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1. Introduction

This paper highlights the implementation impact of AGC. The subframe-based discovery signal allocation is considered in this work. FDM-based discovery signal is considered. Based on the above working assumptions, the evaluation of the AGC tracking was provided. In our evaluation, AGC region with preamble is recommended for D2D discovery frame structure but no more than 1 OFDM symbol. Periodic AGC preamble is further recommended to enhance AGC tracking.
2. RF Blocking effect in discovery 
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. AGC and 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.

[image: image2.emf]Received 

RF signal

RF-

BPF

IF-

BPF

RFA

VGA

f

RF

ADC

f

IF

Received 

BB signal

Detector

Difference

Amplifier

LPF

AGC 

Target

AGC

Front-End (Rx)

LPF


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 [1] 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：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, automatic gain controller (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 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.
Observation 3：In LTE, the subframe-based discovery signal scheduling derives the per-subframe AGC adjustment and it requires short time period of convergence, e.g. 3 us.
Observation 4：AGC can not adjust the gain based on OFDM signal with data and this will either results in receiver performance loss or loss of useful radio resource.
3. Evaluation of the AGC implementation using different tracking algorithms
In this section, we provide the evaluation of different AGC tracking approaches: 1) energy method without AGC preamble, 2) energy method with AGC preamble, 2) delay correlation method with AGC preamble. 
Energy method is generally-used implementation approach to detect the power profile of signal. The approach averages signal power and therefore the performance is related to the variance of signal on time domain. However, in noise dominant region, the estimated signal power would be linear to noise power. 
Energy method with AGC preamble is still considered as generally-used implementation approach to detect the power profile of signal. If we apply AGC preamble with good time domain property, this could improve performance of signal dominant region. However, in noise dominant region, the estimated signal power would be linear to noise power.
Delay correlation method with periodic signal is used for signal strength estimation. This approach could average noise impact especially for low SNR region. The precision of signal strength estimation would be the best among these three approaches. However, noise power will be underestimated in this approach.
Upon three AGC tracking approaches, AGC tracking error is the evaluation metric. With the normalized mean bias and normalized standard deviation of the recorded AGC tracking errors, we provide the performance comparisons among the above mentioned three AGC algorithms in AWGN channels and fading channels.
3.1. Simulation results
In this section, we provided the simulation results of the AGC tracking approaches. Each AGC tracking approach was evaluated in different sliding windows varied from 10, 40, 100 Ts. Both AWGN and small-scale fading channels were tested to discover the variance of the AGC tracking performance. The system parameters we employed for the following simulation results are:

· BW=20MHz , fsub=15kHz, FFT size=2048, number of active carriers=1152, TU=66.67μs
· 4QAM-OFDM modulation with cyclic prefix (CP) length= 144samples (4.7μs), 1Tx and 1Rx
· AGC preamble: Zadoff-Chu (ZC) sequence 
· Carrier frequency: fc=2GHz
· CFO: 0ppm
The small-scale fading channel is the ITU UMi channel (urban micro cell for NLOS case [2]), which the power delay profile can be shown in Table A.1.
3.1.1 Evaluation of AGC algorithms in AWGN channels
In this section, we provide the simulation results of the three AGC algorithms in AWGN channels. Approach 3 – delay correlation method showed the better tracking performance in lower SNR comparing to Approach 2. For the reading convenience, we highlight the performance gain of Approach 3 over Approach 2 and 1 in Figure 4 and Figure 5, respectively. It indicates the Approach 3 has a 10 dB SNR gain over Approach 2 at the tracking error with the scale of 10-2.
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Figure 4: Normalized mean-bias (a) and STD (b) comparison between Approachs 1 and 3 in AWGN channels
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Figure 5: Normalized mean-bias (a) and STD (b) comparison between Approachs 2 and 3 in AWGN channels
3.1.2 Evaluation of AGC algorithms in small-scale fading (ITU-UMi) channels
In this section, we provide the simulation results of the three AGC algorithms in small-scale fading (ITU-UMi) channels. Similar to the findings in AWGN channel, in Figure 6 and Figure 7 we witness the performance gain of Approach 3 over Approaches 1 and 2 in small-scale fading channels.
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Figure 6: Comparion between Approaches 1 and  3
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Figure 7: Comparison between Approaches 2 and 3
Observation 5: Increasing the size of sliding can increase the speed of the convergence. However it is not significant in fading channels.
Observation 6: Approach 2 with AGC preamble has lower tracking error than Approach 1 without preamble. This indicates the benefit of the AGC preamble on reducing the tracking errors. The gain is even more significant in AWGN channel than that in fading channels.
Observation 7: Upon using AGC preamble, delay correlation AGC tracking algorithm of Approach 3 has better convergence than the energy method AGC tracking algorithm of Approach 2. The gain is even more significant in AWGN channel than that in fading channels.

Proposal 1：AGC preamble and region is necessary for D2D discovery but the required region is no more than one OFDM symbol.
Proposal 2：If the signal strength estimation is necessary to operate in less than -5dB with STD less than 1, delay correlation method is recommended for consideration.
4. Conclusions

This paper summarizes observations from AGC impact. These observations shall be considered for discovery and even broadcast scenario.
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：In LTE, the subframe-based discovery signal scheduling derives the per-subframe AGC adjustment and it requires short time period of convergence, e.g. 3 us.
Observation 4：AGC can not adjust the gain based on OFDM signal with data and this will either results in receiver performance loss or loss of useful radio resource.
Observation 5: Increasing the size of sliding can increase the speed of the convergence. However it is not significant in fading channels.
Observation 6: Approach 2 with AGC preamble has lower tracking error than Approach 1 without preamble. This indicates the benefit of the AGC preamble on reducing the tracking errors. The gain is even more significant in AWGN channel than that in fading channels.

Observation 7: Upon using AGC preamble, delay correlation AGC tracking algorithm of Approach 3 has better convergence than the energy method AGC tracking algorithm of Approach 2. The gain is even more significant in AWGN channel than that in fading channels.

Proposal 1：AGC preamble and region is necessary for D2D discovery but the required region is not necessary for 100Ts.
Proposal 2：If the signal strength estimation is necessary to operate in less than -5dB with STD less than 1, delay correlation method is recommended for consideration.
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6. Appendix
The system parameters we employed for the simulation results are:
· BW=20MHz , fsub=15kHz, FFT size=2048, number of active carriers=1152, TU=66.67ms
· 4QAM-OFDM modulation with cyclic prefix (CP) length= 144samples (4.7ms), 1Tx and 1Rx
· AGC preamble: Zadoff-Chu (ZC) sequence with length 139 (root=23), 3 duplicate ZC sequences in time domain 
· With AGC preamble and without AGC preamble case
· Carrier frequency: fc=2GHz
· CFO: 0ppm
The small-scale fading channel is the ITU UMi channel (urban micro cell for NLOS case [2]), which the power delay profile can be shown in Table A.1.
Table A.1.  Power Delay Profile for ITU UMi for NLOS
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