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1. Introduction

This paper highlights two receiver implementation issues for D2D discovery. The first issue results from the joint effect of automatic gain controller (AGC) and A/D converter. The second issue results from the timing advance, which induces the inter-symbol interference effect in SC-FDM or OFDMA receiver. The second issue can be resolved by using a long cyclic prefix (CP), which promises a properly sampled OFDM symbol. On the other hand, the first issue results from the AGC, which manages to limit the received signal within the dynamic range of A/D converter. The multiple discovery signals with different power levels fed into receiver results in the large signal power fluctuations. The discovery signal with smaller reception power level may not be decodable due to AGC. This paper will detail the implementation issue and suggest some approaches to accommodate both issues.
2. Discussion of Receiver Implementation Issues
2.1. FDM-based radio resource allocation for discovery signals
Figure 1 illustrates FDM-based resource allocation. Discovery signals are multiplexed in frequency domain within a discovery period. This kind of resource allocation has been discussed in many companies’ contributions including PUSCH, PUCCH, RACH, SS approaches, etc. The FDM provides coverage for D2D discovery signal. [1] analyzes coverage based on the bandwidth of discovery signal. Considering 20MHz for LTE system bandwidth, if 1PRB (180kHz) is used, 20dB link budget gain per resource element (RE) could be easily achieved comparing to 20MHz total bandwidth utilized by one UE, i.e. TDM-based approach. When we consider 1km coverage, FDM-based resource allocation easily provides 20 dB gain to link budget when 1 PRB radio resource usage is considered.
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Figure 1: FDM-based resource allocation.
Observation 1: FDM-based approach with 1 PRB resource allocation provides 20dB link budget gain comparing with 20MHz TDM-based approach.
Proposal 1: 1 PRB bandwidth (180kHz) is considered as baseline for discovery signaling design.
2.2. AGC and ADC Joint Effect
This section introduces the challenge of FDM approach and summarizes some observations for D2D implementation. FDM approach shows an exciting performance. However, it also introduces a great implementation challenge. Existing hardware technology may pay huge implementation cost if there is no constraint for transmission of discovery signal.
Power fluctuation of multiple FDM discovery signals made a severe impact to the received SNR of the weaker discovery signal.  Figure 2 illustrated a general RF front end for OFDM or SC-FDM receiver. LTE receiver has to accommodate to a 20MHz bandwidth so that at least 20MHz bandwidth signal will pass through the AGC. A/D converter converts analog waveform into digital signal for further processing. Figure 3 illustrated the composition of two discovery signals in time domain. Due to lack of power control, it often results in that high power discovery signal is added with low power discovery signal. The AGC will adjust received waveform into the dynamic range of A/D Converter. Due to limit bit width of A/D converter, generally 12 bits for the UE, the weak signal might be wiped out after A/D converter in time domain. After FFT, the SNR per RE might be much lower than noise floor introduced by the A/D converter. 
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Figure 2: A general RF front end for OFDM/SC-FDM receiver.
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Figure 3: An exemplary waveform composition of two discovery signals.
This situation is very likely to appear in D2D discovery. In general, a discoveree UE can not know how many discoveree UEs around it. This UE also does not know which UE will receive the transmitted discovery signal. A discoveree UE also assumes that all in-range UEs receive the transmitted discovery signal. Hence, the power adjustment or coordination can not be made among these discoveree UEs to prevent the weak discovery signal from being undetectable.
Observation 2: A discovery UE highly likely requires high dynamic range A/D converter to receive FDM-based discovery signals.
Proposal 2: An approach to reduce dynamic range is necessary to be considered.
2.3. Timing Advance 
Figure 4 illustrates a general SC-FDM transceiver architecture. In this architecture, guard interval is used to overcome inter-symbol interference. However, the randomness of the inter-device distance makes it difficult to eliminate the inter-symbol interference. Additionally the improperly sampled OFDM symbol will pass through the M-Point FFT and introduces major interference to other discovery signals. Therefore, timing advance shall be controlled to avoid unnecessary inter-user interference.
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Figure 4: A general SC-FDM receiver.
A discovery UE can not assume that all discoveree UEs transmit discovery signals with the timing difference within the duration of CP. It highly likely happens that discovery UE receives a discovery signal without a properly sampled OFDM symbol and this discovery signal causes inter-user interference. A longer CP or an approach to handle the timing advance shall be considered. 
Proposal 3: An approach to handle all discoveree UEs transmitting discovery signals within a limited timing arrival difference within a cyclic prefix shall be considered for D2D discovery.
3. Resource allocation Timing group based resource allocation
Timing group is introduced to mitigate the timing advance and ADC and AGC joint effect. Figure 5 plots an exemplary resource allocation. Each discoveree UE transmits discovery signal in the allocated timing group. Within each timing group, a limited transmission timing difference is guaranteed. Receiver could just synchronize with the associated timing and no major timing advance among different users to appear. Figure 6 further shows that a discovery UE receives discovery signals from each timing group. These discoveree UEs are close-by. Therefore, similar received timing and less power fluctuation among discovery signals could be achieved. Timing group based resource allocation could be considered into our simulation baseline to mitigate power fluctuation and timing advance effect.
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Figure 5: An Exemplary Resource Allocation for Various Timing Group.
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Figure 6: A D2D discovery UE recevies discovery from different D2D UE groups.
Proposal 4: Timing group resource allocation may be considered into simulation assumption.
4. Conclusions

This paper analyzes the effect of timing advance and AGC and ADC joint effect to D2D receiver. In order to reduce both effects, the proposed resource allocation approach is proposed as our simulation assumption to avoid the performance degradation due to unsynchronized timing.  
Observation 1: FDM-based approach with 1 PRB resource allocation provides 20dB link budget gain comparing with 20MHz TDM-based approach.
Observation 2: A discovery UE highly likely requires high dynamic range A/D converter to receive FDM-based discovery signals.
Proposal 1: 1 PRB bandwidth (180kHz) is considered as baseline for discovery signaling design.
Proposal 2: An approach to reduce dynamic range is necessary to be considered.
Proposal 3: An approach to handle all discoveree UEs transmitting discovery signals within a limited timing arrival difference within a cyclic prefix shall be considered for D2D discovery.
Proposal 4: Timing group resource allocation should be considered into simulation assumption.
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