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1 Introduction
At RAN1 #74 meeting, the highest priority was given to D2D Communication as captured in [1] according to RAN #60: Focus on broadcast D2D communication for the public safety use case, on the understanding that that basic groupcast and relay functionality (for network-UE relay case) is supported by broadcast D2D communication.
Some conclusions on the D2D communication were reached [2], and will be considered at this meeting:
· Method for scheduling / resource allocation

· Out of network coverage, are all transmissions contention based, or are some scheduled (i.e. such that resource collisions are not possible within an area within which transmissions interfere with each other)? 

· Under network coverage, are at least some of the D2D link transmissions scheduled?

· Whether any closed loop physical layer feedback is used, and if so, what (e.g. for support of HARQ, power control etc)

· Agreement: Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used; can be revisited if significant benefits of introducing some such feedback are shown. 

· Physical channel design: 

· Signal structure based on existing LTE signals/channels?

· If based on existing LTE signals/channels,

· is the D2D link based on existing UL signal structure and/or DL signal structure? 

At RAN#61, focus on the priority 1-2-3 items in [3] was agreed for completion of public safety use cases for ProSe and GCSE work in Release 12. RAN is studying a single mechanism that would support broadcast-, group- and 1:1 communication, implemented by a broadcast mechanism at the physical layer [4].
In this contribution, some issues in relation to supporting broadcast D2D mechanism only at the physical layer are investigated. In particular, we explain how HARQ can improve broadcast performance.
2 Broadcast D2D Transmissions and Receptions in Physical Layer
2.1 HARQ for Broadcast D2D Communication
HARQ is viewed as a significant functionality of a wireless system in that it can considerably improve the spectral efficiency from the system point of view. 
In case of broadcast communication, the transmitter should meet the requirement of the UEs with worst channel conditions in the broadcast group. This often leads to quite low spectral efficiency. One way HARQ is beneficial for broadcast communication is that the UEs of higher channel quality can terminate their reception early after correctly receiving a packet to save the receiver processing power. Furthermore, this can be used to perform link adaptation and to select a more aggressive MCS if all the UEs in the broadcast group perform early termination. Since the D2D broadcast packet should be transmitted in a MCS low enough to ensure the correct reception for the worst UE within the targeted coverage radius, there is excessive redundancy for the UEs close to the transmitter and an unnecessary system burden if every bit has to be transmitted at a time without HARQ. 
In case of real broadcast communication, there is no specific target UE because the transmitter may not have the complete knowledge of existence of the receivers. The goal of broadcast communication is to cover UEs with worst channel conditions within the intended coverage distance which can simply be interpreted to a SNR/CQI threshold. The communication is successfully performed as long as the defined lowest SNR can be supported. Acknowledgement may not be needed if a targeted low SNR/CQI and a targeted low BLER is set, because the transmitter can just repeat transmitting until the max retransmission/repetition number corresponding to the targeted coverage/SNR is reached. 
If HARQ is adopted for D2D broadcast communication, the receiver may have no knowledge of the transmitter as analysed in section 2.1, then the combination of multiple transmissions of one packet may be a problem. One solution could be to link HARQ instance to the resources in time domain as shown in Figure 1. The A/N resources are sent out on resources allocated to each receiver, either grouped or separated.
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Figure 1. An example of linking HARQ instances to time resources
A receiver can just blindly combine the data packets according to the subframe number without knowing the source of the packet. For example, a UE will combine the receptions of subframes belonging to one HARQ instance. In this case, an NDI is needed to indicate the receiver to combine current copy with previous ones or empty the buffer.
Proposal 1: HARQ should be supported in case of broadcast D2D communication, and HARQ instances should be linked to time resources to enable the blind combination of HARQ (re)transmissions.
A single physical layer broadcast D2D mechanism may support broadcast-, group- and 1:1 communication, here for simplicity and analysis, we classify the communications into real broadcast communications and non-broadcast communications (group- and 1:1 communication) supported by physical layer broadcast D2D mechanism. 
For group- and 1:1 communication supported by physical layer broadcast D2D mechanism, there would be waste of resources and transmit power if the transmitter is restricted to use a very low MCS for receivers are likely closer to the transmitter. Therefore, some form of link adaptation and HARQ may be necessary to ensure that every UE in a pair or a group receives efficiently and correctly. According to the agreement of last RAN1 meeting, the baseline is no closed loop physical layer feedback, in this case, A/N can play a part in channel quality acquisition. For example, select a higher MCS, increase it further if every UE involved feeds back ACK after one transmission. This would be efficient especially for a fairly small group. For instance, assume that 16-QAM R=1/3 can be supported for the broadcast. This is a relatively common case for UEs close to each other, and could certainly be a frequent occurrence for first responders. With HARQ, 16-QAM R=1/3 can be used. Without HARQ, the broadcast UE would have to choose a much more conservative MCS (e.g., QPSK R=1/8). Higher MCS provides a gain of more than 5x. Aside of the obvious link efficiency benefits, this also results in: reduced power consumption, faster transmission time, etc.
In case of the non-broadcast communication (group- and 1:1 communication) supported by physical layer broadcast D2D mechanism: 
· if the UEs in a pair or group have known the existence of each other through discovery procedure, the targeted UE(s) is the UE(s) with worst channel quality. Like the worst UEs in the broadcast communication, it seems also a matter of setting a targeted SNR and a related BLER. The channel condition of the link between the transmitter and the targeted UEs may be time-varying due to environment change or UE mobility, the once viewed as acceptable/reliable channel after discovery could experience deeper/better fading which may lead to reception failure or unnecessary transmission redundancy. In this case, A/N may be needed to notify the transmitter for more retransmissions/repetitions or for early termination of transmission. 
· if a transmitter does not know the channel conditions of the receivers (without discovery), it has to transmit assuming the worst channel condition, which in most cases could lead to unnecessary waste of resources and power since the targeted UE(s) has much lower probability of locating at the farthest coverage edge than otherwise. In this case, A/N can be fed back to terminate the transmission much earlier so as to save resources and transmit power. 
Note that one benefit of A/N feedback is that it could implicitly convey the channel quality decrease/increase to the transmitter for MCS and transmit power adjustment as mentioned before.
Proposal 2: A/N Feedback is used for performing link adaption for broadcast D2D communication.
3 Conclusion
Based on the discussion about the D2D communication supported by broadcast D2D mechanism on transmitter identity and HARQ, the following proposals are provided:

Proposal 1: HARQ should be supported in case of broadcast D2D communication, and HARQ instances should be linked to time resources to enable the blind combination of HARQ (re)transmissions.
Proposal 2: A/N Feedback is used for performing link adaption for broadcast D2D communication 
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