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1 Introduction
In RAN1 #74bis, the following working assumption was agreed on the discovery message [1]. 
· 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
In this paper, some discussions are made about some aspects of PUSCH structure for discovery message and some observations and proposals are provided. 
2 D2D discovery signal design
As mentioned above, the discovery message will be transmitted using the PUSCH structure. Some aspects about the PUSCH structuring for the discovery message are discussed in this section. 
Turbo coding or tail-biting convolutional coding?
As discussed in previous meetings, the discovery message generally has a relatively small size and an initial assumption of the discovery message size is 104 bits. For this small message size, there was a concern on whether channel coding gain of turbo coding is still superior to that of tail-biting convolutional coding (TBCC) as defined by LTE. We compare the performance and the complexity of these two channel coding schemes in Figure 1. 
Figure 1 shows the BLER comparison of these two channel coding schemes with ETU fading channel or AWGN channel. In simulations, a discovery message of 104 bits with 24-bit CRC is used to generate the discovery signal, which are transmitted on one PRB-pair or two PRB-pairs. The channel fading of the two PRB-pairs is assumed to be independent of each other to achieve diversity gains, which is especially valuable for improving detection performance of small packets. In case of two PRB-pairs transmissions, redundancy versions (RV) 0 and 1 are used in the coded bits extraction from circular buffer for the two PRB-pair transmissions for turbo coding, while for TBCC, successive coded bits are extracted from  the circular buffer for the two PRB-pair transmissions. Other simulations conditions are listed in the annex. 
From the figure, we observe that these two channel coding schemes have similar performance in fading channels and  AWGN channel, with turbo coding performance being slightly better tent than th TBCC at higher SNR. 
The decoding complexity of Turbo coding may be slightly higher than that of TBCC due to its iterative decoding. Each component code of turbo coding has 8 states while TBCC has 64 states. Since the number of states directly determines the decoding complexity, the decoding complexity of TBCC is several times that of a single iteration of turbo decoding. Since multiple iterations (e.g., 8) are used in turbo decoding (the iterations can terminate early as per CRC check results, thus smaller number of iterations are needed on average), the decoding complexity of these two coding scheme is similar. 
In addition, it would be simpler to have the channel coding scheme of discovery signals the same as that of D2D communication signals.
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(a) ETU fading channel
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(b) AWGN channel
Figure 1: BLER comparison with Turbo coding and tail-biting convolutional coding
Based on the above discussions, the following proposal is proposed. 

Proposal-1: Rel-8 Turbo coding is used for the discovery message. 

Combination of multiple discovery transmissions

As discussed in previous meetings, the discovery signals are transmitted on the discovery resource within the discovery subframes, and the discovery subframes are distributed in time in subframe clusters. The detection/decision of discovery signals can be based on single discovery signal transmission or combining of multiple discovery signal transmissions (where physical layer soft combining is used for improving the detection performance). Based on the results in Figure 1(a), Figure 2 shows the performance of combining of two discovery transmissions. Here hard-combining means the combining of hard decision output of single transmissions. From the figure, we can see that the decoding performance of soft combining outperforms that of the hard combining by about 2dB. 
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Figure 2: Performance of two discovery transmission combinations

Proposal-2: The discovery detection can be based on multiple discovery signal transmissions with soft combining to improve the detection performance. The discovery period structure shall support the soft combination of multiple transmissions. 
Guard time construction
In type-1 discovery, the discovery UEs will make immediate TX-to-RX or RX-to-TX transitions to perform discovery signal transmission and reception. The size of the guard time was agreed to be at least 624Ts (i.e., about 20us). 
The function of the guard time is also designed for inter-subframe collision avoidance between D2D transmission and WAN UL access. We discussed the guard time construction methods, which includes puncturing based method and fractional symbol based method in [2]. The fractional symbol based method is preferred to avoid the interference of its discovery channel and the cross-interference among different discovery channels multiplexed in frequency. 
The effective coding rate is slightly increased for the fractional symbol method (assuming two RS symbols used with normal CP, the effective coding rate increase is only about 4.3%). Note that the fractional symbol shall be taken into account in rate matching module such that a specific number of coded bits are extracted from circular buffer to exactly fit the available resource elements after QPSK modulation and DFT-precoding. 
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Figure 3: Fractional symbol based guard time construction (normal CP is only an example)
Proposal-3: Fractional symbol based method is used to create the guard time. 

