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1 Introduction

In RAN#72, a new study item for further enhancements to LTE Device to Device Communication for support of UE to Network Relays for IoT and Wearables was approved [1].  The primary objective of the study is to address power efficiency for evolved Remote UEs (e.g. wearable devices).  The study item will study following coverage scenarios: 

· Evolved Remote UE and evolved ProSe UE-to-Network Relay UE are EUTRAN in-coverage. 

· Evolved ProSe UE-to-Network Relay UE has a Uu connection to the eNB and evolved Remote UE can be in enhanced coverage (enhanced coverage implies that the UE is connecting to the network via NB-IOT or Rel-13 MTC in CE mode).
· Evolved ProSe UE-to-Network Relay UE is in EUTRAN coverage and evolved Remote UE is out of coverage of EUTRAN.
In this paper, we consider the different connectivity scenarios for the remote UE, and how/when the remote UE may transition between each of these scenarios. 

2 Discussion
A remote UE which can use a relay UE for connection to the network may, at any given time, be in any one of the following connectivity scenarios with the network:

· Scenario 1) Connected to the network via the Uu 

· Scenario 2) Connected to the network through a relay connection (while either in coverage or out of coverage of the relay)

· Scenario 3) Not connected to the network (RRC IDLE, or out of coverage and not connected to any relay)

It should be noted that we have specifically left out, as a scenario, the case where the UE is connected to the network via both the Uu interface and the relay.  While this is theoretically possible, we assume for the moment that the active connection to the network is through only one of the two paths.  Furthermore, the need to support such a scenario does not impact our discussion below.

In order to elaborate on each of the connectivity scenarios, it would be beneficial to define the states of the remote UE and the relay UE in each of the above scenarios, and do so separately for the network connection (RRC_CONNECTED vs RRC_IDLE) and the one-to-one relay connection (connected to the relay vs not connected to the relay).  

Scenario 1)
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In this scenario, the UE has a legacy LTE RRC Connection with the network.  The connection with the relay UE (e.g. PC5 one-to-one connection) is not established.

Scenario 2)
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In this scenario, the UE has an established one-to-one relay connection.  In the case of Rel13 relays, it was required that the relay UE be in RRC connected in order for the network to have better control of the resources utilized by the relay.  It’s expected that such a conclusion would not change for Rel14 relays.

Proposal 1 For the purposes of the study, the relay UE should be assumed in RRC Connected when a one-to-one relay connection is established. 

When the remote UE is in coverage with a one-to-one connection to a relay, it may be possible for the remote UE to have an RRC connection or be in RRC IDLE.  Both scenarios were possible for Rel13 relays.  As part of the Rel14 study, path selection/switch between the Uu and relay link to ensure service continuity needs to be considered.  To facilitate service continuity, the remote UE may maintain its RRC connection while connected (one-to-one) with the relay UE.  This allows avoidance of any delay associated with connection establishment if the relay link is lost suddenly.  In addition, it allows the configuration and collection of measurements by the network which can be used in the path switch decision.  Such a maintenance of the RRC connection by the remote UE should be independent of whether the relay link uses a PC5 or non-3GPP link, as the same arguments apply.
On the other hand, whether the remote UE can move to RRC_IDLE while it has a one-to-one relay connection will depend on how the generic L2 relay is defined.  Specifically, this was possible for Rel13 since IP relaying was used.  Depending on the definition of L2 relays, the eNB may need to maintain the context of the remote UE when it has a one-to-one connection with the relay UE.      

Proposal 2 The study should consider that a remote UE in coverage can maintain its RRC Connection while it is connected to a relay UE.  Whether a remote UE can also be in RRC_IDLE when connected to the relay UE is FFS.  
As discussed in our companion contribution [2], the RRC connection between the remote UE and the eNB may involve signalling that can be carried over one of two transports: 1) the Uu interface, or 2) the relay link.  In the case where the signalling goes over the relay link, it would be beneficial that it is sent transparently to the relay UE.  This avoids the need for the relay UE to manage each of the RRC links between the eNB and each of the remote UEs, as well as the need to define specific functionality to handle RRC information related to a remote UE by a relay UE. 
Proposal 3 The RRC Connection between the remote UE and the eNB should be logically defined between these two endpoints only.  RRC signaling between these endpoints is sent transparently by the relay UE when it is routed via the relay link. 

Scenario 3)
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In scenario 3, the UE does not have any connection to the network.  With legacy LTE, when the remote UE is in coverage, a connection can be established (transition to scenario 1) either through paging by the network, or by a mobile initiated connection establishment.  Similarly, it should be possible for a remote UE to establish a relay connection while in scenario 3 (i.e. transition to scenario 2).  The method in which this can take place will depend on whether the remote UE is in coverage or out of coverage of the network.

When in coverage, the transition to scenario 2 can be enabled through the same mechanisms as those for the transition to scenario 1.  Specifically, a remote UE may be paged by the network in order to initiate a transition to scenario 2, or the UE may itself perform relay discovery and relay connection establishment.  

For the out of coverage scenario, the remote UE can still perform discovery and relay connection establishment.  For instance, for PC5, the remote UE may use preconfigured resources as in the Rel13 case.  In the case of a network initiated connection, the remote UE cannot be paged via legacy mechanisms.  One way to enable a remote UE to be reachable by the network in this case is for the remote UE to always maintain the one-to-one connection to the relay UE, and consequently, the RRC connection as well.  The disadvantage of such an approach in the case of a PC5 link is that the remote UE will require constant monitoring of the PC5 link, which would consume considerable power when there is no data to TX/RX at the remote UE.  Alternatively, if the one-to-one connection is torn down when there is no data to exchange at the remote UE, the remote UE which is OOC can no longer maintain an RRC connection with the network, and needs to be paged through the relay UE.  
Proposal 4 The SI should study methods for the remote UE to be paged by the network when the remote UE is OOC. 

Paging through a relay UE may be difficult without knowledge of the relay UE in which the remote UE is most likely to be reachable through.  As a result, it may be beneficial for the network to maintain such association, especially in the cases where the remote UE will always connect to the same relay UE for a prolonged period of time.  Knowledge of such an association could be maintained in the MME (in the case of traditional paging), or the eNB (if a RAN-based paging approach is adapted for OOC remote UE).    
Proposal 5 Paging of an OOC remote UE via a relay should knowledge about the association between a remote UE and a relay UE. 

3 Conclusion

In this contribution the following proposals were made related connectivity scenarios for IoT and Wearable Devices
Proposal 6 For the purposes of the study, the relay UE should be assumed in RRC Connected when a one-to-one relay connection is established. 

Proposal 7 The study should consider that a remote UE in coverage can maintain its RRC Connection while it is connected to a relay UE.  Whether a remote UE can also be in RRC_IDLE when connected to the relay UE is FFS.  

Proposal 8 The RRC Connection between the remote UE and the eNB should be logically defined between these two endpoints only.  RRC signaling between these endpoints is sent transparently by the relay UE when it is routed via the relay link. 

Proposal 9 The SI should study methods for the remote UE to be paged by the network when the remote UE is OOC. 

Proposal 10 Paging of an OOC remote UE via a relay should knowledge about the association between a remote UE and a relay UE. 
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