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1 Introduction

In current specification [1], only single and two bit HARQ-ACK information reported on PUSCH are specified, so in this proposal, we share the methods on multi-bits HARQ-ACK report on PUSCH.  

2 Discusson
The data and control information can be multiplexed on PUSCH where control information including CQI, PMI, RI and HARQ-ACK. The multiplexing method of data, control, RI and HARQ-ACK in PUSCH channel is illustrated in figure 1.
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Fig 1. Multiplexing of data, control, RI and HARQ-ACK in PUSCH channel
Figure 2 shows the processing structure for the UL-SCH transport channel. Data arrives to the coding unit in form of a maximum of one transport block every transmission time interval (TTI). The following coding steps can be identified:

· Add CRC to the transport block

· Code block segmentation and code block CRC attachment

· Channel coding of data and control information

· Rate matching

· Code block concatenation

· Multiplexing of data and control information

· Channel interleaver
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Fig 2. Transport channel processing for UL-SCH
The proposed details of multi-bit HARQ-ACK are transmitted on PUSCH are as follows. 
2.1 Channel Coding

Method 1
The original HARQ-ACK bits coded using a (32, O) block code for CQI/PMI information in PUSCH where O is the number of original bits.  Then, the encoded information are repeated and truncated according to HARQ-ACK code rate.
Method 2

The each ordinal 2 bit HARQ-ACK information are grouping, the last group may only contain 1 bit information. Each group encoded based on Table 1 and 2 for different bit number. For different number of HARQ-ACK information in each group

· If HARQ-ACK consists of 1-bit of information, i.e., 
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, it is first encoded according to Table 1.

· If HARQ-ACK consists of 2-bits of information, i.e., 
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, it is first encoded according to Table 2 where 
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 and where ‘
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’ represents XOR operation.

Table 1: Encoding of 1-bit HARQ-ACK
	Qm＊
	Encoded HARQ-ACK

	2
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Qm＊ is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM

Table 2: Encoding of 2-bit HARQ-ACK
	Qm＊
	Encoded HARQ-ACK

	2
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Qm＊ is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM  
The “x” in Table 1 and 2 are placeholders for [2] to scramble the HARQ-ACK bits in a way that maximizes the Euclidean distance of the modulation symbols carrying HARQ-ACK information.

Then, the encoded information in each group are concatenated and repeated/truncated according to HARQ-ACK code rate. 
2.2 Channel Interleaver

Method 1
A ‘virtual’ multiplexing matrix are constructed with size equals to the 
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 are the total number of Data coded bit, HARQ-ACK coded bit, PMI coded bit, RI coded bit and CQI coded bit respectively.
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 is equal to 2 for QPSK, 4 for 16QAM and 6 for 64QAM.
The truncated HARQ-ACK bits are read-in followed by CQI/PMI encoded information. If no CQI/PMI, the truncated encoded bits are read-in from the first row and the first column to the multiplexing matrix. The data are read-in to multiplexing matrix followed by CQI/PMI/HARQ-ACK.
Method 2
The bit sequence 
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 is obtained by concatenation of multiple encoded HARQ-ACK groups where 
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 is the total number of coded bit for all the encoded HARQ-ACK groups and their repetition.  The vector sequence output of the channel coding for HARQ-ACK information is denoted by 
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, and is obtained as follows:

Set i ,k to 0

While 
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end while
A ‘virtual’ multiplexing matrix are constructed with size equals to the 
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 are the total number of data coded bit, HARQ-ACK coded bit, PMI coded bit, RI coded bit and CQI coded bit respectively. For normal CP, the truncated encoded bits are read-in to the 2nd,3rd,8th,9th  column of the multiplexing matrix of data and control information which correspond to the 3rd,5th,10th,12th symbol in subframe. For extended CP, the truncated encoded bits are read-in to the 1st,2nd,6th,7th column of the multiplexing matrix of data and control information which correspond to the 2nd,4th,8th,10th symbol in subframe. The encoded bits are read-in by row-first and starting from the last row and moving upwards. The data and the HARQ-ACK are multiplexing not to puncture the data.
3 Conclusions

Proposal: The multi-bit A/N reported scheme on PUSCH are proposed. For the consideration of commonality with FDD and of course the better coding performance and more effective channel estimation, we prefer to use (32,O) block code for encoding multi-bit HARQ-ACK and the coded information are mapping close to RS which corresponding to the method1 for channel coding and method 2 for channel interleaver. 
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