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1      Introduction

Rel-13 LTE eD2D ProSe WI discussions started at the last RAN2#89bis meeting. Among other aspects, UE-to-Network relay related scenarios and architecture, relay initiation (whether to have network control or network configured rules), relay discovery and selection (UE discovering relay in-coverage) were discussed. The following were the agreements:
Agreements

· For the relay discovery and relay selection both in-coverage and out-of-coverage scenarios remote UEs can be addressed.   

· We will discuss the potential minimization of service interruption for the cases where the UE is moving from in-coverage to out-of-coverage and from out-of-coverage to in-coverage.  

· Relay UE will always be in-coverage.  The eNB at the radio level can control whether the UE can act as a relay.   FFS whether the network control is per relay UE, per cell (broadcast configuration), or both.  

In this contribution we address relay initiation (network control per cell or per UE or both?) and discuss various options taking the above agreements into consideration.
2      Background information
As per [3], the UE-to-NW relay is agreed to be a Layer-3 relay (i.e. an IP router), and the remote UE as shown in Figure 1 is considered out-of-coverage for utilizing relay support. The remote UE is a ProSe-enabled UE that performs Relay discovery to find available relays in proximity to route its traffic. Although the SA1 requirements [2] are not clear about which type of UEs may act as Relay UEs, we assume that any in-coverage UE may be relay capable if it satisfies certain criteria. Whether a relay-capable UE can be initiated to act as a Relay UE or not at a given time may be controlled with UE-specific signalling and is the topic of discussion in this paper. 
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Figure 1 ProSe UE-to-NW relay [3]
3      Relay initiation
In this section, we discuss the criteria by which UE-to-Network Relay capable nodes could start acting as Relay UEs and the different options for the relay initiation procedure. Basically, given that relay UE is in network coverage, eNB control of relay UE initiation may be beneficial to control the number of UEs operating as relay UEs in the cell.

Observation 1: eNB control of relay UE initiation may be beneficial to control the number of UEs operating as relay UEs in the cell.

Discovery messages are transmitted by the upper layers and The Access Stratum cannot distinguish whether a discovery message is for UE-to-NW relay discovery or some other type of discovery e.g. Group member discovery. Hence, any Access Stratum specified requirements cannot have direct control over relay discovery operation without some interaction between Access Stratum and upper layers. In addition, even if the Access Stratum requirements determine that an UE should act as a relay, upper layer consideration may override this decision. . 
Observation 2: AS is not aware of the discovery message type, and eNB cannot directly control when the UE-to-NW relay discovery message is sent. 
In the LTE Rel.12, UE-specific signalling and cell-specific criteria were introduced for in-coverage synchronization sources in order to propagate timing towards out of coverage terminals. Similar principles can be extended for UE-to-NW relays and are discussed below along with other options.

3.1 Criteria for Relay initiation

The eNB may broadcast certain criteria for relay initiation in the system information signalling, as shown in Figure 2 based on which a given UE can decide to act as a UE-to-NW relay. The configuration information may include: 

· Upper threshold for RSRP/RSRQ: This threshold information prevents UEs in the cell center from becoming relays. UEs located near the cell center are unlikely to be useful for the purpose of relaying traffic from remote UEs that are out of coverage, and hence the resource usage and interference associated with their discovery announcements can be avoided.
· Lower threshold for RSRP/RSRQ: This threshold defines the minimum link quality measurement between the relay capable UE and eNB, and hence ensures ensure only UEs with acceptable Uu link quality become relays.
Proposal 1: RAN2 to discuss if the eNB broadcast criteria alone (i.e. cell-specific signalling) may be sufficient to control the relay UE initiation procedure. 
Additionally, although there is no requirement for a UE to be stationary or of low mobility to act as a relay UE, it would be helpful if a UE that is of high mobility does not configure itself to act as a Relay UE.   
Observation 3: UE may need to check its own mobility state and act as a relay UE only if it is deemed to be of low mobility.
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Figure 2 Broadcast criteria for acting as a relay
3.2 UE-specific signalling for Relay initiation
A given UE upon satisfying the broadcast criteria specified in section 3.1.1 may initiate the relay operation at any time by sending signalling e.g. SidelinkUEInformation to the eNB. This signalling notifies the eNB about its intent and may aid in RRM optimizations at the eNB. The advantages of such a UE-based interest indication are two-fold: a) the UE is not forced to act as a relay UE via dedicated signalling if it cannot do so, due to other upper layer constraints and b) the eNB could be made aware of the intent even before the relay discovery procedure e.g. announcement message is initiated. However, the latter procedure requires an interface between upper layer and AS to provide information about the type of discovery. 
Proposal 2: RAN2 to discuss whether any UE-specific signalling to the eNB for initiation of UE-to-Network relay operation is required.
Observation 4: If the relay capable UE needs to provide relaying interest indication to the eNB before the start of the discovery procedure (e.g. model A), Access Stratum layer needs to be aware of the intent.

