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Introduction

During RAN1#77 some further progress was made on the resource allocation for synchronisation signals and channels for ProSe device-to-device communication and discovery.  In particular there were the following agreements [1]:
· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery
· For Type 1 discovery

· For a cell, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals
· If Type 1 resource pool is configured using SIB then the PD2DSS and SD2DSS sequence transmitted is configured using SIB

· The same PD2DSS and SD2DSS sequences is used for D2D communication
· Else sequence transmitted can be configured using dedicated RRC signaling

· For Type 2B discovery

· eNodeB can instruct UE to transmit PD2DSS and SD2DSS

· For both Type 1 and Type 2B the reception pool information contains information (implicitly or explicitly) on which time resources and sequences UE should monitor for PD2DSS and SD2DSS if transmission of PD2DSS and SD2DSS is configured
· FFS: If all discovery UEs transmit D2DSS
This contribution provides a proposal for which UEs transmit the D2DSS in order to resolve the FFS in this agreement.
2
Discussion
Note that in the agreement above it is explicitly stated that D2DSS transmission configuration is the same for D2D Discovery and Communication if the network supports both and also that the same PD2DSS and SD2DSS sequences are used for D2D discovery and D2D communication.  Hence it seems sensible to assume that all the above agreements for Type 1 discovery also apply to Mode 2 communication and also those for Type 2B discovery also apply to Mode 1 communication at least in the case where the network supports both D2D communication and discovery.
Proposal 1:  The agreements quoted in section 1 from RAN1#77 on the resource allocation for the synchronisation channels should be extended so that those applying to Type 1 discovery should also apply to Mode 2 communication and those applying to Type 2B discovery should also apply to Mode 1 communication.
It has been argued in previous contributions that one of the most difficult problems in D2D operation is when operating in an asynchronous environment [2].  There are various reasons why it is necessary to operate in such an environment and these include: devices communicating across unsynchronised FDD cells; cells belonging to different PLMN operators; cells on different frequencies and out of network coverage ProSe enabled public safety devices which are synchronised to different independent synchronisation sources (ISSs).  Two devices may be close enough to each other so that they would expect to be able to engage in D2D discovery or communication but nevertheless be unable to decode the synchronisation signal that the other device is using.  Such a scenario is shown in Figure 1.
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Figure 1 – Example asynchronous D2D environment
The solution that has been suggested in previous contributions is to use a device-based synchronisation which is SFN combined; see [2] and [3].  Evaluation results of extensive system and link-level simulations have shown that such device-based synchronisation signals have a significantly better performance than attempting to use the synchronisation source that the transmitting device itself is using [2].

It is necessary that all UEs transmit D2DSS for the device-based synchronisation to work most effectively and hence the simple resolution to the FFS quoted in the introduction is that all UEs should transmit the D2DSS.  However they do not necessarily have to all transmit D2DSS simultaneously.   The evaluations in [2] included the cases where a UE transmits with probability 100% and also with probability 10%.  The results showed that even with the low duty cycle of 10% the device-based synchronisation significantly out-performed the cell synchronisation.
Obviously the most effective synchronisation will be obtained when all UEs transmit the D2DSS all the time.  However this represents a large burden in terms of power consumption and also generates the most network interference.  Hence a compromise is to reduce the frequency with which the UEs transmit D2DSS and the example chosen in [2] was to reduce it to a pseudo random probability of 10%.  However this probability could be pre-configured or possibly configured by the network. 
There is another good reason why UEs should transmit a D2DSS which is that this enables the PD2DSCH to be transmitted as well.  According to the agreement reached at RAN1#77 [1]:
· PD2DSCH is specified at least for indication of out of coverage D2D transmit resource pool or D2D frame number
·   D2D frame number is a frame number used for D2D communication
· FFS: Details of D2D frame number
· FFS: Whether and how to resolve conflict of D2D UEs with different knowledge of D2D frame number
Given that the PD2DSCH is specified for at least one of those cases then the UE transmitting a PD2DSCH must also transmit a D2DSS to enable UEs to receive the PD2DSCH.  There is no way of knowing which particular out of coverage UEs are receiving the PD2DSCH and so it is logical that all UEs should have to transmit this channel at least some of the time.  Note that the FFSs in the agreement on the PD2DSCH are addressed in a separate contribution [4].
Since the PD2DSCH is effectively acting as a PBCH there is no reason that it needs to be different for each UE and therefore the PD2DSCH can potentially be SFN combined as well.
Proposal 2: All UEs should be capable of transmitting D2DSS and those D2DSSs which are not an independent synchronisation source (e.g. in the group D2DSSue_net) should be capable of being distributed and combined in an SFN manner.
Proposal 3: UEs in a given cell or cluster which send PD2DSCH should be able to use identical signals so that they can be SFN combined.
3
Conclusion 
In this contribution the reasons for allowing all UEs to be able to transmit D2DSS at least some of the time have been analysed.  These include the device-based synchronisation which enables D2D operation in an asynchronous environment and the relaying of information in the PD2DSCH which enables out of coverage UEs to use the network configured resource pools.  In conclusion the following proposals are made:
Proposal 1:  The agreements quoted in section 1 from RAN1#77 on the resource allocation for the synchronisation channels should be extended so that those applying to Type 1 discovery should also apply to Mode 2 communication and those applying to Type 2B discovery should also apply to Mode 1 communication.

Proposal 2: All UEs should be capable of transmitting D2DSS and those D2DSSs which are not an independent synchronisation source (e.g. in the group D2DSSue_net) should be capable of being distributed and combined in an SFN manner.
Proposal 3: UEs in a given cell or cluster which send PD2DSCH should be able to use identical signals so that they can be SFN combined.
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