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1 Introduction

In this contribution, we discuss procedures to support L3-based UE-to-Network relays (UE-to-NW), in the framework of the LTE Rel.13 D2D WI [1], which has the following objective:
Work item objective

1) Define enhancements to D2D communication to enable the following features:
a) Support the extension of network coverage using L3-based UE-to-Network Relays, including service continuity (if needed), based on Release 12 D2D communication, considering applicability to voice, video. [RAN2, RAN1, RAN3]. (RAN3 involvement pending on progress in the other groups)

In the next sections of this document, we review L3 relay architecture and discuss procedures required to support L3 UE-to-NW relaying. Note that the UE-to-NW procedures are mainly in the work scope of RAN2 and SA WGs and therefore this contribution targets to highlight the RAN1 related aspects where it is relevant. The L2 related aspects are provided in our companion contributions submitted to RAN2 WG [2]-[3].

2 L3 UE-to-NW Relaying
The L3 UE-to-NW relaying may be seen as an upper layer packet forwarding (IP router) and thus in general may be fully transparent to L1 operation (see Figure 1 from [4]). However, the absolute transparency to L1 may result in non-optimal L3 UE-to-NW relay operation, which may be improved if L1 aspects are also considered. The L1 aspects such as measurements over sidelink and handling of the concurrent processes at the Relay UE (UE-to-NW) are discussed in our companion contributions [5]-[6]. In this contribution, we focus on the following UE-to-NW relaying aspects, which are a part of the overall UE-to-NW relay signaling and architecture:
· UE-to-NW relay node initiation;

· UE-to-NW relay node discovery;
· UE-to-NW relay node selection (route selection);
· UE-to-NW relay node re-selection (re-routing);
· UE-to-NW relay node capabilities.
The mentioned above aspects are discussed in the next sections in more details.
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Figure 1: ProSe UE-to-Network Relay.
3 UE-to-NW Relay Node Initiation 

In this section, we discuss which UE-to-NW capable UE terminals should serve as a UE-to-NW relay node (Relay UE). In general, there are two signaling mechanisms that can be identified to trigger the relay capable UEs to serve as a Relay UEs.

The first approach is to define UE specific signaling that will instruct the particular UE to serve as a UE-to-NW relay node. The second approach is to configure condition based on which the UE can act as a UE-to-NW relay. In the LTE Rel.12, both approaches were introduced for in-coverage synchronization sources in order to propagate timing towards out of coverage terminals. The similar principles can be extended for UE-to-NW relays.
Proposal 1
· Introduce UE specific signaling to control UE-to-NW relay initiation.

· Support cell specific signaling and RSRP criterion as a condition to control the UE-to-NW relay initiation.

· UE specific signaling has higher priority, than the cell-specific RSRP criterion, if the latter is configured.
· Signaling details and handling of the UE-to-NW relay node ping-pong behavior are discussed in RAN2.
Note that the RSRP thresholds for synchronization and UE-to-NW relay initiation do not need to be the same, although may be reused.
4 UE-to-NW Relay Node Discovery
In our view, the signaling details and the overall procedure of the UE-to-NW relay node discovery is mainly in RAN2 and SA WG scope. The aspect such as physical channel used for UE-to-NW discovery is out of RAN1 scope, at least until RAN2 and SA WGs decide on more details for discovery and selection procedure. On the other hand, it is beneficial to follow the LTE Rel.12 principle that PSDCH based discovery is not a pre-requisite for D2D communication and extend this principle for the support of the UE-to-NW relaying.

Proposal 2
· Mapping of UE-to-NW discovery signaling to sidelink physical channels depends on message size and discussed jointly with SA and RAN2 WGs.
· Design system to support UE-to-NW relaying without configured PSDCH resources.

For UE-to-NW discovery, it needs to be determined which UEs may participate in a UE-to-NW discovery procedure. For this purpose, similar to the LTE Rel.12 D2D synchronization and discovery design, the RSRP criterion can be used. In addition, eNB can use dedicated signaling to request/allow particular UE to serve as an UE-to-NW relay node. This signaling may be aligned with the UE-to-NW relay initiation. In addition, the UE may not participate in the UE-to-NW relay node discovery if it has its own traffic prioritized by eNB.

5 UE-to-NW Relay Node Selection

UE-to-NW Relay Selection Procedures

For UE-to-NW selection, additional L1 information can be beneficial to facilitate intelligent selection of the UE-to-NW relay node. However, the selection details and procedures may be out of RAN1 scope, given that the L3 nature of UE-to-NW relaying concept is agreed in Rel.13. The selection details may be also left up to UE implementation.
Proposal 3
· Use cellular link performance indicators (e.g. RSRP, RSRQ) to facilitate intelligent UE-to-NW relay selection process.
· UE-to-NW selection procedures are decided by RAN2 WG or left for UE implementation.
PC5 Measurements

The RAN2 WG discussed the feasibility of the PC5 measurements for UE-to-NW relay selection [7]. In our view, the PC5 measurements are feasible, however the need to standardize these measurement for the L3 relaying in Rel.13 may need to be further discussed. First of all the “radio link quality between remote UE and relay candidates” is difficult to define at the current stage, since the overall signalling procedure is not finalized. For instance, it is an open question now which physical channel is used for UE-to-NW discovery procedure. In addition, the remote UE can do measurements for relay selection in order to determine the best UE, however these measurements and metrics do not necessarily need to be standardized. The need for PC5 measurements are further discussed in our companion contribution [5].
UE-to-NW Relay Selection Scenarios

For UE-to-NW relay node selection, two scenarios need to be considered:

· Remote UE is out-of-coverage. This scenario is the main scope of the LTE Rel.13 design and should be prioritized.  In this scenario, the decision to select particular Relay UE and thus route to the network is done by the Remote UE. The remote UE may utilize PC5 measurements and Relay UE performance indicators to make the selection.

