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1. Introduction
In D2D session of last RAN1 meeting, the following working assumptions were achieved for D2D discovery signal design [1]:

Working Assumption: 

· Discovery uses a sequence plus message

· It is FFS whether the sequence may be the demodulation RS of the message

· For the message:

· PUSCH structure is reused, with:
· CRC is inserted, FFS between 16 and 24 bits
· Channel coding is used, FFS between Rel-8 turbo and tail-biting convolutional codes
· Rate matching is used for bit size matching and possibly for generating multiple transmissions
· Scrambling is to be used for interference randomization

· FFS whether UE-specific or not

· PUSCH DMRS is transmitted

· Possible additional RS is FFS

· Possible modifications to interleaver FFS

· CP length FFS

· Detailed RE mapping FFS

· Guard period details FFS
· FFS: consider the need for a time-varying hashing/scrambling function prior to channel coding

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 share our views on more detailed D2D discovery signal (DS) design options and related procedures. 

2. Discussion and analysis
This section provides some analysis for D2D DS design options under the background provided by the above working assumption.
Since D2D ProSe discovery operation requires UEs to acquire the necessary information delivered from upper layer (e.g. application layer), message based discovery signal should at least be supported. 
Discovery using sequence has the advantages of easier detection, acquiring preliminary synchronization and better performance to resist interference. However, solely relying on discovery sequence may be acceptable from just physical layer discovery/identification point of view. To fulfill the complete ProSe operation, carrying more than 100 bits by utilizing sequence seems not an appealing option, which would potentially increase the overhead for redundant performance benefits, as there is always tradeoff of coverage range versus capacity. Hence in our opinion, the working assumption of using sequence plus message should be confirmed for sake of progress and also the tradeoff of coverage performance versus capacity.
Proposal 1: To confirm the working assumption that discovery uses sequence plus message.
2.1. Analysis on DS transmission options
In accordance with the design principle that discovery uses sequence plus message, the following possible options for DS design are listed:

· Option 1: DS sequence and message are both periodically transmitted within same PRB(s) pair. In this case, the D2D receiver needs to detect the sequence and decode the message in one step operation. The function of sequence here serves for demodulation as well as synchronization. The sequence may be potentially the DM-RS sequence, which effectively eliminates a dedicated sequence for the discovery. This has the additional benefit of using the sequence for channel estimation, while suffering from the disadvantage that the DM-RS may not be the optimal sequence for signal detection. Initial synchronization may rely on some assistance from network or other UEs.
· Option 2: DS sequence and message are located within different PRB pairs, whose relative resource positions are predefined. By this way, a two step discovery is required, and the task of always having to store the samples for potential message decoding may be avoided. It is also possible for the DS sequence and the message to occupy different amount of bandwidth, therefore a sequence optimized for detection and synchronization can be used. In this option, transmission period and occasions of DS sequence and message could be different and FFS. The seed used for sequence generation could be used in the message scrambling, resource indication and possible UE identification for restricted discovery.
· Option 3: Similar with option 2, DS sequence and message could be separately transmitted for additional flexibility. Some predefined patterns could apply to sequence and message transmission separately. To facilitate the receiver detection, the linkage between each other is also predefined if both presented.
Figure 1 and Figure 2 briefly show the basic structures of the above options.
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Figure.1 Examples of Option 1
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Figure.2 Examples of Option 2/3
Optional 1 mandates the same bandwidth and the same transmission periodicity to be used for the sequence and message. This effectively limits the sequence width to 12 or 24 subcarriers. Option 2 and 3 could allow efficient asynchronous operation for D2D discovery whilst option 1 requires more optimistic channel condition and network assistance to accomplish discovery from receiver perspective. In this sense, two-step discovery offers more feasibility for broader use cases and scenarios.
As evaluated by simulation in [2], short discovery period (40ms duration with legacy PSS/SSS) can only provide very low discovery ratio in the extreme case with small amount of resource and high load (150 UEs per Macro cell area). Hence long discovery delay could be expected for larger range target. There may be also scenarios able to accommodate potentially large numbers of concurrently participating ProSe-enabled UEs [3]. Hence the detection operation complexity can be managed when the UE first detects the sequence and then decodes the message accordingly.
As mentioned in D2D SID, D2D devices are required to discover each other in proximity directly in a power-efficient manner. In [4], it is shown that sequences are easier to be multiplexed in certain set of resources, which allows for more power-efficient detection once a sequence has been detected. Then the other possible locations of discovery sequence can be easier identified without exhaustive searching. Hence simply putting sequence and message together in one discovery resource unit is not so optimized when considering efficient operation with some synchronization assistance.
Proposal 2: Two-step D2D discovery should be supported. 
2.2. Analysis on D2D discovery procedure
Due to the D2D UE half-duplex restriction, the DS transmissions from D2D UEs need to be staggered in the time domain as much as possible, since fixed and well aligned transmission pattern would limit the opportunities for UEs to detect each other. Some options for DS transmission procedure to avoid this issue are discussed in this subsection.
Basically, discovery procedure could be classified into two options:
a) Synchronous discovery. In this option, UEs are supposed to transmit or receive DS following certain time domain patterns, which could be configured at least when in network coverage. For better tradeoff between capacity and performance, the patterns could be reused for the UEs that are isolated in terms of radio link condition. Certain contention-based solution can also be applied to alleviate overlapping of DS transmissions.
b) Asynchronous discovery. Contrary to the option a), when without any timing or signaling support from cellular network, asynchronous discovery procedure can be applied. Totally autonomous DS transmission would risk the system getting out of control. It may also be difficult to guarantee the discovery performance. Some proper design could be further considered. For example, certain UEs with authority or ability to detect other UEs shall trigger the initial DS transmission. When the other UEs successfully detect the DS, they can start their own DS transmissions. Time domain offset could be considered for better orthogonality and for controlling the detection complexity. By this multi-hop manner, asynchronous discovery could be circumvented. Such asynchronous schemes  may also be employed for the in-coverage case.
Proposal 3: Synchronous discovery and asynchronous discovery should be further investigated.
3. Conclusion
In this contribution, we share our views on D2D discovery signal and procedure. Basically, our proposals are summarized as:

Proposal 1: To confirm the working assumption that discovery uses sequence plus message.
Proposal 2: Two-step D2D discovery should be supported. 
Proposal 3: Synchronous discovery and asynchronous discovery should be further investigated.
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