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1
Introduction

At RAN1#75 the D2D transmission timing was discussed and the following was agreed as a way forward in order to get to a working assumption [1]:
"Agreed way forward:

· Impact on cellular system of RRC_Connected D2D UEs transmitting discovery signal based on DL reference timing is to be evaluated
· If the impact on cellular system is found to be insignificant, then the following working assumption will be made:

· For type 1 discovery

· In FDD

· RRC_Connected D2D UEs transmit discovery signal based on DL reference timing (T2 = 0). 

· In TDD 

· RRC_Connected D2D UEs transmit discovery signal based on one fixed value of T2
· If the value is not 0, the working assumption for RRC_idle TDD UEs will be revisited for consistency".
Note that for Discovery it has already been agreed as a working assumption that UEs without an active timing advance value should use T2=0 [2]:

"Working Assumption:

· At least for discovery:

· Any UEs that do not have an active timing advance value (including RRC_Idle UEs in coverage if transmission of discovery signal is supported for such UEs, and out of coverage UEs that do not have an active timing advance value) use T2=0 

· FFS for UEs with an active timing advance value".
In this contribution we discuss the value of T2 that should be used for UEs engaged in both D2D Discovery and D2D Communication.
2
Discussion of transmission timing
2.1
Discovery timing
The advantages and disadvantages of various values of T2 have been discussed in previous contributions from many companies.  The case for allowing UEs in the RRC_IDLE state to participate in Discovery has been generally accepted.  The most important reasons are that the power consumption will be lower and the load on the network will be reduced.  Given that these idle devices must be able to participate in Discovery in order for it to be viable then the obvious choice is to use in this case is T2=0.
Having agreed that at least some devices will be using downlink timing with no timing advance then the question remains of what timing to use for the remaining devices.  Previous contributions have shown that if different transmit timing is used for different D2D transmitters then there will be intra-cell interference due to inter-symbol-interference and inter-carrier-interference [3].  If, however, a common downlink reference timing is used instead then there is no significant performance loss due to timing differences at the D2D receivers.
However if a common downlink reference timing is used then there is a potential problem with the D2D transmitters interfering with the network traffic.  It is necessary either to show that this interference is insignificant or find some other way of avoiding it.

Interference to the cellular traffic can be greatly reduced by TDD multiplexing the D2D and the cellular traffic.  For example there can be subframes which are dedicated to discovery or communication resources.  However in order to preserve the current cellular downlink scheduler it may be necessary to continue to reserve the resources for PUCCH operation even in the D2D subframes.  Then PUCCH performance can be maintained, for example, by using an extended cyclic prefix or having a guard band between the D2D and PUCCH allocations for instance.

2.2
D2D Communication timing
Consider the case of a public safety device operating outside of network coverage where synchronisation is obtained from another device's D2DSS.  This device is necessarily in the RRC_IDLE state and because it is outside of network coverage, it will not have an active timing advance value.  Hence it is essential to allow communication between devices whilst in this RRC state and the obvious choice is to use T2=0 in this case.
For the case of in network coverage or partial network coverage communication then the same arguments apply as for D2D Discovery.  In order to maintain D2D performance a common downlink reference timing should be used.  Then it is necessary to mitigate the interference to the cellular network.

6
Conclusion
We propose that a common downlink reference timing is used by all UEs both in and out of network coverage; for both D2D Discovery and D2D Communication and for both FDD and TDD.  The spread in timing of signals at the UE receivers is reduced leading to higher D2D performance.  This is also true for D2D communication in the in-network coverage and in partial coverage cases.  It also has the advantage of simplifying the solution considerably.  There can then be a unified approach to mitigating the interference to the cellular network and some of these solutions have been discussed.
Proposal 1:  Use a common downlink reference timing with T2=0 for all scenarios in D2D Discovery and D2D Communication.  
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