· Remote UE is in-coverage. This scenario is not the main target of the LTE Rel.13, but the limited functionality may be introduced to support service continuity. For this reason, remote UEs may need to discover and establish connection with Relay UEs in advance, so that there is no service interruption when cellular link fails. The triggering condition based on RSRP/RSRQ criterion needs to be specified in order to establish connection with in-coverage Relay UEs. Note that this triggering condition may be needed for the case when Remote UE moves towards out of coverage and does switching to the relay path or when UE moves towards in-coverage and does switching from relay path to cellular path. This aspect may be further discussed in RAN2 WG. It should be noted that when remote UE is in coverage, the relay node may be selected by the eNB. However, the benefits of eNB based selection need to be further discussed and evaluated.
Proposal 4
· In the LTE Rel.13, the Relay UE is selected by Remote UE, given that out of coverage UE is the main target scenario.
· The benefits of the Relay UE selection by the eNB need to be further studied and evaluated. 
· This aspect may also depends on the measurements and conditions defined for UE-to-NW selection in LTE Rel.13.
6 UE-to-NW Relay Node Re-Selection

There are several reasons why Relay UE may need to be re-selected by the Remote UE:
· The cellular link quality between Relay UE and eNB may degrade. This may be caused by the bad radio-conditions or by the appearance of the cellular traffic at the Relay UE, which can be of higher priority.
· The D2D link (sidelink) quality between Relay and Remote UE may degrade. This may be caused by the radio-condition or by the fact that Relay UE serves another Remote UE, whose traffic may have higher priority.
In our view, the additional L2 signaling may be designed in order to manage the Relay re-selection process (e.g. request/response for re-selection, release of Relay service, deny of Relay services, etc.).
Proposal 5
· The higher layer signaling and conditions are used for Relay (re-)selection process.
7 UE-to-NW Relaying Capabilities

In terms of UE-to-NW relaying capabilities, the following aspects need to be discussed:
· Amount of one-to-one connection supported by the Remote UE. This aspect may affect service continuity and needs to be discussed jointly with RAN2 and SA WGs.
· Amount of one-to-one connections supported by the Relay UE. This aspect also relates to service continuity since in LTE Rel.12 UE has only one transmit process and up to 16 sidelink receive processes.

In our view, the amount of connections and amount of TX/RX processes needs to be distinguished. The UE may have multiple connections but limited number of TX and RX processes. The amount of TX processes may need to be increased to support discovery and communication or control the TX and RX timeline at the UE-to-NW relay node.
Proposal 6
· Discuss the amount of relay connections as well as amount of TX processes supported by the Relay and Remote UEs. Consider to support multiple connections and up to 4 TX processes.
8 Summary and Conclusions
In this document, we reviewed L3 UE-to-NW relay architecture and discussed procedures required to support L3 UE-to-NW relaying. Based on the discussion we note that the UE-to-NW relay procedures and signaling details are mainly in RAN2 and SA WGs scope. This contribution highlighted the RAN1 related aspects. In summary we have the following proposals:
Proposal 1
· Introduce UE specific signaling to control UE-to-NW relay initiation.

· Support cell specific signaling and RSRP criterion as a condition to control the UE-to-NW relay initiation.

· UE specific signaling has higher priority, than the cell-specific RSRP criterion, if the latter is configured.

· Signaling details and handling of the UE-to-NW relay node ping-pong behavior are discussed in RAN2.
Proposal 2
· Mapping of UE-to-NW discovery signaling to sidelink physical channels depends on message size and discussed jointly with SA and RAN2 WGs.
· Design system to support UE-to-NW relaying without configured PSDCH resources.

Proposal 3
· Use cellular link performance indicators (e.g. RSRP, RSRQ) to facilitate intelligent UE-to-NW relay selection process.
· UE-to-NW selection procedures are decided by RAN2 WG or left for UE implementation.
Proposal 4
· In the LTE Rel.13, the Relay UE is selected by Remote UE, given that out of coverage UE is the main target scenario.
· The benefits of the Relay UE selection by the eNB need to be further studied and evaluated. 
· This aspect may also depends on the measurements and conditions defined for UE-to-NW selection in LTE Rel.13.
Proposal 5
· The higher layer signaling and conditions are used for Relay (re-)selection process.
Proposal 6
· Discuss the amount of relay connections as well as amount of TX processes supported by the Relay and Remote UEs. Consider to support multiple connections and up to 4 TX processes.
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