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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]. In order to improve the overall coverage with 20 dB, the PRACH (format 2) coverage needs to be improved around 19 dB [2].

In this contribution we provide initial link simulation results for PRACH with repetition.

2. Discussion
2.1. Simulation assumptions

We have performed initial link simulations for PRACH with repetition for improved coverage. The simulation parameters are listed in Table 1 and the settings are mostly in line with [3] and [4] but with a few differences.

According to the reference link budget (see e.g. [2]) the required improvement is 19 dB for PRACH format 2. Since our simulations are based on repetition of PRACH format 0, the required improvement is larger, around 22 dB instead of 19 dB.

So far we have only simulated AWGN and EPA 1 Hz without frequency error. The resulting channel has a relatively large coherence time which allows for coherent accumulation of many repetitions. If a frequency error of 20 Hz or 100 Hz is applied, some other combination method will be needed.
Table 1: Simulation assumptions for PRACH
	Parameter
	Value

	System bandwidth
	20 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	AWGN, EPA

	Doppler spread
	1 Hz for EPA

	Number of UL RBs
	6

	PRACH format
	0

	Frequency tracking error
	0

	Performance target
	Pmiss 1%, Pfa 0.1%

	Number of repetitions
	1, 2, 4, 8, 16, 32, 64, 100

	Combining method
	Coherent accumulation of all repetitions
Non-coherent accumulation over the two receive antennas

	Minimum required SINR
	Around -29 dB (see e.g. [2])

	Number of subframes
	20000


2.2. Simulation results

The simulation results are summarized in Table 2. The gain scales as expected for AWGN without frequency error, i.e. linearly with the number of repetitions. For EPA 1 Hz without frequency error, the gain scales similarly up to a certain level where we start to see diminishing gains (but still gains) – this is not totally unexpected as the repetition factors becomes non-insignificant compared to the coherence time of the radio channel.
Table 2: Simulation results for PRACH

	Number of repetitions [subframes]
	AWGN, no frequency error
	EPA 1 Hz, no frequency error

	
	SNR [dB]
	Relative gain [dB]
	SNR [dB]
	Relative gain [dB]

	1
	-16.9
	0
	-9.3
	0

	2
	-19.9
	3.0
	-12.2
	2.9

	4
	-23.1
	6.2
	-15.3
	6.1

	8
	-26.0
	9.1
	-18.7
	9.4

	16
	-29.0
	12.1
	-21.9
	12.6

	32
	-32.0
	15.1
	-23.8
	14.6

	64
	-35.4
	18.5
	-26.0
	16.7

	100
	-36.9
	20.0
	-27.7
	18.4


2.3. Further considerations

These results are only initial results. More simulations are required to be able to assess the feasibility of the required coverage enhancement.
· Simulations with (20 Hz, 100 Hz) frequency error should be performed. In this case, some other combining method than coherent accumulation over all repetitions will be needed.

· Frequency hopping could be introduced where a tradeoff between coherent accumulation and frequency diversity can be made.

· Other (larger) repetition factors should be tested.

· Various detection thresholds could be tested.

· Other channel models could be tested (other speeds, Ricean channel, round-shaped Doppler spectrum, etc).

· Longer simulation time may be desired.
Other RB allocations than 6 RB can be considered for more efficient resource utilization but this is not expected to affect the performance drastically so the performance study of such schemes can probably be postponed to a potential future work item phase.
3. Conclusions
We have provided initial link simulation results for PRACH with repetition without frequency errors. The initial results look as expected but further simulations are needed in order to properly assess the feasibility of the required coverage enhancement.
4. References
[1] RP-121441, “Study on Provision of low-cost MTC UEs based on LTE“

[2] R1-124889, “Initial link budget analysis for coverage enhancements for MTC”, Ericsson, ST-Ericsson
[3] R1-130787, “Simulation assumptions for data channel”, Huawei, HiSilicon, MediaTek, CATT, ZTE, Ericsson, ST-Ericsson, Qualcomm
[4] R1-130802, “Way forward on the evaluation of PRACH”, Huawei, HiSilicon, CATT, MediaTek, Qualcomm, Ericsson, ST-Ericsson
