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1. Introduction

In RAN1 #76 meeting, the physical channel design aspects for D2D communication were discussed, and the following conclusion and working assumption were made [1]:
Conclusion:

A means (explicit or implicit) is needed for a receiving UE to identify which D2D data transmissions can be combined. 

Study further until RAN1#76bis how to implement the means for a receiving UE to identify which D2D data transmissions can be combined.

Working assumption:

· Blind D2D data communication transport block retransmissions are supported

In this contribution, we discuss the transmission mechanism of D2D data channel with consideration of in-band emission, and then discuss the soft combination of D2D data channel. We prefer to use random ON/OFF pattern for transmission to alleviate the impacts of in-band emission, and the pattern shall be indicated in D2D control channel to aid the soft combination of D2D data channel.
2. Discussion
2.1. In-band emission
For Public Safety use cases, VoIP traffic need be supported with highest priority which requires narrow band transmission to improve resource efficiency. Then D2D channels should at least be multiplexed in FDM manner. If D2D data channels from different UEs are multiplexed in FDM manner, the strong in-band emission due to “near-far” effect needs to be considered. Additionally, the resource used for D2D broadcast communication is determined by Tx UE in mode 2. It will be difficult for Tx UE itself to avoid the “near-far” effect at Rx UE side. In [2], a sub-channel access method is given. 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 and keep silence in “OFF” subframes. With this ON/OFF transmission mechanism, the in-band emission from a certain UE’s transmission would not impact every receiving subframe at receiver. 
Proposal 1: In order to alleviate the impact of in-band emission, ON/OFF transmission mechanism should be adopted in data channel.
2.2. Transmission mechanism of D2D data channel
Two D2D data transmission methods through system simulation are compared to see which of the following one is more effective in alleviating impacts of in-band emission.
· Option 1: Orthogonal sub-channel manner
In a transmission window, each sub-channel is orthogonal with other sub-channel in time domain. As shown in Figure 1-a, the transmission window size is 8 subframe, and the bundling size is 4, then there are 2 orthogonal sub-channels. If the number of Tx UEs in a transmission window is larger than 2, a Tx UE will inevitably collide with another Tx UE in every transmission subframe. 
· Option 2: Random ON/OFF pattern manner
In a transmission window, a Tx UE randomly select N subframe(where N is less than the transmission window size, and N is also configured or predefined) to transmit data, then the interference due to in-band emission may be randomized since the ON/OFF pattern may not fully collide.  As shown in Figure 1-b, when the transmission window size is 8 subframes, and the bundling size is 4, there are 70 ON/OFF patterns.
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Figure 1: Two D2D data transmission methods
Simulation assumption is shown in appendix A, and simulation results are shown in Figures 2~4. We can observe that random ON/OFF pattern shows significant performance gain over orthogonal sub-channel manner in outdoor hotpot and outdoor uniform scenarios, while performance gain in indoor-outdoor mixture scenario is marginal.

In indoor-outdoor mixture scenario, the Tx UE will be dropped inside a building with high probability, and then, the number of Tx UEs associated with a certain Rx UE is small due to the penetration loss. Thus, the impact of in-band emission is marginal.
Therefore, we have following observation: 

Observation：Compared with orthogonal sub-channel method, random ON/OFF pattern is more effective to alleviate the impacts of in-band emission.
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Figure 2: Indoor-outdoor mixture
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Figure 3: Outdoor hotpot
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Figure 4: Outdoor uniform 

2.3. Soft combination for D2D data channel
With Random ON/OFF pattern transmission mechanism and data bundling, data packet would be retransmitted in multiple “ON” subframes in the transmission window for a certain Tx UE. If the receiving UE has no knowledge about the status of each subframe, 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 bundled subframes to obtain 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 5. Some ON/OFF patterns can be predefined and one of the patterns can be selected by the Tx UE. This pattern information can be explicit indicated in control information. Further considering signaling overhead reduction in control channel, the 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 5: ON/OFF bundling pattern for data channel transmission of D2D communication
Proposal 2: The ON/OFF bundling pattern is carried by control channel for receiving UEs to perform soft combination of the bundling subframes. 

3. Conclusion 
In this contribution, we discuss the ON/OFF transmission mechanism for D2D data transmission, and evaluate orthogonal sub-channel and random ON/OFF pattern methods through system simulation. Particularly, we have the following proposals and observation: 
Proposal 1: In order to alleviate the impact of in-band emission, ON/OFF transmission mechanism should be adopted in data channel.
Proposal 2: The ON/OFF bundling pattern is implicitly carried by control channel for receiving UEs to perform soft combination in the bundling subframes.

Observation: Compared with orthogonal sub-channel method, random ON/OFF pattern is more effective to alleviate the impacts of in-band emission.
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Appendix A: Simulation Assumptions
Table 1: Simulation Assumptions

	Parameters
	Assumptions

	Layout
	Option 5 (ISD = 1732m) 

1) Outdoor uniform
2) Outdoor hotspot
3) Indoor-outdoor mixture

	Carrier frequency
	700MHz

	System bandwidth
	44 PRB

	Transmission BW (RBs)
	4

	Packet size including CRC (bits)
	352 

	Modulation/coding
	QPSK/Turbo

	Number of symbols/Transmissions
	14 

	Number of reference symbols
	2 

	Tx Power (dBm)
	23.0 

	Num HARQ transmissions
	4 

	Number of TX/cell
	1) 3/ cell

2) 9/ cell 

	Frequency Diversity (across transmissions)
	No

	Time Diversity (across transmissions)
	Yes

	Resource allocation method
	Minmum energy

	Transmission ON/OFF pattern
	1) Orthogonal ON/OFF pattern

2) Random ON/OFF pattern

	IBE model
	{3,6,3,3}

	RSRP threshold(dBm)
	-112
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