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Introduction
In RAN #67[1] meeting, a WI was agreed for enhanced LTE Device to Device proximity services. One of the objectives decided is as follows:

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.

In this proposal, we have analysed the working of D2D relays and have suggested few parameters for the selection of a D2D relay in the case of network-to-UE relays.

D2D Relays
The D2D network operation in a broadcast scenario does not have feedback mechanism from the RX D2D UE to the TX D2D UE to ensure the successful transmission of its packet, Hence, D2D supports retransmission of the PSCCH and PSSCH data packets two and four times, respectively. The RX D2D UE closer to the TX D2D UE may be able to successfully receive and decode the packet in fewer transmissions. Therefore, the RX D2D UE can take up the role of a relay by transmitting/retransmitting the successfully received packet in the remaining resources meant for retransmission by the originating TX D2D UE. 

[image: image2.png]PSCCH & PSSCH Undecodatle:
"PSCCH Decadable & PSSCH Undecodable

PSCCH & PSSCH Decodable

PSCCH & PSSCH Covenge Extersion

PSSCH Corerage Extension




Figure 1: D2D Relay Procedure
This enables the increase in coverage of a D2D UE for its broadcast transmission in a D2D network. Once a RX D2D UE decodes the broadcast data successfully, it transmits the same data in the remaining allocated resources. This will increase the coverage area of the D2D network as well as increase the capacity. Moreover the D2D UE will be able to receive the packet in fewer subframes, which can help in energy saving.
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Figure 2: D2D Relays for Coverage Extension
Fig. 2 explains two cases of coverage extension. The three concentric circles in the figure represent the coverage area of the TX D2D UE with respect to PSCCH/PSSCH and their ability to decode. The coverage circle where both PSCCH and PSSCH are decodable for the D2D relays are represented by the dotted circles in the figures. Here all relays are assumed to transmit with their full power for maximum achievable coverage. Relaying in the context of coverage extension serves two purposes - one to improve the ability to decode PSSCH and the other to improve the ability to decode both PSCCH and PSSCH.

A D2D relay very close to the TX D2D UE will be able to improve the reception of PSSCH within the coverage of the TX D2D UE, represented by the inner most circle. This type of relaying also serves to extend the boundary over which the PSSCH is decodable. As represented by the second circle in the figure, relaying by a RX D2D UE very close to the TX D2D UE can help in the reception of PSSCH packets by the RX D2D UEs who are in a region where they successfully decode PSCCH but not the PSSCH data. 

Instead of coverage extension, the concept of relaying can also be focused on improving the D2D capacity. Fig. 3 shows the scenario where D2D relays are used for capacity improvement. This allows the PSSCH to be transmitted using a higher MCS within the PSCCH decodable region. The MCS used for transmission of PSSCH is decided based on the level of relaying used for the packet as shown in Fig. 3.
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Figure 3: D2D Relays for Capacity Improvement
UE-to-Network Relays

UE-to-network relays will relay the data transmitted between the eNode-B and a D2D UE  which can be either in or out of coverage. It is used to extend the coverage, to increase the capacity, to reduce interference and to distribute the load of the network. The data transmission to the destined UE is performed in two stages as follows: data transmission from the eNode-B to the relay enabled D2D UE and a D2D communication from the relay enabled D2D UE to another D2D UE. 


Figure 4: Handling requests between the D2D Relay and the OoN UE

When a D2D UE is out of coverage, the UE can sense and connect to a D2D network and obtain/continue service from an eNode-B via any nearby in-coverage relay capable D2D UE(s). 

The OoN UE may synchronize with the D2D network to connect to the eNode-B. It then broadcasts a request to every D2D UE that it needs the services of a D2D relay to connect to the eNode-B. All the willing D2D relays can collect such requests from OoN UEs associated to them, and send the list of its associated D2D UE to the eNode-B along with its willingness to be a D2D relay. 

The D2D relays could also provide the eNode-B with their power information along with the signal strength of each of their respective associated OoN UEs.
Selection criteria
The eNode-B can decide as to which is the best relay to serve the OoN UE(s). This decision can be taken based on the power information of the D2D relay and signal strength of the D2D relay-OoN UE. 

The eNode-B can also have the option of choosing more than one D2D relay by multi-casting to transmit the data to its associated OoN UEs or incoverage UEs. Further this D2D relays could be operated in either joint transmission mode or dynamic point selection mode so as to optimize system throughput and battery life. Forward link and reverse link could be through two different D2D relays, with appropriate selection criteria in either direction.​
Since the eNode-B is aware of all the respective associated OoN UEs, the D2D relays can be made transparent to the OoN UE. This permits the hand-off to other D2D relays in a seamless manner. 

Proposal 1: A mechanism to broadcast a request for the services of a D2D relay to connect to the eNode-B.

Proposal 2: A mechanism to inform the eNode-B about the power information and signal strength of the D2D relay-OoN UE. 
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