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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. Reference [2] has identified that coverage is limited by PUSCH and PRACH. In this contribution, a technique is described to propose coverage enhancement for PUSCH.

2 PUSCH coverage improvement through precoding of spreading code
For relaxing the impact of current specification in resource management and physical channel processing, we proposed a spreading mode with precoding processing for PUSCH. Using N orthogonal spreading codes, up to N UEs may be simultaneously scheduled to transmit within the same resource block given each UE CDMA gain. The enhancement of coverage improvement can be evaluated as follows:

Improvement Coverage Gain = 10log10(N) dB

User data rate = 144/N kbps

Considering channel coherent in time and frequency, the spreading code is allocated to one PRB pair which is 168 REs (24 for RS and 144 for PUSCH). For PUSCH, N should be a sub-multiple of the number of REs in PRB pair = 144 (e.g. N can equal 1,2,3,4,6,9,12,16,…., 144). However, the code length, N, should be greater than 100 for 20dB enhancement. In this case, code length can be 144.
3 Proposal and conclusion
In this contribution, spreading code is applied to achieve a 20dB improvement in coverage with respect to defined LTE cell coverage for “normal LTE UEs” in PUSCH. Based on the discussions, we have the following proposals as:
Proposal: For PUSCH, spreading code can be used to precode modulated signal allocated in one PRB pair.
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