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1. Introduction
Two ACK/NAK transmission schemes, i.e. PUCCH format 1b with channel selection and DFT-S-OFDM, have been agreed for Rel-10 carrier aggregation. Extensive simulation results have been provided in a number of contributions, focusing on the average BER of all ACK/NAK bit positions. It is noted that the individual ACK/NAK BER of different bit positions can vary significantly, which may lead to different ACK/NAK performance on different DL component carriers. Hence, in this contribution, we propose a method to equalize the individual ACK/NAK BER performance.
2. Equalization of ACK/NAK bit performance
Table 1 illustrates the mapping table for PUCCH format 1b with channel selection [1], in case of 4 ACK/NAK bits. The corresponding BER of each individual ACK/NAK bit position is shown in Figure 1. It is noted that DTX-to-ACK and ACK-to-DTX/NAK error of all 4 ACK/NAK bits are similar to each other. On the other hand, the NAK-to-ACK error varies drastically among the 4 ACK/NAK bits. The underlining reasoning is that (b0, b1) is used to select the ACK/NAK channel, while (b2, b3) is used to select the QPSK symbol to be transmitted on the selected ACK/NAK channel. It is noted that the codeword distance mainly impacts the NAK-to-ACK error. Codewords using different ACK/NAK channels has larger distance than the codewords using different QPSK symbols of the same ACK/NAK channel, which consequently leads to better NAK-to-ACK BER performance for (b0, b1) than (b2, b3).
Table 1: Mapping table for 4 ACK/NAK, PUCCH format 1b with channel selection [1]
	(b0, b1, b2, b3)
	Ch1
	Ch2
	Ch3
	Ch4

	
	RS
	Data
	RS
	Data
	RS
	Data
	RS
	Data

	N, N, N, N
	1
	1
	0
	0
	0
	0
	0
	0

	N, N, N, A
	1
	-j
	0
	0
	0
	0
	0
	0

	N, N, A, N
	1
	j
	0
	0
	0
	0
	0
	0

	N, N, A, A
	1
	-1
	0
	0
	0
	0
	0
	0

	N, A, N, N
	0
	0
	1
	1
	0
	0
	0
	0

	N, A, N, A
	0
	0
	1
	-j
	0
	0
	0
	0

	N, A, A, N
	0
	0
	1
	j
	0
	0
	0
	0

	N, A, A, A
	0
	0
	1
	-1
	0
	0
	0
	0

	A, N, N, N
	0
	0
	0
	0
	1
	1
	0
	0

	A, N, N, A
	0
	0
	0
	0
	1
	-j
	0
	0

	A, N, A, N
	0
	0
	0
	0
	1
	j
	0
	0

	A, N, A, A
	0
	0
	0
	0
	1
	-1
	0
	0

	A, A, N, N
	0
	0
	0
	0
	0
	0
	1
	1

	A, A, N, A
	0
	0
	0
	0
	0
	0
	1
	-j

	A, A, A, N
	0
	0
	0
	0
	0
	0
	1
	j

	A, A, A, A
	0
	0
	0
	0
	0
	0
	1
	-1


For ACK/NAK transmission, higher layers shall generate the ACK/NAK response for each received TB. Take a FDD CA system with 2 CCs for example, as in Figure 2. Denote (a0, a1, a2, a3) as the ACK/NAK response from MAC layers, where a0 denotes the ACK/NAK response for codeword0 on CC1, a1 denotes the ACK/NAK response for codeword1 on CC1, a2 denotes the ACK/NAK response for codeword0 on CC2, a3 denotes the ACK/NAK response for codeword1 on CC2. If bi = ai for i = 0, 1, 2, 3 as in Figure 2, then the BER results in Figure 1 indicates that the NAK-to-ACK performance on CC1 is much better than that of CC2. This effectively creates discrepancy between the ACK/NAK performances for different CCs. 
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Figure 1: Link level BER of individual ACK/NAK BER
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Figure 2: Example of mapping between MAC ACK/NAK and PHY ACK/NAK

It is noted that the performance of ACK/NAK transmission is measured as the average BER of DTX-to-ACK, ACK-to-DTX/NAK, and NAK-to-ACK error event. Hence, in order to equalize the individual ACK/NAK BER, it is possible to randomize the mapping relationship between ai and bi on a subframe basis. For example, assuming in subframe k, bi= aj, where 
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 are the slot index and radio frame index, respectively.
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 is the ACK/NAK payload size
The proposed subframe based randomization on the mapping of ai and bi can ensure that each ACK/NAK bit from MAC layer is of similar performance over time, which further equalizes the performance of ACK/NAK on multiple carriers. It is further noted that such subframe based randomization can also be applied to the ACK/NAK transmission scheme of DFT-S-OFDM.
3. Conclusions

In this contribution, we study the individual ACK/NAK BER for ACK/NAK multiplexing in Rel-10 carrier aggregation. It is noted that different ACK/NAK bit position can lead to different NAK-to-ACK performances, which consequently lead to different ACK/NAK performance on different carriers. Hence, we propose that the mapping between the ACK/NAK generated from MAC and the ACK/NAK transmitted by PHY shall be randomized on a subframe basis, such that the average ACK/NAK BER over time is similar for all carriers. The randomization scheme of Rel-8 PDCCH design can be largely reused.
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