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1. Introduction
One of the areas to be covered during Release 13 specification work on Proximity Services is the concept of the Layer 3 based UE-to-Network relay, which is to use Release 12 D2D communication functionality.
This document discusses the behaviour of relay-enabled devices, the service continuity aspect of the L3-based relay device and any potential methods by which D2D-enabled UEs can aim to maintain service continuity when moving out of the coverage area.

2. Discussion
2.1 Behaviour of Relay-enabled devices

Within a cell there may be many devices with the capability to act as UE-to-network relays. It would not be beneficial to have all relay-capable devices within a cell announcing themselves as available to perform relay services, partly because this could result in a large number of relay-related discovery announcements and therefore potential resource congestion if there are many relay devices in a small area. Also, as relay services may not be required from some of the UEs, for example those directly next to the eNode B, as there will be no out of coverage devices nearby to provide services to. Therefore some conditions should be set, under which a relay-capable UE may become active as a UE-to-network relay and announce itself as such. It is stated in TS 22.278 [1] that
“ProSe Communication is also facilitated by the use of a ProSe UE-to-Network Relay, which acts as a relay between E-UTRAN and UEs not served by E-UTRAN. The use of this relay function is controlled by the operator.”
Firstly, as the use of relay functionality is to be controlled by the operator, the network has to have the option of allowing the operation of UE-to-network relays or prohibiting it. Acknowledging or authorising each device separately would lead to high signalling overhead; therefore an indication present in System Information could be used to inform UEs of whether the operation of relay devices is permitted within the cell.

Proposal 1. An indication should be provided in System Information to inform UEs of whether the operation of UE-to-network relay devices is permitted within the cell.

There is no benefit to a UE announcing itself as a relay if there are no UEs nearby requiring the service. Therefore, a UE should be reasonably confident of the need before becoming active. Measurements could be used to determine whether a UE is near the edge of coverage, and thresholds could be set, indicating to the UE that it is nearing the edge of coverage, after which the UE may announce its relay capability.

Proposal 2. A threshold should be set to allow a relay to determine that it is near the edge of coverage and may become active.

If there are several other relay devices operating in the area then adding another would likely provide no benefit to out of coverage devices, while taking unnecessary resources and using battery power for discovery announcements. Therefore it is suggested that a UE should only become active as a relay if it can hear no more than a set number other devices announcing their availability. The exact number of devices needed in a defined area to allow for optimum relay availability while not leading to resource pool congestion is FFS.
Proposal 3. A UE should only become active as a relay device once the threshold has passed if it can hear discovery announcements from no more than ‘x’ other relay devices (value of ‘x’ FFS).
It is possible for devices to be out of coverage of the eNode B even while being well within the geographical cell boundary, for example when in a basement. Therefore, active relay devices should not be prohibited near the cell centre. To ensure that relay devices are not becoming active for no reason, they could wait to hear the discovery request originating from an out of coverage device seeking a UE-to-network relay.
Proposal 4. A relay device whose measurement readings are above the threshold may still become active if receiving a discovery message from an out of coverage UE seeking a relay.

Once a relay-capable device has become active, it should advertise its availability. This could be done by use of a D2D Discovery message, or if modification of the Release 12 Discovery functionality to support the UE-to-network relay would prove problematic then a form of ‘Discovery through Communication’ could be used. 

Proposal 5. An active UE-to-network relay should announce itself through D2D Discovery messages or through D2D Communication transmissions.
A Discovery message to be transmitted by UEs searching for a nearby relay device should also be introduced, allowing an inactive relay device to become aware of the proximity of a UE requiring relay services. Using Discovery through Communication would remove restrictions on the size of the message, and a subsection of transmission resources could be reserved for use by relay devices and those searching for relay devices. 

Proposal 6. A UE should be able to transmit a ‘Discovery’ message requesting relay services from any capable devices nearby.
2.2 Behaviour of D2D devices leaving coverage
Service continuity as a D2D enabled device leaves the coverage area and connects to a UE-to-network relay is something that should be considered during Release 13 specification work. Firstly it must be decided whether any steps will be taken to ensure service continuity, or whether a break in services as a device leaves the coverage area and searches for an appropriate UE-to-network relay will be acceptable. TS 22.278 [1] states that:

