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1. Introduction
For Release 12, the highest priority for standardization of D2D direct communication is given to broadcast communication for the public safety (PS) use case in the out-of-coverage scenario. In RAN1#74bis, physical channel design for D2D communication [1] was discussed. However, the detailed design of many relevant issues is left for further study and discussion.  
In this contribution, we discuss the link level performance and link budget for D2D broadcast communication, and then provide some relevant simulation results. Lastly we discuss the placement of synchronization signals to facilitate the training of receiver AGC. 
2. Discussion

2.1. Physical channel design for D2D broadcast 
The working assumption was made in RAN1#74bis [1] that the D2D physical data channel is based on the PUSCH, reusing its structure. D2D communication should reuse the LTE frame structure to be compatible with LTE WAN access. Radio resources are partitioned in time and frequency with the minimum resource allocation unit being a PRB pair.  
Since the primary application for public safety is group communication, the resource allocation for D2D transmissions should be based on the size of VoIP packets, which have a 328 bit payload with RoHC, with an inter-arrival time of 20 ms. However, the channel design should also be suitable to carry other types of traffic, including discovery traffic. 

Link level methods 
It was agreed through email discussions after RAN1#75 meeting that two RSRP thresholds are considered as the working assumption for simulation of D2D communication: -112dBm and -107dBm. They are treated as the receiver reference sensitivity in the link budget. The simulation results provided in the following performance evaluation section shows that the -112dBm RSRP threshold requirement is quite challenging to meet. 
Hence to provide adequate range of D2D broadcast communication, we need to consider some methods to increase link level performance. The potential methods include:  

· Retransmissions - For D2D broadcast communication without closed-loop feedback, autonomous retransmissions could allow more transmission energy to be accumulated.  Retransmissions of the same redundancy version, e.g. RV0, would allow receiving UEs to perform Chase combining, while a fixed sequence of different RVs would enable IR gain to be achieved. 
· Time diversity – Since the tolerable delay for a VoIP packet in D2D is as long as 200 ms, retransmissions can be significantly spread out in time to achieve time diversity.
· Frequency hopping –Retransmissions can also be spread out in the frequency domain to achieve frequency diversity if the allocated/preconfigured bandwidth for D2D broadcast communication is large enough. 
The frequency hopping pattern needs to be as simple as possible to simplify the detection of broadcast packets, while avoiding collisions. The existing PUSCH frequency hopping mechanisms could be reused within the D2D transmission bandwidth.
· TTI bundling – If the blind retransmissions of packets from a UE are bundled together in adjacent subframes as shown in Figure 1, joint channel estimation across multiple sub-frames can provide some gain, and it also helps to avoid the need for frequent updates of AGC. 
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Fig.1 TTI bundling
To further improve link level performance, multiple consecutive VoIP packets from a broadcast UE can also be bundled together as shown in Figure 2. Joint channel estimation across multiple sub-frames can be employed for decoding of consecutive packets. It keeps the benefits of TTI bundling and achieves extra diversity gain.  
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Fig.2 Enhanced TTI bundling 
Different methods can be combined to improve link level performance for D2D broadcast communication. 

Link budget
The SINR requirement for a link level transmission scheme can be calculated using the following formula:

               REFSENS = kTB + NF + SINR 
where REFSENS represents the receiver reference sensitivity, kTB is the thermal noise in the specified bandwidth (B), and NF is the noise figure for the receiver.  The receiver reference sensitivity is specified as -112dBm/-107dBm for D2D broadcast communication. The parameter values are listed in Table 1. 
                                      Table 1 Link budget parameter
	Parameter
	Value

	Thermal noise density 
	-174 dBm/Hz

	Receiver noise figure 
	9 dB

	Transmission bandwidth B
	180000xRBs (Hz)

	REFSENS
	-112/-107 (dBm)

