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1 Introduction

At the RAN #66 meeting, a new Work Item for Enhanced LTE Device to Device Proximity Services was approved [1]. The WI includes supporting network coverage extension using L3-based UE-to-Network Relays. 
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, the resource allocation for relay UE is discussed. There is a companion paper [2] regarding Relay UE selection for UE-to-Network relay.
2 Discussion
Figure 1 shows the scenario for UE-to-Network relay. One use case may be that the remote UE is out of the coverage of eNB but it can receive the signals from an in-coverage relay UE. The in-coverage relay UE can help the remote UE to forward its data to the eNB. There are two pairs of links to support UE-to-Network Relays: one is the pair of links between the remote UE and the relay UE, and the other is the pair of links between the relay UE and the eNB. Note that the links between relay UE and the eNB are the cellular links. In this contribution we focus on how to get the resource allocation of the pair of links between the relay UE and the remote UE.
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Figure 1. UE-to-Network Relays
In the Rel-12 Device to Device WI, two modes were introduced in D2D communication:
· Mode 1: eNodeB or rel-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
To minimize the specification effort and for backward compatible consideration, we should first consider the resource allocation schemes already defined in Rel-12, and investigate how to reuse them for Rel-13 UE-to-Network Relays. Considering the two points below, we propose to only reuse mode 1 resource allocation defined in Rel-12 for Rel-13 UE-to-Network Relays:
· First, the link between the remote UE and the network should be at most two hops since UE-to-UE Relay will not be supported in Rel-13. The relay node must have a direct link to eNB and must be in-coverage as shown in Figure 1. Since the relay node is always located in the network coverage, it is natural to have the link under eNB/network control, including the relay node selection and the resource allocation. 

· Second, there are two D2D links needed to support UE-to-Network Relays: one is the link from remote UE to relay UE, and the other is the link from relay UE to remote UE. The links between relay UE and the eNB is the cellular link. For these two links between remote UE and relay UE, if mode 2 is reused, it is hard to ensure there is no collision on each of the link. If there are some collisions, resource reselection is needed, and the latency is increased. 
· Thirdly, if mode 1 is used, eNB can well schedule the resources to reduce the interference between relay UEs and cellular UEs, between different relay UEs, and between the transmission and reception of the same relay UE. Otherwise if the resources are selected by relay UEs themselves, the interference cannot be well controlled.
Based on the discussion and analysis, we have the following proposal.

Proposal 1: Reuse Mode 1 resource allocation defined in Rel-12 for Rel-13 UE-to-Network Relays. 

For Rel-13 UE-to-Network relays, relays need to forward data from the remote UEs to the network. To perform this operation, the relays first need to receive the data from the remote UEs then transmit the data to the eNodeB. Therefore, from the resource allocation perspective, the Relay nodes need to both know the resources for reception of data from the remote UE and the resources for transmission of the relayed data to the eNB. The resources for transmission from the relay UE to the eNB can be obtained by an UL grant since the relay node locates in coverage. Then additionally, the relay node needs to know the resources for reception from the remote UE for uplink relaying. Similarly, for the Network-to-UE relays, relays need to forward data from the network to remote UEs. To perform this operation, the relays first need to receive the data from the eNodeB then transmit the data to the remote UEs. Therefore, from the resource allocation perspective, the Relay nodes need to know both the resources for reception of data for the eNB and the resources for transmission of the relayed data to the remote UEs. The resources for reception of data from the eNB can be obtained by a DL grant since the relay node locates in coverage. Then additionally, the relay node needs to know the resources for transmission to the remote UE for downlink relaying.
Based on the analysis, we have the following observation.
Observation 1: The Relay node needs to know the resources for reception from the remote UE for uplink relaying, and for downlink relaying, the Relay node needs to know the resources for transmission to the remote UE. 
For both cases, the UL/DL grant only allocates resources for one of the two D2D links. Next, we analyze how to use the existing Rel-12 Mode 1 resource allocation mechanisms and see their applicability for relaying to cover both hops. As discussed in observation 1, the Relay node needs to know the resources for reception from the remote UE for uplink relaying and needs to know the resources for transmission to the remote UE for downlink relaying. SCI format 0 can be used for the relay to remote UE transmission. It is assumed that the control information for the remote UE to the relay is sent by the relay to the remote UE using an SCI format similar to SCI format 0, i.e., SCI format 1. For the network control of the link between the relay UE and the remote UE, there are at least three options:
· Option 1: Two grants from eNB to assign resources are used: one for the resource allocation for the relay transmission to the remote UE, and the other for the resource allocation for the relay reception from the remote UE. DCI format 5 can be used for the resource allocation for the relay transmission to the remote UE. The current mode 1 mechanisms do not support the resource allocation for the relay reception from the remote UE. A new grant (maybe DCI format 5’, a slightly modified DCI format 5) should be designed to allocate resources to the remote UE, which can be informed to the relay UE first and then relayed to the remote UE by the relay UE.
· Option 2: One grant from eNB to assign resources is used. A new grant (maybe DCI format 6) should be designed to allocate resources for both of the resources for the transmission of relay UE to the remote UE and the resources for the reception of relay UE from the remote UE. After receiving the grant, the relay UE should relay to the remote UE the resources for the transmission of the remote UE.
· Option 3: Since the data that the Relay nodes need to transmit is the same data that they received, the resource size for transmission can be to the same as the one for reception. It may be possible under network control to link the resource allocation together in order to reduce control signaling overhead from the eNB to relay. For the uplink relaying, a linkage can be defined between the resources for reception from remote UE and the resources for transmission to eNB for relay UE. In other words, for a relay UE, the resources for reception from remote UE can be derived from the linkage with the resources assigned for transmission to eNB. For the downlink relaying, the linkage can be defined between the resources for transmission to the remote UE and the resources for reception from eNB for relay UE. In other words, for a relay UE, the resources for transmission to the remote UE can be derived from the linkage with the resources for reception from eNB. The linkage could be some fixed time/frequency offset. One simple example is that if the subframe for reception from eNB is subframe N, the resource for transmission to remote UE is subframe N+5. Another example can be that if the PRBs used for reception from the eNB are PRBs 0-9, the resources for transmission to the remote UE are PRBs 10-19.
If the linkage of option 3 can be easily achieved, option 3 should be considered since it reduces control signaling and possibly avoids additional DCI design. Otherwise, since the relay to UE and UE to relay links may not always exist at the same time, option 2 risks could lead to waste of resources.
Based on the discussion and analysis, we have the following proposals.

Proposal 2: SCI format 1 is defined for UE to relay transmission.
Proposal 3: In order to reduce eNB to relay signaling overhead, consider a linkage between the resource for transmission to remote UE and the resource for reception from eNB for relay UE, and a linkage can be defined between the resource for reception from remote UE and the resource for transmission to eNB for relay UE. 

3 Conclusion

In this contribution, the resource allocation used for UE-to-Network Relays is discussed. 
Based on the discussion and analysis, we have the following observations and proposals.

Observation 1: The Relay nodes need know the resources for reception from the remote UE for the uplink relaying, and for the downlink relaying, the Relay nodes need know the resources for transmission to the remote UE. 
Proposal 1: Reuse Mode 1 resource allocation defined in Rel-12 for Rel-13 UE-to-Network Relays. 

Proposal 2: SCI format 1 is defined for UE to relay transmission.
Proposal 3: In order to reduce eNB to relay signaling overhead, consider a linkage between the resource for transmission to remote UE and the resource for reception from eNB for relay UE, and a linkage can be defined between the resource for reception from remote UE and the resource for transmission to eNB for relay UE. 
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