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1 Introduction

This document examines the paging and access procedures that will be needed in case a ProSe Remote UE is in idle mode.  The procedures discussed here should cover both in-coverage and out-of-coverage cases.

For convenience, we use the term “WD” for the ProSe Remote UE throughout.  Strictly speaking this is too specific as non-wearables can be valid remote UEs, but it simplifies the language of the document.

2 Discussion
2.1 Coverage scenarios
The in-coverage and out-of-coverage cases are not really different for WD originated connection (access).  If the in-coverage WD originates the connection establishment through eNB, it is the legacy mechanism on Uu and not in the scope of this paper (because the WD would go to connected mode on Uu and only then interact with the relay).
In the case of WD terminated connection (paging), it would be possible for the in-coverage WD to monitor paging on Uu interface, and switch to the short range interface only when it received a page.  However, this would lead to divergence with the OOC case where this is clearly not possible.  In general we consider that it is not desirable to have different procedures for in- and out-of-coverage cases, and for the current work we propose that the WD should not treat the two scenarios differently.

Proposal 1: The WD monitors the downlink signalling for connection establishment through relay UE, and originates the connection establishment through relay UE, whether WD is in or out of coverage.

2.2 Access procedure (WD originated connection establishment)

For establishing an RRC connection “through the relay”, the WD needs to trigger the equivalent of a RACH procedure. The existing RACH procedure, however, involves messages 1 and 2 exchanged by the MAC layer; under the layer 2 relaying architectures currently discussed, there is no MAC between the remote UE and the eNode B, meaning that it is not possible to use the legacy procedure exactly.

From an RRC perspective, the point of the procedure is to deliver messages 3 through 5; with the relaying relationship established, these messages can be sent directly on appropriate SRBs without any actual random access (assuming the relay UE is already in connected mode; if the relay UE is idle, it seems clear that it can perform its own RACH to establish a connection for forwarding the remote UE’s messages).  An example of such a procedure is shown in Figure 1.

[image: image1.emf]WD R-UE eNB

1. Trigger for establishment

2. RRCConnectionRequest

3. RRCConnectionRequest (from WD)

4. RRCConnectionSetup (for WD)

7. RRCConnectionSetupComplete (from WD)

6. RRCConnectionSetupComplete

5. Forwarded RRCConnectionSetup

8. Connection established

Uu connection establishment if necessary


Figure 1: Access procedure for connection establishment

From the network side, the flow looks peculiar in that an RRCConnectionRequest comes from an already connected UE.  However, the eNB’s RRC entity for the relay UE never sees this message, because the adaptation layer identifies it as belonging to the WD, and it will be handled as coming from the WD which is in idle.

It implies that the relaying design must be able to forward messages for SRB0.  This would have some consequences for the design of the relaying layer and should be taken into account.

Proposal 2: WD originated connection establishment can start by forwarding Msg3 through the relay UE.

This proposal has the consequence that the WD never receives an RAR and with the current message formats, has no opportunity to acquire a C-RNTI.  This may be correct behaviour as the WD has no MAC layer entity towards the eNB, but it requires considering carefully the impact of having the WD in RRC_CONNECTED but with no C-RNTI (e.g. it may be a concern for network implementations that assume C-RNTI can be used as a database key).  Alternatively, we could enhance the access procedure (probably Msg4) to allow assigning a C-RNTI carried in the RRC layer signaling.  Both options can be discussed.
Proposal 3: RAN2 can discuss whether a C-RNTI should be assigned for the WD during access after Msg3, and if so how to deliver it.
To send Msg3 (RRCConnectionRequest), the WD needs to send S-TMSI or contention resolution random ID for its identity.  But there is no value in using the contention resolution identity, it cannot be sent back in Msg4 since it goes in a MAC CE.  Also, without the MAC signaling from Msg1/Msg2, this S-TMSI is the only chance for a UE identity to be sent during the access procedure.  So it seems necessary to use the S-TMSI.
Proposal 4: The WD identifies itself with S-TMSI in Msg3.
This proposal obviously assumes the WD has somehow been assigned an S-TMSI, i.e. it has made a previous connection on Uu at some time.  This is not a desirable restriction for several reasons:

· Attach through the relay is technically possible and should not be excluded, on good design principles.
· Future releases may need to support relay only devices with no Uu capability.
· The WD may have been assigned S-TMSI when in a different tracking area, meaning that its S-TMSI could not be interpreted by the serving eNB.
This issue should be revisited in the future to understand if there is a way for the remote UE to receive its S-TMSI from behind the relay UE, rather than on direct Uu connection.

