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1 Introduction
Rel-13 WI on further MTC enhancements [1] has been discussed in several RAN4 meetings, and the focus is on the RRM measurement performance, and the corresponding implications to RAN1 and RAN2 design.

In last meeting, RAN4 has studied RRM measurement accuracy under enhanced coverage using different techniques to further improve the accuracy. Based on the simulation results in [2], RAN4 reached the conclusions regarding the RRM measurement for Rel-13 low complexity UEs as captured in [3]. 
One area that has not been studied so far from RRM point of view is the performance of cell detection in enhanced coverage, and this was also mentioned during the online discussions. 
In this paper, we will provide initial performance evaluation of for cell detection in enhanced coverage.
2 Discussion

Simulation assumptions 
The simulation assumptions for the initial results in this paper are listed in Table 1. The simulation is done with single cell setup but low SNR conditions (-6, -10, -14, -18)dB, otherwise the assumptions are same as for Rel-8.
Table 1: Simulation assumptions
	Parameter
	Unit
	Cell 1

	E-UTRA RF Channel number
	-
	Channel 1

	Data and Control PSD relative to RS PSD
	dB
	0

	P-SCH and S-SCH PSD relative to RS PSD
	dB
	0

	Number of RB’s
	
	6

	RB Utilization
	%
	100

	Data Modulation
	-
	QPSK

	Frame Structure Type
	-
	1

	CP Length
	-
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0

	Es/Noc
	dB
	-6, -10, -14, -18

	Number of Tx/Rx antennas
	-
	1/2

	P-SCH Sequence ID
	-
	Code index 34

	S-SCH Sequence ID [2]
	-
	Code index (7,12)

	Propagation Condition
	-
	AWGN, EPA1, ETU1, EPA5, ETU30

	Ioc Model
	-
	AWGN

	False detect threshold
	-
	Required as in a real UE implementation

	Performance criterion for comparison
	-
	90th percentile acquisition time for “correct” cell detection of both P-SCH and S-SCH sequence id’s


Simulation results
The simulation results, in terms of 90% time needed for acquisition of both PSS and SSS sequences, are summarized in Table 2 below.
Table 2: Summary of 90% acquisition time (ms)
	
	AWGN
	EPA1
	EPA5
	ETU1
	ETU30

	-6
	40
	80
	40
	80
	80

	-10
	40
	160
	160
	280
	120

	-14
	200
	520
	360
	800
	400

	-18
	720
	1160
	920
	>1200
	>1200


Current cell detection requirement for intra-frequency is 600ms which includes an implementation margin of around 160ms. Compared to the results in Table 2, it can be observed that when SNR condition is ≥-10dB, the current requirement can be met, while the detection delay could be 960ms and >1200ms for -14 and -18dB SNR. 
Observation 1: In single cell simulation, current cell detection requirement can be met when SNR is ≥-10dB.

Observation 2: In single cell simulation, cell detection delay could be 960ms and >1200ms for -14 and -18dB SNR. 
Way forward
Similar to the performance requirements for RRM measurement, the requirements for cell detection also need to be specified for enhanced coverage. To obtain comparable results from individual companies, the simulation assumptions need to be aligned.  

In particular, for multi-cell setup as used in Rel-8, the Es/Noc conditions for the 3 cells need to be adjusted so that the Es/Iot for the target cell (cell 3) is low. One example is as below, which leads to -12.6dB SINR for cell 3.  
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	Ior/Noc
	dB
	-7.82
	-12.71
	-11.75


Proposal 1: The simulation assumption for cell detection in enhanced coverage should be defined. 
3 Conclusions 

In this paper, we presented our initial performance evaluation for cell detection in enhanced coverage, with single cell setup but low SNR conditions. In order for RAN4 to define the performance requirements, simulation assumptions for the multi-cell setup need to be defined. 
Specifically, we have the following observations and proposal.

Observation 1: In single cell simulation, current cell detection requirement can be met when SNR is ≥-10dB.

Observation 2: In single cell simulation, cell detection delay could be 960ms and >1200ms for -14 and -18dB SNR. 

Proposal 1: The simulation assumption for cell detection in enhanced coverage should be defined. 
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