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1. Introduction
For release 12, the highest priority for standardization of D2D direct communication is broadcast communication for the public safety (PS) use case in both in-coverage and out-of-coverage scenarios. In RAN1#74bis, the physical channel design for D2D communication [1] was discussed and some working assumptions made. However, the detailed design of many relevant issues is left for further study.  
In this contribution, we provide our view on the remaining aspects of physical channel design for D2D broadcast communication, and introduce a broadcast scheme for in-coverage and out-of-coverage scenarios. We provide some relevant simulation results based on updated evaluation assumptions.
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. The remaining issues include:

· Rate matching for bit size matching and for generating multiple transmissions – for D2D broadcast communication without closed-loop feedback, autonomous retransmissions could achieve time diversity against fast fading and interference. Retransmissions of same redundancy versions, e.g. RV0, would allow receiving UEs to perform Chase combining correspondingly, while a fixed sequence of different RVs would enable IR gain to be achieved. 
· Bit-level scrambling – the aim is to randomize the interference.

· Reference signals – the RS should reuse the PUSCH DMRS. For PUSCH, two OFDM symbols are used as DMRS, which should be enough for channel estimation for D2D communication. 
· CP length – Normal CP should normally be long enough to accommodate the multipath channel spread seen for D2D channels. However, for D2D broadcast communication, a receiving UE can be associated with multiple transmitters with different propagation delays. Extended CP could be beneficial to reduce potential inter symbol interference. 

· Guard period - guard period is needed for TX-to-RX or RX-to-TX switch, AGC tuning time, and propagation delay. One choice of guard period is directly puncturing whole symbol(s) at transmitter or receiver, which reduces standardization effort. To further increase spectral efficiency, the use of a fractional symbol by only using even-numbered subcarriers [4] can also be considered.    
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 scheduling (resource allocation) unit being a PRB pair.  
Since the primary application for public safety is group communication, the resource partitioning for D2D multiple access should be based on the size of VoIP traffic. The detailed modeling of VoIP traffic [5] is provided in the appendix. VoIP traffic has a 328 bit payload with RoHC with inter-arrival time of 20 ms. Hence, the resource allocated for group communication should be periodic with 20 ms period. 
The time-frequency resources could therefore be partitioned in fixed units as shown in  Fig.2. One D2D communication channel therefore occupies a bandwidth of Nb PRBs in one subframe (i.e., Nb PRB-pairs). 
Fig.1 provides the link level performance for broadcast data channels with different resource allocation sizes, using QPSK and code rate 0.57 in two PRBs (correspondingly lower in larger resource allocations). A single transmission is assumed in these simulations. The simulation results show that 3 and 6 PRB pairs in a subframe are adequate for VoIP traffic for 20 ms and 40 ms periodic resource allocation, respectively. 
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Fig.1 Link level performance for broadcast channels with different sizes
In each broadcast block, a UE only chooses one broadcast mode D2D communication channel for transmission. A UE would first select a broadcast mode D2D communication channel from a subframe without other users after listening for a period of time to avoid interference caused by in-band emission. Otherwise, it selects an available broadcast mode D2D communication channel from the least crowded subframe. 
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Fig.2 Resource partitioning for D2D broadcast communication
Multiple broadcast blocks (Nr) can be concatenated in the time domain forming a broadcast sub-block (NF RBs x NT subframes).  In a broadcast sub-block, each UE uses the same radio resource location for transmission in each broadcast block.  Blind autonomous retransmissions are used. 
Partial muting could be used to enable UEs listening to those UEs with parallel transmissions within a subframe. In allocated periodic broadcast blocks, a UE would choose to mute with certain probability.
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Fig.3 partial muting to improve hearability of other UEs 
In summary, our proposals for the D2D broadcast data communication channel are as follows:

Proposal 1: A fixed sequence of RVs is used for the D2D data channel, using autonomous blind retransmission
Proposal 2: No additional RS are needed beyond PUSCH DM RS
Proposal 3: At least the normal CP is used. The possible need for the extended CP can be further discussed. 
Proposal 4: Radio resources for D2D communication are equally partitioned into units of Nb PRB pairs in a subframe. 
3. Evaluations 

