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1. Introduction
In RAN#66, a WID [1] for enhanced LTE device to device proximity services was approved. The work item covers the following objectives for D2D communication:
Define enhancements to D2D communication to enable the following features:
0. 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. 
0. Priority of different groups support. 
In this contribution, we discuss mechanisms to provide sufficient reliability of the UE to UE-to-network relay link.  

2. Enhancement to support UE-to-network relay
In this section, we discuss two issues: feedback mechanism for  reliable unicast communication between a UE-to-network relay and a remote UE, and resource allocation for QoS assurance for UE-to-network relays.      

2.1. Feedback mechanism for unicast UE-to-network relay
In Release 13, unicast UE-to-network relay is to be supported for coverage extension, as illustrated in Figure 1. It is used to connect remote UEs outside network coverage with the cellular network, such that remote UEs could communicate with the network. A UE-to-network relay has a Uu interface with its serving eNB and a PC5 interface with a remote UE. It can relay unicast traffic between the remote UE and the cellular network.




Fig. 1. UE-to-network relay

However, in Release 12, only physical layer broadcast mode was specified for D2D direct communication, which provides best effort services without closed loop feedback at the physical layer. Blind retransmissions (a total of 4 transmissions) of a MAC PDU are supported to combat fast fading and in-band interference at system level. 
To ensure reliable and efficient unicast communication between a UE-to-network relay and a remote UE, closed-loop quality control is needed, including acknowledgements on the PC5 interface.  
The Release 12 D2D protocol stack on the PC5 interface should be the base for possible enhancement. In Release 12, the D2D physical layer supports blind retransmissions without ACK/NACK feedback. A receiver decodes a MAC PDU by soft combining up to 4 transmissions at the physical layer without sending ACK/NACK feedback to the transmitting UE. The received data would be sent to higher layers.  At the RLC layer, acknowledged mode (AM) should be employed, whereby status reports indicating missing RLC PDUs are provided by the receiver to the transmitter. RLC ARQ is performed for acknowledgement of received RLC packets as the closed loop control.   However, RLC ARQ acknowledgement packet would be treated as data and sent back through D2D direct communication channel in the same way.  The delay and inefficiency of the RLC ARQ protocol is large, and this delay is likely to be too large for UE-network relays to be able to provide a useful connection to the network for a remote UE. Therefore, an additional ACK/NACK mechanism at the physical layer or MAC layer would be useful for UE-network relays, to provide faster feedback of closed-loop quality control.
Observation 1: A fast ACK/NACK feedback mechanism needs to be designed to enable reliable unicast direct communication between a UE-to-network relay and remote UEs.
Proposal 1: A physical layer or MAC layer ACK/NACK is employed to acknowledge whether a MAC PDU is successfully decoded.   

2.2. Resource allocation to ensure QoS for UE-to-network relay   
Direct communication over the PC5 interface has two directions as shown in Figure 2: UL (uplink) where a remote UE transmits packets to a relay, and DL (downlink) where a relay transmits packets to a remote UE. 


              Fig. 2. DL and UL transmissions between relay UE and remote UE

Mode 2 resource allocation should be employed for direct communication over the PC5 interface. The serving eNB usually configures D2D resource pools based on the cell traffic conditions that it observes itself. 
The eNB could have tighter control of resources allocated for D2D communication over the PC5 interface so that it can better support QoS requirement for the remote UE via a UE-to-network relay. The remote UE can send its buffer status report (BSR) to the relay UE so that UE-to-network relay has access to the buffer statuses of both DL and UL directions. The relay UE can also perform channel and interference environment measurements, and feed the results back to the eNB.  The serving eNB could use the feedback to better control the resource allocation to the remote UE via the relay to support QoS for the UL direction over the PC5 interface.


3. Priority of support for different groups 
In Release 12, both Mode 1 and Mode 2 resource allocation were specified for D2D communication. For Mode 1 resource allocaton for D2D direct communication, the eNB can allocate transmission resources for direct transmission according to the group priority, which is stored in the user database and retrieved by eNB during UE authentication. 
Mode 2 resource allocation would need to be enhanced  to differentiate different resource pools for direct communication for different groups with different priorities. In Release 12, A D2D UE selects transmission resources for direct communication with equal opportunity based on the configured resource pool. RAN1 agreed to support up to 4 resource pools to be configured/preconfigured by the network.  However, there is no RRC signaling to distinguish resource pools for different priorities.  For enhancement, different access probabilities can be employed for different groups of different priorities. Access probability is either configured by the eNB or preconfigured. A UE opportunistically transmits direct data through the sidelink according to the access probability. The larger the access probability is, the more transmission opportunities the UE has. The access probability corresponds to the priority of its destination group.
The enhancement to provide priority to different groups can also apply to unicast communication between UE-to-network relay and remote UEs. Hence better QoS support can be achieved for UE-to-network relay.
Proposal 2: For Mode 2 D2D communication, enhancement is needed to differentiate direct communication for different groups with different priorities.

4. Conclusions
In this contribution, we discuss enhancements needed to support UE-to-network relay to provide coverage extension, and then discuss mechanism to provide priority support for different groups.  
We make the following observation and proposals:
Observation 1: A fast ACK/NACK feedback mechanism needs to be designed to enable reliable unicast direct communication between a UE-to-network relay and remote UEs.
Proposal 1: A physical layer or MAC layer ACK/NACK is employed to acknowledgement whether a MAC PDU is successfully decoded.   
[bookmark: _GoBack]Proposal 2: For Mode 2 D2D communication, enhancement is needed to differentiate direct communication for different groups with different priorities.
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