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1. Introduction

In RAN1#51-Bis, the joint encoding structure of ACK/NACK and CQI proposed in [1] and reproduced in Figure 1 was adopted for the extended cyclic prefix frame structure.  In this case, the ACK/NACK is encoded using a subcode resulting in a codeword of length Nd which is then multiplexed with the CQI prior to joint coding of the two control fields.
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Figure 1.  Joint coding structure for extended CP [1].

In addition, PUCCH CQI coding was proposed in [2] and agreed with a minor modification.  The agreed basis sequence for (20, k) coding is shown in Table 1.  This contribution provides details on the multiplexing structure and subcode to be used in ACK/NACK and CQI multiplexing.
2. CQI + ACK/NACK Transmission
From Table 1, it is seen that at most 14 information bits may be carried on the PUCCH as designed by the coding table.  Illustrative performance of this CQI coding scheme is shown in Figure 3. From [4], it is seen that at most 12 bits are required for frequency selective CQI reporting for SU-MIMO on the PUCCH, while only 4 bits is sufficient for only wideband CQI reporting.  Therefore, the range of CQI information bits to be transmitted on the PUCCH is 4-12, which seems well suited to the agreed CQI coding scheme when ACK/NACK multiplexing (either 1-bit or 2-bit ACK/NACK) is also considered.
One important requirement for joint coding of ACK/NACK and CQI is robustness against PDCCH decoding error.  That is, if the downlink grant was missed, then the CQI transmission should not be corrupted and a NACK should be conveyed to the eNB.  As a result, the following multiplexing structure as shown in Figure 2 is proposed.
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Figure 2.  Multiplexing structure of CQI and ACK/NACK.
Using this structure, CQI are mapped first starting from the LSB followed by the ACK/NACK bit in the MSB position. The multiplexed information bits a0, a1, … , ak-2, ak-1 (where a0 is LSB and ak-1 is MSB) is encoded into output code word bits bi according to
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In addition, the all NACK case is mapped into Nd zeros so any missed grant will not result in CQI corruption and the eNB can interpret the received codeword as CQI + NACK. 
Subsequently, the goal is then to find the mapping for the other acknowledgment values such that the minimum distance among codewords is maximized.  However, this is problematic as the search will yield different optimal subcodes based on the size of CQI field, number of acknowledgment bits to be multiplexed, and Nd value.  Hence, a simple proposal is to simply rate-match through repetition the ACK/NACK to Nd bits.
3. Conclusions
Based on the discussion, the following recommendations are made –
· CQI are mapped first starting from the LSB followed by the ACK/NACK bit in the MSB position.
· NACK is mapped to zeros (Nd bits).
· A simple repetition coding can be used for ACK/NACK to generate Nd bits.  However, other coding schemes may be considered pending outcome of the CQI discussion.
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Table 1. Basis sequences for (20,k) PUCCH CQI coding

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10
	Mi,11
	Mi,12
	Mi,13

	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0

	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0

	2
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1
	1

	3
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	1
	1

	4
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1
	1

	5
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0

	6
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	0

	7
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1
	1

	8
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1

	9
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1
	1

	10
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1

	11
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1
	1

	12
	1
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1

	13
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1

	14
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1

	15
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1

	16
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1

	17
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1
	1

	18
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1

	19
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	1
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Figure 3.  CQI performance.
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