
3GPP TSG RAN WG1 Meeting #77
R1-142052
Seoul, Korea, 19th - 23rd May, 2014
Agenda Item:
6.2.5.1.1
Source:
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Title:
Preamble design for D2D Discovery
Document for:
Discussion and decision

1 Introduction
In RAN1-76, 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. 
The D2D preamble issue was discussed in RAN1-76bis and the following email discussions, but it seems that no consensus was yet reached. 
In this paper, we discuss the relevant issues about D2D preamble. 
2 Which signal is used to settle AGC?
Large dynamic range for received D2D signal powers
In D2D transmissions, a D2D receiver may have to receive from different D2D transmitters in adjacent subframes, leading to a potential large variation of the received D2D signal power. For example, as shown in Figure 1, in one subframe the receiver UE may receive the discovery signals from a very close transmitter, while in the next subframe, the same receiver may have to receive the signals from a relatively far 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.
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Figure 1: large dynamic range for received D2D signal powers

What signal is used to settle AGC?

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 could be based on the first part. 
The benefit of option-1 is its simplicity and no change for the first symbol in the D2D subframe. However, with option-1 the whole first symbol may be wasted in terms of data transmission due to the power adjustment. Compared with option-1, option-2 provides more flexibility. That is, the AGC settling could be accomplished during the first symbol part, if the applied receiver circuit supports such AGC speed (in this case, the second part could be used to carry useful data), otherwise, the AGC settling could be based on the two parts of the first symbol (in this case, division of the first symbol into two parts makes little sense). 
Observation-1: division of the first OFDM symbol into two parts could provide better flexibility to enable AGC operations in D2D receivers. 

Measurement duration of signal power:
In general, in the AGC operations, an average power measurement is first performed and then based on the measured signal power, the input signal is adjusted to the target power. A natural question is what measurement duration is needed for reliable power measurement. Can it based on CP length samples? To clarify this, a simple link level simulation was made, with results shown in Figure 2 below. From this figure, we can observe that power measurement over short duration like CP-length level could not provide reliable power estimate and when the measurement duration is increased to up to half OFDM symbol, the power measurement is quite reliable. 
Observation-2: power measurement over half OFDM symbol could provide reliable power estimate for AGC settling. 
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Figure 2: impact of power measurement interval to AGC effect
Based on the above discussions, we propose the following.
Proposal-1: D2D 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 utilizing every second subcarrier in the frequency domain. 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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(a) Time domain (showing 1st symbol)        (b) frequency domain (showing 1st slot)
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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(b) Time domain (in view of 1st symbol)        (b) frequency domain (in view of 1st slot)

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. But considering that there is already a DMRS symbol in the middle of the first slot, the benefit of the half RS symbol with option-2 in channel estimation enhancement may be limited. In this sense, the option-1 scheme seems more preferable. 
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 is used for AGC setting and the remaining half-symbol is used to carry data signals. 
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 observations and proposals are provided.
Observation-1: division of the first OFDM symbol into two parts could provide better flexibility to enable AGC operations in D2D receivers.

Observation-2: power measurement over half OFDM symbol could provide reliable power estimate for AGC settling.

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 is used for AGC setting and the remaining half-symbol is used to carry data signals.
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