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1. Introduction

Discovery preamble is newly-introduced during RAN1 #76 meeting and AGC setting is one of the purpose. The working assumption [1] for open discussion on discovery preamble is shown as follows,

Working Assumption:

· A UE that transmits a discovery message may also be a synchronisation source (and therefore also transmit D2DSS)

· Note that D2DSS is not the message DMRS

· “Discovery sequence” concept introduced in working assumption in RAN1#74bis no longer exists. (but see open discussion below on discovery preamble)

· None of the discovery message payload is carried by the message DMRS

· A UE transmitting a discovery message does not necessarily need to be a synchronisation source

Further discussion on Discovery Preamble:

Question: Can a UE that transmits a discovery message (including DMRS) also transmit a “discovery preamble” prior to the discovery message, where the “discovery preamble” differs from a D2DSS in one or more of the following ways:

· E.g. if D2DSS is periodic and “discovery preamble” is not? 

· Different sequence?

· Different bandwidth? 

Possible purposes for “discovery preamble”:

· Fine tuning of time and/or frequency synchronisation

· Channel estimation assistance for discovery message decoding

· AGC setting

RAN4 also has replied the LS sent from RAN1 on AGC for D2D, and the information is shown in R4-140976 [2]. From R4-140976, RAN4 concluded as follows, 

1) The receiver dynamic range is between 68.5 dB and 72 dB for a typical LTE UE in a 10 MHz bandwidth, in case of no blocker signals e.g. transmissions from other UEs. Otherwise the dynamic range shall be smaller due to AGC and vary with UE implementation.
    2) RAN1 should assume an AGC settling time of 70μs if an LNA gain change is required. AGC settling time includes time needed for energy estimation, time needed for application of AGC gain, and time needed for the new AGC gain to take effect. 
This paper discusses the implementation impact of AGC. The subframe-based signal allocation and FDM-based signal multiplexing is considered for D2D operation. Based on the above working assumptions, the evaluation of the AGC tracking, i.e. the above mentioned time needed for energy estimation, was provided. In our evaluation, discovery preamble based on repeated Zadoff-Chu sequences is recommended for D2D discovery frame structure to enhance AGC tracking. From our simulation results, the Zadoff-Chu sequence with length 29 is enough for the criterion that the error convergence probability is less than 10-3, where the error convergence probability is defined by the probability that the estimated energy is 3dB outside the true energy. 
2. Considerations for Discovery Preamble on AGC Impact 
2.1. AGC Issue in the case of Multiple Discovery Signals
Figure 1 illustrates a frame structure for discovery signal allocation. According to current RAN1 working assumption, TDD is used to multiplex LTE uplink and D2D transmission. The subframe-based allocation concept is implicitly indicated. We will also consider to apply discovery signals are frequency multiplexed in each subframe.
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Figure 1：An example of Subframe-based Discovery Signal Allocation
Figure 2 further illustrates an exemplary receiver front end. Automatic gain controller (AGC) and analog-to-digital converter(ADC) are generic components for a receiver front end. ADC maps a fix range signal into fixed bit width digital samples. In order to minimize quantization noise, AGC will adjust received signal to fit the maximum range of the ADC.
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Figure 2：An exemplary AGC receiver front end
Except for eNB, popular device receives signals in TDM manner, i.e. one signal received at one time. However, FDM indicates that multiple signals received at one time.  Refer to RAN1 LS [3] to the RAN4, following observations has been made.
“RAN1 is studying mechanisms for D2D discovery and communication.  Unlike LTE UL, there is no single point of reception (i.e. eNodeB) for D2D. As a consequence, D2D transmissions may not be power controlled to any single UE. This may potentially lead to significant received power variation from one time instant to another for a D2D UE. Hence, RAN1 would like to seek guidance from RAN4 on AGC settling time and receiver dynamic range for a typical UE. “
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Figure 3：An illustration for AGC tracking
Multi-user detection with significant power fluctuation introduces frequent AGC tracking on UE side. For D2D scenario, distances among UEs introduce different timing arrivals. Figure 3 further illustrates an example of AGC tracking.  In the receiving chain, AGC adjusts the composite waveform to fit in the range of ADC and minimize ADC induced quantization error. In other words, the AGC would adjust the peak amplitude of the waveform to fit the maximum range of the ADC. However, due to different inter-distance from different transmission UEs, the arrival time is different to these UEs. The AGC should estimate the samples when all discovery signals arrive. If the AGC tracks the gain earlier than the all signals arrived, the AGC may underestimate the received signal and the adjusted gain will amplify the received signal beyond the maximum range of the ADC. If the AGC tracks the gain later than the all signals arrived, radio resource will be wasted for AGC tracking timing.

Refer to Figure 1, if the subframe-based resource allocation is considered, AGC convergence is far more stringent. In each discovery or broadcast subframe, the dynamic range varies significantly. It implies that AGC shall converge on very initial time region of each subframe. By the way, the initial time region is useless for data transmission. In other words, the radio resource is used for energy estimation only. If receiver estimates the gain from the AGC with useful symbols, it implies that incorrect data detection occurs or higher quantization noise occurs. Performance loss is expected.

