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1 Introduction

In RAN1 #72 meeting, several techniques were identified as possible solutions for 20 dB coverage enhancement of synchronization signal [1]. Among them, accumulating PSS/SSS multiple times is the efficient way to achieve SNR gain without impacting RAN1 specification. However, due to the delay from the accumulation, the initial cell search may take very long time. Accordingly, this contribution investigates the average cell search time for MTC UEs facing the coverage improvement. 
2 Average cell search time
The simulation is based on Markovian process where a state diagram is used to facilitate average search time analysis [2]. The cell search in LTE/LTE-A consists of two steps. First, it detects PSS to get the number 
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 within a cell group. Next, it seeks the cell ID group number 
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 by detecting SSS. The resultant cell ID should be confirmed by following BCH decoding. If the confirmation fails, the searcher restarts a new process. 
In general, the cell search time includes the first-step duration, the second-step one, and a penalty time for search failure. If the normal UE operation is considered, the repetition number of each step and a fixed penalty time is used to obtain the average search time. For the MTC UEs in need of coverage improvement, however, if the searcher accumulates for a long time, the BCH decoding also takes as much time as the previous step. Subsequently, the penalty time needs to be scaled up with the PSS/SSS detection time. We adopt the minimum penalty time (
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) of 40 ms basically and increase it according to the number of accumulation.
The simulation assumption and results are in Appendix. The evaluation assumes FDD and the received SNRs are set to -8 dB ~ -20 dB so that they cover 20-dB coverage enhancement range for FDD (160.7 dB of MCL). In addition, the simulation expands the SNR range up to 18 dB gain for TDD (166.7 dB of MCL). Table 1 shows the average search time and corresponding accumulation number of both steps. Figure 2~Figure 8 illustrate the average search time vs. the second-step threshold (linear scale) for a given SNR. Each graph has several values of L (accumulation number) and the values of the minimum search time are written in Table 1.
Table 1. Average search time and number of accumulation for SNR gain (or received SNR)
	Received SNR (dB)
	-8
	-11
	-14
	-17
	-20
	-23
	-26

	SNR gain (dB)
	0
	3
	6
	9
	12
	15
	18

	Number of accumulation
	1
	2
	4
	8
	32
	256
	512

	Average search time (ms)
	15
	32
	86
	290
	1,108
	3,111
	12,183


The result indicates 1.1 sec of average search time for -20 dB of SNR. In case of -26 dB of SNR, much longer time of  12 sec is necessary. It is worth mentioning that we need further study for bigger initial frequency offsets since the current simulation assumes 1 kHz of initial frequency offset only. If the searcher should scan over wider initial frequency offset range on 1 kHz of granularity basis, multiples of the above values would be obtained. 
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Figure 1. Average cell search time according to target SNR gain
3 Conclusion
In this contribution, we investigate the average cell search time for MTC UEs in need of 20 dB coverage improvement assuming the accumulation technique is applied. Up to 1.1 and 12 sec of search time are observed for 160.7 /166.7dB of MCL in FDD and TDD, respectively. Since the initial frequency offsets can vary with UEs over much wider bandwidth, further consideration on the bigger initial frequency offsets is necessary.
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Appendix 
A. Simulation assumption and results
Table 2 summarizes the simulation assumption.
Table 2. Simulation assumption

	Bandwidth
	1.4 MHz

	Frame structure
	FDD

	Carrier frequency
	2 GHz

	CP Type
	Normal

	Channel model
	EPA

	Initial frequency error
	1 kHz

	Doppler shift
	1 Hz

	SNR
	-8, -11, -14, -17, -20, -23, -26 dB


Figure 2~Figure 8 show the simulation results.
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Figure 2. Average search time for SNR of -8 dB
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Figure 3. Average search time for SNR of -11 dB
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Figure 4. Average search time for SNR of -14 dB
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Figure 5. Average search time for SNR of -17 dB
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Figure 6. Average search time for SNR of -20 dB
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Figure 7. Average search time for SNR of -23 dB
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Figure 8. Average search time for SNR of -26 dB
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