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1 Introduction
In order to improve the UL VoIP coverage in LTE RAN1 has proposed three solutions that take advantage of sub-frame bundling for UL VoIP packets in the LTE system. These bundling methods are discussed in [1]. The difference between the three methods is in the ACK/NAK signal timing.
2 System Description
To improve the UL coverage in LTE, especially for VoIP packets, cell edge users concentrate their transmit power over one or a few RBs. This allows such users to improve their link budget. However, accommodating a single VoIP packet over one RB for UEs with a very low geometry requires a high rate MCS. In such cases, the UE may bundle a few consecutive sub-frames and fragment its coded VoIP packet over those sub-frames. On the other hand, in order to reduce the signalling overhead and NAK-to-ACK probability, only one ACK/NACK signal will be transmitted. 
There are three proposed methods to transmit the ACK/NAK signal. In the first method, which proposes transmitting the ACK/NAK signal at the end of bundle, a persistent UE misses the first HARQ retransmission opportunity in case such transmissions are required. To overcome this, method 2 proposes to transmit the ACK/NAK signal right after the first sub-frame in each bundle at the cost of resource wasting because of unnecessary HARQ retransmissions. The third method proposes to add a new HARQ RTT for bundled subframes.

The first two methods are illustrated in Figures 1 and 2, with bundling order of 2 and 4. In these figures, each rectangle illustrates one sub-frame. The detailed ACK/NAK timing information is available in [1].  We did not analyze the third method because it changes the current working assumption of HARQ RTT and would impact overall scheduling complexity.
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Figure 1. ACK/NAK signalling methods for sub-frame bundling of order 2.
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Figure 2. ACK/NAK signalling methods for sub-frame bundling of order 4.

3 Performance Comparisons and Conclusion
In our analysis of the first two methods, see [2], we studied the performance of TTI bundling in order to improve the UL VoIP coverage. We compared the two methods for ACK/NAK transmissions for persistent users. Our simulation results show that 

· Bundling of four sub-frames along with method 2 provides the highest UL coverage at the cost of very low spectral efficiency for users with UL SNR values as low as -6 dB. 

· Method 2 requires more resources due to unnecessary HARQ retransmissions. This overhead is more considerable when higher bundling sizes.
· For SNR values of around 0 dB, method 1 and bundling order of 2 meets the BLER 1% target with the lowest delay and resource overhead.

· For SNR values around -3 dB, method 1 with bundling of four sub-frames and method 2 with bundling of 2 sub-frames satisfy the 1% BLER constraint. At SNR value of -3 dB, the two methods would require 4.5 and 4 sub-frames per packet and an average delay of 6 and 7.5 msec, respectively.
Based on our simulation results, we recommend adopting method 1 for ACK/NAK signalling for UL sub-frame bundling.
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