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1. Introduction

At RAN1 #63 meeting, the multiplexing of UCI on PUSCH for the case of uplink spatial multiplexing was discussed and the following conclusions were agreed [1]:
· Modify the resource allocation equation of A/N and RI to the following equation, in order to accurately reflect the channel condition experienced by each TB
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· Scrambler for PUSCH
· Per CW scrambling is adopted 

· Scrambling sequence generator shall be initialized with
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where q is the CW index 
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· Minimum number of REs for ACK/NACK and RI
· If O<=2, Q’min = O, else, 
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 is the modulation order for CW (x).

· The part of agreement regarding the case of O>11 can be revisited if single RM coding is not agreed in the CA session for O>11.
Since the channel coding scheme for ACK/NACK and RI with O>11 was decided as dual RM coding, we should decide the equation to calculate minimum value of REs for ACK/NACK and RI with O>11. In this contribution, we propose equation for minimum number of REs for ACK/NACK and RI with O>11.
2. Equation for Qmin with O>11
In the #63 meeting at Jacksonville, the equation to calculate Qmin with 
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is decided as follows [1]
· If O<=2, Q’min = O, else, 
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· The part of agreement regarding the case of O>11 can be revisited if single RM coding is not agreed in the CA session for O>11
Since the channel coding scheme for ACK/NACK and RI with O>11 was decided as dual RM coding, we should decide the equation to calculate minimum value of REs for ACK/NACK and RI with O>11.
Table 1 shows the required number of REs to make decodable RM code is unique value for each modulation order. 
Table 1 Required REs to generate decodable code

	
	3
	4
	5
	6
	7
	8
	9
	10
	11

	QPSK
	2
	3
	3
	6
	6
	6
	6
	6
	9

	16QAM
	1
	2
	2
	3
	3
	3
	3
	3
	5

	64QAM
	1
	1
	1
	2
	2
	2
	2
	2
	3


There could be 3 ways to decide the minimum number of REs for ACK/NACK and RI with O>11.
Alt 1. Fixed value according to modulation order
Since the payload size of UCI with dual RM coding is 12 ~ 20bits, the payload size of each RM encoder in dual RM coding is 6 ~ 10bits.  As you can see in table 2, the required REs to make decodable codeword set is the same according to the modulation order (6 for QPSK, 3 for 16QAM, 2 for 64QAM). Therefore, fixed value according to the modulation order (e.g.> 6 for QPSK, 3 for 16QAM, 2 for 64QAM) can be one of the solutions to decide the minimum value of REs for ACK/NACK and RI with dual RM coding. But using fixed value as a minimum value of REs for ACK/NACK and RI, coding rate of encoded ACK/NACK and RI will be different according to payload size which causes the performance difference.
Alt 2. Applying the same equation with 
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to total payload
Table 2 and Table 3 show the minimum value of REs size of each RM encoder over 16QAM and 64QAM modulation according to various methods. 
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 for 16QAM and 
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 for 64QAM. As you can see in Table 2 and 3, the number of REs allocated to 1st RM encoder and 2nd RM encoder are different in some case. This causes code rate difference which causes performance difference and degradation. Furthermore, one of the reasons to decide the equation to calculate the minimum number of REs for ACK/NACK and RI with  
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 is to guarantee code rate 0.5 [2]. But if the same equation with 
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is applied to O>11, then the code rate of 2nd RM encoder could be more than 0.5.
Table 2 Minimum value of REs size over 16QAM
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	12
	6
	6
	6
	3
	3
	3
	3

	13
	7
	7
	6
	4
	3
	4
	3

	14
	7
	7
	7
	4
	3
	4
	4

	15
	8
	8
	7
	4
	4
	4
	4

	16
	8
	8
	8
	4
	4
	4
	4

	17
	9
	9
	8
	5
	4
	5
	4

	18
	9
	9
	9
	5
	4
	5
	5

	19
	10
	10
	9
	5
	5
	5
	5

	20
	10
	10
	10
	5
	5
	5
	5


Table 3 Minimum value of REs size over 64QAM
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	12
	4
	6
	6
	2
	2
	2
	2

	13
	5
	7
	6
	3
	2
	3
	2

	14
	5
	7
	7
	3
	2
	3
	3

	15
	5
	8
	7
	3
	2
	3
	3

	16
	6
	8
	8
	3
	3
	3
	3

	17
	6
	9
	8
	3
	3
	3
	3

	18
	6
	9
	9
	3
	3
	3
	3

	19
	7
	10
	9
	4
	3
	4
	3

	20
	7
	10
	10
	4
	3
	4
	4


Alt 3. Sum of Q_min for each payload of RM encoder
As you can see in Table 2 and 3, summation after separate calculation of the minimum number of REs for ACK/NACK and RI will guarantee code rate 0.5 to each RM encoder at any payload size. Therefore, the performance of each RM encoder can be similar at any payload size. So separate calculation of the minimum value of REs for ACK/NACK and RI then summation of the result is preferred as the calculation method of the minimum value of REs for ACK/NACK and RI with 
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So, based on the above observations, we propose

Proposal: For ACK/NACK and RI with more than 11 payload bits, we prefer the following method (Alt 3)
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 is the modulation order for CW (x).
3. Conclusions 
 In this contribution, we have suggested equation for minimum number of REs for ACK/NACK and RI with O>11. The summary of our recommendations is as follows

· In the case of dual RM coding structure is applied for ACK/NACK with more than 11 bit payload, we prefer the following equation (Alt 3) as calculation method of the minimum number of REs
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