	RBs
	2RBs / 3RBs


If 2 PRBs per subframe are used per broadcast data channel, the SNR requirements are -2.6dB / 2.4dB for -112dBm/-107dBm REFSENS respectively. If 3 PRBs are used, the SNR requirements are -4.3dB / 0.7dB for -112dBm/-107dBm REFSENS respectively.
Performance evaluation 
We perform link level simulations to evaluate the methods discussed above including retransmissions, time diversity, frequency hopping, bundling and their combinations. The other simulation parameters are listed in Table 2 in the appendix.   
For retransmissions, packets are retransmitted in consecutive sub-frames. For TTI bundling, two packets are bundled together with joint channel estimation across sub-frames applied for decoding of packets. For time diversity, retransmissions of packets are spread out over 180ms. For frequency hopping, the overall D2D transmission bandwidth (48 PRBs) is divided into 4 sub-bands with each sub-band consisting of 12 PRBs, with a hop size of 1 sub-band. 
Figure 3 and Figure 4 provide the link level performance for 2 PRB / 3 PRB broadcast data channels with the total transmissions for a VoIP packet set as 4. Different methods and their combinations are evaluated. The target BLER requirement is set to be 2% to guarantee QoS for VoIP. 
The simulation results show substantial performance improvement provided by time diversity, frequency hopping and TTI bundling. For 2 PRB broadcast data channel, three combination schemes including enhanced TTI bundling, time diversity, frequency hopping, and TTI bundling with time diversity can satisfy the SINR requirement for -107dBm receiver reference sensitivity. For 3 PRB broadcast data channel, one extra scheme (time diversity alone) can also satisfy the SINR requirement for -107dBm receiver reference sensitivity.
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Fig.3 Link level performance for 2 RB broadcast data channels with 4 transmissions
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Fig.4 Link level performance for 3 RB broadcast data channels with 4 transmissions
Figure 5 and Figure 6 provide the link level performance for 2 PRB / 3 PRB broadcast data channels with the total transmissions for a VoIP packet set as 8. Similarly, simulation results show substantial performance improvement provided by time diversity, frequency hopping and TTI bundling. For both 2 PRB and 3 PRB broadcast data channel, enhanced TTI bundling with time diversity and frequency hopping can satisfy the SINR requirement for -112dBm receiver reference sensitivity.
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Fig.5 Link level performance for 2 RB broadcast data channels with 8 transmissions
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Fig.6 Link level performance for 3 RB broadcast data channels with 8 transmissions

Observation 1: 4 transmissions of a VoIP packet are sufficient for the link level performance to satisfy the SINR requirement for -107dBm receiver reference sensitivity. 

8 or more transmissions of a VoIP packet are needed to make the link level performance satisfy the SINR requirement for -112dBm receiver reference sensitivity. 

Proposal 1: Time diversity, frequency hopping, TTI bundling and their combinations should be considered to improve link level performance for D2D broadcast communication. 
Synchronization signal for AGC training 
To facilitate the reuse of synchronization signals for AGC training, synchronization signals are preferred to be allocated at fixed preconfigured radio resources [3] in each sub-frame as illustrated in Figure 7. Hence synchronization signals can serve multiple purposes: synchronization, acting as discovery signature, and for training AGC at receivers. The transmission of relevant synchronization signals should be started before the transmission of broadcast packets so that receiver AGC becomes stable for effective detection of broadcast packets.  
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Fig.7 Synchronization signals for AGC training 

Proposal 2: Synchronization signals are allocated at fixed preconfigured radio resources in each sub-frame for AGC training.
3. Conclusions

In this contribution, we discuss and evaluate the potential methods to achieve sufficient link level performance for D2D broadcast communication, and discuss the placement of synchronization signals to facilitate the training of receiver AGC. 
We make the following observations and proposals:

Observation 1: 4 transmissions of a VoIP packet are sufficient for the link level performance to satisfy the SINR requirement for -107dBm receiver reference sensitivity. 

8 or more transmissions of a VoIP packet are needed to make the link level performance satisfy the SINR requirement for -112dBm receiver reference sensitivity. 

Proposal 1: Time diversity, frequency hopping, TTI bundling and their combinations should be considered to improve link level performance for D2D broadcast communication. 
Proposal 2: Synchronization signals are allocated at fixed preconfigured radio resources in each sub-frame for AGC training.
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Appendix
Table 2 Link level simulation parameters 
	Parameter
	Value

	Carrier frequency
	700 MHz

	System BW
	10MHz 

	Transmission scheme
	1 TX, 2 RX antennas

	Coding
	Turbo, autonomous retransmission with fixed RV0

	Modulation
	QPSK

	Transmission bandwidth
	2 RBs / 3RBs

	VoIP packet size
	328 bits

	CRC size
	24 bits
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