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1 Introduction

During RAN1#75 [1], following agreements were made on multiplexing D2D communication and cellular communication from an individual D2D UE perspective.

· 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
In our previous submissions [2][3], we discussed issues that can arise when multiplexing cellular and D2D signals (from an individual UE perspective) in FDD and TDD systems, and outlined possible approaches to overcome those issues. In this contribution we provide proposals for D2D and cellular resource multiplexing configurations and resource allocation signalling that should be considered in 3GPP. 
2 Discussion
According to the current agreements, FDM approach cannot be used for multiplexing cellular signal and D2D signal from individual D2D UE perspective. This leaves TDM the only approach to achieve D2D and cellular signal multiplexing in an individual D2D UE. When using TDM for multiplexing D2D and cellular signals, there exist many resource multiplexing possibilities in TDD and FDD systems. Moreover, there can be different restrictions when allocating cellular resources for D2D. In this contribution, we consider those restrictions in TDD and FDD systems and propose different resource multiplexing patterns, which are called ‘resource masks’ that can accommodate all resource multiplexing possibilities.  

The purpose of resource mask is to define subframe level resource multiplexing patterns by allocating fixed resources/subframes that can be used only for cellular/WAN communication and flexible resources/subframes that can be used for both cellular/WAN and D2D communication. Each resource mask may span LTE radio frame duration. Since certain resources within the radio frame are fixed for cellular communication and cannot be used for D2D communication, signalling overhead can be reduced by not explicitly indicating resource allocations for those resources that are fixed for cellular communication. 
Following sections present the proposed multiplexing patterns and possible signalling methods. 
2.1 Resource multiplexing patterns for TDD systems

Figure 1 illustrates two resource multiplexing masks for TDD systems. Mask A in Figure 1(a) has first three subframes fixed for cellular communication and the remaining seven subframes made flexible for cellular/D2D communication. With this resource mask, resource allocation for D2D can be signalled using a bitmap of seven bits to indicate allocation for seven flexible subframes. Further, this mask covers all seven UL/DL configurations and ensures the ability to use reference UL/DL configurations for HARQ-ACK timing. 
Mask B in Figure 1(b) further fix subframe 5 and 6 for cellular communication. This is to make sure that the D2D UE always receives PSS, SSS and paging channels transmitted in cellular DL. This results in further reduced bitmap of five bits to signal resource allocation for D2D. 
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Figure 1: Resource multiplexing patterns for TDD (a) Mask A (b) Mask B
Proposal 1: Consider Resource multiplexing patterns; resource masks, and associated bitmaps illustrated in Figure 1 for cellular and D2D resource multiplexing configuration in TDD systems. 
2.2 Resource multiplexing patterns for FDD systems
Figure 2 illustrates two resource multiplexing masks for FDD systems. Mask C in Figure 2(a) has subframes 0 and 5 fixed for cellular communication while other eight subframes can be flexibly allocated for D2D/cellular communication. D2D resource allocation within the flexible subframes can be signalled using a bitmap of 8 bits as shown in Figure 2(a). In LTE FDD systems DL subframes 0 and 5 carry important signals such as PSS and SSS. On one hand, if these subframes in DL spectrum are allocated for D2D communication, the D2D-UEs involve in that communication may fail to maintain synchronisation with the system. On the other hand, if these subframes in UL spectrum are allocated for D2D communication, there may be severe in-device interference at receiving D2D UEs who simultaneously receive cellular DL and D2D signals in UL spectrum in which case the important system information would be interfered by D2D reception. Further, if the D2D UEs have only one receiver, simultaneous reception of D2D and cellular DL is not possible; therefore, D2D should be avoided in subframe 0 and 5 in order to give priority to DL reception. Thus, it is desirable to exclude D2D transmission on UL subframes those align with the DL subframes carrying important system information such as PSS, SSS, MIB and SIB.
Another resource mask, Mask D can be obtained by further fixing subframes 4 and 9 for cellular communication as shown in Figure 2(b). This resource mask requires a bitmap of only six bits to signal resource allocations for D2D. In a LTE FDD system, apart from DL subframes 0 and 5 being used for PSS, SSS and paging, DL subframes 4 and 9 are also used for paging channel transmission. Due to the same reasons as above, it is desirable to exclude D2D transmission on UL subframes those align with the DL subframes carrying paging messages as well.
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Figure 2: Resource multiplexing patterns for FDD (a) Mask C (b) Mask D
Proposal 2: Consider Resource masks and associated bitmaps illustrated in Figure 2 for cellular and D2D resource multiplexing configuration in FDD systems. 

3 Conclusion

This contribution proposed methods for D2D and cellular resource multiplexing configuration. In particular, four possible resource masks and associated bitmaps for resource allocation signalling for TDD and FDD systems were presented. Accordingly, following recommendations are made.

Proposal 1: Consider Resource multiplexing patterns; resource masks, and associated bitmaps illustrated in Figure 1 for cellular and D2D resource multiplexing configuration in TDD systems. 

Proposal 2: Consider Resource masks and associated bitmaps illustrated in Figure 2 for cellular and D2D resource multiplexing configuration in FDD systems. 
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