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Introduction
During email discussion after RAN2#95 [2], it was clear that most companies feel it should be possible to have relaying functionality when the remote UE or the relay UE is in idle mode.  This paper examines some of the related scenarios and discusses what would be needed to support connection establishment procedures in these cases.
[bookmark: _Ref129681832]Discussion
Scenarios
Based on the outcome of the email discussion in [2], the remote UE (WD) may be in or out of coverage, already connected to the relay UE or not, and need to establish its RRC connection towards the network.  This could be a UE initiated or network initiated process, subject to some restrictions especially in the network initiated case.
The establishment of the connection or “pairing” relationship between the WD and relay UE is not our main focus here.  We assume this will use the discovery and establishment procedures of the short range RAT.  So we focus on the case where the WD and relay UE are already paired with each other, i.e. they have an established path for exchanging traffic/signaling over the short range RAT.  In terms of the scenarios from [2], this means we focus on Scenario 1 (out of coverage) and Scenario 4 (in coverage).
WD originated connection establishment
The in-coverage and out-of-coverage cases are not really different for WD originated connection.  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).  However we consider that this scenario could be studied further in its own scope.
For the WD to establish the connection through the relay UE is definitely necessary when out of coverage. And for the common solution and less standard effort, we can support the same mechanism for in coverage and out of coverage, i.e. the WD originates the connection establishment through relay UE when coming from idle mode.
If WD originates the connection establishment through relay UE, we have two options: Either the WD when in coverage still monitors the necessary downlink messaging (e.g. configuration information) for connection establishment through Uu interface from eNB, or it monitors through the relay UE.  However we consider that it is not desirable to have different procedures for in and out of coverage, causing e.g. a need to indicate to the eNB at the beginning if the WD is in coverage, coordination of messaging between the Uu interface and the short range interface, etc.  Thus we propose to have the common procedure in and out of coverage.
Proposal 1: The WD monitors the downlink signalling for connection establishment, and originates the connection establishment through relay UE, whether WD is in or out of coverage.
For establishing an RRC connection “through the relay”, the WD needs to trigger the equivalent of a RACH procedure, after the WD and UE have discovered one another and “paired” or “associated” according to the procedures of the short range interface RAT.  (Details of this discovery/pairing procedure are out of scope for this paper, we only assume the procedure has happened.  So e.g. the WD and UE have the ability to exchange signaling.)
 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 (if 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).


Figure 1: Access procedure for connection establishment
A relay UE in idle mode would need to RACH and establish its own connection first (not shown).
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 relaying layer (such as PDCP) 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.  .  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 traffic management as suggested in [3], 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.
WD terminated connection establishment
Out-of-coverage
[bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK36][bookmark: OLE_LINK37]For the out of coverage scenario, the WD can’t receive the paging message from the eNB directly in the case of WD terminated connection establishment. In order to be reachable by the NW in this case, the WD should monitor  a relay UE and the relay UE is required to receive the paging message on behalf of the WD.
[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK34][bookmark: OLE_LINK35]Proposal 6: When the WD is OOC, the WD should monitor  a Relay UE in order to be paged by the NW via the Relay UE in case of WD terminated connection establishment.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK76]Proposal 7: The Relay UE is required to receive the paging message intend for the WD who is OOC and paired with it.
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;
· 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.;
For option 1, there is not any impact on the NW side. However, some enhancements are expected on the WD and Relay UE which include:
1) The Relay UE and the WD needs to maintain the pairing relationship;
2) The WD needs to inform the Relay UE of some information in order to help the Relay UE to determine the WD’s PF/PO. For example, such information could include the WD’s UE_ID (to compute paging occasion), WD’s UE specific DRX cycle if applicable, and WD’s identity;
3) The Relay UE needs calculate and monitor the PO of all the WDs that have one-to-one pairing relationship with it. In case that such a WD’s identity is detected in the paging message, the Relay UE forwards the paging information to the WD over the short range link.
For option 2, the impact on the Relay UE is smaller compared with option 1. However, the impact on the NW is non-trivial. Specifically, the impacts include:
1) The NW should store the pairing relationship between Relay UE and WD after it has been initially established and whenever it has been changed.   (The Relay UE may also maintain the pairing relationship, but with option 2 it becomes necessary to have this knowledge on the network side.)
2) When a WD is to be paged, the NW needs to find out its paired Relay UE and calculate the Relay UE’s PF/PO. The WD’s identity should be included in the paging message for the Relay UE to find the correct WD to forward the paging information.  And which identities can be used for paging the WD could be restricted, e.g. the WD may notify the relay UE of its S-TMSI but not its IMSI, and then it would not be able to detect and forward a page by IMSI;
3) The Relay UE only monitor its own PO. In case that an identity of WD having one-to-one pairing relationship with it is detected in the paging message, the Relay UE forwards the paging information to the WD over the short range link.
[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45]Based on the above analysis, the following table shows the Pros/Cons comparison of these two options:
	
	Option 1
	Option 2

	Pros
	· It is transparent to the NW.
· The specification impact is small, and only RAN2 is involved.
	· No additional power consumption of the Relay UE compared with the legacy paging procedure.

