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1 Introduction

At RAN2 #89bis, several initial agreements were made related to UE-to-Network relays.  Specifically, the following agreements were made in relation to 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 other higher layer criteria to perform relay selection

· The eNB at the radio level can control whether the UE can act as a relay.

· It was also discussed (but not decided) whether the above mentioned measurements are sent to the eNB for the in-coverage case.  

 However, agreements related to connection establishment were not made due to some open questions about the involvement of the eNB in the connection establishment process.  We give our views on these open questions in this contribution.
2 Discussion
2.1 Need for eNB Authorization
The connection establishment step involves setting up a secure L2 link over PC5 between the two UEs.  There are here two levels of authentication which could be considered for setting up this link.  
The first level of authentication is a mutual authentication between the remote UE and relay UE, as described in [1].  This authentication can be done at the higher layers and may involve the EPC (e.g. HSS, and/or MME).  This authentication is used to confirm that the ProSe layer at the remote UE has the credentials to connect to a public safety relay UE, and to retrieve the necessary security information needed to establish the secure link.  Being a higher-layer authentication which can be achieved using the relay UEs EPC connectivity, the eNB does not need to be aware of or involved in this authentication.   

The second level of authorization, maybe between the remote UE and the eNB.  Since the eNB is responsible for allocating D2D resources to the relay, eNB control from the point of view of resource management and admission would be desirable.  Specifically, a relay UE may be configured by the eNB to act as a relay, but that relay UE may only have the capabilities to support a certain number of remote UEs or certain services from the remote UE.  Effectively, whether the remote UE can connect to a relay UE from a PC5/Uu resource management point of view should be an eNB decision, as the eNB controls both the resources used for D2D communication by the relay UE, as well as the relative resources the relay UE uses to communicate over the Uu interface.  As a result, RAN-level authorization of the remote UE with the eNB would be desirable.
Proposal 1 The eNB should be involved in authorizing the remote UE during connection establishment with the relay UE for the purposes of resource management and admission control.

Authorization of the remote UE by the eNB during establishment of a secure L2 link may occur either before or after the higher-layer authorization.   We think that it would be desirable to get the authorization from the network before initiation a secure L2 link establishment procedure over the higher layers.   If the eNB authorization occurs prior to any higher-level authorization and if the eNB chooses not to admit the remote UE to use the relay, this would avoid any unnecessary signalling with the network that may be required during higher-layer authorization.  
Proposal 2 Authorization of the remote UE by the eNB should take place before the attempt to establish a higher layer connection for one-to-one communication.
2.2 Information Sent to the eNB During Connection Establishment
As discussed in section 2.1, eNB authorization may be required for resource management purposes at the eNB.  The eNB may need to be able to estimate the expected resource usage of the remote UE and use this as part of the authorization process.  For example, the type of service being used by the remote UE would have an impact on the actual resources used by the remote UE, as well as the corresponding amount of D2D traffic created at the relay UE.  
For instance, a remote UE may set up a one-to-one communication link with the relay UE to obtain a valid TMGI from the group communication application (after which the link is released while the UE listens to broadcast content).  Following this, a relay UE can use the same D2D resources for transmitting broadcast traffic associated with a single TMGI to multiple UEs.  On the other hand, a remote UE may set up a one-to-one communication link with the relay UE for relaying of video traffic, which would require additional D2D resources for this UE.  As a result, the service-level information, such as the type of connection being requested or the type of traffic expected would influence the eNB authorization decision, and should therefore be sent to the eNB from the relay during connection establishment.
Proposal 3 RAN2 to discuss what service-related information from the remote UE should be sent to the eNB from the relay UE.

During the time in which a UE acts as a relay, a remote UE may disconnect from the relay, or change the requested service. Such changes in service usage by the remote UE may change the D2D resource requirements.  For instance, a relay UE may first be configured with sufficient resources to support D2D communications, taking into account voice communications by a particular remote UE.  If that remote UE then initiates a video service, such resource configuration by the eNB may no longer be sufficient.

Proposal 4 RAN2 to discuss whether the eNB should be informed by the relay UE when the overall service-related information of remote UEs change or when remote UE disconnects from the relay UE.
2.3 Connection Establishment for the Cases of Mobility
Based on agreements in RAN2#89bis, the main cases for relay discovery (and hence mobility) to take into account are:

1) Moving from in-network to out-of-network coverage.

