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1
Introduction

During RAN1#76bis there were some further agreements on the working assumptions for the device-to-device (D2D) synchronisation [1].  One was on the number of symbols used for the D2DSS:
· More than one symbol is used for D2DSS transmission in a subframe containing D2DSS

· FFS detailed structure

· FFS the number of PD2DSS symbols in the same subframe
· FFS: Whether SD2DSS is necessary, and if so, how many symbols are used

· FFS: Whether D2DSS can be used to demodulate PD2DSCH if PD2DSCH is supported and transmitted in the same subframe
In addition there have been previous agreements on the priority of synchronisation sources [2]:
· Synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage.
Therefore a synchronisation source which is a UE within network coverage needs to be distinguished from a source which is a UE outside network coverage. This ability to distinguish synchronisation sources implies that there is some difference either between the D2DSS, or between the PD2DSCH if it is used, of UEs that in are in coverage and those UEs that are out of coverage.  In this contribution we suggest how this differentiation can be achieved and also address some of the FFSs in the agreement above.
2
D2DSS design
For both D2D discovery and D2D broadcast communication there will be scenarios where a ProSe enabled device will need to operate in an asynchronous environment.  Examples are communication across unsynchronised FDD cells, cells belonging to different PLMN operators or public safety devices in different off-network clusters.  It may not always be possible for devices which are near to each other to detect the synchronisation source that the other device is using.

It has been argued in past contributions that there are advantages to having a device-based synchronisation signal which is SFN combined, see [3] and [4].  The main advantages are the synchronisation performance benefits and the reduction in power consumption of devices transmitting the synchronisation signal.  Contribution [3] studied the problem of D2D operation in an asynchronous environment and it was shown that cell or cluster based synchronisation signals are not suitable for all such scenarios.  Furthermore, through extensive system and link-level simulations it was shown that the performance of device based synchronisation signals for the purposes of direct D2D operation is superior to that of relying upon cell or cluster based synchronisation signals for this purpose.  This is true even when UEs transmitting the device-based synchronisation use a low duty cycle.  As a consequence, not all UEs in a cell/cluster need to be transmitting at the same time and this is the reason for the reduction in power consumption. 
In order for in-coverage and out-of-coverage synchronisation to be distinguished we propose three types of D2DSS as shown in figure 1.  All are based on the PSS, but potentially use a different root-index to the conventional cellular PSS.
· Type 1 is the synchronisation signal transmitted by a UE when it cannot detect any other synchronisation signals, i.e. it is an independent synchronisation source or cluster head.  It may be beneficial if each UE transmitting this uses a different sequence to any neighbouring cluster and so it may either be randomly chosen or it may be based on the ProSe ID of the device.  The intention is that the signal transmitted by each ‘cluster head’ is different.
· Type 2 is the relay synchronisation signal transmitted by a UE which is in the coverage of a conventional cell.  All UEs in a given cell transmit an identical signal and this can be SFN combined by other devices outside the cell.  From [3], it is shown that it is not necessary for all UEs in such a scenario to relay the synchronisation signal, but rather a certain proportion of them can do so at any one time.
· Type 3 is the relay synchronisation signal transmitted by a UE which is not in coverage of a conventional cell, is not itself a synchronisation source, but is in receipt of a Type 1 synchronisation signal from a (cluster head) UE.  All UEs in a given cluster transmit an identical signal and this can be SFN combined by other devices outside the cluster.  As above, it is noted that in [3] it is shown that is not necessary for all UEs in such a scenario to relay the synchronisation signal.  A certain proportion of them can do so at any one time which should reduce the overall power consumption of the UEs.
So the available sequences might be split into three separate groups.  A UE which is acting as an independent synchronisation source would pick a sequence from group 1 for its D2DSS which, for example, depends on its ProSe ID.  A UE which is in-coverage would use a sequence from group 2, which could be indicated by the eNode B’s cell ID.  A UE out-of-coverage which is relaying sync would use a sequence from group 3, which could be indicated by the D2DSS that the cluster head is using.  It is noted that the above does not preclude the scenario where the three sequence groups contain only one sequence each.  The key aspect is that the D2DSS may be used, as outlined, to differentiate the synchronisation sources.
It has been suggested in several contributions that the PD2DSS can be transmitted in multiple/consecutive symbols in a subframe.  There is nothing in the scheme described above that is incompatible with this concept and the use of multiple symbols within a subframe should improve the time and frequency synchronisation potential as outlined in [5].
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Figure 1 – Types of D2DSS
Proposal 1:  The D2DSSs which are not an independent synchronisation source (i.e. they are Type 2 or Type 3) should use synchronisation signals which are distributed and are combined in an SFN manner.

