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1 Introduction

The WI on LTE coverage enhancement was approved in RAN#60 with following additional agreements [1]

· Email discussion to start after RAN1#74 to see if consensus can be reached on down-selection of the enhancements to consider

· Online discussion from RAN1#74bis
The evaluation on coverage of various channels in the SI [2] has shown that the coverage of medium data rate PUSCH (384kbps) is obviously poorer than any other channels, which will restrict the maximum cell coverage or the service quality that users in cell edge can acquire. To relax this bottleneck one method of allocating more than 3 PRBs per subframe in conjunction with TTI bundling has been put forward. In the following sections of the document, we will discuss the candidate solution to improve the coverage for medium data rate PUSCH, and give our views. 

2 Discussion 
1.1 Performance
When transmitting the medium data rate PUSCH through TTI bundling scheme, the transmission block size will be about N times of that in single TTI transmission so as to sustain the data rate, where N is the bundling size. Considering that the PRB number used for TTI bundling transmission and single TTI transmission are the same, then given the same transmission power, the spectral power density in both transmission schemes are also the same. As the transmission block size in TTI bundling transmission is multiples of that in single TTI transmission, so the power allocated to one bit in former transmission scheme is less than that in the latter. However, after accumulation the energy of N TTIs the power allocated for one bit in both transmission schemes will be approximated. On the other hand the TTI bundling scheme will benefit from the large transmission block coding gain, and at the same time the overhead caused by RLC and MAC layer head and physical layer CRC are also less than that of single TTI transmission scheme. So gain over single TTI transmission in coverage can be expected if TTI bundling transmission scheme is employed for medium data rate PUSCH. 
Another notable benefit of TTI bundling scheme comparing with the single TTI transmission scheme is the reduction in PHICH and PDCCH overhead. The benefit of TTI bundling is helpful to mitigating the load of control channel, especially considering the fact that usually large aggregation level is required for the UEs working in poor coverage status.
In the Rel.8 TTI bundling scheme, the maximum number of PRB can be allocated is 3 and maximum allowable TBS is 2216. If following the TTI bundling scheme, i.e. 4 consecutive TTIs and at most 3 PRBs, the 384kbps data rate requires the MCS index equal or great than 24. The high coding rate may impact the coverage as the low power efficiency. To reduce the coding rate and at the same time retain the TBS in TTI bundling mode transmission, allowing more PRB allocation seems the straightforward and effective approach. Transmission medium data rate PUSCH through the relaxed TTI bundling scheme can using more PRBs comparing with the Rel.8 TTI bundling scheme. The increment in the number of PRB will lead to the reduction in spectral power density (given the same transmission power) and the decrement in coding rate (given the same MAC PDU). The former is a negative impact to the coverage and on the contrary for the latter. From the simulation results in SI [2] we can find that the impact of the decrement in coding rate overwhelms that of the reduction in spectral power density.
Through the analysis above we can conclude that the performance of relaxed TTI bundling scheme is better than that of both single TTI transmission scheme and Rel.8 TTI bundling scheme.
1.2 Specification and network impact

The discussion in section 2.1 has exposed the advantages of the relaxed TTI bundling scheme, fortunately just a few impact for specification and network can be seen if the scheme was allowed.
The impact for specification includes removing the restriction of the PRB number for the UEs supporting the relaxed TTI bundling scheme during the PUSCH TBS determination procedure, which is just related to RAN1. The eNB has to differentiate the legacy UEs that only support the Rel.8 TTI bundling scheme and the new UEs that support the relaxed TTI bundling schemes. The relaxed PRB allocation method and corresponding link adaption strategy for the new UEs working in TTI bundling are required. In general the impacts for specification and network are marginal.
After the discussion above we have the following observation and proposal:
Observation: Gains in coverage of medium data rate PUSCH can be obtained by relaxing the PRB number restriction for TTI bundling to more than 3 PRBs. The specification impact of this method is marginal, and the eNB has more flexibility to handle the transmission of medium data rate PUSCH.
Proposal: the medium data rate PUSCH coverage enhancement method of relaxing the PRB number restriction for TTI bundling to more than 3 PRBs should be supported.
3 Conclusions

In this contribution we have discussed the candidate solution for medium data rate PUSCH coverage enhancement from performance, specification impact and network impact aspects. And we have the following observation and proposal:

Observation: Gains in coverage of medium data rate PUSCH can be obtained by relaxing the PRB number restriction for TTI bundling to more than 3 PRBs. The specification impact of this method is marginal, and the eNB has more flexibility to handle the transmission of medium data rate PUSCH.
Proposal: the medium data rate PUSCH coverage enhancement method of relaxing the PRB number restriction for TTI bundling to more than 3 PRBs should be supported.
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