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1 Introduction

Multiplexing D2D and cellular communication from an individual UE perspective was discussed during RAN1#75 [1] and the following agreements were made. 
· FDM shall not be used for multiplexing D2D signal and cellular signal from individual UE perspective on a given carrier.
· From individual UE perspective, on a given carrier D2D signal reception and cellular UL transmission do not use full duplex
According to the above agreements, TDM is the only approach that can be used to multiplex D2D and cellular signals from an individual UE perspective. As comprehensively explained in our previous submission to RAN1#75 [2], when D2D and cellular signals are TDMed at a D2D-UE careful consideration of various issues such as intra-UE collision, inter-UE interference and TX-RX/RX-TX switching is required in designing D2D subframes. 

In this contribution we re-emphasize the issues analysed in [2] and provide recommendations for D2D subframe design.

2 Discussion
In case of Intra-cell D2D operation, all D2D UEs are in a cell served by a single eNB and the cell may be operating either in FDD or TDD modes. On the other hand, D2D UEs may be scattered across two cells each of which may be served by a separate eNB, i.e. inter-cell D2D operation,  and in this case,  the D2D UEs may form a system of FDD-FDD, TDD-TDD or FDD-TDD.
In our previous contribution to RAN1#75 [2], we considered some carefully selected scenarios for timing analysis to show the worst case intra-UE collision and inter-UE interference arise due to time division multiplexing of D2D and cellular signals in cellular UL resources. The analysis revealed four different D2D subframe types, shown in Figure 1 to Figure 4, which may be selected by D2D-UE transmitter and implicitly understood by D2D-UE receiver based on immediately prior and following subframe usage.
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Figure 1: Subframe Type 1
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Figure 2: Subframe Type 2
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Figure 3: Subframe Type 3
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Figure 4: Subframe Type 4
Accordingly, Table 1 and Table 2 categorise the subframe types that may be required to eliminate intra-UE collisions and inter-UE interference, and to facilitate TX-RX/RX-TX switching in the intra-cell D2D operation and inter-cell D2D operation, respectively.
Table 1: Subframe Types for intra-cell D2D Operation
	Subframe Type 

	Application

	Type1: No guard period at the start or end
	· Immediately prior subframe is a TDD special subframe or a D2D subframe with the same connection, AND

· Immediately following subframe is a TDD DL subframe or D2D subframe with the same transmission direction.

	Type2: Guard period only at the end
	· Immediately prior subframe is a TDD special subframe or D2D subframe with the same connection, AND

· Immediately following subframe is a TDD UL subframe or D2D subframe with the same connection with opposite transmission direction.

	Type3: Guard period only at the start
	· Immediately prior subframe is UL subframe, AND
· Immediately following subframe is either D2D subframe of the same connection with same transmission direction or TDD DL subframe.

	Type4: Guard period at the start and end
	· Immediately prior subframe is UL subframe , AND

· Immediately following subframe is either D2D subframe of the same connection with opposite transmission direction or D2D subframe of other connection or UL subframe.


Table 2: Subframe Types for inter-cell D2D Operation
	Subframe Type

	Application

	Type1: No guard period at the start or end
	· Immediately prior subframe is D2D subframe, AND

· Immediately following subframe is D2D subframe of the same connection with same transmission direction.

	Type2: Guard period only at the end
	· Immediately prior subframe is D2D subframe, AND

· Immediately following subframe is either D2D subframe of the same connection with opposite transmission direction or D2D subframe of other connection or UL subframe. 

	Type3: Guard period only at the start
	· Immediately prior subframe is UL subframe, AND

· Immediately following subframe is D2D subframe of the same connection with same transmission direction.

	Type4: Guard period at the start and end
	· Immediately prior subframe is UL subframe, AND

· Immediately following subframe is D2D subframe of the same connection with opposite transmission direction, or D2D subframe of other connection, or UL subframe.


Proposal 1: To consider subframe types listed in Table 1 when designing D2D subframes for multiplexing D2D and cellular signals in intra-cell D2D operation in TDD and FDD systems.

Proposal 2: To consider subframe types listed in Table 2 when designing D2D subframes for multiplexing D2D and cellular signals in inter-cell D2D operation in FDD-FDD, TDD-TDD, FDD-TDD and TDD-FDD systems.

Proposal 3: The size of the guard periods required at the start and end of the above subframes are FFS.
3 Conclusion
This contribution aimed for re-emphasising the issues analysed in [2] with reference to D2D subframe design when D2D and cellular signals are TDMed in UL cellular resources of FDD and TDD systems. Based on the analysis presented in [2], following proposals are made.

Proposal 1: To consider subframe types listed in Table 1 when designing D2D subframes for multiplexing D2D and cellular signals in intra-cell D2D operation in TDD and FDD systems.

Proposal 2: To consider subframe types listed in Table 2 when designing D2D subframes for multiplexing D2D and cellular signals in inter-cell D2D operation in FDD-FDD, TDD-TDD, FDD-TDD and TDD-FDD systems.

Proposal 3: The size of the guard periods required at the start and end of the above subframes are FFS.
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