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1. Introduction

In RAN1#72, it was noted that the coverage improvement requirement for synchronization signals can be met by allowing a longer acquisition time.  This was based on performance results and analysis presented in [1]-[5].  In this contribution, we confirm the observation from RAN1#72 and provide additional results for synchronization re-acquisition.
2. Coverage Improvement for PSS/SSS
Several possible link-level solutions for coverage enhancement of the PSS/SSS were outlined in RAN1#72.  They included PSD boosting, relaxed cell acquisition time requirement, and the design of new synchronization channels/signals.  A short summary of each solution is provided below –

· PSD boosting: In the DL, the eNB can boost PSS/SSS power by stealing power away from the PDSCH of other users.  However, for narrowband system (e.g. 1.4 MHz) it may not be possible to boost power of the PSS/SSS as such.
· Relaxed requirement: This is done to allow longer acquisition time.  The information contained on PSS/SSS being transmitted is semi-static or mostly even static. Therefore, longer averaging can be used by the UE to aid cell search in low SINR.
· New synchronization signals: Different new designs might be using longer sequences.  The sequence length can be designed to support reception at the SINR needed for coverage enhancement requiring more DL resources per transmission instant compared to the current PSS/SSS design (i.e. more than a single OFDM symbol within 6 PRBs).  This will allow faster acquisition and lower implementation complexity at the UE having a higher downlink overhead for this new channel compared to the legacy PSS/SSS overhead.  Moreover, a new signal design will not be backward compatible and thus there is a potential need to transmit the new sync signals in addition to the legacy PSS/SSS, increasing the downlink overhead additionally.
3. Link-level Results

Figure 1 illustrates SCH initial acquisition performance using 200ms detection windows for different frequency offset values.  Every instance of PSS/SSS within the detection window is used to aid in the detection.  Simulation parameters were taken from [6] and are summarized in Table 1. The time delay results are at 90% rate of correct detection and <0.1% false alarm rate.  For normal LTE, the SCH operating point for an FDD system is at -7.8 dB.  Additional 11.4 dB is needed to reach the coverage enhancement targets, resulting in the required operating point of -19.2 dB SINR.  The results indicate that cell detection is possible in about 200ms @ ~-20dB SINR.  Thus, cell detection based on legacy PSS/SSS is possible given sufficiently long detection window. 
From Figure 1, it is seen that detection is possible in about 200ms if the frequency offset is 100Hz.  However, frequency offset of 100Hz for initial acquisition may be too optimistic.  For frequency offset of 1kHz, detection at -20dB is not possible using coherent combining (see Figure 1).  In this case, non-coherent detection can be used.  In [2]
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[5], it was shown that with non-coherent detection,  initial acquisition can be accomplished in approximately 600ms.
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Figure 1.  SCH initial acquisition performance (FDD). 
In Figure 2 we present the SCH re-acquisition performance when devices have knowledge of the synchronization signals to be acquired (i.e. the cell-ID is known to the UE).  This is appropriate in the situation where devices have no mobility and thus will obtain synchronization from the same cell as before. From the figure, it is seen that the device can require synchronization in 160ms 85% of the time. 
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Figure 2.  SCH re-acquisition performance (FDD).

4. Conclusions
Based on the results shown in this contribution, it is seen that, for an FDD system, the coverage improvement requirement for synchronization signals can be met by allowing a longer acquisition time.  The initial acquisition time depends on the frequency offset with 200ms acquisition time possible for a frequency offset of 100Hz.  In addition, for synchronization re-acquisition, a shorter acquisition time is possible.    
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Table 1. Link-level simulation parameters for PSS/SSS.
	Parameter
	PSS/SSS

	System
	10 MHz, FDD, 2.0 GHz

	Antenna Configuration
	2x2 low correlation

	Channel Model
	EPA

	Doppler Shift
	1Hz

	Frequency Error
	100 Hz

	Minimum Required SINR
	-19.3 dB [PDSCH]