	Cons
	· Increased power consumption of the relay UE for monitoring the PO of WDs.
	· The NW is required to maintain and update the pairing relationship between the WD and Relay UE
· The specification impact is large, and both RAN2 and RAN3, or even SA2 needs  to be involved


[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Proposal 8: 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 that is OOC. The details of these two options are FFS.
· 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 that is OOC and camp on it;
· 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. 
In-coverage
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK46][bookmark: OLE_LINK47]For the in coverage scenario, the WD can camp on the cell and monitor its own PO over Uu interface. This is the most straightforward way.  However, considering that the modem to handle the short range interface, especially the non-3GPP interfaces(eg, BT/BLE) could be more power efficient, then it is beneficial from the power consumption point of view for the WD to monitor  the Relay UE and receive paging information from the Relay UE. So, two options are available:
· [bookmark: OLE_LINK61][bookmark: OLE_LINK62]Option1: WD monitors its own PO and receives paging message over Uu interface .
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]Option2: WD monitors the short range interface and receives paging information from the Relay UE.
[bookmark: OLE_LINK70]Option 1 is not really a relaying scenario; it means that the WD actually drops the pairing relationship when in idle mode, although it might remember the proximity of the relay UE and have a quick re-establishment ability to respond through the relay if a paging message comes.  It is beneficial for Relay UE’s power consumption, especially when the short range interface is based on not very low-energy RAT such as current PC5 interface or WiFi interface.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]On the other hand, WD can power down the short range RAT modem and have only the power costs of the cellular Rx. So, maybe there’s little power costs raised for WD compared to option 2 when the short range interface is not very low-energy. In addition, option 1 is appropriate for the case of unidirectional WD to NW relay.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50]For option 2, it is beneficial for WD’s power consumption, especially when the short range interface is based on very low power consumption RAT such as BLE interface. On the other hand, it won’t bring too much burden of power consumption to Relay UE (monitoring of one additional paging occasion, and maintaining the pairing relationship) especially when the short range interface is very low-energy. What’s more, both WD and Relay UE need not change their operations toward WD’s paging notification receiving.  Only the relay UE needs some extra activity to detect and process the WD’s paging record.
However, if the short range interface is based on not very low-energy RAT such as current PC5 or WiFi, relay UE will have higher power costs while WD’s power costs is potentially not reduced too much. Because WD almost always is in close proximity to a smart phone that can serve as Relay UE, and WD is idle most of the time, which implicitly means Relay UE would transmit PC5 keep-alive message or WiFi Beacon frames to maintain the short range association in order to relay WD’s paging information.  This tradeoff may be appropriate, due to giving higher priority to saving power consumption of the WD in relaying scenarios.  But the size of the tradeoffs might need to be studied.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 9: The following two options for WD receiving the paging when in coverage need to be FFS. The preferred option might be different depending on the short range interface technology.
· [bookmark: OLE_LINK77][bookmark: OLE_LINK78] Option1: WD monitors its own PO and receives paging message over Uu interface.
· Option2: WD monitors the short range interface and receives paging information from the Relay UE.

Conclusion
This document promulgates the following proposals.
Proposal 1: The WD monitors the downlink signalling for connection establishment, 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: When the WD is OOC, the WD should monitor  a Relay UE in order to be paged by the NW via the Relay UE in case of WD terminated connection establishment.
Proposal 7: The Relay UE is required to receive the paging message intend for the WD who is OOC and paired with it.
Proposal 8: 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 that is OOC. The details of these two options are FFS.
Proposal 9: The following two options for WD receiving the paging when in coverage need to be FFS. The preferred option might be different depending on the short range interface technology.
·  Option1: WD monitors its own PO and receives paging message over Uu interface.
· Option2: WD monitors the short range interface and receives paging information from the Relay UE.
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 Access procedure
When the remote UE is in RRC_IDLE, the access procedure to transition to RRC_CONNECTED proceeds as follows:


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.3 Paging procedure
A remote UE in RRC_IDLE can be paged by the network with the procedure as follows.
When the remote UE is out of coverage, 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 that is OOC.
· 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 that is OOC and camp on it;
· 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.
For the scenario of remote UE in-coverage, it is possible similarly to forward paging messages by the relay UE.  Additionally, WD can monitor Uu interface for paging in this case.  It is FFS if both procedures are supported (e.g. for different short range RATs where the power consumption tradeoffs may be different).
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