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1. Introduction
The topic of the UE-to-Network relay was first discussed during RAN2#89bis. A variety of sub-topics need to be addressed in order to standardize this feature for Release 13 ProSe, one of which is the behaviour of the relay device. An agreement relevant to this particular sub-topic was reached during RAN2#89bis [1]:
	Agreements

· 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.  


This document will discuss the behaviour of the UE-to-Network relay, including rules for when it can or cannot act as a relay and whether the relay informs any connected remote UEs if it has to cease operation for any reason. The separate issue of relay initiation and eNode B control is discussed in [2].
2. Discussion

A device acting as a UE-to-Network relay is not under any obligation to continue acting as a relay for any connected remote UEs. There are several scenarios where it would be better for the relay to cease operation, and no longer transmit discovery messages or continue relaying traffic for any currently connected remote UEs. The first issue that needs to be addressed is whether a relay, upon deciding that it cannot perform the role any more, notifies any connected remote UEs so they can attempt to find another relay to use before losing the current connection. This was discussed by SA2 at SA2#109, but no agreement was reached. It was discussed again at SA2#110 and it was agreed that there should be a PC5 layer-2 connection release procedure [2] applicable to any ProSe one-to-one communication link (the Remote UE and the Relay will communicate over a one-to-one ProSe link). It seems beneficial that the relay UE should be able to inform any connected remote UEs that it will no longer be available and that they need to search for a new relay device. The following procedure was agreed at SA2#110 [2], and it is proposed that messages to allow this be defined.
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Figure 1. Relay disconnect procedure [2]
Proposal 1. Messages should be defined in order to allow the procedure shown in Figure 1 to take place.
It is suggested in [3] that a Uu link quality threshold be included in System Information for the case where a cell allows the operation of UE-to-Network relays. If the Uu link quality measured by the potential relay drops below this threshold it would indicate to the device that it is near the edge of coverage and may be within range of out of coverage devices needing a relay. If the UE-to-Network relay moves away from the edge of coverage (Uu link quality improves) then it may no longer be able to perform the relay task for those remote UEs outside the cell boundary. Therefore if the threshold is passed again (Uu link quality improving), indicating that the relay is moving back towards the centre of the cell, the relay should cease broadcasting discovery messages announcing availability as a relay. A hysteresis parameter should also be introduced to reduce repeated enabling and disabling of a UE as a UE-to-Network relay. If any remote UEs are currently connected to the relay UE, the remote UE could continue to provide relay services while the PC5 link quality remains good enough. As this link quality is determined by the remote UE via measurements on the PC5 interface the relay UE should continue to broadcast the discovery message. However there should be a tag within the discovery message to indicate that no new clients will be accepted. The relay UE may also still respond to ‘solicitation’ type discovery messages received from remote UEs (as these soliciting remote UEs may be technically within the cell boundary but out of coverage, in a basement for example), and need not terminate any current relay connections provided that the PC5 measurements remain acceptable. It would be the responsibility of the connected remote UEs to continue performing measurements on the PC5 interface, assessing the suitability of the connection and comparing with other available relay candidates.
Proposal 2. If a relay UE’s measurements move above the threshold transmitted in System Information, indicating that the relay UE is moving towards the cell centre, the relay UE should indicate in the discovery message that it is not accepting new relay clients. 

Proposal 3. A tag should be introduced in the discovery message transmitted by relay devices to indicate whether or not the relay is accepting connections from remote UEs.

Proposal 4. A hysteresis parameter should also be introduced to reduce repeated enabling and disabling of a UE as a UE-to-Network relay due to changing Uu measurements. 

Proposal 5. In the situation described in Proposal 2, the relay may continue to serve any currently connected remote UEs until the PC5 link quality drops below an acceptable level and the remote UE choses to connect to a new relay device.
The available battery power of the UE-to-Network relay should also be taken into account; if the remaining battery power drops too low then the device should transmit the indication to the remote UEs and cease operation. 

Proposal 6. If the available battery power drops below a pre-defined level, the relay UE should inform any connected remote UEs that its services will no longer be available and cease relay operation.
The UE-to-Network relay should not accept connections with an unlimited number of remote UEs. A maximum number of connections to remote UEs should be configured in the device, and once this number has been reached then the relay should stop announcing availability. This could be done by no longer transmitting any discovery message, or by having a tag included in the discovery message which states whether the relay is currently accepting remote UE clients. This would enable the connected remote UEs to continue taking measurements of the PC5 interface using the discovery messages, for comparison/reselection purposes.
Proposal 7. UE-to-Network relay devices should be configured with the maximum number of remote UEs that can be supported at any one time.

Proposal 8. Once a UE-to-Network relay is supporting the maximum allowed number of remote UEs, it should indicate in the discovery message that it is not accepting new relay clients.
3. Conclusion
This document has discussed aspects of the behaviour of the UE-to-Network relay, and the following proposals have been made: 

Proposal 1. Messages should be defined in order to allow the procedure shown in Figure 1 to take place.
Proposal 2. If a relay UE’s measurements move above the threshold transmitted in System Information, indicating that the relay UE is moving towards the cell centre, the relay UE should indicate in the discovery message that it is not accepting new relay clients.

Proposal 3. A tag should be introduced in the discovery message transmitted by relay devices to indicate whether or not the relay is accepting connections from remote UEs.
Proposal 4. A hysteresis parameter should also be introduced to reduce repeated enabling and disabling of a UE as a UE-to-Network relay due to changing Uu measurements. 

Proposal 5. In the situation described in Proposal 2, the relay may continue to serve any currently connected remote UEs until the PC5 link quality drops below an acceptable level and the remote UE choses to connect to a new relay device.
Proposal 6. If the available battery power drops below a pre-defined level, the relay UE should inform any connected remote UEs that its services will no longer be available and cease relay operation.

Proposal 7. UE-to-Network relay devices should be configured with the maximum number of remote UEs that can be supported at any one time.

Proposal 8. Once a UE-to-Network relay is supporting the maximum allowed number of remote UEs, it should indicate in the discovery message that it is not accepting new relay clients.
References

[1] R2-151722 “Report from LTE Break-Out Session (ProSe)”, RAN2#89bis, Bratislava, Slovakia, 20 – 14 April 2015

[2] S2-152566 “UE-to-Network Relay initiated Layer-2 link release over PC5”, LG Electronics, SA2#110, Dubrovnik, Croatia, 06 – 10 July 2015
[3] R2-153550 “Discussion on UE-to-Network Relay initiation”, General Dynamics UK Ltd, RAN2#91, Beijing, China, 24 – 28 August 2015
_1500899866.vsd
UE-1


UE-2


1. Disconnect Request



