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1 Introduction

Relay selection for UE-to-Network relays was discussed at some length in RAN2 #89bis.  The basic scenarios were identified, and the following agreements were made, specifically for relay selection for out-of-coverage scenario.  
· The eNB at the radio level can control whether the UE can act as a relay.
· 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 other higher layer criteria to perform relay selection
· FFS how reselection is handled and who performs reselection decision.  FFS if Uu link quality is required for selection/reselection purposes
For in-coverage, it was agreed that [add here the in-coverage agreement that the UE uses PC5 measurements but it is FFS whether the remote UE or eNB makes the relay selection.
In this contribution we discuss relay selection and reselection aspects for both out-of-coverage and in-coverage scenarios.  Mainly we discuss the need and use of Uu measurements for relay selection by remote UE, different aspects of relay reselection, and finally a discussion on how and where relay selection is done when the remote UE is in-coverage.  
2 Discussion
In RAN2 #89bis, it was agreed to consider both out-of-coverage and in-coverage scenarios for relay discovery and relay selection.  We treat these two cases separately below.
2.1 Out-of-Coverage Scenario
2.1.1 Use of Uu link quality
In RAN2#89bis it was proposed that the relay selection may be based not only on the quality of the PC5 link, but also on the quality of the Uu link.  This would allow the remote UE, for example, to select not only the relay which will have the best PC5 link, but also a relay which has a good Uu connection to the eNB.  The Uu measurements would be send together with the higher layer discovery message by the relay UEs.  

The effectiveness of sending Uu measurements to the remote UE for relay selection will depend on the rate at which such measurements are available to the remote UE from the different potential relay UEs.  
For Model A, the measurements of the Uu link will be sent at the rate of the transmission period of the underlying transport.  In addition, relay UEs may transmit discovery messages in a non-synchronized fashion.  Assuming no changes to the existing transmission periods, if DtD is used, measurements can be sent with a period of between 320ms and 10240ms, while if DtC is used, the minimum rate is a function of the scheduling period (40 to 320ms).  The rate of transmission of discovery messages may not be equivalent to these minimum values however, as it is a trade-off between resource and power efficiency and the speed at which the relay discovery has to take place. This means that in some cases, if DtD is used, and the discovery period is large, the remote UEs may receive Uu measurements from different relays with time differences which may be in the range of several seconds.  This may make it difficult to compare the Uu quality of different relays, given that the measurements of the Uu quality are likely being taken at different instants in time.
Observation 1 In certain cases, Uu measurements received from different relay UEs may reflect the quality of the Uu link for these relays at significantly different time instants.
Based on the RAN2 #89bis agreement that the eNB can control whether a UE can act as a relay, one criteria which could be used by the eNB to enable/disable a relay UE could be the quality of the Uu link. The eNB may use the existing measurements on the Uu link as part of the decision on whether to enable/disable a UE to act as a relay.  In this case, this would eliminate the need to transmit Uu measurements over PC5, or to have the remote UE consider Uu measurements in its relay selection criteria, as the assumption would be that a relay UE which transmits discovery messages will by default have an acceptable Uu link quality (having been enabled by the eNB to operate as a relay). 
Proposal 1 RAN2 to assume that Uu link quality need not be transmitted by the relay UE.

2.1.2 Relay Reselection
Minimization of service interruption was agreed to be addressed for the cases of moving from in-coverage to out-of-coverage and vice versa.  In these scenarios a possible service interruption may occur due to UE mobility between the coverage scenarios.   

Similarly, due to mobility, a remote UE which is out of network coverage may move away from the serving relay UE, and therefore may need to reselect to a different relay.  The mobility issue is further worsened due to the fact that, in this case, the relay UE itself may also be moving. 
Proposal 2 RAN2 should support the scenario of reselection from one relay UE to another relay UE when the remote UE is out-of-coverage.
Relay reselection, similarly to relay selection for out-of-coverage, can be performed by the remote UE using PC5 measurements and higher layer criteria.  
Alternately, the eNB may make the reselection decision.  For the eNB to make the reselection decision, a remote UE would need to send measurements of each of the potential relay UEs to the eNB through the current relay UE.  To avoid frequent transmission of such measurements, the triggering criteria could be configured in the UE by higher layers or by the relay UE via PC5.  Nonetheless, this comes at an increased signalling overhead and resource usage in both PC5 and Uu.   Moreover, such mechanisms would increase the possibility of reselection failure, due to the latency incurred from transmitting the measurements over two links and receiving a reselection command from the eNB over two links.  To account for such failures, additional solutions would have to be introduced in the remote UE to determine when it can reselect on its own or when it should expect a reselection message from the eNB.   
If the reselection decision is made by the remote UE, the mechanism would be similar to the agreed initial selection process.  The remote UE would use measurements of the relay UEs, along with higher layer information sent by the relay UE to select the relay UE to which it will connect to.  Given the UE already has a connection to a relay UE to avoid frequent unnecessary reselections, the quality of the serving relay should be taken into account.  For example, the UE should reselect to a new relay when the quality of the serving relay is below a configured threshold and a candidate relay with a better quality is detected.  Rules similar to cell selection on the Uu interface today could potentially be leveraged for relay reselection.   
Proposal 3 The decision for relay reselection from one relay UE to another relay UE should be made by the remote UE using PC5 measurements and higher layer criteria, similar to the initial reselection mechanism that was agreed in RAN2 #89bis.
Proposal 4 The remote UE can reselect to a new relay when the quality of the serving relay is below a configured threshold and a candidate relay with a better quality is detected. The criteria to reselect to a new relay should be configured by higher layers.
On the other hand, since an eNB may disable a relay UE, a relay reselection decision in the remote UE may be triggered by the eNB’s decision to disable a relay.  When the eNB decides that a relay should be disabled, all remote UEs connected to that relay UE need to initiate reselection to a different relay.  In the interest of minimization of service interruption, the remote UEs connected to a relay may be informed of this via the relay UE. 
Proposal 5 A relay UE which is disabled by the eNB should inform all remote UEs to initiate a reselection process in order to find a replacement relay UE.
2.2 In-Coverage Scenario
While in-coverage, a UE may need to move to a UE-to-Network relay because it experience loss of coverage on the Uu interface.  This scenario was discussed at RAN2 #89bis, but there was no agreement on how this decision could take place.  There are effectively two main options regarding where this decision is taken: 1) the UE takes the decision itself and 2) the eNB takes the decision and informs the UE over the Uu interface.  
The relay selection and establishment initiation should ideally be performed prior to losing coverage with the eNB and not too prematurely.  Therefore, to determine the right time for relay selection while the UE is in RRC_CONNECTED with the eNB, this process will be easier to be performed at the eNB as:

