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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 low-cost MTC UEs using very low rate traffic with related latency requirements [1].

In this contribution we provide some initial results on sync performance at low SNR levels.

2. Discussion
Using the legacy P-SCH signal for accumulation over several frames is deemed difficult for very low SNR. Here we investigate how P-SCH detection by doing correlation in time performs at low SNR.
Figure 1 shows different depictions of the development over time of the correlation metric y which is the correlation between the received signal and the true P-SCH signal, when repeated over subsequent frames. The received SNR is -6 dB and -20 dB, respectively. -20 dB represents a the desired operating point for the improved coverage case, whereas the -6 dB SNR case  is in the lower range of “normal” LTE operation and  is just included for comparison. The propagation channel in this example is AWGN, and no frequency error is included in the simulations. Furthermore, coherent accumulation is compared with non-coherent. 
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Figure 1: Sync performance at two different SNR levels.
Looking at the -20 dB SNR case, the blue curve shows that the true peak of the correlation metric does grow larger than the standard deviation of y. However, there are also a large number of false peaks, shown by the red curve. In this example, around 60 instances (30 frames) are needed in order to successfully accumulate the P-SCH in the sense that the true position of the P-SCH signal corresponds to the largest correlation peak. In the corresponding figure for -6 dB SNR to the right, it can be seen that the true peak is largest already after a few instances, in this case after 1 frame.
It can further be noted that non-coherent accumulation does not seem feasible for very low SNR levels. It is true that the true peak fairly rapidly becomes substantially larger than the standard deviation of the correlation metric, as seen by the blue dashed curve. But since non-coherent accumulation means adding a number of positive entities, there will be a bias which means that a very large number of correlation peaks will exceed the true one, as can be seen from the red dashed curve, never reaching the value 1. For -6 dB SNR however, non-coherent accumulation can be used, possibly combined with coherent one.
As mentioned above, no frequency error is included in these simulations. And with these long required acquisition times, coherent accumulation becomes very sensitive to frequency errors. Even with a very small frequency error, the correlation metric will not add up constructively between (half) frames, and there is a larger risk that no peak will be found.
As an alternative to coherent accumulation over a large number of frames, a new longer sequence can be constructed such that coherent accumulation can be performed over a just one instance of this sequence. This would then dramatically increase the robustness towards initial frequency errors, making it similar to the legacy P-SCH detection under normal LTE operating conditions. In order not to allocate too much system resources, these longer sequences can be transmitted less frequently than the legacy P-SCH.
3. Conclusions
It is shown in this contribution that cell search using the legacy P-SCH sequence requires coherent accumulation over a large number of frames at the operating conditions relevant for substantial coverage improvements. Besides requiring long acquisition times, the accumulation becomes sensitive even to small frequency errors. It is proposed that longer, less frequent sequences are constructed and used for initial synchronization for devices operating at the low SNR levels associated with the studied coverage improvements.
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