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1. Introduction
Included in the objectives of [1] is the following:
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 this contribution we take an initial look at resource allocation for transmission in the uplink (UE to relay) for the case of an out of coverage UE served by a UE-to-Network relay.
2. Discussion
In release 12 there are 2 modes of resource allocation for D2D communication – from [2] : 
The UE supporting ProSe Direct Communication can operate in two modes for resource allocation:

-
Scheduled resource allocation is characterized by:

-
The UE needs to be RRC_CONNECTED in order to transmit data;

-
The UE requests transmission resources from the eNB. The eNB schedules transmission resources for transmission of Sidelink Control and data;

-
The UE sends a scheduling request (D-SR or Random Access) to the eNB followed by a ProSe BSR. Based on the ProSe BSR the eNB can determine that the UE has data for a ProSe Direct Communication transmission and estimate the resources needed for transmission. eNB can schedule transmission resources for ProSe Direct Communication using configured SL-RNTI.

-
UE autonomous resource selection is characterized by:

-
A UE on its own selects resources from resource pools and performs transport format selection to transmit Sidelink Control and data.

In release 13 we should also aim to support 2 modes of resource allocation. Given that this is intended to provide an extension of coverage, then it should be possible for the network to control what resources are being used. 

UE autonomous resource selection: 

This would essentially operate in exactly the same way as a Release 12 out of coverage UE. The only exceptions may be that there can be a separate resource pool for UEs communicating with a relay, compared to other UEs which are broadcasting to other UEs directly, using the in-coverage or out-of-coverage resource pool and the Rel-12 mechanism, and there would be a unique group identity for each UE-relay communication. 
Proposal 1: UE Autonomous resource selection mode is supported for transmissions from an out of coverage UE to a relay, and the mechanism defined in Release 12 is re-used.

Proposal 2: It should be possible to configure a resource pool for exclusive use by any particular UE connected to a relay, which is separate to the Release 12 out of coverage resource pool.  
Scheduled resource allocation:
Of course for this case the eNB cannot directly schedule the out of coverage UE. However, since the UE communicating with the relay will have both an uplink and a downlink (both using 1:M broadcast, with L3 forwarding) the resources used for transmission on the uplink (UE to relay) can be allocated when there is a transmission on the downlink (relay to UE). For example, the sidelink control transmitted by the relay can include either an explicit indication of resources to use for the response, or an implicit relationship could be defined.
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Figure 1: Scheduled resource allocation for uplink return traffic.
This approach would work for cases whereby there is a predictable transmission in the uplink, such as exchange of signalling or configuration information, for downlink data transfer requiring TCP ACKs to be sent in the uplink, or for other symmetrical traffic such as speech. 

Proposal 3: Scheduled resource allocation should be supported for out of coverage UEs connected to a relay. The relay may schedule resources for return traffic (e.g. TCP ACKs) using sidelink control. 

However for the case of uplink data transfer, or UE triggered signalling, how the eNB could schedule resources is unclear. One (simple) possibility would be to rely on UE autonomous resource selection always, however this would be inefficient from a resources point of view (bearing in mind the transmissions need to reach in-coverage relays, this communication would always be using in coverage resources in the case of same carrier being used). Another alternative is to use UE autonomous resource selection to send an initial request for data, then to use the approach in proposal 3 for signalling a resource allocation. Another approach could be to send a UE specific resource pool to use (temporarily) for the transmission of uplink resources – this would be UE autonomous resource selection using a semi-static and UE specific resource pool which is separate to the normal out of coverage or in coverage UE autonomous resource pools. 
Proposal 4: Investigate enhancements to improve resource utilisation efficiency for uplink transmissions which originate from the out of coverage UE (e.g. uplink data)

3. Conclusion 
In this contribution we have provided some initial views on how to support 2 modes of resource allocation, similar to the 2 modes used in Release 12 and have the following proposals: 

Proposal 1: UE Autonomous resource selection mode is supported for transmissions from an out of coverage UE to a relay, and the mechanism defined in Release 12 is re-used.

Proposal 2: It should be possible to configure a resource pool for exclusive use by any particular UE connected to a relay, which is separate to the Release 12 out of coverage resource pool.  

Proposal 3: Scheduled resource allocation should be supported for out of coverage UEs connected to a relay. The relay may schedule resources for return traffic (e.g. TCP ACKs) using sidelink control. 

Proposal 4: Investigate enhancements to improve resource utilisation efficiency for uplink transmissions which originate from the out of coverage UE (e.g. uplink data)
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