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1. Introduction
In [1], we demonstrated the relationship between the number of repetitions of the uplink ACK/NACK and the achievable coverage. The results indicated that the repetition of ACK/NACK was necessary to increase the cell radius to approximately 10 km. However, even by repeating ACK/NACK over multiple TTIs, the achievable coverage is still limited. Furthermore, to achieve a short round trip delay, a short effective TTI length to carry the ACK/NACK information bits is desirable. Thus, enhanced techniques to achieve high quality reception of ACK/NACK bits are necessary to enable reliable downlink packet access with wide area coverage. Therefore, this paper presents several candidate techniques that improve the transmission performance of uplink ACK/NACK information bits.

2. Techniques to Improve Uplink ACK/NACK Transmission Performance
2.1. Orthogonal Transmission Among UEs within the Same Node B

We proposed orthogonal CDMA-based multiplexing of ACK/NACK and CQI using cyclic-shift of a CAZAC sequence [2]. The proposed orthogonal transmission of ACK/NACK and CQI can be extended to the orthogonality among all UEs belonging to different cells, i.e., sectors, within the same Node B. By achieving orthogonality of ACK/NACK (and CQI bits) among cells within the same Node B, the correct detection probability of the ACK/NACK signal can be improved since there is no intra and inter-cell interference within the same Node B.

2.2. Soft-Combining Between Cells within the Same Node B
The soft-combining of the ACK/NACK signal between cells (sectors) in the same Node B should be applied. This method simply increases the received ACK/NACK signal power. Uplink timing control is applied to E-UTRA, and the cells (sectors) within the same Node B are synchronized. Therefore, soft-combining of the uplink ACK/NACK signal is achieved. The minimum mean square error combining (MMSEC), maximum ratio combining (MRC), or equal gain combining (EGC) can be applied to soft-combining algorithm. 
2.3. Antenna Switching Transmission Diversity

We proposed that intra-TTI frequency hopping between the exclusively assigned narrowband time-frequency regions should be applied to ACK/NACK and CQI signal when the UE does not have an uplink data channel, to achieve frequency diversity [3]. However, to achieve further diversity gain, antenna switching transmission diversity is very beneficial for uplink ACK/NACK transmission. There are two possibilities: open-loop control, i.e. time switching transmit diversity (TSTD) [4], and closed-loop control [5]. When open-loop control is used, the transmission antenna is switched between sub-frames within the same TTI and also switched between TTIs when repetition is applied. When closed-loop control is applied, the ACK/NACK signal is transmitted from the selected antennas. Application of antenna switching transmission diversity should be carefully considered taking into account the possible loss due to the insertion of RF switching circuitry.
2.4. Possibility to Apply Channel Coding for ACK/NACK Bit
Since ACK/NACK is 1-bit control information, the application of channel coding is meaningless if the required {NACK(ACK} misdetection probability and {ACK(NACK} misdetection probability are identical. However, in a general case, the required {NACK(ACK} misdetection probability is lower than that for the {ACK(NACK} misdetection probability. In this case, soft decision with channel coding may improve the overall transmission performance. The gain by applying of soft-decision with channel coding on the ACK/NACK bits is FFS.

3. Conclusion

This paper presented several techniques that improve the transmission performance of the uplink ACK/NACK signal. We suggest that the application of the following techniques to the uplink ACK/NACK transmission be considered.

· Orthogonal transmission among all UEs within the same Node B 
· Soft-combining reception between cells (sectors) within the same Node B
· Antenna switching transmission diversity at a UE
· Soft-decision with channel coding (FFS)
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