broadcast signalling which enables the eNB to configure a UE to start discover Relay UEs.
Proposal 5
The broadcast signalling consists of a Relay Discovery Channel configuration and a set of RSRP/RSRQ thresholds.
Proposal 6
Upon receiving the broadcast signalling and when fulfilling the conditions mandated by the RSRP/RSRQ thresholds, the UE starts to search for Relay UEs.
Proposal 7
Introduce signalling to enable a Relay UE to request Discovery TX resources to reply to Relay Solicitation message (e.g. through extending SidelinkUEInformation message).
Proposal 8
This signalling contains information necessary for the eNB to perform admission control of the Remote UE, such as Remote UE sidelink RSRP/RSRQ, Remote UE ProSe UE ID, priority.
Proposal 9
Introduce signalling to allow the UE to report measurements of Relay UEs.
Proposal 10
Introduce signalling to allow the eNB to inform the UE to connect to a specific Relay UE.
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5 Annex
5.1 Complete signalling chart using dedicated signalling
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5.2 Complete signalling chart using broadcast signalling
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_1499856455.bin

_1500122368.bin

_1500461932.bin

_1501053263.bin

_1500460076.txt
!@@@Msc-generator later than 2.3.4���������ÿj	#This is the default signalling chart

#Edit and press F2 to see the result

#You can change the default chart

#with the leftmost button on the Preferences pane of the ribbon.



hscale=auto;



"Remote UE1","Relay UE2",eNB1, eNB2;



box "Remote UE1"--eNB2: \c(red)E-UTRAN assisted Relay UE selection

{

    box "Remote UE1"--eNB2: \c(red) Configuration of the UE-to-Network Relay Discovery

    {

eNB1->"Remote UE1": RRCConnectionReconfiguration

                    (Relay Discovery Channel configuration,

                    Measurement configuration);

#                  (minimum Relay UE criterion, TX resources and RX resources);



"Remote UE1"->eNB1: RRCConnectionReconfigurationComplete;



#box "Remote UE1"--"Remote UE1": \c(green)Start searching

#                                for Relay UEs

#    {

#    };

    };

#box "Remote UE1"--eNB2: \c(red)UE-to-Network Relay discovery

#{

#};

 box "Remote UE1"--eNB2: \c(red)UE-to-Network Relay discovery

     [tag="Model A"]

    {

    "Relay UE2"->"Remote UE1": Relay Announcement (broadcast)

                             (Higher layer information,

                             Radio layer information);





    }

    ..: \c(red)UE-to-Network Relay discovery

        [tag="Model B"]

        {

"Remote UE1"->"Relay UE2": Relay Solicitation (broadcast)

                         (Higher layer information);



box "Relay UE2".."Relay UE2": \c(green)Optional: Filtering of

                            incoming request;



"Relay UE2"->eNB2: SidelinkUEInformation

                 (Remote UE Sidelink RSRP,

                   ProSe UE ID for Remote UE, Priority);



box eNB2--eNB2: \c(green)Admission

              control;



eNB2->"Relay UE2": RRCConnectionReconfiguration

                 (TX resources for Relay Response);



    "Relay UE2"->"Remote UE1": Relay Response (unicast)

                             (Higher layer information,

                             Radio layer information);



        };





box "Remote UE1"--eNB2: \c(red)Initial selection of Relay UE

{

    "Remote UE1"->eNB1: Measurement Report(s)

                  (Measurements of discovered Relay UEs);



box eNB1--eNB1: \c(green)Select Relay UE;



eNB1->"Remote UE1": RRCConnectionReconfiguration

                  (MobilityControlInfo - "Connect to Relay UE2");



"Remote UE1"->eNB1: RRCConnectionReconfigurationComplete;



};







};
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