Proposal 2:  The synchronisation signals from an eNode B, those from a cluster head and those relayed by other UEs should be distinguishable from each other by employing different non-overlapping groups of synchronisation sequences for each of these classes of synchronisation source.

Proposal 3:  Furthermore, the relayed synchronisation signals from UEs which are in coverage of a conventional cell, and those from UEs which are out of coverage of a conventional cell but in coverage of another synchronisation source should be distinguishable by using different groups of sequences. 
3
PD2DSCH design
It has not been agreed yet if the PD2DSCH is necessary although it is described in a working assumption for the purpose of discussing what information it might convey if it exists.  The suggestions in the working assumption include the identity of the synchronisation source, the type of the synchronisation source and the resource allocation for data and/or control signalling.  The idea is that the message effectively acts as a PBCH which contains essential information for D2D transmission and reception.  There have been various suggestions in contributions which describe the detailed fields that the PD2DSCH could contain.  These include bandwidth, transmit power, synchronisation type, stratum level, resource pool information, TDD configuration, periodicity and others.
Following the agreements on Mode 1 and Mode 2 resource allocation for D2D communication that were made at RAN1#76 there was further discussion in RAN1#76bis and a way forward document on the PD2DSCH was presented [7]. The conclusion captured in the draft report was that further investigation is needed on the following [1]:

· Information on the resources in which D2D transmission can/cannot occur can be forwarded by D2D UE who obtained it from eNB
· Interference from out of coverage D2D UE to LTE NW

· Necessity of this information

· Inter-cell resource alignment
We propose that it is beneficial if the UEs just out-of-coverage use resources configured by the eNode B in order to reduce interference to the cellular network.  Of course this also implies that they are using cellular synchronisation and this can be achieved using the type 2 D2DSS described above.  A suitable way of conveying this resource information is to use the PD2DSCH.
However, for UEs which are out of coverage and are not near any cells it is not so clear if the PD2DSCH is required.  Any public safety device which is transmitting a PD2DSCH would have to use preconfigured values and since these values would be available to all devices in the network there seems to be no advantage in transmitting the PD2DSCH with redundant information.  Therefore, if a UE is in coverage it could transmit a PD2DSCH which is based on SIB information that it has received.  If the UE receives a type 2 D2DSS it can potentially forward the PD2DSCH associated with it as well.  However, if it receives a type 3 D2DSS then there is no need to forward a PD2DSCH as the information it would contain is already known to all devices in the network.
Having decided that a PD2DSCH will be useful in some circumstances then the next issue is the physical channel design of this message.  A message based on PUSCH has been selected for other D2D messages and we propose that it is also used for the PD2DSCH for similar reasons.  Since the PD2DSCH is acting as 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 4:  The PD2DSCH will relay information on the resource pool that has been signalled by the eNode B.  Other fields in the message are FFS.

Proposal 5: UEs in a given cell or cluster which send PD2DSCH will use identical signals so that they can be SFN combined.

Proposal 6: The PD2DSCH channel design should be based on the PUSCH.

