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1
Introduction

At the RAN#67 plenary meeting a revised WID for Enhanced LTE Device to Device Proximity Services was agreed.  One of the work item objectives in this revised WID is as follows [1]:
2)

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)
The work by SA2 for the study on extended architecture support for ProSe-based services is continuing as agreed in the updated SA2 WID [2] and version 1.0.0 of TR 23.713 is now available [3].  It is stated in the TR that the UE-to-Network Relay function will be specified based upon an evolution of the ProSe functionality already documented in TS 23.303 [4].  It is also specified that the UE-to-Network relaying is accomplished by the UE acting as a Layer-3 relay, i.e. it is an IP router, as was already agreed in Release-12.
Although the UE-to-Network Relay objective in the WID is RAN2-led and is based on existing functionality there are still aspects that lie within the scope of RAN1.  These aspects include how a particular UE chooses or is chosen to take on the role of a relay; how it advertises this service and how out-of-coverage UEs select which relay to use if there is a choice.
This contribution considers some physical layer measurements and other criteria which can be used to help in the allocation of the role and how out-of-coverage UEs can select between alternatives.
2
Discussion of UE-to-Network relays
2.1
Which UEs can act as relays?
In the Service requirements document TS 22.278 which has been updated for Release-13 it is stated that [5]:
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.
This makes it clear that the relay function should be under the control of the network.  The most likely way to control the function is to use some broadcast information where the eNode B globally enables or disables the relay behaviour.  Although the use of a relay is controlled by the operator there is still the issue of how a particular UE is chosen for the role.  There are two alternatives:

· It could be a network determined function i.e. a particular UE is directed by the eNode B to assume the role 

· A UE could decide to assume this role autonomously.  
In the case where the network decides which UEs should take the role then it is difficult to see what the network could base this decision on without the UE reporting suitable metrics to the network.  We prefer that the decision to act as a relay or not should be made locally at the UE.  Another alternative scheme is that a UE could decide that it wants to act as a relay but would still need to signal the network in order to get permission to do so.  However there is still the issue of how the network should decide to which UEs it should grant this permission and on what basis.  In order to reduce the signalling overhead and to build in flexibility we propose that if the feature is enabled then a UE may autonomously assume the role of a relay.
There is also the issue of whether a UE needs to be a “special” device or whether any or all ProSe-enabled UEs can take the role.  For example a UE mounted in a stationary vehicle with an external antenna might be a good candidate for a relay and so it could be argued that only certain UEs should have the relay capability and that this ability is built-in to the device in some way.  However we prefer to keep the flexibility that any ProSe-enabled device should be able to act as a relay and so maximise the chance that a UE just out-of-coverage can find a suitable device to use.  Although any given UE is able to act as a relay it is not necessary that every UE should act as a relay all the time.  This is discussed further in section 2.2.
The proposals in this section are summarised as follows:

Proposal 1:  The network should be able to globally enable and disable the UE-to-Network relay function by using broadcast information.

Proposal 2:  Provided that the relay function has been enabled by the network then any in-coverage ProSe-enabled UE should be able to assume the role of a UE-to-Network relay.
Proposal 3: Provided that the relay function has been enabled by the network then any in-coverage ProSe-enabled UE should be able to autonomously advertise that it is able to act as a UE-to-Network relay and no further network signalling is necessary.
2.2
Factors influencing a UE’s suitability as a relay
The aim is to try and choose a UE which is going to be stable and available over a reasonable period.  One obvious candidate is a UE which is either stationary or moving slowly.  This means that it can provide a relay service over a longer period.  Obviously a UE which is moving at vehicular speeds is unlikely to be able to provide any continuity of service.
There then arises the question of how a UE knows its velocity or can get some estimate of it.  There are a few different methods:

· Global Navigation Satellite System (GNSS) e.g. GPS
· rate of change of other positioning methods e.g. Observed Time Difference of Arrival (OTDOA)
· rate of change of Timing Advance
· length of time that a UE has been in the cell

