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1. Introduction
Enhanced LTE Device to Device Proximity Services specification work began at RAN2#89bis. One topic discussed was the UE-to-Network relay, and the methods by which a relay is selected to provide relay services for a remote UE. There appeared to be two distinct opinions that arose during the discussion; firstly, some companies believed that the remote UE should select a relay UE, while secondly, other companies believed that the eNode B should make the decision on which UE-to-Network relay should provide relay services to a particular remote UE.
This document will further discuss the issue of whether the remote UE or the eNode B should select an appropriate relay device for a remote UE, including the potential differences in signalling overhead in scenarios where the relay UE is announcing availability via broadcast discovery messages, and where the remote UE is transmitting discovery messages requesting relay services.
2. Discussion
In order to compare the potential signalling overhead resulting from the UE-to-Network relay selection process, example signalling flow diagrams have been produced. Two cases have been examined, firstly the case where relay UEs are broadcasting discovery messages announcing their availability, and secondly where the remote UE broadcasts a discovery message searching for a UE-to-Network relay. For each case potential signalling flows are shown for the scenario where the remote UE assesses the available relay options and makes a choice, and for the scenario where the remote UE only takes measurements and then forwards these to the eNode B, which then makes the choice and notifies the relay UEs of its decision.
Case 1: Relay UE initiated

In the two signalling diagrams shown below, the relay UEs are transmitting discovery messages to announce their availability as UE-to-Network relays. In the first diagram the remote UE chooses the most suitable of the available relays, while in the second diagram the choice is made by the eNode B.
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Figure 1. Relay announcing, remote UE choice
The process shown in Figure 1 above is as follows

1. the relay UE transmits broadcast discovery messages announcing availability as a UE-to-Network relay

2. once the timer has expired, the remote UE assesses the relay options and transmits a request to the chosen relay device

3. the chosen relay contacts the eNode B for authorisation

4. the eNode B grants authorisation for the chosen relay UE to act as a UE-to-Network relay for the remote UE

5. UE-to-Network relay services are available to the remote UE
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Figure 2. Relay announcing, eNode B choice
The process shown in Figure 2 above is as follows

1. the relay UE transmits broadcast discovery messages announcing availability as a UE-to-Network relay

2. once the remote UE’s timer has expired, the remote UE assesses the relay options and transmits measurement information to each relay UE

3. each relay forwards this measurement information to the eNode B

4. once the eNode B’s timer has expired, the eNode B assesses the relay options and transmits messages to each candidate relay either confirming or rejecting their services

5. UE-to-Network relay services are available to the remote UE

Note that in Step 3, the measurement information transmitted by the remote UE and relayed by the UE-to-Network relay is considered to be an implicit request for relay services by the remote UE to the eNode B.
Case 2: Remote UE initiated

In the two examples shown below, the remote UE is transmitting discovery messages requesting a UE-to-Network relay. The relay devices receive these messages and respond with discovery messages stating their availability as relay devices. In the first diagram shown below the remote UE chooses the most suitable of the available relays, while in the second diagram the choice is made by the eNode B.
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Figure 3. Remote UE requesting, remote UE choice
The process shown in Figure 3 above is as follows

1. the remote UE transmits broadcast discovery messages requesting the services of a UE-to-Network relay

2. the relay UEs have permission to act as UE-to-Network relays, and transmit response discovery announcements
3. once the timer has expired, the remote UE assesses the relay options and transmits a request to the chosen relay device

4. the chosen relay contacts the eNode B for authorisation

5. the eNode B grants authorisation for the chosen relay UE to act as a UE-to-Network relay for the remote UE

6. UE-to-Network relay services are available to the remote UE
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Figure 4. Remote UE requesting, eNode B choice
The process shown in Figure 4 above is as follows

1. the remote UE transmits broadcast discovery messages requesting the services of a UE-to-Network relay

2. the relay UEs contact the eNode B to request permission to become active as relay devices and transmit discovery announcement messages

3. the eNode B grants permission for the relay-capable UEs to transmit discovery announcements advertising their availability as UE-to-Network relays

4. the relay UEs transmit response discovery announcements

5. once the remote UE’s timer has expired, the remote UE assesses the relay options and transmits measurement information to each relay UE

6. each relay forwards this measurement information to the eNode B

7. once the eNode B’s timer has expired, the eNode B assesses the relay options and transmits messages to each candidate relay either confirming or rejecting their services

8. UE-to-Network relay services are available to the remote UE

Note that in Step 6, the measurement information transmitted by the remote UE and relayed by the UE-to-Network relay is considered to be an implicit request for relay services.
It can be seen in the signalling diagrams above that for both Case 1 and Case 2, putting the burden of relay selection on the eNode B significantly increases the signalling overhead when compared to having the remote UE select the most appropriate relay. When relay reselection is taken into account then this signalling overhead would increase significantly. It is also inefficient for the remote UE to perform all necessary measurements, which along with the information contained in the discovery message would provide all the necessary information to allow the remote UE to make an appropriate choice of relay, to then transmit measurement information to the eNode B via relay for the eNode B to make the choice.
Observation 1. It would be beneficial in terms of efficiency and signalling overhead if relay choice was made by the remote UE.
Regardless of the resulting decision on whether the overall choice of relay should belong to the remote UE or the eNode B, at least part of the selection process has to take place at higher layers in the remote UE if the remote UE wishes to select on the basis of PLMN or APN.

Observation 2. Initial selection in terms of required PLMN/APN has to take place at the remote UE.

As discussed above, requiring the eNode B to participate in the choice of UE-to-Network relay would be inefficient and result in high signalling overhead. Additionally, initial selection of the relay UE in terms of required PLMN/APN has to take place at the remote UE. Therefore it is proposed that the choice of UE-to-Network relay belongs to the remote UE.
Proposal 1. The remote UE should choose the most appropriate UE-to-Network relay, using measurements and additional information contained in the relay discovery announcement.

Proposal 2. Once the UE-to-Network relay has been selected, authorisation will then be requested from the eNode B.
It can be seen in the signalling diagrams above that use of a timer within the remote UE is suggested. This timer would be started when the remote UE receives the first discovery announcement from a UE-to-Network relay, and upon expiry the remote UE assesses its options and chooses the most appropriate relay. The timer is necessary for the relay selection procedure, otherwise the remote UE would automatically select/request the services of the first relay discovered and then potentially discover a better option only seconds later. This would result in a high number of unnecessary reselections, wasting resources and wasting the battery power of the initially selected relay device.
Proposal 3. A new timer should be introduced for use when a remote UE requires a UE-to-Network relay. It is to be started upon reception of the first discovery announcement from a UE-to-Network relay, and upon expiry the relay selection process will take place.
3. Conclusion
This document has discussed the issue of whether selection of a UE-to-Network relay should be done by the remote UE or by the eNode B. The following observations were made:
Observation 1. It would be beneficial in terms of efficiency and signalling overhead if relay choice was made by the remote UE.
Observation 2. Initial selection in terms of required PLMN/APN has to take place at the remote UE.

The following proposals were made:
Proposal 1. The remote UE should choose the most appropriate UE-to-Network relay, using measurements and additional information contained in the relay discovery announcement.

Proposal 2. Once the UE-to-Network relay has been selected, authorisation will then be requested from the eNode B.

Proposal 3. A new timer should be introduced for use when a remote UE requires a UE-to-Network relay. It is to be started upon reception of the first discovery announcement from a UE-to-Network relay, and upon expiry the relay selection process will take place.
