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1 Introduction

At RAN2#91, the following was agreed with respect to Relay UE selection/reselection:

	Relay Selection/re-selection for in-coverage remote UE

· An in-coverage remote UE performs relay selection (using the same selection criteria as out-of-coverage)

· In connected mode, after selecting a relay, the remote UE informs the eNB using the UESidelinkInformation similar to Rel-12.  The remote UE indicates in the message that the request is for relay one-to-one communication purposes.  The eNB similar to rel-12 can chose to provide or not provide resources for relay communication. 

Relay selection/reselection for all remote UEs

· No other RAN2-specified criteria, except radio link quality, shall be considered for relay UE selection/re-selection.
· A relay UE is considered as suitable if the PC5 link quality exceeds a configured signal strength threshold.   

· The detailed criteria to select a new relay and the ranking of relays is FFS.  

-
The remote UE can also trigger a selection of a new relay when it receives a release message from the relay UE (as defined by SA2).   




Moreover, at SA2#110AH, it was clarified that the Remote UE may be inside coverage as well as outside coverage. The present contribution focuses on the cases when the Remote UE is inside coverage, and discusses in particularly the following:
-
When is the RRC Connection between the Remote UE and its serving eNB released after the Remote UE has successfully established a layer 2 link with the UE-to-Network Relay?

-
What happens when the Remote UE moves between inside coverage and outside coverage, e.g. with respect to any switching of the path used by the data subject to UE-to-Network relaying?
-
In general, does the cellular mobility of the Remote UE affect the UE-to-Network relaying and the layer-2 link to the UE-to-Network relay?
-
Moreover, how does cellular mobility of the Relay UE affect the layer-2 link to a Remote UE, e.g. if the Relay UE moves out of coverage or the Uu link quality becomes lower?
2 Discussion
2.1 Overall procedure

The figure below illustrates the procedure, from the Remote UE point of view, when an in coverage Remote UE to select and connect to a UE-to-Network Relay.
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Figure 1 – Overall procedure for selecting and connecting to a Relay UE (Remote UE in coverage).

1.
Triggered by e.g. a Uu link quality measurement falls below a threshold, the Remote UE uses UE-to-Network Relay Discovery followed by ranking of suitable relay UE candidates. The Remote UE selects the candidate with the highest rank.
2.
The Remote UE informs its serving eNB of the intention to use one-to-one direct communication with the selected relay UE, by transmitting a UESidelinkInformation RRC message with the ProSe UE ID of the relay UE and an indication that the connection is intended to be used for UE-to-Network Relay one-to-one communication as a Remote UE.

3.
The serving eNB1 provides the communication resources for the one-to-one direct communication.

4.
The Remote UE initiates the establishment of a secure layer-2 link over PC5 by transmitting a Direct Communication Request higher layer message to the selected Relay UE. The Relay UE will then initiate a mutual authentication procedure with the Remote UE on higher layers, which completes the link establishment.

5.
Assuming the authentication procedure succeeds, the Remote UE requests the Relay UE to allocate either an IPv6 prefix or IPv4 address to be used for the implicit PDN connection via the Relay UE.
6.
Upon successful IP configuration, the Remote UE switches the path of the transmitted data for the particular APN subject to relaying to use the implicit PDN connection via the Relay UE. The Remote UE will also receive data via the relay over that implicit PDN connection.
7.
Further, at some point in time, the RRC connection of the Remote UE might be released. When this might happen is discussed further below.

2.2 When is the RRC connection released? 
As supported in the current set of specifications, the RRC connection will be typically released (triggered by e.g. UE inactivity detection in the serving eNB or possibly the UE) when there is no longer traffic (signalling or user data) on the associated radio bearers. In the UE-to-Network Relaying scenario, at least parts of the traffic (which is associated with the particular APN of the relayed connectivity) will be switched to the relayed connection and no longer use the Uu radio bearers. 

So the question is then if there is some other traffic still using Uu (signalling or user data) after the switch was performed, and what are the consequences of keeping the RRC connection up because of the Uu activity. At SA2#110AH, a note was added stating that “If a Remote UE maintains both PC5 and Uu, the EPS core network entities on the Uu side of the Remote UE are not aware of the ProSe UE-to-Network Relay path via PC5”.
From RAN point of view, we note that as the Remote UE informed its serving eNB that it is connecting to a relay, and the eNB gave the admission by providing the resources, its serving eNB is of course aware of the relayed connection. Based on e.g. network policy, the eNB may decide to release the RRC connection using some other criteria than the normal inactivity detection.
Observation 1 The serving eNB of the Remote UE is aware of that the Remote UE is using a relayed connection and may decide to release the RRC connection triggered by the establishment of the one-to-one communication with the Relay UE.
In order to prevent unnecessary packet loss, the eNB should not release the RRC connection prematurely – at least not until the Remote UE has completed the overall procedure to connect to a Relay UE. Please also note that the Remote UE may need to repeat the procedure with another Relay UE candidate if the connection fails for some reason. Because of this we think that the legacy behaviour of releasing the RRC connection triggered by inactivity is still a good approach.