In the summary, couple observations are listed as follows:

Observation 1：Timing arrival of these discovery signals or broadcast signals are different and it affects the valid sampling time of AGC.

Observation 2：The amplitude variation of these discovery signals or broadcast signals is large due to multiplexing of these signals and the time duration required for convergence of AGC detector is enlarged.
2.2. Discovery Preamble Design for AGC Purpose
If necessary, all D2D channels shall consider AGC setting time. Otherwise, we may lose one OFDM symbol for AGC setting every one or two subframes for D2D purpose. R4-140973 [4] shows the behavior for AGC convergence for SC-FDM symbol. In their evaluation, 50UEs provide better performance but still need 15μs to achieve error convergence probability 10-3, which the error convergence probability is defined by the probability that the estimated energy is 3dB outside the true energy, i.e. |Estimated energy in dB - True energy in dB| > 3 dB. This comes from random signal induced signal amplitude variation in time domain. Hence, a discovery preamble shall be considered for the purpose of AGC setting. 
Proposal 1: A discovery preamble shall be considered to alleviate the effects of large amplitude variation and different timing arrival of these discovery signals or broadcast signals for the purpose of AGC setting.

In order to reduce signal amplitude variation, constant envelop signal is considered as basic property for the discovery preamble. In order to estimate proper timing of arrival, repeated signal is further considered in the discovery preamble. Figure 4 plots an exemplary discovery preamble structure. The discovery preamble is appended in the beginning of discovery signal. A repeated waveform is considered in the discovery preamble. When we consider energy detection as AGC algorithm assumption, Zadoff-Chu sequence is considered to reduce cross-term when energy detection is applied. 
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Figure 4: The Proposed Discovery Preamble Structure
The proposed discovery preamble consists of P repetitions of ZC sequence, where P is a real number and P>1. The ZC sequence, pu(n), with length Nzc and root u is shown as follows,
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The length Nzc should be a prime number to preserve the better auto-correlation and cross-correlation properties. Besides, the duration of P-1 ZC sequence repetitions should be larger than the maximum difference among the arrival timings for the multiple received discovery signals to avoid the invalid start sampling point of the sliding average window for the energy estimation. 

From the LS [2] replied by RAN4, an AGC settling time of 70μs is suggested, then Tzc, defined as the duration of ZC sequence in the proposed discovery preamble, should be smaller than 70μs/P.  Let P=Pg+Ps where Pg is a real number and Ps is the positive integer number. We assume Pg*Tzc=Tg (Tg is the duration of the cyclic prefix), which is typically designed to be larger than the maximum difference among the arrival timings for the multiple received discovery signals. Then Tzc should be smaller than (70μs-Tg)/Ps. In LTE, there are two types of cyclic prefix (CP), we will discuss as follows
1) In the case of normal CP (Tg=4.7μs), for example the repetition number Ps=3, then Tzc should be smaller than 21.77μs, i.e. 334 samples in 10MHz bandwidth case, and then the largest prime number smaller than 334 is 331. Hence, the upper boundary value of Nzc should be 331. When Ps>3, the upper boundary value of Nzc should be smaller than 331.
2) In the case of  extended CP case (Tg=16.7μs), for example the repetition number Ps=3, then Tzc should be smaller than 17.77μs, i.e. 272 samples in 10MHz bandwidth case, and then the largest prime number smaller than 272 is 271. Hence, the upper boundary value of Nzc should be 271. When the repetition number Ps>3, the upper boundary value of Nzc should be smaller than 271.
In D2D communications, the proposed discovery preambles for multiple UEs can be shown in Figure 5. For received multiple discovery signals (e.g. from UE 2,UE 3,…,UE N), the proposed discovery preamble for UE i, consists of P repetitions of i-th ZC sequence ( ZCi ) with length Nzc and root ui, is inserted before the time domain discovery signal i, where i=2,3,..,N. The root ui is different for different UE i, and the corresponding ZC sequence, is shown as follows,
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Figure 5: An illustration of the Proposed Discovery Preambles in D2D Communication Scenario
3. Evaluation of the AGC implementation with/without Discovery Preamble
In this section, we evaluate the AGC performance based on SC-FDM signal (i.e. without preamble case) and discovery preamble in terms of “probability estimated energy is outside 3dB” (i.e. the error convergence probability Pe defined by the probability that |Estimated energy in dB - True energy in dB| > 3 dB). Energy detection is used as our baseline estimation algorithm. Equal-gain signal and distance dependent path loss in free space are evaluated under AWGN channel to verify the AGC tracking performance. The system parameters we employed for the following simulation results are:

