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1.  Introduction
At RAN#53, a study item on LTE coverage enhancements was approved. Based on the simulation results, a way forward was agreed in RAN1#68 meeting [1]:
· The coverage improvements for medium data rate PUSCH and UL VoIP should be investigated.

· The minimum gain for consideration of specifying the potential solution is 1 dB for both medium data rate PUSCH and UL VoIP.
· Potential solutions are

· TTI bundling enhancements for medium data rate and VoIP
· Both L1/Higher layer protocols overhead and latency should be considered
 This contribution discusses potential performance gain for TTI bundling for medium data rate PUSCH transmission.
2.  Discussion
2.1. Overhead impact
Different from Rel-8 TTI bundling, we assume only one RLC header, MAC header and physical layer CRC information for bundling block. Four packets of PUSCH 384kbps can be joined encoded and each TTI has different redundancy version.
Figure 1 shows the packet size with RLC/MAC and CRC overhead. Similar to VoIP, we assume an optimized RLC and MAC header of 8 bits each. And we assume the same PDCP packets for fairness where 392 source bits for each TTI.
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(a) Non-bundling scenario 



 (b) 4 TTI bundling scenario
Figure 1. Packet sizes for non-bundling and bundling
A longer TTI length can reduce the overhead of RLC and MAC layer header. Compared to transmission without TTI bundling, 4 TTI bundling can save 120 bits overhead, which can maximum bring 7.6% overhead reduction.
2.2. Performance impacts
Channel coding impact
In LTE system, Turbo encoder has been applied for data transmission. And from our view, when the source bits for encoder reach a certain number, such as hundreds or more, it can work effectively and provide stable gain.
TTI bundling have longer payload for channel coding and decoding. For TTI bundling, the payload is 1568bits.  While for non TTI bundling, the payload is only 392bits. Figure 2 compares the performance between these two different packet sizes but with the same code rate 0.3 and QPSK modulation. Obvious we can see, the performance difference between them is less than 0.3dB and if we assume BLER=10% is our requirement for medium data rate, channel coding gain caused by larger packet size can be neglected.
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Therefore, the performance difference of Turbo encoder with different source bits length is neglectable.
HARQ transmission impact
Unlike VoIP in Rel-8, medium data rate PUSCH is a delay non-sensitive service. In other word, HARQ retransmission can provide better performance:
· TTI bundling need consecutive timeslots for each transmission which will cause some loss of the flexibility of resource scheduling and allocation.
· Comparing to TTI bundling, HARQ retransmission have longer time span, so it will experience various channel in order to get more time-domain diversity gain and better performance.
· The target for medium data rate is 10% initial BLER which means 90% packed can be decoded correctly for the first transmission, so, with the method of TTI bundling, 4 packets transmit together and follow one ACK/NACK indicator, it may have the chance that only one of packets errors but causes these four packets retransmission. From this point, TTI bundling may reduce the efficiency and cause the waste of resource utilization by retransmission together.
In conclusion, 
Observation: TTI bundling cannot provide better performance or efficiency than HARQ transmission for medium data rate.
3. Conclusion 
Above all, in our contribution, we analyze the advantage and disadvantage of TTI bundling for medium data rate PUSCH and compare it with the existed method in terms of overhead, performance and so on. Our observation is shown as follows:
Observation: TTI bundling cannot provide better performance or efficiency than HARQ transmission for medium data rate.
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