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1
Introduction

During RAN1#74bis it was agreed as a working assumption that ProSe device-to-device (D2D) discovery employed a sequence and a message [1].  Whilst working assumptions were also agreed for the message part of the discovery process, including that the message contained DMRS, the details of the sequence design were left for further study.  

In this contribution we clarify the principal purpose of the sequence aspect of the discovery design and use this as a basis to suggest a possible structure for the discovery sequence.

2
Purpose of discovery sequence
There are a number of potential purposes for the discovery sequence including;
· Use as a demodulation reference for the discovery message;
· Use as part of a two-step discovery process where the discovery sequence contains some information about the transmitting UE or UE application and the discovery message is used as a second step to resolve ambiguity in UE identities;
· Use as a timing reference for the discovery message.

In RAN1#74bis it was agreed that the working assumption for the message part of the discovery process was based upon the existing PUSCH structure and that demodulation reference signals (DMRS) were transmitted [1].  Known DMRS are currently employed in each slot of a PUSCH transmission for the purposes of providing a demodulation reference at the receiver, i.e. to estimate and correct for the channel experienced by the transmission.  As this mechanism is well understood and it has been agreed that DMRS are transmitted as part of the PUSCH-based discovery message it seems a reasonable assumption that the DMRS are to be principally used for their designed purpose, i.e. that of a demodulation reference for the discovery message.  Thus it can be observed that providing a demodulation reference is not the principal purpose of the discovery sequence.
It has been suggested that a two step approach to discovery may provide benefits in terms of reduced UE discovery energy and computational effort, increased discovery range and less physical resource employed [2].  The principle of this approach is that the discovery sequence is a physical signal that conveys information about the UE or UE application and that a discovery message is only employed if needed to resolve ambiguity in UE identities.  This ambiguity is likely to arise due to the vastly reduced amount of information that can be conveyed on a physical signal, i.e. 64 PRACH preambles per root sequence, when compared to even a small discovery message.  Whilst it is unclear exactly how such a discovery process operates, given the need to transmit a discovery message as well in some circumstances, with the associated loss of many of the claimed benefits, then the use of the discovery sequence to provide some level of UE identification seems of marginal benefit.  

Furthermore, in RAN2#83bis it was agreed that UEs existing in the RRC_IDLE state could participate in discovery [3].  With the use of a physical signal as part of the discovery process a mapping would have to exist between UE identities required for discovery and the physical signal, i.e. the cyclic shift of the PRACH sequence for instance.  Such a mapping would need to be performed at the network and consequently all UEs would be required to connect to the network to establish the parameters for the physical signal to be transmitted as part of the discovery process.  Clearly this cannot be performed while the UE is in the RRC_IDLE state.  Thus it is also observed that providing some UE specific information, i.e. identities etc, cannot be the purpose of the discovery sequence.
Discovery of devices connected to the same cell as the discoverer can be performed without the need for a discovery sequence as the discovery message has self-contained DMRS as discussed above and the discovery region will be known to all ProSe enabled devices.  The same principle can be applied to inter-cell discovery in synchronous network deployments assuming each cells discovery region is aligned.  However, for other deployment scenarios where discovery is required to be able to be performed, such as inter-cell with an asynchronous network deployment or inter-PLMN discovery [4], a discovering device will need to be able to ascertain the location of the discovery region in other non-timing-aligned cells.  It may be possible that a discovering device could find these cells' synchronisation signals, ascertain their discovery regions by reading the associated cell system information and then attempt to decode discovery messages.  However this is an extremely inefficient process which also may render some close devices undiscoverable due to the inability to see the cell's synchronisation signals [5].  The solution to this problem is if the discovery sequence is employed as a device-based synchronisation signal which provides a timing reference for discovery message transmission [5].  In this manner discovering devices can ascertain where inter-cell discovery messages are located, irrespective of the cell's timing and discovery region configuration, without having to firstly synchronise to or read system information from that cell.

Observation 1:  The principal purpose of the discovery sequence is to provide a timing reference for discovery message transmission.

