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1 Introduction

In TS 36.212 [1], Rank uses the same coding scheme as CQI/PMI in PUCCH, i.e.,

· 1-bit Rank is coded using the first row of basis sequences for (20, A) code (repetition coding)
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· 2-bit Rank is coded using the first two rows of basis sequences for (20, A) code
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Regarding to PUSCH, 1-bit Rank uses repetition coding, and 2-bit Rank uses (3, 2) simplex coding with repetition. In this contribution, we compare the performance of different Rank coding schemes and present our views on 2-bit Rank coding in PUCCH.
2 Hamming distance
As we know, the coding gain is largely dependent on the minimum Hamming distance. The larger minimum Hamming distance means the better coding performance. For linear block codes (n, k), the minimum Hamming distance 
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 should further satisfy Plotkin bound [2],
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From Plotkin bound, the maximum minimum Hamming distance of (20, 1) code is 20, 
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While the maximum minimum Hamming distance of (20, 2) code is 13,
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Observing the current coding scheme for Rank in PUCCH, the minimum Hamming distance of 1-bit and 2-bit Rank are 20 and 10, respectively. It means that 2-bit Rank doesn’t achieve the best coding performance.

During the extensive study on the CFI coding scheme, it has been shown that (3, 2) simplex code with repetition can achieve the maximum minimum Hamming distance given by Plotkin bound [3] and 2-bit Rank in PUSCH also uses (3, 2) simplex coding with repetition to capture the 1dB coding gain [4]. Therefore, it is proposed that 2-bit Rank in PUCCH is coded by (3, 2) simplex code and then repeated to 20 bits. The corresponding generating sequences can be expressed as follows,
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3 Simulation Results
 After the theoretic analysis on Hamming distance, this section provides the simulation results to support the proposed coding scheme for 2-bit Rank in PUCCH. The transmit format of Rank in PUCCH is format 2 and other simulation assumptions are listed in Table 1.

Table 1 Simulation assumptions

	Parameter
	Assumption

	Bandwidth
	10MHz

	CP Length
	Normal

	Number of transmit antennas
	1

	Number of received antennas
	2

	Modulation
	QPSK

	Channel model
	TU

	UE speed
	3km/h

	Channel estimation
	Realistic


Figure 1 shows the BLER performance of two coding scheme for 2-bit Rank in PUCCH. It is observed that the proposed coding scheme can achieve approximately 0.6dB coding gain at the 0.1% BLER, compared to the current coding scheme.
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Figure 1 BLER performance comparison of two coding schemes for 2-bit Rank in PUCCH

4 Conclusion
In this contribution, it is proposed that 2-bit Rank in PUCCH uses (3, 2) simplex coding with repetition, which achieves

· Approximately 0.6dB coding gain

· Unified coding scheme for Rank (both 1-bit and 2-bit) in PUCCH and PUSCH
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5.2.3.3
Channel coding for UCI channel quality information

The channel quality bits input to the channel coding block are denoted by  
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 where A is the number of bits. The number of channel quality bits depends on the transmission format as indicated in subclause 5.2.3.3.1 for wideband reports and in subclause 5.2.3.3.2 for UE-selected subbands reports. 

The channel quality indication is coded using a (20, A) code. The code words of the (20, A) code are a linear combination of the A basis sequences denoted Mi,n (i=0, 1, …, A-1) and defined in Table 5.2.3.3-1 for A≠2 and Table 5.2.3.3-2 for A=2.
Table 5.2.3.3-1: Basis sequences for (20, A) code (A≠2)
	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


Table 5.2.3.3-2: Basis sequence for (20, 2) code
	i
	Mi,0
	Mi,1

	0
	1
	0

	1
	0
	1

	2
	1
	1

	3
	1
	0

	4
	0
	1

	5
	1
	1

	6
	1
	0

	7
	0
	1

	8
	1
	1

	9
	1
	0

	10
	0
	1

	11
	1
	1

	12
	1
	0

	13
	0
	1

	14
	1
	1

	15
	1
	0

	16
	0
	1

	17
	1
	1

	18
	1
	0

	19
	0
	1


After encoding the bits are denoted by 
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 where 
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 where i = 0, 1, 2, …, B-1.
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