2) Moving from out-of-network to in-network coverage

In addition to these, we show also in [2] that the case for moving from one relay to another relay may also need to be taken into account.
In order to minimize service interruption when moving from in-coverage to out-of-coverage,  the UE can initiate the relay establishment process prior to the complete loss of the Uu connection (for case 1) or pC5 connection (for case 2) when the UE has moved to out-of-coverage of the eNB or serving relay as appropriate (in a make-before-break fashion).  It is noted that from a UE capability point of view, as of Rel-12 the UE can perform D2D communication while simultaneously having a Uu link and additionally, it can receive data from multiple D2D sources.  
Proposal 5 For the case of moving from in-network to out-of-network coverage, or for moving from one relay to another relay, the UE should initiate connection to the relay before breaking the previous connection (PC5 or Uu)
Proposal 6 For moving from out-of-coverage to in-coverage, the UE should complete the RRC connection before breaking the relay connection.

Once the connection between the relay UE and remote UE has been established, the UE may initiate a service request procedure to request the data or service to be sent over the relay UE (e.g. request data path switch).

If service interruption needs to be minimized the data path switch should take place before the UE loses the connection to the network.   This implies that there may be a scenario in which an in-coverage remote UE has a PC5 connection and a Uu connection.  

It has been argued that once the UE establishes a connection with the relay and services are transmitted over the relay the UE may no longer need to maintain a RRC connection and communicate over the Uu.  However, we believe that it is important for the UE to continue normal LTE procedures and maintain the RRC connection until it is lost due to the UE going out of coverage.   It is possible that the UE selects to a relay but within a certain time the channel quality with the serving eNB improves (the UE never went out-of-coverage).  The UE has to re-initiate a RRC connection establishment procedure to re-connect, causing service interruption and delay.  This would introduce the need to define new UE behaviour to specify when it is an acceptable time to release the connection and when the UE is required to have to retry connecting.  

Therefore, we think that the UE regardless of when it establishes a connection to the relay, should maintain the RRC connection (until the connection is lost).  The UE should continue performing normal in-coverage LTE procedures.  
Proposal 7 The UE should not autonomously release the RRC connection once a relay connection is established

Before selecting a relay UE, it is possible that the UE has commercial and public safety services ongoing over the Uu.  When a path switch over PC5 is initiated, while the UE is still in coverage it is not clear what the UE behaviour with respect to the non-PS bearers should be and whether the UE should release these bearers over Uu.
If a remote UE initiates a path switch or service request procedure with a relay UE, the network will start routing the requested service to the UE over the relay.  During this procedure the network should also realize that this service is no longer being sent to the UE directly over the Uu interface and therefore trigger a bearer release for the corresponding services.  Therefore the bearer release of the PS services going over the relay should happen transparently for the UE.  

While the bearers for the services that were routed over the relay are released, the network has no reason to release the other bearers and therefore can continue transmitting them over the eNB directly to the UE. From the MME and CN perspective the UE still has a RRC connection and can continue normal LTE operation.  

When the UE loses coverage, then the connection and these bearers will be released autonomously as per normal LTE procedures.  

Proposal 8 The UE should not autonomously release its Uu bearers even after establishing a connection with the relay.  The release of the bearers should follow existing LTE procedures (explicit release from the network or autonomous when the UE loses coverage)  

3 Conclusion

Based on the discussion in section 2 we propose the following: 
Proposal 9 The eNB should be involved in authorizing the remote UE during connection establishment with the relay UE for the purposes of resource management and admission control.

Proposal 10 Authorization of the remote UE by the eNB should take place before the attempt to establish a higher layer connection for one-to-one communication.
Proposal 11 RAN2 to discuss what service-related information from the remote UE should be sent to the eNB from the relay UE.

Proposal 12 RAN2 to discuss whether the eNB should be informed by the relay UE when the overall service-related information of remote UEs change or when remote UE disconnects from the relay UE.
Proposal 13 For the case of moving from in-network to out-of-network coverage, or for moving from one relay to another relay, the UE should initiate connection to the relay before breaking the previous connection (PC5 or Uu)

Proposal 14 For moving from out-of-coverage to in-coverage, the UE should complete the RRC connection before breaking the relay connection.

Proposal 15 The UE should not autonomously release the RRC connection once a relay connection is established

Proposal 16 The UE should not autonomously release its Uu bearers even after establishing a connection with the relay.  The release of the bearers should follow existing LTE procedures (explicit release from the network or autonomous when the UE loses coverage)  
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