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1   Introduction
3GPP has identified the need to improve coverage for MTC applications as specified in [1].  More specifically, the goal of this study item is to achieve a 20dB improvement in coverage with respect to defined LTE cell coverage for “normal LTE UEs” (assume category 1 LTE UEs) for low-cost MTC UEs, using very low rate traffic with relaxed latency. In RAN1#72b [2], various potential solutions were proposed for PUSCH coverage enhancements, show as:
· PUSCH coverage enhancement requirement for MTC UE can be achieved by repetition
· Channel estimation over multiple subframes could be helpful to reduce the number of repetitions
· Nevertheless, compared to PDSCH case, relatively larger number of repetitions would be required for the PUSCH coverage
· Selection of TBS needs to consider the spectral efficiency and channel coding gain 
· Complementary schemes can be considered to reduce the number of repetitions, for example
· Increased DMRS density
· PSD boosting
· Frequency hopping during repetition

· Shorter length CRC

· Code spreading

In RAN1#72b, code spreading method [3] was proposed for spreading one subframe. However, this method may be affected from the coherent bandwidth in equalization. In this contribution, we discuss and simulate different resource mapping of code spreading.
2 PUSCH coverage improvement through code spreading
The code spreading enhancement of coverage improvement can be evaluated as follows:

Improvement Coverage Gain = 10log10(N) dB

Because the code length should be greater than 100 for 20dB enhancement, based on N = 144 for a subframe. Considering coherent bandwidth and coherent time in equalization, various combination over subcarriers and subframes for one 144 code spreading is shown as :

Table 1 various combination of one 144 code spreading
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3 Simulation results
In Table 2, the simulation parameters based on the selected options (FDD mode, etc.) of the PUSCH simulation table [4] was used for performance evaluation.
Table 2 Simulation parameter
	Parameter
	Spreading LTE UEs

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	1x2, low correlation for FDD

	Channel model
	EPA, Rican channel model with K = 10 as optional

	Doppler shift
	1Hz, Round-shaped Doppler spectrum as optional

	TBS
	1 bits/block (BPSK) for 144 code spreading

	No. of TB on simulation
	10,000 blocks

	Number of UL RBs
	Over 2~24 RBs (1~12 subframes)

	Frequency tracking error
	100Hz or 20Hz

	Performance target
	10% iBLER

	The minimum required SINR
	-24.3dB for FDD
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Figure 1 Doppler = 20Hz, simulation results on PUSCH
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Figure 2 Doppler = 100Hz, simulation results on PUSCH

From simulation results, we found that the achieved minimum required SINR is roughly -20dB with the given 10% iBLER. And the frequency errors, 20Hz and 100Hz, do not affect the performance of spreading code. The different of SINR with various combinations of code spreading is around 0.8dB, for the coherent time is more effective than the coherent frequency. If channel coding is considered, the requirement of -24.3dB SINR for FDD mode maybe meet.
4 Conclusions

In this contribution, we propose a various combinations over subcarriers and subframes for one 144 code spreading. From this simulation results, we have the following observations:
Observation 1: The achieved minimum required SINR is roughly -20dB with the given 10% iBLER. If channel coding is considered, the requirement of -24.3dB SINR for FDD mode maybe meet.
Observation 2: The frequency errors, 20Hz and 100Hz, do not affect the performance of spreading code.
Observation 3: The differences of SINR with various time and frequency combination under Doppler effects (20Hz, 100Hz) are around 0.8dB. According to this simulation results, the time combination is more effective than frequency combination.
5 References

[1]  Updated SID on: Provision of low-cost MTC UEs based on LTE, RP-121441, TSG RAN meeting #57, Chicago, 4-7 September 2012.
[2]  RAN1 Chairman’s notes, RAN1 #72b
[3]  R1-131104, “MTC coverage improvement through spreading code,” Institute for Information Industry (III)
[4]  Way forward on simulation assumptions for data channel, R1-130778, TSG RAN1 meeting #72, St Julian’s Malta, 28th January - 1st February 2013.
