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1. Introduction
In RAN1#74bis meeting, the signal structure and multiple access scheme of discovery signal was discussed. The followings are the working assumption for further study:
Working Assumption: 

· SC-FDMA, applicable to all data-carrying physical channels 
· 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
Based on the working assumption, we further discuss the design details of discovery sequence and discovery message.
2. Design of discovery sequence
Discovery sequence is a complementary signal for detection of discovery message. In general, the design of discovery sequence should consider at least the following function:
· Synchronization: As described in [1], discovery sequence can be used to derive time and frequency synchronization for a receiving UE who is not able to directly detect the D2DSS from the serving cell or Cluster Head (CH) providing transmission timing reference for the transmitting UE in the scenarios of inter-cell discovery. The detail can be found in [1].
· Pre-detection for message: For type 1 discovery, a receiving UE may need to detect discovery signal in each discovery resource. If the UE blindly detects the discovery message in each discovery resource, the complexity will be considerable if the frequency-domain resources for discovery are large. The UE can detect the discovery sequence first to see whether there is discovery signal in one resource, and then decodes the discovery message if a discovery sequence is detected. 
· DMRS configuration indication. It is undecided whether the discovery sequence is the DMRS of the discovery message or not. In case that independent sequence is used for DMRS and discovery sequence respectively, the configuration of DMRS, i.e., sequence ID, can be implicitly derived from discovery sequence. 
· Discovery resource indication. The discovery sequence can carry a small amount of information. It may be used to implicitly indicate the discovery resources allocated in the serving cell of the transmission UE for inter-cell discovery.
Proposal 1: The discovery sequence should be designed to at least provide synchronization function between UEs.
To provide the synchronization between D2D UEs for detection, discovery sequence should meet the requirement of time-frequency synchronization between UEs. On one hand, the error of receiving timing derived from discovery sequence should be minimized to ensure the discovery performance. The design target of timing error needs further study. It is expected that a timing error on the order of CP length is acceptable. On the other hand, the performance of frequency synchronization should also be considered. The maximal frequency offset between D2D UEs in out of coverage case is unclear by now. The sequence design should be able to combat the frequency offset according to further recommendation from RAN4.
To simplify the design effort of discovery sequence, it is natural that discovery sequence reuses the sequence already adopted for LTE transmission. The candidates can be the sequence of PSS/SSS, PRACH or SRS/DMRS. The selection of sequence should consider the synchronization error, resource overhead and structure of being simultaneously transmitted with discovery message. At least from the perspective of resource efficiency, DMRS of discovery message can be reused as much as possible if it could satisfy the synchronization requirement. 
To reduce the interference between discovery sequences, different sequences should be used at least for UEs from different cells. If the sequence is mainly used for synchronization and the transmission timing is derived from the same source for UEs in the same cell/cluster head, cell-specific/cluster-specific discovery sequence can be considered. It can be further studied whether additional enhancement is needed, e.g. UE-specific discovery sequence.
Proposal 2: The discovery sequence should reuse the sequence adopted in LTE.
Proposal 3: Cell-specific/Group specific sequence is the baseline for discovery sequence design.
3. Design of discovery message
3.1. DRMS design

If DMRS is independent from the discovery sequence and used only for demodulation, the PUSCH DMRS pattern should be completely reused to reduce specification effort. Since a DCI for discovery transmission is not likely to be introduced for type1 discovery, the configuration of DMRS including sequence ID, cyclic shift and OCC can be preconfigured or semi-statically indicated by eNB, e.g., via SIB. To reduce the detection complexity, it is recommended that the sequence ID of DMRS is derived from the discovery sequence. For example, the sequence ID of discovery sequence can be mapped to one or several DMRS sequence IDs by e.g., pre-configuration. A UE can use the mapped DMRS sequence ID(s) for channel estimation after detection of discovery sequence.
Considering that DMRS may need more vulnerable compared to discovery sequence, cyclic shift or OCC can be used to provide further orthogonal dimension for collision case. If DMRS is used as discovery sequence, enhancement should be studied at least for synchronization function. Additional symbol(s) may be occupied as DMRS for time-frequency synchronization.
Proposal 4: The sequence of DMRS is derived from discovery sequence to reduce the detection complexity if discovery sequence is not DMRS.

Proposal 5: Cyclic shift or OCC can be remained to be a complementary way to reduce the collision interference.
3.2. Scrambling sequence
For interference randomization of data, scrambling should be considered for discovery message. For type 1 discovery, UE-specific scrambling sequence will lead to considerable blind detection complexity since the receiving UE is unlikely to be aware of the specific resource or scrambling sequence of the transmitting UEs. Cell-specific or Group-specific scrambling sequence can be considered for inter-cell and intra-cell interference randomization. For example, a scrambling sequence or a small scrambling sequence set associated with the serving Cell ID can be applied. 
For type 2 discovery, the eNB can reasonably allocate the discovery resource and avoid the resource collision within a cell in most cases, and then UE-specific scrambling seems unnecessary. Though eNB can configure UE-specific discovery resource as well as scrambling sequence for each transmitting UE, it is difficult to know which UEs are trying to receive the discovery signal. Signaling the configuration of each transmitting UE to all the potential receiving UEs seems unreasonable. Then at the receiving side, the UEs should still detect the message by trying each of the possible scrambling sequences. The same problem as that in type 1 discovery exists especially for receiving UE in RRC_IDLE state.
Proposal 6: For type 1 and type 2 discovery, the scrambling sequence is generated on a non UE specific basis.
3.3. CP length

A receiving UE may need to decode discovery message from UEs in different distances. The discovery signal from different UEs may arrive in different time due to propagation delay and timing error. If the discovery range is large, the difference in arriving time may be larger than the normal CP length, leading to strong interference and performance loss if normal CP is configured. However, it is unclear what the exact requirement is for this type of large scale discovery, and whether the UE is able to discover a UE in a large distance. Hence, the requirement for extended CP needs further study taking propagation delay and timing error into account. If different D2D signal is FDMed in the same subframe, the same CP length should be adopted to ensure frequency orthogonality. 
Proposal 7: The same CP length is adopted for different D2D signals at least in one subframe for UEs in proximity.
4. Conclusion 

In this contribution, we discuss the details of discovery signal design for both discovery sequence and message. For discovery sequence, the synchronization is regarded as an essential function. For discovery message, easing detection in receiver is an important aspect to consider. The proposals are summarized as follows:
Proposal 1: The discovery sequence should be designed to at least provide synchronization function between UEs.
Proposal 2: The discovery sequence should reuse the sequence adopted in LTE.

Proposal 3：Cell-specific base sequence is the baseline for discovery sequence design.

Proposal 4: The sequence of DMRS is derived from discovery sequence to reduce the detection complexity if discovery sequence is not DMRS.

Proposal 5: Cyclic shift or OCC can be a complementary way to reduce the collision interference.

Proposal 6: For type 1 and type 2 discovery, the scrambling sequence is generated on a non UE specific basis.
Proposal 7: The same CP length is adopted for different D2D signal at least in one subframe for UEs in proximity.
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