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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 submission [2], 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. This contribution aims to further emphasise the concerns discussed in [2].
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 multiplexing in an individual D2D UE. Consequently, there exist different limitations when using TDM for multiplexing D2D and cellular signals for both FDD and TDD systems. Following sections discuss these limitations and provide recommendations that should be considered when designing D2D and cellular multiplexing methods.
2.1 FDD Systems
FDD systems operate in paired spectrum providing separate, simultaneous opportunities for cellular DL and UL transmissions. In FDD systems, any PDSCH transmission intended for a particular UE in DL subframe n is acknowledged by that UE in UL subframe n+4.  If this UL subframe n+4 is intended to be used by that particular UE for D2D transmission, a contention will arise for the UE because FDM could not be used for multiplexing cellular and D2D signals. This issue has already been discussed in previous contributions [3] and [4], and our view also aligns with most of them that this contention can be resolved either by eNodeB scheduler not scheduling PDSCH transmission on subframe n or by changing the existing PDSCH HARQ-ACK timing rule e.g. eNodeB configures a subset of UL subframes in which HARQ-ACK reports are allowed to be sent for PDSCH received in any DL subframe [5]. 

It is possible for an individual UE in FDD system to receive cellular DL transmission on DL spectrum while performing D2D transmission in UL spectrum. At the same time, there could be other UE receiving cellular DL transmission on DL spectrum while performing D2D reception in UL spectrum. Practically, it is also possible for that FDD UE to receive cellular DL transmission on DL spectrum and D2D signals from another D2D UE in UL spectrum simultaneously if that D2D UE has two receivers which can operate on DL spectrum and UL spectrum concurrently. While having two receivers which can operate on DL and UL spectrums simultaneously may increase the hardware cost [6] this may create different operational behaviour for FDD cellular based D2D UE and TDD cellular based D2D UE. 

Besides, there are certain DL subframes within a radio frame that carry important information such as PSS, SSS, MIB or SIB. Reception of this information should be given priority than receiving D2D signals. Therefore, it is proposed to exclude D2D transmission on UL subframes those align with the DL subframes carrying important system information such as PSS, SSS, MIB or SIB.

Proposal 1: In FDD systems, exclude D2D transmission on UL subframes those align with the DL subframes carrying important system information such as PSS, SSS, MIB or SIB. 
2.2 TDD systems
In TDD system, cellular DL and UL subframes are TDMed in an unpaired spectrum and there are seven UL/DL configurations defined in specifications. Timing of UE HARQ-ACK transmission for PDSCH is different from one configuration to other with multiple DL subframes are acknowledged by a single UL subframe in DL heavy configurations. If such a UL subframe that carry multiple HARQ-ACK is used for D2D, multiple DL subframes are affected providing more restrictions to the eNodeB scheduler if collision is to be avoided only by the scheduler. As pointed out in [3][5], a better mechanism to overcome cellular HARQ-ACK and D2D collisions is to adopt TDD eIMTA ‘DL reference UL/DL configuration’ for PDSCH HARQ-ACK timing from individual UE perspective.

Proposal 2: In TDD systems, if UL subframes are used for D2D, adopt TDD eIMTA ‘DL reference UL/DL configuration’ for PDSCH HARQ-ACK timing from an individual UE perspective.
Moreover, in some DL heavy configurations such as UL/DL configuration 5, it is not possible to use only UL subframes for D2D due to lack of UL subframes (only 1 UL subframe in configuration 5). In such configurations, the system should be given the flexibility to use some DL subframes for D2D transmission. In the case that DL subframes are also allowed for D2D transmission, it is possible that PHICH and UL grant transmission may also be affected. Two approaches are possible to avoid this issue. One approach is to avoid using DL subframes used for PHICH and UL grant for D2D while in another approach it is possible to use ‘reference UL/DL configuration’ for PHICH and UL grant transmission as well. 

Proposal 3: In TDD systems, if DL subframes are also allowed for D2D, avoid using DL subframes used for PHICH and UL grant for D2D or adopt ‘reference UL/DL configuration’ for PHICH and UL grant transmission as well.
3 Conclusion

This contribution further highlighted issues that can arise in multiplexing cellular and D2D signals in FDD and TDD systems, and outlined possible solutions to overcome them. Accordingly following recommendations are made.

Proposal 1: In FDD systems, exclude D2D transmission on UL subframes those align with the DL subframes carrying important system information such as PSS, SSS, MIB or SIB. 
Proposal 2: In TDD systems, if UL subframes are used for D2D, adopt TDD eIMTA ‘DL reference UL/DL configuration’ for PDSCH HARQ-ACK timing from an individual UE perspective.
Proposal 3: In TDD systems, if DL subframes are also allowed for D2D, avoid using DL subframes used for PHICH and UL grant for D2D or adopt ‘reference UL/DL configuration’ for PHICH and UL grant transmission as well.
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