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1. Introduction
Included in the objectives of [1] is the following:

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)

It was agreed that the remote UE performs measurements of PC5 link quality to determine relay selection/reselection. In RAN1 the agreement is to perform measurements for PC5 link quality between Relay UE and remote UE using DMRS of PSDCH transmission, only on resources on which the CRC passes 

Whether Uu link quality is taken into account is FFS.
Whether and how the relay UE can also trigger a reselection is FFS.
In this contribution we consider the criteria for triggering a D2D relay discovery signal from a relay UE, and how to take into account the Uu link quality with the assumption that the remote UE performs PC5 measurements and does relay selection.
2. Discovery signal triggering
The most obvious way to perform relay selection and reselection would be to base this on cell selection/reselection which is performed by any LTE device which needs to support mobility between different cells in a network. However, this relies on performing measurements of the PC5 link quality of PSDCH. 
For D2D this would imply the need for all of the potential relay candidates to be transmitting a PSDCH in order that the out of coverage UE can perform measurements and select the best ranked PSDCH. Such an approach is possible, however it may be inefficient from both a resource utilisation point of view, and from a power consumption point of view (For relay UEs) since many UEs would need to continuously transmit a PSDCH. 
With this in mind, we should look at ways in which the transmission of a relay discovery signal can be limited – in other words what the conditions are for activating and deactivating transmission. In any case we think that using only the condition that the RSRP of the serving eNB is below a threshold (and above Qrxlevmin) is insufficient criteria since there would be too many UEs transmitting the signal if this criteria is used alone. Furthermore, there are some cases which would require use of a relay even when the relay itself is not close to the cell edge – for example for extending coverage into a basement of a burning building. 
Rather than trigger PSDCH transmission based on potential relay UE conditions only, the trigger to transmit should be based on whether a remote UE actually requires use of a relay.
In case the remote UE is in-coverage, this can be based on existing measurement event A2 (event is triggered when serving cell goes below a threshold). The eNB can take into account the measured results, and whether there are any suitable eNBs to handover to – if the UE is at risk of losing coverage (i.e. there are no suitable neighbours) then the eNB can trigger multiple relays in order for the remote UE to perform measurements. If the UE is in idle mode then UE needs to trigger an RRC connection if there are no suitable reselection candidates in order to request relay activation.
Proposal 1: eNB can trigger relays to send a discovery signal when the in-coverage remote UE reports event A2.

In addition, there may be cases whereby the user of a D2D UE knows he is about to enter a coverage limited scenario, and so may request connection to a relay in advance (such as about to enter a burning building). In this case the trigger for activating relays could be from a new report from the device indicating a preference for use of a relay.
Proposal 2: eNB can trigger relays to send a discovery signal when the in-coverage remote UE reports an explicit request to connect to a relay.

In case the remote UE is already out of coverage, then the remote UE could trigger relays to “wake up” by itself transmitting a signal (model B). Any UE detecting this can then inform the eNB to trigger other relays to send the signal for remote UE to measure PC5 link quality for the purpose of relay selection. Another alternative would be that the eNB selects a relay based on PC5 link quality measurements of the PSDCH from the remote UE (as per [3]) which could be more efficient, however less aligned with the model A behaviour of remote UE performing PC5 measurements and relay selection.
Proposal 3: Discuss whether for model B discovery, whether the out of coverage remote UE can send a discovery signal, which when detected by a relay UE is reported to the eNB to trigger relays to send a discovery signal, or whether relay UE performs PC5 measurement and eNB or relay performs relay selection. 

Another option is to allow triggering of relay discovery signal per cell, by broadcast configuration of a threshold. However in this case some means is needed to ensure that not all UEs are constantly sending a discovery signal. One possible means is for relays to use a semi-random start time (e.g. UE-ID based) and transmit for a limited period only. Such a configuration should be used to ensure that there are some relays always sending a signal, but not the same UEs all of the time.
Proposal 4: If cell-based relay discovery signal triggering is introduced, any one UE should send the signal for a short + limited time only. 

3. Uu link quality

In order to take the Uu link quality into account for relay selection when performed by the remote UE, this needs to be conveyed via the discovery signal. To transmit the value of the link quality would create a significant overhead (for discovery message size) so it would be useful to optimise this. One potential approach is to define RSRP ranges and convert this into one value (for example 4 ranges may be conveyed using only 2 bits in the discovery signal). 
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Figure 1: Uu link quality transmission via discovery signal

Proposal 5: Uu link quality is conveyed as a discrete priority level via the D2D discovery signal. 

These could be considered by the remote UE as a priority – so a similar approach to priority based reselection could be used. E.g. relays which measure the Uu link quality to be in the highest range would send “priority 1” in the discovery signal and the remote UE would select the relay with the best PC5 link quality of those with the highest priority transmitted.

Proposal 6: UE selects the relay with the highest measured PC5 link quality amongst those relays with the highest broadcast priority. 

To optimise even further, and assuming there would be only a few possible Uu link quality ranges, the link quality could be implied by the discovery resource choice. E.g. if there are 4 pools of resource which correspond to one of 4 potential Uu link quality ranges, then the remote UE can take this into account using PC5 measurements only without having to receive the discovery signal. The resources used would determine the Uu link quality and hence the priority of selection of a relay.

Proposal 7: Discovery resource selection by a Relay UE depends on Uu link quality.

4. Conclusion 
To support relay selection/reselection we make the following proposals: 
Proposal 1: eNB can trigger relays to send a discovery signal when the in-coverage remote UE reports event A2.

Proposal 2: eNB can trigger relays to send a discovery signal when the in-coverage remote UE reports an explicit request to connect to a relay.

Proposal 3: Discuss whether for model B discovery, whether the out of coverage remote UE can send a discovery signal, which when detected by a relay UE is reported to the eNB to trigger relays to send a discovery signal, or whether relay UE performs PC5 measurement and eNB or relay performs relay selection. 

Proposal 4: If cell-based relay discovery signal triggering is introduced, any one UE should send the signal for a short + limited time only. 

Proposal 5: Uu link quality is conveyed as a discrete priority level via the D2D discovery signal. 

Proposal 6: UE selects the relay with the highest measured PC5 link quality amongst those relays with the highest broadcast priority. 

Proposal 7: Discovery resource selection by a Relay UE depends on Uu link quality.
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