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1. Introduction

At the RAN#66 meeting, a new Rel-13 Work Item was approved to specify enhanced LTE Device to Device Proximity Services. One objective of the Rel-13 WI for eD2D is to support UE-to-Network Relays [1]:
- Define enhancements to D2D communication to enable the following features: 

▪ 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 will discuss considerations on resource allocation for UE-to-Network relays and provide our view.

2. Resource allocation for UE-to-Network relays
In partial coverage scenario of eD2D, UE-to-network relays can be supported to provide coverage extension with connection between eNodeB and remote UEs in out-of-coverage. In this scenario, UEs within an eNodeB's network coverage behaves like relays by forwarding signal to the remote UE in outside of the eNodeB's network coverage, and invertible behaviour is also possible as described in Figure 1.
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Figure 1: UE-to-network D2D relays for coverage extension.

In UE-to-network D2D relay operation, following 4 links can be considered as shown in Figure 2.
- 1)  From eNodeB to Relay UE: downlink transmission (Relay UE DL Rx)

- 2)  From Relay UE to eNodeB: uplink transmission (Relay UE UL Tx)

- 3)  From Relay UE to Remote UE: sidelink transmission (Relay UE SL Tx)

- 4)  From Remote UE to Relay UE: sidelink transmission (Relay UE SL Rx)

Because the link for Relay UE DL Rx is located in DL subframes or carrier for DL, it cannot collide with other three links (= Relay UE UL Tx, Relay UL SL Tx and Relay UE SL Rx in the Relay UE's perspective). Therefore, three concurrent cases by other three links could be summarized as below, there are some needs that all the three concurrent cases are TDMed to avoid resource collisions as proposed in [2].
- 1) Case 1: between two links for Relay UE UL Tx and Relay UE SL Tx

- 2) Case 2: between two links for Relay UE UL Tx and Relay UE SL Rx

- 3) Case 3: between two links for Relay UE SL Tx and Relay UE SL Rx
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Figure 2: UE-to-Network relay operation
 About the link for Relay UE UL Tx and the link for Relay UL SL Tx, eNodeB can know resource allocation for these two links and schedule these two links because the Relay UE is located in the eNodeB's network coverage. However, the Remote UE is located in outside of the eNodeB's network coverage and the resource pool used for Remote UE SL Tx (= Relay UE SL Rx) is pre-configured. Therefore, it is not easy to avoid collisions in resource allocation for the two concurrent cases (= Case 2 and Case 3) if the eNodeB doesn't know resource allocation used for Remote UE SL Tx (= Relay UE SL Rx). 
Therefore, to coordinate resource allocation in above two concurrent cases (= Case 2 and Case 3), there are some needs that eNodeB can know resource allocation used for Remote UE SL Tx (= Relay UE SL Rx).
Proposal 1: 

eNodeB needs to know resource allocation used for Remote UE SL Tx (= Relay UE SL Rx) to coordinate resource allocation in following concurrent cases.
   - between two links for Relay UE UL Tx and Relay UE SL Rx
   - between two links for Relay UE SL Tx and Relay UE SL Rx

It is beneficial by minimum speciation impacts and backward compatibility if we use the resource allocation scheme already defined in Rel-12 D2D as much as possible. If Mode 2 operation in Rel-12 D2D is reused, it is not easy to avoid resource allocation between two links for Relay UE SL Tx and Remote UE SL Tx (= Relay UE SL Rx), and there could be some latency because of resource reselection after some resource collisions. The other hand, if Mode 1 operation in Rel-12 D2D is reused, eNodeB can well schedule resource to avoid resource collisions and to reduce interference among three links (= Relay UE UL Tx, Relay UL SL Tx and Relay UE SL Rx in the Relay UE's perspective).
Proposal 2: 

For Rel-13 UE-to-Network Relays, Mode 1 resource allocation defined in Rel-12 could be reused.
Therefore, based on Mode 1 resource allocation defined in Rel-12, the resource allocation Rel-13 UE-to-Network Relays could be considered with following procedure.
1. UE-to-Network Relays #1 (eNodeB → Relay UE → Remote UE)
- 1) eNodeB transmits DCI to Relay UE for DL assignment (by PDCCH/E-PDCCH)
- 2) eNodeB transmits downlink data to Relay UE (by PDSCH)
- 3) eNodeB transmits DCI to Relay UE for sidelink transmission of Relay UE (by PDCCH)

- 4) Relay UE transmits SCI to Remote UE for sidelink reception of Remote UE (by PSCCH)

- 5) Relay UE transmits sidelink data(= relay from the downlink data) to Remote UE (by PSSCH)

2. UE-to-Network Relays #2 (Remote UE → Relay UE → eNodeB)
- 1) eNodeB transmits DCI to Relay UE for sidelink transmission of Remote UE (by PDCCH)

- 2) Relay UE relays DCI to Remote UE for sidelink transmission of Remote UE (by PSSCH)

- 3) Remote UE transmits SCI to Relay UE for sidelink reception of Relay UE (by PSCCH)

- 4) Remote UE transmits sidelink data to Relay UE (by PSSCH)

- 5) eNodeB transmits DCI to Relay UE for UL grant (by PDCCH/E-PDCCH)

- 6) Relay UE transmits uplink data(= relay from the sidelink data) to eNodeB (by PUSCH)

  DCI for sidelink transmission of Relay UE (procedure '3)' in above UE-to-Network Relays #1) and DCI for sidelink transmission of Remote UE (procedure '1)' in above UE-to-Network Relays #2) can be configured independently. However, it has more benefits to reduce overhead if one common DCI from eNodeB to assign resources is used. A DCI 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.
   In one common DCI, one T-RPT should indicate both time-domain resource pattern for Relay UE's transmission and Remote UE's transmission. It could be easily achieved by dividing two groups from the indicated T-RPT. One of examples is that fist 4 subframes corresponds to bit-value '1' in the indicated T-RPT are used for subframes of Relay UE's transmission and next 4 subframes corresponds to bit-value '1' in the indicated T-RPT are used for subframes of Remote UE's transmission as shown in Figure 3.
[image: image3.emf]N

TRP

=8, k

TRP

=4 N

TRP

=8, k

TRP

=4

1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0

resource pool(subframe pool) for Sidelink

resource(subframe) for "Relay UE SL Tx" 

resource(subframe) for "Relay UE SL Rx" 


Figure 3. Example of T-RPT used for UE-to-Network relay operation
Proposal 3: 

One DCI from eNodeB could be used to assign 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

 - Within the one DCI, one T-RPT field indicates both of relay UE's time-domain resource pattern for transmission and remote UE's time-domain resource pattern for transmission.
3. Conclusion

In this contribution, we discussed considerations on resource allocation for UE-to-Network relays and provided our view with following our proposal:

Proposal 1: 

eNodeB needs to know resource allocation used for Remote UE SL Tx (= Relay UE SL Rx) to coordinate resource allocation in following concurrent cases.

   - between two links for Relay UE UL Tx and Relay UE SL Rx

   - between two links for Relay UE SL Tx and Relay UE SL Rx

Proposal 2: 

For Rel-13 UE-to-Network Relays, Mode 1 resource allocation defined in Rel-12 could be reused.

Proposal 3: 

One DCI from eNodeB could be used to assign 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

 - Within the one DCI, one T-RPT field indicates both of relay UE's time-domain resource pattern for transmission and remote UE's time-domain resource pattern for transmission.
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