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1
Introduction

During RAN1#80bis the work on Enhanced LTE Device-to-Device Proximity Services was started and there was discussion on UE-to-Network Relay discovery and how UEs are selected for the role of relay.  There were no specific RAN1 agreements but there was this conclusion by the chair [1]:

Companies are encouraged to examine the RAN2 agreements and bring proposals on what measurements should be used at RAN1#81.
There is also a Liaison Statement from RAN2 to RAN1#81 with more specific questions on which Sidelink measurements should be used as follows [2]:

RAN2 would like to inform RAN1 and RAN4 that RAN2 aims to utilize radio link quality between remote UE and relay UE (candidate(s)) for the purpose of relay UE selection, in accordance with the following: 

· Remote UE can perform sidelink measurements to determine radio link quality between the remote UE and relay UE candidate(s).  

· For relay UE selection with the remote UE out of coverage: a remote UE out of coverage can use the sidelink measurements, together with other higher layer criteria, to perform relay UE selection.   

· For relay UE selection with the remote UE in coverage: it is FFS how the sidelink measurements are used for relay UE selection; for example the sidelink measurements can be used by remote UE, or the sidelink measurement results may be reported to the eNB, such that eNB can control relay UE selection for the remote UE.    

· For relay reselection: it is FFS how reselection is handled and who performs any reselection decision.  

· It is FFS whether the radio link quality between the relay UE (candidate) and eNB is required for relay UE selection/reselection purposes.
ACTION: 
RAN2 would like to ask RAN1 and RAN4 to assess the feasibility of the remote UE performing sidelink measurements of the radio link quality between the remote UE and relay UE candidate(s) for the purpose of relay UE selection.
This LS is related to the RAN2 agreements on UE-to-Network Relays made at RAN2#89bis [3]:
· …

· The 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.
Relay Selection
· The remote UE can take radio level measurements of the PC5 radio link quality
· For out of coverage, the radio level measurements can be used by the remote UE together with other higher layer criteria to perform relay selection
· For in coverage, it is FFS how these measurements are used (e.g. used by the UE to perform selection, similar to out of coverage case, or reported to the eNB)
This contribution considers which physical layer measurements and other criteria which can be used to help in the allocation of the relay role and how the relay is selected by/for the remote UE.
2
Discussion of UE-to-Network relays
2.1
Selection of relay path
It is clear from both the RAN2 agreements above [3] and also from the Service Requirements document [4] that the relay function should be under the control of the network.  However it is currently FFS whether this control is per relay UE, per cell (broadcast configuration) or both.

There are two parts to the selection of the relay path.  The first part is which UE should assume the relay role and the second part is which relay a remote UE should use if there is more than one relay available.  These two parts could be decided independently or together and each could be a network decision or an autonomous one by the UEs.

Note that the UE will want at least some say in which network it “connects” to and this decision can only be made at a higher layer.  For example it may want to select on the basis of PLMN or APN.  The eNode B won’t have access to this information and so this selection can’t be made solely by the network using radio measurements.
The relay discovery is distinct from the group discovery in that a UE may act as a relay to other UEs which are not necessarily in its own group.  This is important since it means that the “normal” mechanism where a UE discovers authorised UEs in certain groups cannot be used and a separate method for relay discovery must be used.
Even if it is decided that the network has control of relays at the per UE level then it is still an advantage to be able to enable or disable the relay function for the whole cell.  This reduces the signalling that would be necessary if the eNode B had to reject every UE request individually.  So this global method is required for both per UE and per cell control.
Proposal 1:  There should be a global method of enabling/disabling the relay function within a cell which is broadcast by the eNode B.
2.1.1
Network control of relay path
If the network is to control the selection of which UEs are relays then it makes sense that the network should also select which relay a remote UE should use.  Without the PC5 quality measurement there seems to be no basis of what the network should use when granting permission to a UE’s request to act as a relay.  Therefore the selection of the UE which is a relay and the remote UE to which it is connected should be an atomic operation.  This means that when granting permission the decision should be taken at the eNode B for both legs of the relay at the same time and the metrics which enable it to make this decision should be sampled with only a small delay between the measurement instants.
Proposal 2:  If the network controls which UEs may act as relays then the selection of the UE which is a relay and the remote UE to which it is connected should be an atomic operation.
In the rest of this subsection we discuss the consequences if the network has control of the whole relay path.  Next consider that the discovery of a relay can be either initiated by the UE relay itself or by the remote UE.  

