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1 Introduction
In RAN1-76 meeting, there were some discussions on the discovery preamble summarized as follows [1]
· The question was posed whether a UE that transmits a discovery message (including DMRS) can also transmit a “discovery preamble” prior to the discovery message, which is different from D2DSS in terms of periodicity, sequence, and/or bandwidth. 
· The possible purpose(s) of a discovery preamble may include: fine tuning of time/frequency synchronization, channel estimation assistance for discovery message decoding, and AGC setting.
· Consensus was not reached in RAN1#76on the need of the discovery preamble, and the topic was left FFS until RAN1#76bis. 
In this paper, we discuss the the need for a discovery preamble and the potential preamble schemes. 
2 Need of discovery preamble
In this section, we discuss whether the discovery preamble is needed. According to the discussions in the previous meeting, a discovery preamble is a signal that is transmitted prior to the discovery message within the discovery transmission. In our view, the main motivation of the preamble is to facilitate the AGC setting, which is used to adjust the received signal power to a target range to facilitate the subsequent ADC operations. This makes sense especially in the discovery transmissions due to the expected very large variance range of the receive signal power in different discovery subframes. 

For example, in one discovery subframe the discovery UE may receive the discovery signals from a very close discovery transmitter, while in the next subframe, the same discovery receiver may have to receive the discovery signals from a relatively distant transmitter. It can be imagined that there is a large power difference between the received signals over these two subframes. Without appropriate AGC operations for such a large incoming power variance, severe quantization errors or clipping distortions may result and lead to degradation of the discovery message decoding performance.

The next question is which signal is used for the AGC setting. There are two options for this:
· Option-1: AGC setting is performed based on the first ordinary data symbol;

· Option-2: the first symbol is partitioned into two parts and AGC setting is based on the first part (i.e. the preamble). 
For option-1, the benefit is its simplicity and no change for the first symbol in the D2D subframe. However, the problem with option-1 is that due to the (large) power adjustment during the first data symbol, the first data symbol is destroyed and is almost useless for data decoding (otherwise severe inter-subcarrier interference will be incurred). 
For option-2, the benefit is that the AGC setting could be implemented during the preamble part, and the second part of the first symbol could be utilized to carry some useful information, e.g., discovery message data (to improve data efficiency) or preamble sequence (e.g., to assist channel estimation for message decoding). The potential drawback with option-2 is that the complexity is increased due to the partitioning of the first symbol into two parts, preamble and the useful half-symbol. Considering that the half-symbol guard gap may be applied at the end of the D2D transmissions (i.e., the same method can be used to generate the half-symbol guard gap and the preamble/half-symbol), the increased complexity is limited. 
Figure 1 below compares the link level performance for different use cases for the 1st symbol. The red curve denotes an ideal case only as a reference. The blue curve corresponds to the half-symbol preamble usage (the left half-symbol is used for data) and the green one corresponds to the 1st symbol not being used in message decoding (due to being destroyed in AGC setting). Here, it is assumed that discovery transmission occupies one PRB-pair with extended CP configuration and the half-symbol gap is used at the end of the subframe. The detailed conditions are listed in appendix. From the results, we can see that the half-symbol preamble could achieve better performance by up to about 0.5dB than non-preamble usage.
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Figure 1: link level performance with different usage for 1st symbol

Based on above discussions, we propose the following proposal.

Proposal-1: discovery preamble is transmitted in the first half symbol at the start of the discovery message for better AGC setting and efficiency. 
3 Potential schemes for the discovery preamble
The discovery preamble discussed above could be readily implemented by a similar method to that used for the half-symbol guard gap [2]. There are two options for implementing the discovery preamble, depending on the usage of the half symbol, as follows:
· Option-1: preamble + half data symbol
With this option, the half symbol is used to carry discovery message data. To implement the structure, half the subcarriers (i.e. every second subcarrier) of the selected discovery resource within the first symbol are used to carry data. As in ordinary SC-FDMA, the message (QPSK) modulated symbols can be DFT-precoded first, then mapped to half the subcarriers for low PAPR. After IDFT modulation, a repetitive time structure with two identical parts is generated. The first part can be regarded as preamble for AGC setting and the second part could be used for the discovery message together with the following symbols. Figure 2 shows the preamble in the time and frequency domains. 
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Figure 2: illustration of the discovery preamble with option-1
· Option-2: preamble + half RS symbol

With this option, the half symbol is used to carry RS (e.g., for channel estimation). To implement the structure, half the subcarriers (i.e. every second subcarrier) of the selected discovery resource within the first symbol are used to carry an RS sequence. The possible RS sequences are FFS. After IDFT modulation, a repetitive time structure with two identical parts is generated. The first part can be regarded as preamble for AGC setting and the second part could be used for channel estimation. Figure 3 shows the preamble in the time and frequency domains.
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Figure 2: illustration of the discovery preamble with option-2

Generally speaking, the option-1 preamble could provide some improvement for data transmission efficiency, while option-2 preamble could provide some assistance to the channel estimation for decoding discovery message. 
Based on the above discussions, we make the following proposal:
Proposal-2: Over the duration of the first symbol within the discovery subframe, a half-symbol preamble could be used for AGC setting and the remaining half-symbol could be used to carry either data or RS signals (FFS). 
4 Conclusions
In this paper, we discussed the discovery preamble related issues, including the need and the potential implementations of the discovery preamble. The following proposals are provided.
Proposal-1: discovery preamble is transmitted in the first half symbol at the start of the discovery message for better AGC setting and efficiency.
Proposal-2: Over the duration of the first symbol within the discovery subframe, a half-symbol preamble could be used for AGC setting and the remaining half-symbol could be used to carry either data or RS signals (FFS).
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Appendix

Link level simulation conditions

	
	

	Discovery message size
	104 bits

	CRC size
	24 bits

	Discovery resource unit
	One PRB-pair with extended CP, the last half symbol is used as gap.

	Discovery detection
	Single PRB-pair detection (repetition transmission not used).

	Turbo coding
	Decoding algorithm: MAX-Log-MAP, 

Number of iterations: 8

	Numbers of antennas
	1 TX and 2 RX

	Channel model
	AWGN

	SNR
	Per-subcarrier SNR
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