The velocity metric given by GNSS would be the most accurate estimate of the UE’s velocity and ideally this value should be used.  However not all UEs will have this metric available either because there is no GNSS fitted or because it is in a position where the satellites’ signals cannot be received.  There are also other positioning methods available in LTE such as OTDOA and the rate of change of this position could be used to give an estimate of the UE’s velocity although this may not be very accurate due to the lag in the measurement.  An even less accurate method would be to use the rate of change of the UE’s Timing Advance value.  This method would only estimate the component of the velocity in the direction of the base station and so if it were moving perpendicular to this direction then the estimate would be lower than it should.  Finally the least accurate method would be simply to measure how long a UE has been in a particular cell.
Given the uncertainty in some of these velocity estimation methods then it may be prudent to consider other metrics as well.  For example the rate of change of the CQI and/or the rate of change of SNR or some other measurement of their variability could also be used to indicate if the UE is in a stable position or not.
As well as the velocity and stability of the UE’s position there are other factors to take into account when determining a UE’s suitability as a relay.  Firstly, if a UE has measured a low path loss (i.e. it is near the base station) then it may not be a good candidate as a relay because other UEs which are nearby may also have a low path loss and so be in-coverage anyway.  It is more likely that a UE near the cell edge will be near to other out-of-coverage UEs and so be a suitable relay candidate.  Secondly if a UE had a low charge remaining in its battery it would not necessarily want to act as a relay since it could drain its battery and leave it unable to communicate itself.
The above factors interact in a complicated fashion and so there is no “best” candidate UE which could be chosen to act as a relay.  However, by using these factors it should be at least possible to avoid choosing the worst.  In fact this is not necessarily a disadvantage since the pool of available candidates can become larger.  If all nearby UEs chose the same “best” relay then this relay UE could become overloaded by traffic or quickly drain its battery.  It is an advantage to build in some flexibility about how a UE is chosen and to some extent it can be left up to UE implementation.
When a UE does decide to act as a relay then we propose that it should indicate what quality of relay service it thinks it is going to provide.  For example it could be “good”, “medium” or “bad”.  If necessary then this indication could easily be broken into a finer granularity giving a quality metric with a larger range of values.  The factors mentioned above can be used to calculate this quality metric and it is easy to add other factors or metrics as needed.  For example a relay mounted in a stationary vehicle with a power source external to the UE constantly available would probably consider itself a very good candidate as a relay.
Since this is a public safety system it may not be a good idea to totally rule out a particular UE if that was the only one available.  For example even if the UE has just entered network coverage and is travelling rapidly it could still be advantageous for the UE to advertise itself as a relay.  It could broadcast that it is going to be a really bad relay but nevertheless an out-of-coverage UE could still choose it if there were no other alternatives.
Proposal 4:  A UE which has decided to advertise a UE-to-Network relay service should transmit a quality metric showing how good a relay it is likely to be.  This quality metric should be calculated locally and can take into consideration such factors as velocity, stability, path loss, battery level and others which are up to UE implementation.
The mechanism by which a relay advertises its availability should be by using a D2D Discovery message.  If it is not possible to modify the Release-12 Discovery message then it may be necessary to use a Communication message instead. 

Not every single ProSe-enabled UE should necessarily advertise a relay service.  Some of the possible factors are discussed in a companion RAN2 document and include [6]:

· A UE determines that it is near the edge of coverage.
As discussed above, a UE near the eNode B may not be a good candidate.  There may have to be a threshold of path loss above which the UE considers itself near the edge of coverage and so becomes active as a relay.
· Other UEs nearby are already relay UEs.
If the potential relay UE receives many announcements from other UEs indicating that they are available as relay UEs then there may be no advantage in also taking this role.  This could take the form of a threshold.
· A UE receives a Discovery message from a UE which is seeking a relay

However if a UE receives a Discovery message from an out-of-coverage UE which indicates that it is seeking a UE-to-Network relay then it could potentially switch to this role and start advertising this service.

2.3
How does an out-of-coverage UE choose/find a relay?
If an out-of-coverage UE has determined that there is no relay UE available then it should indicate that it is seeking a relay service in its transmitted “Discovery” message.

Proposal 5:  A UE should be able to transmit a ‘Discovery’ message requesting relay services from any capable devices nearby.
If there is only one UE available as a relay then the choice is obvious.  However there are two factors involved when a UE has a choice between two or more relay UEs.  The first factor is the UE relay quality metric as transmitted by the relay UE.  The second factor is how close the relay UE is to the out-of-coverage UE and some indication of this will be given by the Discovery power measurement.  There is no point in choosing a nearby UE as a relay if that relay thinks it will be a poor one.  Conversely there is no point in choosing a UE which thinks it will be a good relay if it is only just within communication range.  The choice of relay is given by a balance between these two values and needs further study.

Observation 1:  The choice of relay is a balance between the UE relay quality metric and the UE Discovery power metric and is for further study.
3
Conclusion 
Although the UE-to-Network Relay objective in the WID is RAN2-led and is based on existing functionality there are still aspects that lie within the scope of RAN1.  This contribution has discussed some physical layer measurements and other criteria which can be used to help in the allocation of the role of UE-to-Network relay and how out-of-coverage UEs can select between alternatives.
In conclusion the following proposals are made:
Proposal 1:  The network should be able to globally enable and disable the UE-to-Network relay function by using broadcast information.

Proposal 2:  Provided that the relay function has been enabled by the network then any in-coverage ProSe-enabled UE should be able to assume the role of a UE-to-Network relay.
Proposal 3: Provided that the relay function has been enabled by the network then any in-coverage ProSe-enabled UE should be able to autonomously advertise that it is able to act as a UE-to-Network relay and no further network signalling is necessary.
Proposal 4:  A UE which has decided to advertise a UE-to-Network relay service should transmit a quality metric showing how good a relay it is likely to be.  This quality metric should be calculated locally and can take into consideration such factors as velocity, stability, path loss, battery level and others which are up to UE implementation.

Proposal 5:  A UE should be able to transmit a ‘Discovery’ message requesting relay services from any capable devices nearby.
Observation 1:  The choice of relay is a balance between the UE relay quality metric and the UE Discovery power metric and is for further study.
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