Case 1: Relay Discovery is initiated by the remote UE
Assume that the discovery is initiated by the remote UE.   For example, the remote UE transmits some kind of announcement which is detected by an in-coverage UE which then responds by signalling the network and asking for permission to act as a relay.  However, more than one in-coverage UE could respond and the network must then arbitrate and decide which remote UE is associated with which candidate relay UE and signal accordingly.  In order to enable this selection it has been suggested in previous contributions that the relay UE sends radio measurements to the eNode B.   These consist of either a measurement of channel quality of the PC5 link or the channel quality of both the PC5 link and the eNode B to candidate relay UE link.  In both cases there will be a signalling overhead and this will be an ongoing burden since the eNode B will need to continue to monitor these metrics in order to potentially reselect the relay as the conditions change dynamically. Case 1 where the relay discovery is initiated by the remote UE is illustrated in Figure 1.
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Figure 1 – Case 1: Relay Discovery is initiated by the remote UE

Case 2: Relay Discovery is initiated by the candidate relay UE
In case 2 the relay discovery is initiated by the in-coverage UE.  The candidate relay UE transmits a signal advertising its service as a potential relay which is detected by the remote UE which then responds.  However before the candidate relay can advertise such a service it must first get permission from the network.  Note at this point the candidate does not know of any remote UEs since in this case the discovery procedure is initiated by the relay candidate itself.  Therefore it cannot send any metrics regarding the PC5 link since none exist yet.  It is therefore difficult to know on what basis the network would grant or reject the candidate’s request.  There would be the eNode B to candidate UE link measurements but these metrics on their own would not necessarily be a good indication of the suitability of the UE as a relay at all.  So it might be necessary for the candidate UE to ask for permission from the network twice – once to enable it to advertise the service in a discovery announcement and once when it has a reply from a remote UE.  Case 2 where the relay discovery is initiated by the candidate relay UE is illustrated in Figure 1.
Alternatively it is possible for the candidate relays to advertise their services without seeking permission from the network and then after they have received a reply from a remote UE they could signal the network with a full set of metrics asking for permission to actually perform the relay function.  
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Figure 2 – Case 2: Relay Discovery is initiated by the candidate relay UE
Observation 1:  No matter whether the relay discovery is initiated by the candidate UE or by the remote UE there is a considerable network signalling overhead which is ongoing.  If the relay discovery is initiated by the candidate relay the response may be slower.
2.1.2
Autonomous selection of relay path
If the network control is only at the cell level then apart from the global enable/disable of the function then the eNode B cannot decide which particular UEs are relays and which relay a remote UE should use.  These decisions have to be taken autonomously by the UEs.  In this case it would be difficult for both parts of the selection to be taken together because there is no central controlling entity.  Therefore the UE relay candidates and which remote UE it is connected to should be decided independently.

Proposal 3:  If there is no per UE network control of the relay function then each part of the relay path is selected independently by the UEs.  An in-coverage UE can decide autonomously that it can offer the relay service and a remote UE can independently select which relay it will use.