· BW=10MHz , fsub=15kHz, FFT size=1024, number of active carriers=12, TU=66.67μs
· QPSK modulation with cyclic prefix (CP) length= 72samples (4.7μs), 1Tx and 1Rx
· Discovery preamble: Zadoff-Chu (ZC) sequence 
· Carrier frequency: fc=2GHz, and carrier frequency offset (CFO): 0ppm
3.1. Evaluation of AGC Algorithms in AWGN Channels for UEs with Equal Gain
This section provides the simulation results for SC-FDM signal and proposed discovery preamble with various sliding average window sizes for different number of UEs (1, 5, 10 & 20UEs) over AWGN channel. Figures 6-9 show simulation results. In our simulation, a quite different behavior is shown. The error convergence probability of SC-FDM signal increases with SNR and that of proposed discovery preamble decreases with SNR. Furthermore, SC-FDM signal requires around 80-140 samples (5.2μs-9.1μs) to reach around the error convergence probability of 10-3. But the proposed discovery preamble only requires around 29 samples (1.9μs) to achieve around the error convergence probability of 10-3. When we increase the number of UEs, the performance of the proposed discovery preamble remain similar around whole SNR range but the error convergence probability of SC-FDM signal still increases with SNR. 
Observation 3: The probability of energy estimation outside 3dB of SC-FDM signal increases with SNR. 

Observation 4: The probability of energy estimation outside 3dB of repeated Zadoff-Chu sequence decreases with SNR.

Observation 5: Compare to SC-FDM signal under equal gain, the repeated Zadoff-Chu sequence requires around 1/4 energy estimation window to reach better performance around the probability of energy estimation outside 3dB of 10-3.
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Figure 6: Performance Comparisons Between (a) without Preamble Case and (b) with Preamble Case in AWGN channels for 1UE
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Figure 7: Performance Comparisons Between (a) without Preamble Case and (b) with Preamble Case in AWGN channels for 5UEs with Equal Gain
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Figure 8: Performance Comparisons Between (a) without Preamble Case and (b) with Preamble Case in AWGN channels for 10UEs with Equal Gain
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Figure 9: Performance Comparisons Between (a) without Preamble Case and (b) with Preamble Case in AWGN channels for 20UEs with Equal Gain
3.2. Evaluation of AGC Algorithms in AWGN Channels for UEs with Path Loss
This section further evaluates both signals with different free space path loss which is inverse proportional to square of distance. Figures 10-13 show simulation results. This results show similar trend with that under equal gain. From the simulation results, the SC-FDM signal requires around 140-200 samples (9.1μs-13μs) to reach around the error convergence probability of 10-3. But the proposed discovery preamble only requires around 29 samples (1.9μs) to achieve around the error convergence probability of 10-3. One thing to be highlighted is that the performance may be dominant to the largest power UE. When the power variation becomes bigger, the performance becomes more similar to single UE.

Observation 6: Compare to SC-FDM signal under path loss, the repeated Zadoff-Chu sequence requires around 1/6 energy estimation window to reach better performance around the probability of energy estimation outside 3dB of 10-3.

Observation 7: When path loss is considered, the performance of both SC-FDM signals and proposed discovery preamble signals would approach to less UEs scenario.

Proposal 2: Repeated Zadoff-Chu Sequence should be adopted for discovery preamble. The number of repetition is FFS. The length of Zadoff-Chu sequence is FFS. 
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Figure 10: Performance Comparisons Between (a) without Preamble Case and (b) with Preamble Case in AWGN channels for 1UE
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Figure 11: Performance Comparisons Between (a) without Preamble Case and (b) with Preamble Case in AWGN channels for 5UEs with Path Loss
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Figure 12: Performance Comparisons Between (a) without Preamble Case and (b) with Preamble Case in AWGN channels for 10UEs with Path Loss
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Figure 13: Performance Comparisons Between (a) without Preamble Case and (b) with Preamble Case in AWGN channels for 20UEs with Path Loss
4. Conclusions

This paper provides simulation results for SC-FDM signals and discovery preamble signals. We summarize our observations and proposal as follows.
Observation 1：Timing arrival of these discovery signals or broadcast signals are different and it affects the valid sampling time of AGC.

Observation 2：The amplitude variation of these discovery signals or broadcast signals is large due to multiplexing of these signals and the time duration required for convergence of AGC detector is enlarged.
Observation 3: The probability of energy estimation outside 3dB of SC-FDM signal increases with SNR. 

Observation 4: The probability of energy estimation outside 3dB of repeated Zadoff-Chu sequence decreases with SNR.

Observation 5: Compare to SC-FDM signal under equal gain, the repeated Zadoff-Chu sequence requires around 1/4 energy estimation window to reach better performance around the probability of energy estimation outside 3dB of 10-3.
Observation 6: Compare to SC-FDM signal under path loss, the repeated Zadoff-Chu sequence requires around 1/6 energy estimation window to reach better performance around the probability of energy estimation outside 3dB of 10-3.

Observation 7: When path loss is considered, the performance of both SC-FDM signals and proposed discovery preamble signals would approach to less UEs scenario.
Proposal 1: A discovery preamble shall be considered to alleviate the effects of large amplitude variation and different timing arrival of these discovery signals or broadcast signals for the purpose of AGC setting.

Proposal 2: Repeated Zadoff-Chu Sequence should be adopted for discovery preamble. The number of repetition is FFS. The length of Zadoff-Chu sequence is FFS. 
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