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1. Introduction
In RAN1#74bis meeting, the signal structure and multiple access scheme of discovery signal were 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 signal in this contribution.
2. Discussion
2.1. Discovery sequence design
Considering unified synchronization design for both D2D discovery and communication, D2DSS and possible PD2DSCH can be transmitted independently when there is discovery or communication signal to be transmitted. The functionality of rough synchronization can be realized by D2DSS. Also within reducing the high complexity to detect UE-specific sequence in mind, it is not really necessary to have a discovery sequence independent from D2DSS for synchronization and pre-message. Discovery sequence could be transmitted together with discovery message in the same subframe, e.g. as the DMRS of message.
2.2. DRMS design for message
To reduce the specification effort, the DMRS pattern in LTE for PUSCH can be reused. To support inter-cell discovery, the DMRS sequence can be generated based on predefined common ID to reduce the detection complexity. If a cell ID/group ID is carried by other D2D signal, e.g. D2DSS, PD2DSCH or discovery sequence, cell-specific or group-specific base sequence based on this ID can be considered as enhancement for interference randomization. With common base sequence, if signal from different D2D UEs collide in the same resource, channel estimation performance will be significantly degraded. For this case, cyclic shift and/or OCC can be used to provide additional orthogonal dimension among UEs. Considering the configuration or pre-configuration of discovery resource (pool) could ensure low collision probability for most cases, the orthogonal dimension provided by cyclic shift and/or OCC could be sufficient for interference suppression.
Proposal 1: Common base sequence with multiple cyclic shift and/or OCC is used for DMRS if the ID to generate base sequence cannot be indicated to receiver.
2.3. Data scrambling of 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. Similar to DMRS sequence, cell-specific or group-specific scrambling sequence can be considered for inter-cell and intra-cell interference randomization if the scrambling ID can be indicated to receiver via other D2D signal. It would be beneficial to reuse the same method as DMRS sequence to obtain scrambling sequence, e.g. common sequence based on the same ID or cell/group-specific sequence based on the cell/group ID.
For type 2 discovery, 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 is unreasonable. Then at the receiver, the UEs should still detect the message by trying each possible scrambling sequence. Furthermore, the eNB can reasonably allocate the discovery resource and avoid the resource collision within a site, which makes UE-specific scrambling useless.
Proposal 2: For type 1 and type 2 discovery, the same method as DMRS sequence is used to obtain scrambling sequence on a non-UE-specific basis.

2.4. 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 3: Extended CP can be considered if large scale discovery should be supported for a D2D UE.
2.5. Guard period design
As analyzed in [1], the motivation to introduce guard period (GP) in a discovery subframe is mainly for AGC measurement/adjustment and interference avoidance. The GP length required for AGC measurement/adjustment is FFS depended on the guidance from RAN4, while the GP for interference avoidance is associated with the transmission timing of discovery signal. Based on current working assumption on transmission timing, the discovery signal will be transmitted based on DL timing at least for FDD. It will lead to signal overlapping of length ∆T=TA with UL cellular signal from the same UE in the next subframe as shown in Figure 1. For TDD, the largest window of overlapping signal would be ∆T=TA+624Ts depended on the value of T2 [2]. Considering the maximal value of TA in general cell deployment, a guard period of half OFDM symbol in discovery subframe is sufficient to avoid the interference in the overlapping area. However, if GP is introduced for AGC measurement and adjustment, the total GP length may be up to 1-2 OFDM symbol.
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Figure 1: The overlapping area of discovery subframe and UL cellular subframe
Observation: The GP length to restrict interference with cellular signal should be at least half symbol.