In this case the mechanism which we proposed in a previous contribution can form the basis of a solution [5].  We suggested that there are a number of factors which influence a UE’s suitability as a relay.  Some of these factors are:

· A UE receives a Discovery message from a remote UE which is seeking a relay

· Other nearby UEs are already advertising a relay service

· UE velocity – a stationary or slow moving UE is more likely to give a greater continuity of service

· Rate of change of the CQI and/or the rate of change of SNR or some other measurement of their variability

· Position in the cell – a UE at the edge of the cell is more likely to be close to out-of-coverage UEs
· Battery charge state
The relay UE can transmit a quality metric showing how good a relay it is likely to be and should take some or all of the above factors into account.  The remote UE can then select which relay it uses (if there is more than one candidate) based at least on this relay quality metric and a quality measurement of the PC5 link.  It is also possible that the remote UE could additionally use the relay’s quality measurement of the eNode B to relay link.  This could be transmitted in the relay’s discovery message.
Proposal 4:  If there is no per UE network control of the relay function a remote UE can select a relay based on the relay quality metric and the quality measurement of the PC5 link.  Optionally it can also be based on the relay’s quality measurement of the eNode B to relay link if this is transmitted in the relay’s discovery message.
2.1.3
Support of both autonomous selection and network control

It is feasible to support both autonomous selection and network control of the relay path.  One possible way would be to use separate resources for relay discovery announcements.  This could be used as an indication that relay devices do not need to request permission from the network to assume the role of relay and may do so autonomously.  If the separate relay discovery resources are not signalled by the eNode B then this can indicate that the UEs must request permission from the network and the eNode B will dynamically allocate the resources that should be used.
Observation 2:  It is possible to support both UE autonomous and network controlled relay selection by using a separate resource pool for the relay discovery.

Even if only one mechanism is supported then it is necessary to at least support the quality measurement of the PC5 link.  This is required for both autonomous selection and network control of the UE relay function.  Hence the reply to the RAN2 LS should be that it is feasible for the remote UE to perform sidelink measurements of the radio link quality between the remote UE and relay UE candidate(s) for the purpose of relay UE selection.  However whether this metric is reported to the network via the relay UE is FFS.
Proposal 5: RAN1 should reply to RAN2’s LS with a statement that it is feasible for the remote UE to perform sidelink measurements of the radio link quality between the remote UE and relay UE candidate.  It is also feasible/advantageous for the remote UE to periodically repeat the sidelink measurements and hence other candidate relays can be considered when conditions change.
3
Conclusion 
A contentious issue at both RAN1#80bis and RAN2#89bis was whether the network control of the UE relay function is per UE or per cell.  This contribution has considered some of the consequences of selecting each of these options and what metrics are required for each.  In addition one method of supporting both options has been suggested.  A reply to RAN2s LS on radio link quality has also been proposed.
In conclusion the following proposals and observations are made:
Proposal 1:  There should be a global method of enabling/disabling the relay function within a cell which is broadcast by the eNode B.
Proposal 2:  If the network controls which UEs may act as relays then the selection of the UE which is a relay and the remote UE to which it is connected should be an atomic operation.
Observation 1:  No matter whether the relay discovery is initiated by the candidate UE or by the remote UE there is a considerable network signalling overhead which is ongoing.  If the relay discovery is initiated by the candidate relay the response may be slower..
Proposal 3:  If there is no per UE network control of the relay function then each part of the relay path is selected independently by the UEs.  An in-coverage UE can decide autonomously that it can offer the relay service and a remote UE can independently select which relay it will use.
Proposal 4:  If there is no per UE network control of the relay function a remote UE can select a relay based on the relay quality metric and the quality measurement of the PC5 link.  Optionally it can also be based on the relay’s quality measurement of the eNode B to relay link if this is transmitted in the relay’s discovery message.
Observation 2:  It is possible to support both UE autonomous and network controlled relay selection by using a separate resource pool for the relay discovery.
Proposal 5: RAN1 should reply to RAN2’s LS with a statement that it is feasible for the remote UE to perform sidelink measurements of the radio link quality between the remote UE and relay UE candidate. It is also feasible/advantageous for the remote UE to periodically repeat the sidelink measurements and hence other candidate relays can be considered when conditions change.
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