· This is more in-line with current mobility cases for the Uu interface, where handover decisions are made by the eNB.  

· The eNB today configures measurements on the Uu interface which are reported to the eNB and used for handover.  Such measurements could be easily re-used or tailored to predict an out-of-coverage scenario
· The eNB has other information such as deployment, channel conditions, traffic information that can assist the eNB to determine the best time a relay reselection should take place.   

· Avoids having to implement additional criteria for in-coverage relay selection in the UE

Proposal 6 For the in-coverage scenario, the final decision to trigger the UE to select to relay UE should be taken by the eNB and signalled to the UE via the Uu interface.

It was agreed at the last meeting that the for the out-of-coverage case, the remote UE would make measurements during discovery and select the relay based on these measurements.  Similar measurements during a discovery procedure would be required for determining which relay the UE should be connected to.  In addition, while there may be multiple relay UEs which the eNB has configured as active, the eNB is unaware of which relay(s) can provide the services required by the remote UE.  In essence, this decision is made at the higher layers, and can only be done by the remote UE.  As a result, the UE can further filter the measurements to be sent to the eNB in order to include only those which can provide the required services (as indicated in the discovery messages).       
Proposal 7 The UE sends only the measurements of candidate relays which can provide the required services to the eNB. 
In contrast to the out-of-coverage scenario for relay selection, the remote UE, when in coverage, may not necessarily require connection to a relay for any foreseeable time.  In other words, a UE that is in coverage may never move to the edge of coverage and may therefore never be in a scenario where it requires a UE-to-Network relay to maintain its public-safety service.  For this reason, having all public safety UEs monitor discovery signals on a continual basis is not needed and would lead to unnecessary consumption of power at the UE.  Since the decision to move to a relay is made by the eNB, it is expected that the control of when a UE should start to monitor discovery signals would also need to be controlled by the eNB.  
As a result, the eNB would control the transfer of an in-coverage UE to a relay in two phases:
1) eNB configures an in-coverage UE to initiate relay discovery, when an in-coverage UE is expected to lose coverage or benefit from the connection to a UE-to-Network relay.
2) eNB configures an in-coverage UE to establish a relay connection with a particular relay based on measurements of the PC5 link and Uu link quality.
Proposal 8 For the in-coverage scenario, the eNB controls when the UE starts performing relay discovery and taking measurements of the PC5 link.
There may be scenarios where a UE moves out of coverage before it receives the relay selection decision from the eNB.  In such a scenario, the UE would naturally behave as in the out-of-coverage case and make the relay selection decision autonomously.  Since this differs from the in-coverage case where the relay selection decision is taken by the eNB, there needs to be some rules defined by which a UE knows when it is considered out-of-coverage, and can therefore make its own reselection decision.  For instance, the relay UE may perform relay selection on its own once it has experienced RLF on the Uu connection, or it may do so following unsuccessful connection re-establishment.

Proposal 9 RAN2 needs to establish the rules used by a UE for determining when it can perform relay selection on its own, and when it should expect relay selection decisions to be made by the eNB.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 2 In certain cases, Uu measurements received from different relay UEs may reflect the quality of the Uu link for these relays at significantly different time instants.
Proposal 10 RAN2 to assume that Uu link quality need not be transmitted by the relay UE.
Proposal 11 RAN2 should support the scenario of reselection from one relay UE to another relay UE when the remote UE is out-of-coverage.
Proposal 12 The decision for relay reselection from one relay UE to another relay UE should be made by the remote UE using PC5 measurements and higher layer criteria, similar to the initial reselection mechanism that was agreed in RAN2 #89bis.
Proposal 13 The remote UE can reselect to a new relay when the quality of the serving relay is below a configured threshold and a candidate relay with a better quality is detected. The criteria to reselect to a new relay should be configured by higher layers.
Proposal 14 A relay UE which is disabled by the eNB should inform all remote UEs to initiate a reselection process in order to find a replacement relay UE.

Proposal 15 For the in-coverage scenario, the final decision to trigger the UE to select to relay UE should be taken by the eNB and signalled to the UE via the Uu interface.

Proposal 16 The UE sends only the measurements of candidate relays which can provide the required services to the eNB.
Proposal 17 For the in-coverage scenario, the eNB controls when the UE starts performing relay discovery and taking measurements of the PC5 link.
Proposal 18 RAN2 needs to establish the rules used by a UE for determining when it can perform relay selection on its own, and when it should expect relay selection decisions to be made by the eNB.
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