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1. Introduction

In RAN1 #74bis meeting, the physical channel design aspects for D2D communication were discussed, and the following working assumptions were given in [1]:
Working Assumption:

· PUSCH structure is reused for D2D data communication physical channel, including:

· 24 bit CRC is inserted

· Turbo coding is used

· Rate matching is used for bit size matching and possibly for generating multiple transmissions.

· Scrambling is to be used for interference randomization.

· PUSCH DMRS is transmitted

· Possible additional RS is FFS

· Possible modifications to interleaver FFS

· CP length FFS

· Detailed RE mapping FFS

· Guard period details FFS

In this contribution, we further discuss the transmission scheme of D2D data communication channel with consideration of in-band emission and transmission coverage.
2. Discussion
2.1. Multiplexing of D2D link
Considering that D2D communication needs to support large coverage, narrow band transmission is likely to be used for data channel. In this case, FDM manner among data channel would be beneficial for resource efficiency especially in VoIP traffic type. Though FDM manner would result in other issues such as in-band emission and Tx-Rx issue in the same subframe, some solutions can be considered to reasonably solve these issues.
Proposal 1: Data channel transmission should support FDM manner.
2.2. In-band emission
If data channels from different UEs are multiplexed in FDM manner, the strong in-band emission due to “near-far” effect needs to be considered. In[2], the CDF of delta_pathloss at the receiving side, which is defined as the pathloss difference from different transmitter to the receiver, is evaluated by system simulation to analyze the impact of in-band emission. The simulation result is shown in Figure 1.
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Figure 1: CDF of Delta pathloss
In evaluation scenario option 5 with 100% outdoor UEs, and all the UEs are uniformly dropped. There are almost 80% delta_pathloss within the range of 30dB. For the remaining 20% communication links with delta_pathloss larger than 30dB, half of the D2D UEs will be impacted by in-band emission. The proportion of failure link (10%) due to in-band emission cannot be ignored. A mechanism is needed to avoid or alleviate the “near-far” effect in FDM manner.
Additionally, the resource used for D2D broadcast communication is mainly determined by resource election in contention based or scheduling based manner. In contention based manner, it will be difficult for Tx UE itself to avoid the “near-far” effect at Rx UE side. In [3], a sub-channel access method is given in which each Tx UE transmits on the selected sub-channel for x fraction of the time. It is expected to alleviate in-band emission in a blind manner by random on/off transmission mechanism, i.e. Tx UEs transmit communication data \in “on” subframes only so that in-band emission from this certain UE’s transmission would not impact every receiving subframe at receiver. An example of on/off pattern can be seen in Figure 2.
Proposal 2: In order to alleviate the impact of in-band emission, on/off transmission mechanism should be adopted in data channel.
2.3. D2D communication coverage
According to the email discussion [75-16] after RAN1#75 meeting, the working assumption for  D2D communication RSRP threshold includes two options: -112dBm/-107dBm. Based on these two values, the link threshold for different subband sizes is shown in Table 1 (only noise is considered).
Table 1: Link threshold for different subband sizes
	Subband Size (in PRB-pairs)
	-112dBm
	-107dBm

	N=2
	-2.56 dB
	2.44 dB

	N=3
	-4.32 dB
	0.68 dB

	N=4
	-5.57 dB
	-0.57 dB


Since there is not conclusion on contents of control channel, analysis is only given with data payload. In TR 36.843[4], the parameters for the traffic model of VoIP for D2D evaluation are defined as in Table 2.
Table 2: parameters for VoIP traffic
	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 modeled

	Outage definition
	2% (may be revisited later)


According to the payload in the table, the coding rate corresponding to different subband sizes is listed in Table 3 assuming QPSK modulation, one-symbol GP in each subframe, and 24 CRC bits. If more symbols, e.g. 2 symbols, are needed for GP (possible considering AGC), the coding rate will be higher.
Table 3: Coding rate for different subband sizes
	Subband Size (in PRB-pairs)
	Coding Rate for 328bits
	Coding Rate for 560bits

	N=2
	0.67
	-

	N=3
	0.45
	0.74

	N=4
	0.34
	0.55


Even considering the case with the lowest coding rate (N=4, QPSK, 0.34), the detection SINR would be higher than 0dB for BLER=0.05 and 0.01, which is higher than the link threshold in Table 1 especially for RSRP threshold of -112dBm. Considering that interference is hard to be avoided during communication, the actual required SINR should be larger than those in Table 1. In this case, bundling among multiple subframes for the same message should be considered in D2D communication 
 Proposal 3: TTI bundling-like mechanism shall be applied to data channel transmission in D2D communication.
2.4. Transmission mechanism of D2D data channel
With on/off transmission mechanism and data bundling, data channel would be retransmitted in multiple “ON” subframes in the transmission window for a certain Tx UE. If the receiving UE has no information which subframes are “ON” and which are “OFF”, it may need to detect each subframe in the transmission window, leading to high detection complexity. Furthermore, the receiver cannot perform combination of soft bits in bundling subframes to obtain additional combination gain as that in the HARQ process in LTE. Hence, it would be beneficial to indicate the on/off pattern of bundling subframes to receiving UE by control channel as shown in Figure 2. Some on/off patterns can be predefined and one of the patterns can be determined by the Tx UE. To reduce the signaling overhead in control channel, this pattern information can be implicitly indicated by control information, e.g. the transmission ID of Tx UE, or the ID of DMRS sequence/data scrambling informed in control channel.
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Figure 2: on/off bundling pattern for data channel transmission of D2D communication
Proposal 4: The on/off bundling pattern is implicitly carried by control channel for receiving UEs to perform soft combination in the bundling subframes. 
3. Conclusion 
In this contribution, we discuss the physical channel design for D2D communication with the following proposals: 
Proposal 1: Data channel transmission should support FDM manner.
Proposal 2: In order to alleviate the impact of in-band emission, on/off transmission mechanism should be adopted in data channel.
Proposal 3: TTI bundling-like mechanism shall be applied to data channel transmission in D2D communication.
Proposal 4: The on/off bundling pattern is implicitly carried by control channel for receiving UEs to perform soft combination in the bundling subframes.
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