Normal CP or extended CP?
D2D discovery is not possible to align the timings of all the received signals at all the discovery receivers (in cellular UL, TA mechanism is used to align the timings at eNB, however in D2D discovery it cannot be achieved). CP would be used to buffer the propagation delay and battle the multi-path delay spreads. 
The propagation delay to be buffered by CP is the discovery range. D is denoted as the maximum discoverable distance. With the timing control of T2=0, the maximum timing offset will be 2D/c, as discussed by [3]. Taking the scenario of Figure 4 as example, UE3 tries to simultaneously discover both UE1 and UE2, which are located at cell center and cell edge respectively and the cell radius is assumed to be 750m, under these conditions, the timing offsets of UE1 signal and UE2 signal at the receiver UE3 is about 1500/3e8 =5.0us. 
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Figure 4: example scenario for discovery
Proposal-4: In D2D discovery, at least the normal CP is used. The possible need for the extended CP can be further discussed. 
DMRS sequence configuration
As in PUSCH, in each discovery subframe, two reference signal (RS) symbols can be used for channel estimation. Channel estimation performance would be degraded by collisions if all RS were scrambled with same sequence. To address this issue, one potential scheme is that RS sequence is scrambled by a UE specific sequence.
Proposal-5: Two RS symbols are used in discovery channel for channel estimation. The RS sequence is scrambled by UE-specific sequence. 
DMRS can be used as synchronization signal?
Synchronization signals are used for detection and synchronization.   Synchronization signals are required for the detection of frame timing of a burst or non-continuous transmissions.   For D2D discovery, the target UE will receive discovery signals from other UEs with different propagation delays.  The window of discovery signals’ arrival at a UE would be wider than the CP length, in particular in out of network coverage scenario.   A dedicated synchronization signal would allow the target UEs to detect the frame timing and sample the Discovery signals accurately.   The timing and frequency offsets of Discovery signals could be compensated before performing channel estimation.   If DMRS is used for synchronization signals, the detection of frame timing and channel estimation would be performed together.  The timing and frequency offsets could not be compensated in advance before channel estimation.  The performance of Discovery signal demodulation would be degraded with embedded frequency and timing error.    
Proposal-6: Synchronization signal should be separated from DM RS. 
3 Conclusions
In this paper, we discuss some detailed considerations on the discovery signal design. The proposals are as follows.
Proposal-1: Rel-8 Turbo coding is used for the discovery message.
Proposal-2: The discovery detection can be based on multiple discovery signal transmissions with soft combining to improve the detection performance. The discovery period structure shall support the soft combination of multiple transmissions. 

Proposal-3: Fractional symbol based method is used to create the guard time. 

Proposal-4: In D2D discovery, at least the normal CP is used. The possible need for the extended CP can be further discussed. 
Proposal-5: Two RS symbols are used in discovery channel for channel estimation. The RS sequence is scrambled by UE-specific sequence.   
Proposal-6: Synchronization signal should be separated from DM RS. 
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Annex

Link level simulation conditions

	
	

	Discovery message size
	104 bits

	CRC size
	24 bits

	Discovery resource unit
	One PRB-pair, including 2 RS symbols and 12 data symbols.

	Discovery detection
	Single PRB-pair detection or soft combinations of two PRB-pairs transmissions.

	Turbo coding
	RV0 used for single PRB-pair transmission and RV0 and RV1 used for two PRB-pair transmissions. 

Decoding algorithm: MAX-Log-MAP, 

Iteration number: 8

	TBCC coding
	Decoding algorithm: Soft Viterbi decoding

	Antenna numbers
	1 TX and 2 RX

	Fading channel
	ETU channel, 3kmph

	SNR
	Per-subcarrier SNR
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