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1. Introduction
The study item for provisioning of low-cost MTC UEs based on LTE targets 20 dB improved coverage for stationary low-cost MTC UEs using very low rate traffic with relaxed latency requirements [1]. Initial results on sync performance were presented in [2], and in this contribution we provide some further results and discussions.
2. Discussion
It was concluded in [2] that it seems possible to use the legacy synchronization signals for performing sync acquisition in the low SNR targeted in the study item. More specifically, non-coherent accumulation of the primary synchronization signal (PSS) over several frames was studied at -20 dB SNR, representing the desired operating point for the improved coverage case. The simulation assumptions used are listed in Table 1, and the results are shown in Figure 1, both taken from [2] and repeated here for the readers’ convenience. As can be seen, 90% detection probability would require around 700 ms detection time using non-coherent accumulation in EPA1 conditions with 1 kHz frequency error. 
Table 1: Simulation assumptions for SCH evaluation

	Parameter
	Value

	System Bandwidth
	1.4 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler spread
	1 Hz

	Frequency error
	1 kHz

	Performance target
	10% miss probability
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Figure 1: PSS detection probability vs accumulation time.
Evaluation of the complete procedure including both PSS and SSS is needed before final conclusions can be made, including an estimation of the total required sync time.   

We will now discuss other aspects of sync acquisition and present some new results.

2.1. Resynchronization 
The results presented so far are primarily related to initial synchronization to a cell, i.e. when no prior information about cell timing is available and the frequency accuracy is rather limited. Another important use of the synchronization signals is to be able to use them for resynchronization after a DRX period. This scenario differs from initial cell search in that the cell id, and thus the PSS and SSS are known, and also in that the time and frequency inaccuracy may be smaller. 
Though sync acquisition times in the order of seconds or more can be deemed feasible for initial cell search, it would be beneficial if the times required for resynchronization would be lower. Otherwise, the power consumption due to sync acquisition after DRX may increase undesirably, which is particularly disadvantageous for battery operated devices. 

The performance of using the legacy PSS for resynchronization is illustrated in Figure 2, where the cell ID is known and the PSS timing is known to be within a window, ranging from 0.1 ms to 2.5 ms. The frequency error in these simulations is still at 1 kHz. As can be seen, the accumulation time is reduced. With timing inaccuracy of 10 s, the 90% acquisition time is approximately halved compared to completely unknown PSS timing (+/- 2.5 ms window). This will reduce somewhat for lower frequency errors.  
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Figure 2: PSS detection probability for 1 kHz frequency error with different time inaccuracy windows.
It shall be noted that the results presented above will improve if also the SSS is considered in the accumulation. This is particularly true if the frequency error is low enough such that coherent accumulation of subsequent SSS and PSS sequences can be used. 
2.2. Resynchronization based on longer sequences
It can be argued that the time for initial cell search is feasible using the legacy synchronization signals. However, at least for resynchronization purposes, it can still be feasible to introduce a new sequence. Some benefits of such a signal would be:

· A longer sequence may enable more coherent reception, which may result in faster acquisition, in particular with lower frequency errors. 
· Such a signal can be used as a reference signal to enable more accurate channel estimation, e.g. prior to data reception. 

· A new, longer sequence aimed for resynchronization may be transmitted more rarely than the legacy synchronization signals, thus limiting the required amount of used system resources.

It is thus proposed that RAN1 considers the design and use of longer synchronization sequences, in parallel with the use of legacy synchronization sequences, as part of the potential future work item phase.
3. Conclusions
In this contribution, results for resynchronization with different timing uncertainty have been presented. It is also proposed that longer but less frequent sequences to be used for faster resynchronization and/or channel estimation improvements are further studied in a potential upcoming work item.
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