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1 Introduction
The updated SID on the provision of low-cost MTC UEs based on LTE targets a 20dB coverage improvement compared to “normal” LTE UEs [1]. Almost all physical channels and signals will require identification, evaluation and/or analysis of potential solutions to achieve the improvement. For synchronization signals (PSS/SSS), it was observed in RAN1#72 [2] that:

· From provided evaluation results, it seems that coverage enhancement requirement for SS can be achieved by

· Longer acquisition time

· Further study until the next meeting to confirm the “longer acquisition time”
· Additional performance evaluation could be helpful for initial acquisition  and re-acquisition
In this contribution, we provide simulation results on PSS/SSS detection performance with different acquisition time to evaluate if relaxing the requirement (longer acquisition time) is a feasible solution to improve the PSS/SSS coverage for low-cost MTC UEs. 

2 Evaluation of PSS/SSS Detection for Low-cost MTC UEs
The required SINR for the synchronization signals is -19.2 dB for the agreed MCL of 160.7 dB for a low-cost MTC UE. Thus, the received SNR in our simulation is set to -20 dB. Since the received SNR is very low, PSS/SSS energy accumulation is needed. The detection of PSS/SSS is done using non-coherent combining every 5ms (PSS) or 10ms (SSS) within the given acquisition time. Non-coherent combining does not use any prior information about the channel and is used for PSS/SSS detection. Also, low-cost MTC UEs usually use cheap RF components, and thus, the frequency error is typically high. However, non-coherent combining is not very sensitive to the frequency error. The largest correlation peak in the time (frequency) domain is selected for PSS (SSS) detection. PSS is correctly detected if both symbol timing and physical-layer identity NID(2) are correctly detected. SSS is correctly detected if both frame timing and physical-layer identity NID(1) are correctly detected. 
Table 1 gives simulation assumptions for PSS/SSS detection for low-cost MTC UEs. 
Table 1. Simulation assumptions for PSS/SSS detection

	Parameter
	Value

	System bandwidth
	1.4 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA-5Hz

	Frequency error
	1 kHz

	Performance target
	10% miss probability


In Figure 1, PSS/SSS detection performance is shown for the initial acquisition case, i.e., cell ID is not known to UE. As can be seen in the figure, 90% cell ID detection probability can be achieved within 480ms.
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Figure 1. PSS/SSS performance for initial acquisition case
Observation 1: With non-coherent combining of multiple PSS/SSS instances, cell detection performance is improved at the cost of cell search delay increase. 

In [6], it is stated that “The UE shall not assume that any transmission instance of the primary synchronization signal is transmitted on the same antenna port, or ports, used for any other transmission instance of the primary synchronization signal.”. Therefore, eNB may apply the TxD scheme such as precoding vector switching (PVS) or Time Switched Transmit Diversity (TSTD) in a UE transparent manner. In Rel-8, several transmit diversity schemes were studied for potential improvements of the acquisition time. It has been observed that PVS performs well especially under extreme low SNR case and when frequency offset is present [3]
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Observation 2: A UE-transparent transmit diversity scheme such as PVS or TSTD can potentially improve the acquisition time.
3 Conclusion

In this contribution, we evaluated the feasibility of a non-coherent combining with longer acquisition time to improve the PSS/SSS coverage for low-cost MTC UEs. We have following observations:
Observation 1: With non-coherent combining of multiple PSS/SSS instances, cell detection performance is improved at the cost of cell search delay increase.
Observation 2: A UE-transparent transmit diversity scheme such as PVS or TSTD can potentially improve the acquisition time.
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