Observation 2 Releasing the RRC connection only after it has been triggered by Uu inactivity (i.e. the legacy behaviour) prevents packet loss when switching the data path towards a relayed connection.
2.3 A remote UE re-enters coverage 

If the Remote UE re-enters coverage (with a relayed connection that was established inside or outside coverage), after cell selection it will perform a NAS procedure to regain connectivity with the core network followed by establishment of the DRBs associated with the EPS bearers. At some point, the traffic path of the user data that was using the relayed connection should be switched to use the EPS bearers, in case the connectivity to the APN used by this traffic is provided. As it may take some time to establish the connectivity, the Remote UE may establish the RRC connection while still keeping the relayed connection, in order to prevent data loss.
Observation 3 A Remote UE entering coverage may keep the relayed connection when requesting to establish an RRC connection, to prevent data loss.
As RAN2 has agreed to use a Uu link quality threshold criteria when to use a relayed connection instead of Uu (i.e. triggering UE-to-Network Relay discovery), the Remote UE may use a corresponding threshold to keep the relayed connection after entering coverage. For example, if the Uu link quality is below a threshold, but the PC5 link quality is above a threshold, the relayed connection may be kept and the Remote UE shall inform its serving eNB that it is still using a relayed connection by transmitting a SidelinkUEInformation message after having entering RRC_CONNECTED. As alternative, the same information may be provided as part of the RRC Connection Establishment procedure. After receiving this information, the serving eNB may or may not provide in-coverage resources for the PC5 communication with the Relay UE.

Proposal 1 A Remote UE entering coverage shall use a criterion to evaluate whether to keep the relayed connection. This criterion may be of the same type of criteria which is used to trigger relay discovery in coverage.

Proposal 2 If the Remote UE entering coverage keeps the relayed connection, it shall after entering RRC_CONNECTED inform its serving eNB with the SidelinkUEInformation message with the Relay UE ID and an indication that the connection is intended to be used for UE-to-Network Relay one-to-one communication as a Remote UE.

At some point the criterion for keeping the relayed connection is no longer fulfilled and the Remote UE releases the PC5 connection to the relay. In order to keep its serving eNB up to date, it shall transmit a SIdelinkUEInformation message.
Proposal 3 When the Remote UE releases the relayed connection shall inform its serving eNB with the SidelinkUEInformation message.

2.4 Interactions with cellular mobility
A main purpose with the cellular mobility procedures is to maintain the service continuity and they are needed also for a Relay UE as well as an in-coverage Remote UE.

A Remote UE within coverage, having an RRC connection, is a potential subject to handover just as any other UE in RRC_CONNECTED. And a Remote UE in RRC_IDLE will perform cell reselection just as any other in-coverage UE. Correspondingly, a Relay UE is subject to the same type of cellular mobility procedures, just as any other in-coverage UE. It is up to RAN to take into account the fact that a particular UE acts as a Relay UE or a Remote UE in handover decisions. We have not identified any specific Uu (e.g. RRC) impact from mobility. It should be enough to inform the serving eNB at the point when a PC5 relayed connection is to be setup and released [1].
Observation 4 The legacy cellular mobility procedures (handover and cell reselection) are not as such affected by the fact that there is a PC5 layer-2 link between a Relay UE and a Remote UE. 
3 Conclusion

In section 2 we made the following observations:
Observation 1
The serving eNB of the Remote UE is aware of that the Remote UE is using a relayed connection and may decide to release the RRC connection triggered by the establishment of the one-to-one communication with the Relay UE.
Observation 2
Releasing the RRC connection only after it has been triggered by Uu inactivity (i.e. the legacy behaviour) prevents packet loss when switching the data path towards a relayed connection.
Observation 3
A Remote UE entering coverage may keep the relayed connection when requesting to establish an RRC connection, to prevent data loss.
Observation 4
The legacy cellular mobility procedures (handover and cell reselection) are not as such affected by the fact that there is a PC5 layer-2 link between a Relay UE and a Remote UE.


Based on the discussion in section 2 we propose the following:
Proposal 1
A Remote UE entering coverage shall use a criterion to evaluate whether to keep the relayed connection. This criterion may be of the same type of criteria which is used to trigger relay discovery in coverage.
Proposal 2
If the Remote UE entering coverage keeps the relayed connection, it shall after entering RRC_CONNECTED inform its serving eNB with the SidelinkUEInformation message with the Relay UE ID and an indication that the connection is intended to be used for UE-to-Network Relay one-to-one communication as a Remote UE.
Proposal 3
When the Remote UE releases the relayed connection shall inform its serving eNB with the SidelinkUEInformation message.
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