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1. Introduction

This contribution discusses the bit positioning of CQI and other control information on PUCCH and PUSCH. CQI is defined as the following entities, excluding rank
· channel quality indicator in the form of MCS

· PMI

· Label of the selected sub-bands in UE-selected feedback.
2. PUCCH-Based CQI Reporting
The (32,A) RM code has been agreed for CQI report on PUCCH [2]. 
Table 1: (32,13) Base Code PUCCH CQI piggyback transmission on PUSCH

	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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

	19
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	20
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	1

	21
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0

	22
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0
	1

	23
	1
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0

	24
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1

	25
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1

	26
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0

	27
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0

	28
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0

	29
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1

	30
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1

	31
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


The procedure which uplink control information is encoded is described below. Uplink control information bits are denoted by 
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, where A is the payload size of the control information bits to be transmitted. After encoding the bits are denoted by 
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 where i = 0, 1, 2, …, B-1.

where B is 32 when control information bits less than 12 bits are piggybacked on PUSCH, and B is 20 for PUCCH format 2/2a/2b.

The code table is constructed based on the understanding that the 1st column of the table should correspond to the all “1”. In our understanding, the reason to assign the all “1” column to the 1st column is due to the fact that all “1” column provides certain improvement on the error probability for the bit applied to that column. As a result, it appears natural to assign a0 as the CQI MSB [3].
2.1. CQI Only

The following bit positioning is suggested for CQI only report on PUCCH.
For single antenna port, transmit diversity, and open-loop MIMO 
Mode 1-0 description (wideband CQI)

· [a0-a3] corresponds to the 4-bit wideband CQI, MSB to LSB, in the subframe where wideband CQI is reported.
Mode 2-0 description (sub-band CQI)
· [a0-a3] corresponds to the 4-bit best-M average CQI, MSB to LSB, in the subframe where sub-band CQI is reported. 
· [a4-a3+L] corresponds to the L-bit label for the best-M sub-bands.
For closed loop spatial multiplexing

Mode 1-1 description (wideband CQI)
· For rank-1 
· [a0-a3] correspond to the 4-bit wideband CQI, MSB to LSB.
· [a4-a5] (2TX MIMO) or [a4-a7] (4TX MIMO) correspond to the PMI, MSB to LSB.
· For rank>=2 report 
· [a0-a3] correspond to the 4-bit wideband CQI of the 1st codeword, MSB to LSB.
· [a4-a6] correspond to the 3-bit spatial differential wideband CQI, MSB to LSB.
· [a7-a8] (2TX MIMO) or [a7-a10] (4TX MIMO) correspond to the PMI, MSB to LSB.
Mode 2-1 description (sub-band CQI)
· For rank-1 

· [a0-a3] correspond to the 4-bit best-M average CQI, MSB to LSB.

· [a4-a3+L] corresponds to the L-bit label for the best-M sub-bands.

· For rank >=2 

· [a0-a3] correspond to the 4-bit best-M average CQI of the 1st codeword, MSB to LSB.

· [a4-a6] correspond to the 3-bit spatial differential best-M average CQI, MSB to LSB.

· [a7-a6+L] corresponds to the L-bit label for the best-M sub-bands.

· In the subframe where wideband CQI/PMI is reported, the bit ordering follows mode 1-1 description above.

2.2. CQI + ACK/NAK

It has been agreed to append the ACK/NAK bits at the end of PUCCH payload, when CQI and ACK/NAK are jointly encoded on PUCCH for extended CP [5]. 
2.3. Piggybacked CQI Report on PUSCH
PUCCH-based periodic reporting is also transmitted on PUSCH when there is an UL data transmission (grant) in the same sub-frame. In this case, for the payload ranges from 1 to 11 bits (CQI/PMI or RI), the PUCCH-based coding and multiplexing is still used except that the resulting modulated symbols are piggybacked onto PUSCH whenever the report coincides with data transmission. As a result, the bit position discussed above is also recommended.
3. PUSCH-based CQI Reporting
The details for CQI and other control information report on PUSCH are still yet finalized. However, some basic principles are recommended to be observed
· Rank should be separately encoded with CQI/PMI, to avoid the complexity associated with blind decoding, and ensure RI encoded with the same protection as ACK/NAK assuming that the same repetition factor is used.
· CQI and PMI should be jointly encoded and hence treated as one entity.  
· Wideband CQI bits are more important than sub-band differential CQI (i.e., UE-selected and higher-layer configured CQI). If possible, wideband CQI should be assigned to bit position with lower error probability, and better protected than sub-band differential CQI.
4. Summary and Conclusions

In this paper we discussed the bit position of CQI report on PUCCH and PUSCH. 
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