The pattern design of discovery message is associated with the GP length. With different lengths, different data and DMRS mapping patterns can be considered. 
Case1: TGP=0.5 symbol
 If no GP for AGC measurement is introduced, the GP length can be half symbol in the end of discovery subframe only for interference avoidance. Three patterns can be considered for this GP length as shown in Figure 2. 
 Pattern 1: SRS is transmitted in the last symbol in the form of repeated half symbols, and the last half symbol can be reserved as GP.  The SRS can be used for channel estimation or synchronization calibration [3]. 
Pattern 2: Data is transmitted in odd/even subcarriers instead of SRS to transmit half more data symbol than that of Pattern 1. 
Pattern 3:The DMRS occupies the first and the last symbol, while only half symbol is transmitted in the last symbol with the method similar to SRS. One more data symbol can be transmitted by Pattern 3 compared to that of Pattern 1 at the cost of degradation in channel estimation.
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Figure 2: Different mapping patterns for half symbol GP
Case2: TGP=1 symbol

Pattern 4: One whole symbol is reserved for interference avoidance[4] as Pattern 4 in Figure 3. 
Pattern 5: DMRS occupies the first and the last symbol, while only half symbol is transmitted in the two symbols via transmission in odd/even subcarriers. With Pattern 5, one more symbol can be used for data transmission compared to Pattern 4 at the cost of lower DMRS density. 
 Pattern 6: 0.5 GP is adopted in the start and the end of the subframe, and time offset of 0.5 symbol is applied to data mapping of discovery message to ensure transmission of one whole symbol. 
It can be noted that Pattern 5 and 6 can both be applied to the scenario where two GPs of half symbol are individually used for AGC and interference avoidance.
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Figure 3: Different mapping patterns for one symbol GP
Case3: TGP=1.5 symbols
If one symbol is reserved for AGC measurement and adjustment in the start of a discovery subframe, the patterns in Figure 2 can be reused with additional GP for AGC measurement as shown in Figure 4.
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Figure 4: Different mapping patterns for 1.5 symbols GP
Case4: TGP=2 symbols
If 1 or 1.5 symbol is reserved for AGC measurement and adjustment in the start of discovery subframe, the patterns in Figure 3 can be reused with larger GP length for AGC measurement as shown in Figure 5.
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Figure 5: Different mapping patterns for 2 symbols GP
Performance and proposal
We compare the discovery performance of the above patterns via link level simulation. To ensure the DMRS/SRS sequence is a current sequence in LTE for each pattern, discovery signal is transmitted in unit of 2 PRB-pairs. Other simulation assumptions can be found in Appendix.  It can be found from Figure 6 that the performance of Pattern 1-4 are quite close, and the performance of Pattern 5 and 4-1 is slightly worse than other patterns. To reuse the data and DMRS mapping pattern in LTE PUSCH as much as possible, half OFDM symbol for data or DMRS/SRS is not expected if no worthy performance gain can be found. Furthermore, time offset to resource mapping of discovery message (Pattern 6 or 6-1) may lead to unaligned timing with legacy signal in the same subframe (e.g. PUCCH), which may lead to significant interference as described in [2]. Hence, considering the GP for AGC measurement and adjustment is not likely to be longer than one symbol, Pattern 4(no GP for AGC)  or 4-1(0.5/1 symbol GP for AGC) can be adopted for discovery message design. The GP at the end of one discovery subframe can also be used for Tx-Rx/Rx-Tx switching for a D2D UE.
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Figure 6: link level result for different patterns
Proposal 4: One or two OFDM symbols (Pattern 4 or 4-1) can be reserved as GP in each discovery subframe.
3. Conclusion 

In this contribution, we discuss the details of signal design for discovery message. Considering the detection complexity, the DMRS sequence and data scrambling should not be designed on a UE-specific manner. For GP design, different patterns are analyzed with link level results. The proposals are summarized as follows:
Proposal 1: Common base sequence with multiple cyclic shift and/or OCC is used for DMRS if the ID to generate base sequence cannot be indicated to receiver.

Proposal 2: For type 1 and type 2 discovery, the same method as DMRS sequence is used to obtain scrambling sequence on a non-UE-specific basis.

Proposal 3: Extended CP can be considered if large scale discovery should be supported for a D2D UE.
Proposal 4: One or two OFDM symbols (Pattern 4 or 4-1) can be reserved as GP in each discovery subframe.
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5. Appendix
Table 1: link level simulation assumptions

	Simulation Parameters
	Values

	UE antenna configuration
	1 TX 2 RX

	Channel model
	ITU UMI NLOS

	Bandwidth
	10 MHz

	Discovery signal format
	2RB PUSCH with two slots

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	Message size
	104bits

	UE mobile speed
	3km/h

	CP type
	Normal CP

	Receiver
	MMSE
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