The routing of Msg4 also needs to be considered; the eNB needs to indicate to the relay UE how to deliver it to the remote UE.  This cannot be decided without some initial principles on bearer and traffic management, as suggested in [3] and [6], we propose to leave it FFS for now.
Proposal 5:  It is FFS how the relay UE can deliver the Msg4 to the correct remote UE.
In order to support the connection establishment procedure, the WD should be aware of the system information for the cell serving the relay UE.  At least, the WD needs to know basic access control parameters e.g. barring.  The details can be further studied.

Proposal 6: The relay UE forwards some portion of the system information to the remote UE.
2.3 Paging procedure (WD terminated connection establishment)
Proposal 1 above implies that the paging procedure would be relayed, i.e. the WD should monitor the relay UE for paging, and the relay UE monitors paging on the Uu for the WD.  (It could be desirable for some cases to have the in-coverage WD monitor paging on Uu itself, e.g. if the short range interface is not very low-power, or for unidirectional relaying.  However considering the need for different procedures, we suggest not to consider such an optimisation at this time, it could be studied later as time permits.)

As for how the Relay UE can receive the paging message for the WD, there are two main options in general:
· Option 1: NW sends the WD’s paging message on the WD’s paging occasions as in the legacy system, and Relay UE is required to monitor the paging occasions of the WD.
· No impact on the network side

· Relay UE needs some information from the WD or the network in order to determine what PO to monitor

· Power consumption impact to the relay UE from monitoring multiple POs

· Option 2: NW sends the WD’s paging message on the Relay UE’s PO, and Relay UE only monitors the PO of itself as in the legacy system.
· Minimal impact to the relay UE, and no extra power consumption

· Network needs to maintain knowledge of the pairing relationship

· Network impact to redirect the WD’s page to a different PO

Proposal 7: To capture the following two options in the TR as the candidate solutions which enable the Relay UE to receive the paging for the WD.
· Option 1: NW sends the WD’s paging message on the WD’s paging occasions as in the legacy system, and Relay UE is required to monitor the paging occasions of the WD;
· Option 2: NW sends the WD’s paging message on the Relay UE’s PO, and Relay UE only monitors the PO of itself as in the legacy system. 
3 Conclusion

This document promulgates the following proposals.
Proposal 1: The WD monitors the downlink signalling for connection establishment through relay UE, and originates the connection establishment through relay UE, whether WD is in or out of coverage.

Proposal 2: WD originated connection establishment can start by forwarding Msg3 through the relay UE.

Proposal 3: RAN2 can discuss whether a C-RNTI should be assigned for the WD during access after Msg3, and if so how to deliver it.
Proposal 4: The WD identifies itself with S-TMSI in Msg3..

Proposal 5:  It is FFS how the relay UE can deliver the Msg4 to the correct remote UE.
Proposal 6: The relay UE forwards some portion of the system information to the remote UE.
Proposal 7: To capture the following two options in the TR as the candidate solutions which enable the Relay UE to receive the paging for the WD.
· Option 1: NW sends the WD’s paging message on the WD’s paging occasions as in the legacy system, and Relay UE is required to monitor the paging occasions of the WD;
· Option 2: NW sends the WD’s paging message on the Relay UE’s PO, and Relay UE only monitors the PO of itself as in the legacy system. 
A corresponding text proposal is included as Annex A below, and it is further proposed for RAN2 to incorporate the text proposal into TR 36.746.
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Annex A: Text proposal
5.1.x Remote UE in idle mode

5.1.x.1 General

The remote UE may be associated with a relay UE while the remote UE is in RRC_IDLE.  In this case paging and access procedures make use of the relay UE for forwarding.
5.1.x.2 System information
When the remote UE is in RRC_IDLE, the relay UE forwards some portion of the system information to the remote UE.
5.1.x.3 Access procedure

When the remote UE is in RRC_IDLE, the access procedure to transition to RRC_CONNECTED proceeds as shown in Figure 5.1.x.2-1.
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Figure 5.1.x.2-1: Access procedure for remote UE in idle mode
The detailed contents of the messages e.g. cause code settings and configuration values are FFS.

The remote UE uses S-TMSI as its identity in the RRCConnectionRequest.

[The remote UE is not assigned a C-RNTI during the access procedure.  The eNB may later assign it a C-RNTI using e.g. RRCConnectionReconfiguration.]

5.1.x.4 Paging procedure

A remote UE in RRC_IDLE can be paged by the network with the procedure as follows.

Paging is received by the relay UE and forwarded on the short range interface.  There are two candidate solutions which enable the Relay UE to receive the paging for the WD.
· Option 1: NW sends the WD’s paging message on the WD’s paging occasions as in the legacy system, and Relay UE is required to monitor the paging occasions of the WD;
· Option 2: NW sends the WD’s paging message on the Relay UE’s PO, and Relay UE only monitors the PO of itself as in the legacy system. 
Both Option 1 and Option 2 are open for study.
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