3
Discovery sequence design
Given the principal purpose of the discovery sequence as observed above, this section provides a possible design for the discovery sequence.  The following goals are established for discovery sequence design:

· As the discovery sequence is required to provide a timing reference for discovery message transmission, it should be a physical signal capable of providing an accurate timing position when correlated with a local reference;

· It should be readily detectable, for instance not requiring an excessive amount of time to establish the presence of a discovery sequence;

· It would be desirable to reuse an existing LTE physical signal with minimal changes, ideally one that is already detected at the device, i.e. currently employed in the downlink;
· It should indicate where the discovery messages are located, i.e. the discovery region.

With regards to the first and third bullets then a natural choice is to base the discovery sequence on the existing PSS/SSS design.  However, in order to provide accurate neighbour cell measurements, typically multiple PSS/SSS correlations are accumulated.  In order to alleviate this requirement and enable ensure easy reception of the timing reference the SNR of the physical signal could be enhanced considerably by employing SFN transmission.  Here all or a proportion of devices partaking in discovery in the same cell transmit the same physical signal at the same time.  The validity of this approach is demonstrated in [5] where the discovery sequence is based upon the PSS.  
Proposal 1:  The discovery sequence is based upon PSS

Proposal 2:  The discovery sequences are SFN combined, at least from devices within the same cell
A subsequent question is that of whether devices in all cells employ the same sequence in the same frequency resource.  In terms of complexity then it is clear that employing the same sequence and physical resource across all cells leads to a simple solution for detection of the discovery sequence.  I.e. a discovering device looking for any inter-cell neighbours only has to perform a time-domain correlation at one frequency and with one reference signal.  

On the other hand there is the requirement in the 4th bullet above that the discovering sequence indicates where the discovery messages are located, i.e. the discovery region.  This could be in the form of a start and a stop or a start and a duration.  By transmitting the discovery sequence at the start of the discovery region the first part of this information can be carried implicitly.  This may be sufficient if all cells are always configured with the same duration of discovery region.  However, this may well prove too restrictive and different operators, or even different cells within the same network, may be configured with different discovery durations to reflect differing device or device use demographics.  As a consequence, it is suggested that different PSS could indicate the duration of the discovery region.  For instance, if two differing discovery durations were permitted in the standards, then two different PSS could be employed for the discovery sequence, see Figure 1.
Proposal 3:  The discovery sequence is transmitted at the start of the discovery region.

Proposal 4:  The discovery root sequence indicates the duration of the number of discovery subframes from a finite set of options.

Assuming the PSS is chosen as the discovery sequence then steps are required to ensure that the discovery sequence is not mistaken for a conventional cell's synchronisation signal by legacy terminals.  These could include employing different PSS root sequences than used for conventional cell synchronisation signals (i.e. root ≠ 25, 29 or 34) for instance or offsetting the PSS transmission in frequency so that it does not coincide with the 100kHz LTE frequency raster.

Proposal 5:  The discovery sequence root index does not coincide with those used for conventional cell synchronisation signals and / or the transmission of the discovery sequence does not coincide with the 100kHz LTE frequency raster.

Figure 1 presents a diagram of the proposed discovery sequence design, incorporating the salient features outlined in this contribution along with other aspects of the discovery region such as a potential guard period of an FFS number of symbols between the discovery region and the conventional timing-advanced macro-cellular PUSCH region.
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Figure 1 - Examples of different discovery sequences indicating different discover region durations

4
Conclusion
In this contribution we have clarified the principal purpose of the sequence aspect of the discovery design and the following observation is made:

Observation 1:  The principal purpose of the discovery sequence is to provide a timing reference for discovery message transmission.

Additionally a possible discovery sequence design has been presented with the following proposals:

Proposal 1:  The discovery sequence is based upon PSS

Proposal 2:  The discovery sequences are SFN combined, at least from devices within the same cell

Proposal 3:  The discovery sequence is transmitted at the start of the discovery region.

Proposal 4:  The discovery root sequence indicates the duration of the number of discovery subframes from a finite set of options.

Proposal 5:  The discovery sequence root index does not coincide with those used for conventional cell synchronisation signals and / or the transmission of the discovery sequence does not coincide with the 100kHz LTE frequency raster.
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