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1. Introduction
At the previous RAN1#52bis meeting in Shenzhen, the necessity of ACK/NAK repetition in the E-UTRA uplink was discussed. However, we did not reach a conclusion due to a difference in evaluation results from multiple companies [1]-[5]. Therefore, this contribution presents our views on the need for ACK/NAK repetition referring to the evaluation results presented in the previous RAN1 meeting.
2. Necessity of ACK/NAK Repetition in PUCCH
In [2], the interference margin of 3 dB was assumed both for the Physical Random Access Channel (PRACH) and Physical Uplink Control Channel (PUCCH) carrying ACK/NAK signals.  In this case, the maximum allowable path loss of the PRACH becomes shorter than that for the PUCCH (ACK/NAK). This means that the PRACH decides the achievable coverage rather than the PUCCH (ACK/NAK). Meanwhile, the need for a higher interference margin such as 8 dB was pointed out in [3],[4]. In contrast, assuming the interference margin of 8 dB, the maximum allowable path loss of the PUCCH (ACK/NAK) becomes shorter than that for the PRACH. Thus, we see that the interference margin affects the maximum allowable path loss, i.e., the need for repetition for the PUCCH (ACK/NAK).
Hence, we consider the required interference margin for the PRACH and PUCCH (ACK/NAK). Considering the different required detection probabilities for the PUCCH (ACK/NAK) and PRACH, the respective required received SNRs are -7.1 dB and -12.3 dB based on evaluation results in RAN4 [4]. Then, assuming single PRACH transmission in each cell, the required transmission power of the PUCCH (ACK/NAK) becomes approximately 3.3 times that of the PRACH. As is well known, the relative other-cell interference factor is approximately 1.13 (0.6) assuming the decay factor of four in distance-dependent path loss and the standard deviation of 6 dB in lognormal shadowing assuming inter-cell hard (soft) handover [6]. Hence, the resultant interference margin for the PUCCH is larger by approximately 3.73 (1.98) times that of the PRACH with hard (soft) handover. Thus, the interference margin of the PUCCH (ACK/NAK) becomes approximately 5.7 dB (3.0 dB) larger than that for the PRACH in the hard (soft) handover case. This rough estimate agrees with the interference margin of 8 dB for the PUCCH (ACK/NAK). 
Therefore, we conclude that a higher interference margin such as 8 dB is necessary for the PUCCH compared to that for the PRACH. Then, in this case, the maximum allowable path loss of the PUCCH becomes shorter than that for the PRACH. Hence, since the PUCCH (ACK/NAK) is coverage-limited compared to the PRACH, the ACK/NAK repetition for the PUCCH is beneficial in increasing system coverage, and this supports the need for ACK/NAK repetition in the PUCCH.
3. Conclusion
In the contribution, we showed that a higher interference margin such as 8 dB is necessary for the PUCCH (ACK/NAK) compared to that for the PRACH. Hence, since the PUCCH (ACK/NAK) is coverage-limited compared to the PRACH, the ACK/NAK repetition for PUCCH is beneficial in increasing the system coverage, and this supports the need for ACK/NAK repetition in the PUCCH.
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