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1   Introduction

In most cellular system, a UE located at cell-edge or a UE having relatively weak channel lowers the whole system performance and a similar situation may occur in LTE-A. As UE has smaller transmission power compared to eNB, uplink (UL) coverage is usually smaller than downlink (DL) coverage. This causes UL/DL coverage imbalance that the coverage of overall services is restricted by UL coverage. Moreover, control channels are relatively easy to be reinforced because of small amount of information bits. Consequently, UL PUSCH limits overall coverage performance.
After RAN1#66bis, email discussion was begun and RAN1 concluded the scope, evaluation methodology, and evaluation assumptions. As the simulation results in [1] showed, legacy LTE system needs coverage improvements for several cases. For example, coverage for medium data rate PUSCH at 384kbps is limited MCL (Maximum Coupling Loss) of the PUSCH is about 10dB or more worse than that of other channels.
This paper discusses PUSCH coverage issues and suggests several PUSCH transmission methods to improve PUSCH coverage.

2   Discussion
During email discussion, many companies pointed PUSCH coverage imbalance problem. For some selected examples, the MCL of PUSCH at 384kbps allowing 10% iBLER is about 133dB. The MCLs of PUCCH format 1, PDSCH at 1Mbps are about 146dB, 144dB, respectively. The differences between PUSCH and the others are above 10dB; PUSCH restricts overall service coverage significantly. Thus PUSCH needs to be improved by more than 10dB of MCL to get well balanced coverage of the physical channels. 
There are several ways to enhance PUSCH coverage directly, and some of them are briefly discussed in the following:
· Use of higher UE transmit power

Using higher UE transmit power is the most natural way to overcome the power-limited situation. It would be helpful in solving the UL coverage problem if a UE is allowed to use a transmit power level higher than 23 dBm. It is obvious, however, that this approach causes significant work in defining new performance requirement for the coexistence as well as necessary change in hardware design and related regulations.

· Enhanced baseband processing
It is also possible to consider some enhancements to UL baseband processing (i.e. bit/symbol-level processing) to solve the coverage problem. An example would be to adopt a new channel coding method such as low-density parity-check code but it is also obvious that changing such baseband processing blocks or optimizing them further requires huge specification work, especially in RAN1.

· Resource allocation for more diversity

LTE SC-FDMA imposes a restriction that RBs assigned to a single PUSCH should be contiguous. As a result, if only a few RBs are assigned to a coverage-limited UE, the overall PUSCH becomes vulnerable to frequency selective fading because no diversity can be exploited in the frequency domain. One potential improvement would be to introduce a new type of PUSCH resource allocation which can distribute a small number of RBs over the entire bandwidth in order to achieve some frequency diversity gain, without increasing PAPR while ensuring ideal single carrier property.

The above solutions may improve PUSCH coverage to some extent, but the amount of improvement is expected to be quite limited in consideration of the required specification and implementation change. This is because it is very challenging to achieve additional 10 dB improvement in LTE-A PUSCH that has its own optimization features in many aspects. For example, if we consider 140 dB pathloss with 23 dBm UE transmit power, assigning 3 RBs gives SINR of -0.32 dB which renders the capacity 200.5 kbps by the following equation;
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where P is received power, N0 is noise spectral density, and W is channel bandwidth.
 The calculated capacity is much less than the target medium data rate 384 kbps and, the practically achievable upper bound would be lower than it because that this capacity equation assumes AWGN channel with no interference. On this basis, we think that it is very difficult to have a balanced coverage in the physical channels between eNB and UE for the requirements in [1].

One natural way to solve this problem fundamentally is to adopt the relaying operation. Rel-10 specification provides wireless relaying operation for the purpose of the coverage extension [2], and this can be a cost-effective solution for this problem. If needed, we can consider some additional enhancements to the currently available relaying operation including further optimization of Type-1 relay and introduction of new relay types like Type-2 relay or UE relay [3].
3   Conclusion
This paper discussed several methods to balance the coverage of LTE physical channels. We first discussed several ways that can directly enhance the current LTE PUSCH which was identified as the bottleneck of the overall service coverage. Though the discussed approaches can provide some benefit at the cost of additional specification work, it seems very challenging to achieve about 10 dB improvements in LTE PUSCH by means of direct communication between eNB and UE. We also noted that some other ways such as relaying operation could be fundamental solution for this coverage imbalance problem.
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� Parameters such as noise figure and noise PSD are set to the assumptions in [1].
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