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1 Introduction

In the RAN #57 meeting, the coverage improvement objective for Low Cost MTC UEs was widely discussed and a updated SID [1] was approved, in which the new coverage requirement was stated:“A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs”. 
In this contribution, some preliminary performance evaluation and analysis on the synchronization channel and the impact of channel estimation are provided.
2 Discussion

As stated in our accompanied contribution [2], different channels may need different coverage compensation values, several potential coverage improvement techniques such as repetition were discussed. Reliable DL synchronization and channel estimation are the premise to acquire system information and repetition gain. In view of this, this contribution focuses on the performance evaluation of the synchronization channel and the impact of channel estimation.
One of the evaluation assumptions is the channel condition would be time invariant due to MTC UEs with 20dB coverage improvement usually installed in basement without mobility.

2.1 Evaluation and analysis of the synchronization channel
As it is known, the PSS and SSS are transmitted within every radio frame. The procedure used in the simulations is described as follows:

1) Firstly, a UE combines and detects the same PSS across multiple radio frames considering the characteristics of time invariant channel. If the acquired PSS sequence index is identical to that of transmitted, the PSS acquisition is considered as success. 

2) Once PSS is correctly acquired, UE performs SSS detection similarly. If the acquired SSS sequence index is identical to that of transmitted, the SSS acquisition is successful. 
3) If both PSS and SSS are correctly acquired, the synchronization process is regarded as success.
For the simplicity of SCH simulation, the following simplifications were used in the simulations:

1) Zero frequency offset was assumed.

2) Only coarse synchronous acquisition based on PSS and SSS was considered. Practical timing error was not taken into account.
This simulation evaluates how many combinations are needed for a certain compensated value to achieve the same or approximate SCH missing probability at the required SINR defined in [3]. The required SINR is -7.8dB, and the step of compensated value is 3dB. The simulation assumptions are listed in the Table 1 of the Appendix.
Figure 1 below compares the combination number between theoretic calculation (assuming 
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 dB gain from n coherent combinations) and simulation evaluation related to different compensated values. In Figure 1, the red line means the combination number via theoretic calculation corresponding to certain compensated values. The green line means the combination number via simulation to certain compensated values.
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Figure 1: Performance of synchronization channel 
It can be seen from Figure 1, as the compensated value increases, more combinations and acquisition time are needed, and the gap between the number of theoretic combinations and the number of evaluated combinations is enlarged for SCH detection. Prolonging acquisition time may be tolerable for UEs with insensitive delay requirement, but it may result in more power consumption, and RAN4 may need to define new synchronous requirements for MTC UEs.
Observation 1: As the compensation value increases, the gap between the number of theoretic combinations and the number of evaluated combinations is enlarged for SCH detection.
Additionally, the SCH performance would be further deteriorated considering e.g. non-zero frequency offset in real system. It is proposed to discuss and agree on a set of evaluation assumptions so that the evaluation results can be well compared. For example, the simulation assumption of required SINR refers to [4], and some general parameters in [4] can be reused to the SCH evaluation for MTC UEs. However, considering the specific characteristics of MTC UEs (e.g., no mobility) and practical issues, some simulation assumptions (e.g., Doppler frequency shift and frequency offset) need further discussion. 
2.2 Evaluation on the impact of channel estimation 
Figure 2 shows the impact of channel estimation on PDSCH detection. Assuming there is rough 
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 dB improvement for n transmissions, theoretically, 100 transmissions could compensate 20dB coverage loss. In this simulation, channel estimation is based on the CRS within one subframe and the same data is transmitted for each repetition. 
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Figure 2：Performance impact of channel estimation
From Figure 2, it can be observed that at 0.1 BLER, the SINR is about -0.2dB for one transmission (the red line) and the SINR is about -16.8dB for 100 transmissions (the blue line). Obviously, 100 transmissions compensate 16.6dB instead of 20dB. This is because inaccurate channel estimation at very low SINR region would degrade repetition gain. If the number of transmission is increased to 300, about 20dBcoverage compensation can be obtained, which is shown in the green line.

Observation 2: Inaccurate channel estimation at very low SINR region would degrade repetition gain, and more repetitions would be needed to achieve the target compensation.
3 Conclusion
In the contribution, preliminary performance evaluation and analysis on the synchronization channel and the impact of channel estimation are provided, and the following were observed based on the simulation results:

Observation 1: As the compensation value increases, the gap between the number of theoretic combinations and the number of evaluated combinations is enlarged for SCH detection.
Observation 2: Inaccurate channel estimation at very low SINR region would degrade repetition gain, and more repetitions would be needed to achieve the target compensation.
It is proposed to discuss and agree on a set of evaluation assumptions so that the evaluation results can be well compared.
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Appendix
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

	UE velocity
	0 km/h

	Frequency offset
	0 Hz

	Required SINR
	-7.8 dB

	The number of interfered cell
	0

	Number of clusters within one drop*
	60

	Number of drops
	1000


Note: One cluster includes N radio frames, which provide N times PSS and SSS combination. 
 Table 2  Simulation assumptions for channel estimation evaluation
	Parameter
	Value

	System bandwidth
	1.4 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1, low correlation

	Channel model
	EPA 

	UE velocity
	0 km/h

	IMCS
	0

	TBS
	152

	Transmission mode
	TM2
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