D2D evaluation methodology and simulation parameters for D2D broadcast mode were agreed in RAN1#74. We perform system level simulations based on the agreed evaluation methodology.    Layout option 5 for public safety is evaluated. Both uniform and hot spot UE dropping are considered. 
In the option 5 layout, urban macro cell with ISD of 1732m is assumed. There are 32 UEs deployed in each cell. Three UEs are selected from these UEs to broadcast. Minimum association RSRP for D2D communication is -112dBm and the corresponding transmission power is 23dBm. 
Fig.4 and Fig. 5 show the CDFs of SINRs of all connections at associated receiving UEs for uniform and hotspot UE dropping respectively. Broadcast PHY period is 40ms, NF is 48 RBs, Nb is 6 RBs, and Np is 4 subframes. We use 0 dB SINR as the decoding threshold.The simulation results show that autonomous retransmissions with muting can substantially improve D2D broadcast performance. With autonomous retransmissions with muting, about 20% more connections out of all connections at associated receiving UEs succeed for both uniform layout and hotspot layout.  
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Fig. 4 System level performance of broadcast scheme for uniform layout 
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Fig. 5 System level performance of broadcast scheme for hotspot layout
Observation 1: Autonomous retransmissions with muting can substantially improve D2D broadcast performance. 
4. Conclusions

We make the following proposals:

Proposal 1: A fixed sequence of RVs is used for the D2D data channel, using autonomous blind retransmission
Proposal 2: No additional RS are needed beyond PUSCH DM RS
Proposal 3: At least the normal CP is used. The possible need for the extended CP can be further discussed. 
Proposal 4: Radio resources for D2D communication are equally partitioned into units of Nb PRB pairs in a subframe. 
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Appendix
VoIP traffic model for D2D broadcast 
	Parameter
	Value

	Codec 
	Source rate 12.2 kbps

	Encoder frame length
	20 ms

	Voice activity factor 
	75% 

	Talk spurt 
	Exponential distribution: 

mean = 2.5 seconds

	Voice payload per speech frame during active talk
	Baseline: With header compression 41 Bytes (328 bits)
Optional: Without header compression 70 Bytes (560 bits)

	SID payload
	Not modelled

	Outage definition
	2% (may be revisited later)


Simulation parameter list:
	scenario
	PS scenario

	Layout
	Option 5 

	Carrier frequency
	700 MHz

	System BW
	10MHz for FDD

	Network operation
	No eNBs enabled.

	UE mobility (only for channel models)
	60kmph

	Network deployment
	21 cells (7 sites, 3 sector/site), wrap around

	UE RF parameters
	TX power: 23dBm

1 TX, 2 RX antennas, antenna gain 0dBi, noise figure 9dB

	eNB RF parameters
	2 RX antennas, antenna gain 17dBi with 2D antenna pattern, noise figure 5dB

	UE dropping for all UE
	Layout option 5 with three suboptions
1/ Uniform suboption

2/ hotspot suboption

3/ outdoor indoor mix suboption



	Minimum distance between UE and eNodeB
	>=35m (except for Option 6 where it shall be 5m)

	Minimum distance between UEs
	>= 3m

	In-band emission
	According to R1-133978

	Fast fading channel 


	Outdoor to outdoor
	Outdoor to indoor
	Indoor to indoor

	
	ITU-R IMT UMi LOS and NLOS


	ITU-R IMT UMi O2I
	ITU-R IMT InH LOS and NLOS

	
	Note: symmetric angular parameters at TX/RX, and dual-mobility

	Path loss model
	O2O: Winner + B1 (Modified). 
	O2I: Winner+ B4 (Modified)
	I2I: InH (36.814) 

	LOS probability
	LOS probability from Winner II, i.e. Plos =min(18/d,1)*(1-exp(-d/36))+exp(-d/36)
	NA
	ITU-R IMT UMi (for InH)

	Shadowing
	7 dB log-normal
	7 dB log-normal
	LOS: 3 dB log-normal

NLOS: 4dB log-normal
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