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1 Summary

In this contribution we propose RAN1 address two major issues related to efficient transmission of Acknowledgment/Negative-Acknowledgment (A/N) for multiple component carrier transmission: 1) Compression/bundling of A/N and 2) the imbalance in frequency of 0’s and 1’s in A/N sequence caused by the operating point of the system with respect to codeword error rate.

2 Introduction

In Release 10, with multiple Component Carrier (CC) transmission, multiple codewords may be received simultaneously at the UE in different CCs. Previous agreements ‎[1] in RAN1 specified that uplink control information sent on the PUCCH is to be aggregated into a single carrier. Informing the eNB of the status of the reception of each codewords creates a significant burden on uplink control channel. Therefore, it is desired to compress the information prior to transmission, and accommodate the increased traffic requirements for the PUCCH. We believe the existing solution of A/N bundling in which multiple codewords are represented by a single A/N bit is insufficient to deal with the increased traffic requirements and may generate significant extra overhead in retransmission of transport blocks in the downlink shared channel. 

When the frame error rate is 0.5 on the average the number of successfully received codewords are the same as the number of unsuccessfully received ones. Over a long period of time then, a group of A/N bits received will cover all variations of 1’s and 0’s equiprobably. However, when the frame error rate is not 0.5 there is an imbalance between the average numbers of ACKs and NACKs, and as either probability substantially departs from 0.5, the equiprobable nature of groups of bits being received varying over all combinations of 1’s and 0’s deteriorate rapidly.  For example, if P(NACK) = 0.1, then the probability that there are more than 7 bits sent that are ACKs is  almost 0.99, while the probability that there are 5 or less bits sent is less than 15 X 10-4.  If such an imbalanced sequence of bits are to be coded using standard channel coding (such as RM codes if Format 2 is used as suggested by companies such as ‎[2]) the imbalance in the input prefers some of the codewords to others. That is, some codewords in the codebook are used more than others. Therefore, the performance of the encoder is determined by the codewords that are used more frequently and not by the entire codebook, which in turn may result in degradation in the performance of the encoder.
3 A/N Compression

In A/N bundling the status of two or more downlink codewords are reported by transmission of a single A/N bit. Although number of bits in the uplink control information is reduced, bundling may significantly increase downlink shared channel traffic. Assigning a NACK to a successfully decoded codeword causes unnecessary retransmission. Therefore, there is a tradeoff between the saving in uplink control and downlink overhead, and although generally the downlink can afford more transmitted power and resource usage than the uplink for a single UE (which is typically battery powered), when the ensemble of UEs in a Release 10 RAN is considered, this trade-off militates in favor of reducing the overall overhead. Uplink control signaling reduction based on bundling, however is straightforward and can be calculated by the particular scheme used. For example, in case of bundling two codewords, we can reduce the number of A/N bits by 50%. However, the amount of downlink overhead depends on the transport block size (pay load) of the unnecessary retransmitted codewords.
Considering such a tradeoff, it seems that by bundling A/N of two downlink codewords, induced downlink overhead far exceeds uplink control signaling reduction. A less aggressive bundling scheme reduces the downlink overhead as well as uplink control. 

We propose that RAN1 should consider more flexible bundling schemes. Moreover, a performance metric should be agreed upon in which the tradeoff between the uplink control and downlink data channels are considered.
4 A/N Coding

Either bundled or unbundled, the sequence of A/Ns might be channel coded using RM(20,10), same as the existing scheme in Rel8 for PUCCH Format 2. With an operating point set at 10% frame error rate, the frequency of successful reception of a codeword is much larger than erroneous reception (ACK is generated almost nine times more than NACK). Therefore the sequence of A/Ns to be encoded has an unbalanced number of zeros and ones. Such imbalance in the input of the channel encoder causes an unbalanced output from the codebook, which in turn may result in degradation of A/N transmission reliability.
In case of channel coding the sequence of A/Ns we propose UE-specific methods of modifying the A/N sequence to mitigate the unbalance of 1’s and 0’s. 
5 Conclusions

Sharp proposes that RAN1 specify solutions for compressing A/N considering the impact of bundling on downlink overhead caused by retransmission of correctly received codewords. In addition RAN1 should specify measures to rectify the imbalance in number of 0’s and 1’s in the A/N sequence and its impact on the performance of coded A/N transmission.
In particular we propose that:
1. More general case of bundling in form of A/N compression in which the degree of compression is tied with the added overhead

2. UE-specific methods of modifying A/N sequence to mitigate the unbalance of 1’s and 0’s.
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