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1. Introduction
Rel-13 introduced bandwidth-reduced low-complexity (BL) and coverage-enhanced (CE) UEs. For these BL/CE UEs, Rel-14 added even further enhancements of MTC. The Rel-15 WI on “even further enhanced MTC (efeMTC)” for LTE [1] aims for further improvements building on the enhancements introduced in Rel-13 and Rel-14. To achieve reduced system acquisition time is one of the objectives of LTE efeMTC WI. 
This contribution presents a performance analysis for synchronization acquisition and cell detection based on legacy PSS/SSS and considers mechanisms for improving the acquisition performance of cell search and/or system information. 
2. Synchronization Acquisition Performance
In Rel-13 eMTC and for a MCL target of 155.7 dB, the required coverage enhancements (CE) for the SCH and the PBCH were respectively 10.4 dB and 10.7 dB (and 18 dB for PUSCH). While the PBCH coverage was improved by ~7 dB, therefore leaving a relatively small gap to the target coverage that could be covered by a somewhat larger PBCH detection time. However, there was no coverage improvement for the SCH and the system has to rely on a longer UE synchronization time that can exceed 2 seconds for UEs requiring the largest CE. Therefore, a CE of 10.4 dB can be targeted for SCH but, due to potential difficulties in introducing SCH repetitions, a smaller CE level can also be targeted, subject to other design tradeoffs, at the expense of a somewhat increased synchronization time (but materially less compared to the case of no CE for SCH) for UEs requiring the largest CE. 

Another consideration is whether SCH CE should be relative to the 155.7 dB MCL target or relative to the more aggressive target of 164 dB MCL target for the mMTC requirements defined in TR 38.913 [2]. Given that “Support coverage of 164 dB MCL” is another objective of the WI [1], a CE of 18.7 dB can be the ideal one for SCH while a smaller one may also be acceptable subject to design tradeoffs.
Table 1 lists the simulation assumptions for PSS/SSS evaluation from [3]. The received SINR is -20dB which represents an exemplary operating point for SCH CE. Non-coherent accumulation between different sync signal transmission instances was performed. PSS detection performance is investigated as a function of acquisition time. The largest time domain correction peak is selected and considered a success if both the detected time instance and the detected PSS code are correct, otherwise failure is declared. 
Figure 1 shows that 90% PSS detection probability would require around 750 ms detection time which is a much longer sync acquisition time than that for normal LTE UEs. 
Figure 2 shows the cell ID detection probability, where the detected cell IDs from both PSS and SSS are correct. A 90% cell ID detection probability requires an even longer than 1 second.
Table 1: Simulation assumptions for PSS/SSS evaluation [3]
	Parameter
	Value

	System bandwidth
	1.4 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz for FDD 

	Antenna configuration
	2x1

	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.
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Figure 2: Cell ID detection probability vs accumulation time.
3. Potential Synchronization Enhancement

Sync acquisition based on the existing PSS/SSS signals obviously requires very long time. As the PBCH detection is dependent on the cell ID based on PSS/SSS, since the information bits use scrambling sequence with cell ID initialization, even though PBCH repetitions are supported in Rel-13 MTC, the bottleneck for initial access is the PSS/SSS detection. Therefore, the enhancement of PSS/SSS in a radio frame to reduce the total acquisition time is justified.

Observation: PSS/SSS long acquisition time becomes the bottleneck of the MIB/SIB detection.

PSD boosting is typically considered as a network implementation solution. Figure 3 and Figure 4 show the performance of PSS detection and cell ID detection when a 3 dB power boosting is applied. The 90% cell ID detection still cost 750ms. There is some improvement but it is limited as a substantially larger CE than 3 dB is necessary and significant power boosting is not practically possible. 
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Figure 3: PSS detection probability vs accumulation time with 3dB Power boosting.
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Figure 4: Cell ID detection probability vs accumulation time with 3dB Power boosting.
Considering that PBCH repetitions consume substantial resources in the middle 1.4 MHz of a DL system BW and in subframes of a radio frame that can be ensured as DL ones, the remaining resources for PSS/SSS repetitions are limited and need to be considered in conjunction with the possibility for additional PBCH repetitions. 
Proposal 1: Coverage enhancements for PSS/SSS and possibly for PBCH should be jointly considered.
Proposal 2: Coverage enhancements for PSS/SSS need not necessarily be the maximum required ones for 164 dB MCL. 

4. Conclusions
This contribution considered coverage enhancements for SCH detection from efeMTC UEs and proposes the following.  

Proposal 1: Coverage enhancements for PSS/SSS and possibly for PBCH should be jointly considered.
Proposal 2: Coverage enhancements for PSS/SSS need not necessarily be the maximum required ones for 164 dB MCL. 
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