Upon UE initiation, the eNB may provide relay related UE-specific configuration information that could comprise of resource control and other configuration parameters. Figure 3 shows the UE-based initiation and relay configuration signalling. 
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Figure 3 Signalling for UE-initiated and eNB configured relay operation
3.3 RRC state of relay capable UE

This section discusses the requirements of relay initiation and the corresponding implications on the RRC state of the relay capable UE in discovery and communication phases. 
3.3.1 Discovery phase

As per Rel-12 discovery, if eNB allocates discovery resource via dedicated signalling, the UE should be in RRC connected mode to obtain and utilize discovery resource configuration. However, this is not power efficient for relay capable UEs as there may not be any out-of-coverage remote UEs in proximity at the time. If model B discovery (Solicitation Request/Response) is used, the UE need only monitor for discovery messages and hence can be in RRC idle mode. Upon determining that there are potential discovery solicitation requests, the relay capable UE could consider establishing the Uu connection with the eNB and initiating the relay operation. The UE has to be in connected mode to receive the UE-specific signalling with relay configuration parameters, if any. It needs to be discussed about if and whether the configuration can be valid over a period of time.  
Proposal 3: RAN2 to discuss the implications of relay capable UE being able to perform relay discovery procedure while in RRC_idle mode e.g. transmission of announcement messages or reception of solicitation request messages, if it is previously configured with necessary parameters.
[image: image4.emf]Relay  UE Remote UE eNB

Broadcast configuration for relay 

One-to-one communication

Direct communication request

Mutual authentication

Relay UE decides 

to act as a Relay

RRC Idle or 

connected

RRC 

connected

Announcement

Solicitation Request

Solicitation Response

or

Discovery


Figure 4  Signalling depiction of RRC state of relay UE and relay operation
3.3.2 Communication phase
The relay UE has to be in RRC connected mode for routing the remote UE data to the network as shown in Figure 4. As soon as the relay UE has received some data for forwarding to the eNB then the relay UE will transition to connected mode based on legacy procedures (i.e. triggered by UL data on the Uu interface). However, transitioning to connected mode only after the relay has the first data for forwarding will create additional delay. As an alternative, it needs to be discussed whether it can establish the Uu connection (i.e. Service Request procedure) upon receiving the ‘Direct Communication Request’ message over PC5 from a remote UE. In this way, the relay UE need not be in connected mode all the time and save power but without the introduction of additional delay to the first data received from a remote UE. It is to be noted that the relay capable UE needs to monitor periodically if it meets the conditions for relaying as specified in section 3.1.1. 
Observation 5: The relay UE can establish connection with the eNB upon receiving a direct communication request from the remote UE.
4      Conclusions and proposals
In this contribution, we discussed the different aspects to be considered in RAN2 for initiation of ProSe UE-to-NW Relay and have the following observations and proposals.
Observation 1: eNB control of relay UE initiation may be beneficial to control the number of UEs operating as relay UEs in the cell.

Observation 2: AS is not aware of the discovery message type, and eNB cannot directly control when the UE-to-NW relay discovery message is sent.
Proposal 1: RAN2 to discuss if the eNB broadcast criteria alone (i.e. cell-specific signalling) may be sufficient to control the relay UE initiation procedure.

Observation 3: UE may need to check its own mobility state and act as a relay UE only if it is deemed to be of low mobility.

Proposal 2: RAN2 to discuss whether any UE-specific signalling to the eNB for initiation of UE-to-Network relay operation is required.

Observation 4: If the relay capable UE needs to provide relaying interest indication to the eNB before the start of the discovery procedure (e.g. model A), Access Stratum layer needs to be aware of the intent.

Proposal 3: RAN2 to discuss the implications of relay capable UE being able to perform relay discovery procedure while in RRC_idle mode e.g. transmission of announcement messages or reception of solicitation request messages, if it is previously configured with necessary parameters.

Observation 5: The relay UE can establish connection with the eNB upon receiving a direct communication request from the remote UE.
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