“Based on operator policy and user choice, the system shall be able to move a user traffic session of a Public Safety ProSe-enabled UE that is losing connection to the network to a direct ProSe Communication path via a Public Safety ProSe-enabled UE acting as a ProSe UE-to-network relay, which is in direct Communication Range and has connectivity to the network. A mechanism to support service continuity shall be provided and may apply when the traffic is moved. This requirement is not applicable to ProSe Group Communication and ProSe Broadcast Communication.”
This requirement is only applicable to one-to-one communication, and as the introduction of unicast D2D communication is not part of the Release 13 D2D RAN WID [2] then it is possible for study of the service continuity aspect to be left for a future release. However D2D communication will be used for out-of-coverage MCPTT, for which service continuity may be important. If there is time available for study of this issue it seems sensible that it is given some thought to avoid unnecessary disruption to communication that could be mitigated through minor specification effort.
Allowing a UE to search for a nearby relay device and request relay services before leaving the coverage area could minimize disruption to communication. A UE would learn (e.g. through measurements) that it may soon leave the coverage area and would then begin to search for a nearby relay device, either by transmitting discovery messages requesting relay services or by scanning for a relay device transmitting discovery messages. Once discovered, the relay service could be negotiated and the UE could continue to receive transmissions without any service interruption as it leaves coverage.

Proposal 7. A UE should be able to initiate a network connection via a UE-to-network relay before it leaves coverage.
2.3 Handover between Relay devices

Another aspect of the UE-to-network relay specification work is the concept of handover between relay devices. There is likely to be a lot of movement, involving both the out-of-coverage UE and the relay device, so if a handover procedure was to be specified then it is likely that it would be used often. On the other hand, if no handover procedure is specified then it is likely that there will be regular interruptions in the service received by the out-of-coverage UE as it loses its connection to one relay device and then has to search for and establish a connection to another. 

Observation. Implementing a handover procedure between UE-to-network relays would help to minimize service interruption.
To reduce the number of service interruptions it may be sensible to restrict the enabling of the UE-to-network relay functionality to devices moving below a set speed. A fast moving device would only be able to act as a relay for another device for a very short period of time, after which point it would be out of range of the out-of-coverage device, the eNode B or both. Due to the effort involved in allocating IP addresses through the relay, having to perform this procedure several times in the space of a few minutes seems very labour intensive for a negligible benefit. The speed of the device could be determined by the amount of time spent in the current cell, the number of cells passed through recently, GPS data or the stability of the timing advance value. A UE moving at vehicular speed would probably move out of range in a short time period so it would not be worthwhile using such a UE as a UE-to-network relay if there are alternative choices available. Therefore it is suggested that those UEs moving at a pedestrian speed or slower take precedence when a UE is selecting a relay device.
Proposal 8. A UE moving at vehicular speeds would not take on the role of UE-to-network relay unless requested by means of a discovery message from an out-of-coverage device.
There are also other factors which may influence the desirability of a particular device taking on the role of UE-to-network relay. One example is the battery power of the device; a device nearing the end of its battery charge would not be ideal for use as a relay as forwarding packets for other UEs would drain the remaining battery power more quickly. This topic has been discussed further in a companion document submitted to RAN1 [3], in which it is suggested that a UE advertising itself as a UE-to-network relay should include a relay quality metric in its Discovery message. This quality metric would be calculated locally and take into account a range of factors, including velocity and battery level. 
3. Conclusion
This document has discussed the behaviour of relay-capable devices while within coverage, along with two aspects of service continuity – a UE moving from within coverage to out of coverage operation, and an out of coverage UE needing to change to a different relay device. The following proposals and observations were made:
Proposal 1. An indication should be provided in System Information to inform UEs of whether the operation of UE-to-network relay devices is permitted within the cell.

Proposal 2. A threshold should be set to allow a relay to determine that it is near the edge of coverage and may become active.

Proposal 3. A UE should only become active as a relay device once the threshold has passed if it can hear discovery announcements from no more than ‘x’ other relay devices (value of ‘x’ FFS).
Proposal 4. A relay device whose measurement readings are above the threshold may still become active if receiving a discovery message from an out of coverage UE seeking a relay.
Proposal 5. An active UE-to-network relay should announce itself through D2D Discovery messages or through D2D Communication transmissions.
Proposal 6. A UE should be able to transmit a ‘Discovery’ message requesting relay services from any capable devices nearby.
Proposal 7. A UE should be able to initiate a network connection via a UE-to-network relay before it leaves coverage.
Proposal 8. A UE moving at vehicular speeds would not take on the role of UE-to-network relay unless requested by means of a discovery message from an out-of-coverage device.

Observation. Implementing a handover procedure between UE-to-network relays would help to minimize service interruption.
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