Proposal 7:  The utility of a UE transmitting a PD2DSCH in out of coverage scenarios is FFS.
4
Discussion of SD2DSS
The use of additional PD2DSS symbols means that both the time and frequency synchronisation requirements can be met without using SD2DSS [5].  Avoiding the use of SD2DSS should also reduce the PAPR and simplify the design [5] and [6].  The other potential use for the SD2DSS that has been suggested is to convey some information, for example, to indicate the synchronisation source or type.  However, this information can easily be carried by differentiating the sequences used for the PD2DSS as shown in the scheme described above.  Any other type of information that could be sent on the SD2DSS could just as easily be conveyed by the PD2DSCH since this channel is going to be sent in any scenario where the SD2DSS could be conceivably used.
Proposal 8:  There is no need to include the SD2DSS as part of the D2DSS.  
5
Conclusion 
This contribution has provided some proposals on the synchronisation signal and channel design. It is important that the relayed synchronisation signals are distributed and are combined in an SFN manner.  This has previously been shown to provide large performance benefits and also to reduced power consumption for devices transmitting such signals.  By using a simple scheme it is possible to distinguish the synchronisation from UEs which are in coverage from those out of coverage.  Once the UE knows the synchronisation source type it has received then this can be used as a basis for deciding whether to re-transmit PD2DSCH or not.
In conclusion the following proposals are made:

Proposal 1:  The D2DSSs which are not an independent synchronisation source (i.e. they are Type 2 or Type 3) should use synchronisation signals which are distributed and are combined in an SFN manner.

Proposal 2:  The synchronisation signals from an eNode B, a cluster head and those relayed by other UEs are distinguished from each other by employing different non-overlapping groups of synchronisation sequences for each purpose.

Proposal 3:  Furthermore, the relayed synchronisation signals from UEs which are in coverage of a conventional cell, and UEs which are out of coverage of a conventional cell but in coverage of another synchronisation source can be distinguished by using different groups of sequences.

Proposal 4:  The PD2DSCH will relay information on the resource pool that has been signalled by the eNode B.  Other fields in the message are FFS.

Proposal 5: UEs in a given cell or cluster which send PD2DSCH will use identical signals so that they can be SFN combined.

Proposal 6: The PD2DSCH channel design should be based on the PUSCH.

Proposal 7:  It may not be necessary to transmit a PD2DSCH in out of coverage scenarios.

Proposal 8:  There is no need to include the SD2DSS as part of the D2DSS.  
6
References

[1] "Draft Report of 3GPP TSG RAN WG1 #76bis v0.1.0", Shenzhen, China, 31 March - 4 April 2014.
[2] R1-141730 “Final Report of 3GPP TSG RAN WG1 #76, v1.0.0”, RAN1#76bis Shenzhen, China, 31 March - 4 April 2014.
[3] R1-133438, "ProSe device-to-device operation in an asynchronous environment", General Dynamics Broadband, RAN1#74, Barcelona, Spain, 19-23 August 2013.
[4] R1-134271, “ProSe device-to-device broadcast physical channels”, General Dynamics Broadband, RAN1#74b,  Guangzhou, P. R. China, 7-11 October 2013.
[5] R1-141453, “Signal Design for D2D Synchronization”, Qualcomm Incorporated, RAN1#76bis, Shenzhen, China, 31 March - 4 April 2014.
[6] R1-141453, “Discussion on design of D2DSS and PD2DSCH”, LG Electronics, RAN1#76bis, Shenzhen, China, 31 March - 4 April 2014.
[7] R1-141789, "WF on PD2DSCH", LG Electronics et al, RAN1#76bis, Shenzhen, China, 31 March - 4 April 2014.
Synchronisation source (eNode B)





device 1





Cell 1





Synchronisation source (UE)





device 2





Cluster 1





Cluster 2





Synchronisation source (UE)





eNB sync





D2DSS – type 1





D2DSS – type 2





D2DSS – type 3









[image: image1]