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1 Introduction
In RAN1#63, we have the following agreement on the minimum RE calculation for A/N and RI on PUSCH:
· The following is agreed as working assumption.

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.

Furthermore, in the e-mail reflector discussion after RAN1#63, dual RM coding has been agreed for O>11. 

In this contribution, we discuss the following remaining issues for dual-RM coding chain:
· Rate matching, and

· Q’min for O>11.
2 Remaining issues for Dual-RM coding chain 
For dual-RM coding chain, the total payload O is split into two payloads, O1 and O2, where O=O1+O2. Then, the O1 bits are encoded by the first RM coding chain, while the O2 bits are encoded by the second RM coding chain. In the approved CR after RAN1#63, we have O1=ceil(O/2) and O2=floor(O/2). Table 1 lists all the payload sizes to be coded by dual RM coding chain (i.e., O>11), and the output of the payload splitter for all those payloads. 
Table 1 Split of payload O for O>11
	O
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	O1
	6
	7
	7
	8
	8
	9
	9
	10
	10
	11
	11

	O2
	6
	6
	7
	7
	8
	8
	9
	9
	10
	10
	11
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Figure 1 Two alternatives on the RE calculation in case of dual RM coding
For RE calculation when dual-RM coding chain is used, we have two alternatives as shown in Figure 1. In Alt 1, a UE uses the RE calculation formula separately for the two payloads O1 and O2; while in Alt 2, a UE applies the RE calculation formula for the total payload O. We observe that the total number of REs calculated by Alt 1 can be one or two lager than that of Alt 2 for some payloads. As the current formula for a given total payload O can generate sufficient number of REs for a reliable detection of O-bit HARQ-ACK or RI at the receiver, we prefer Alt 2 to avoid unnecessary overhead increase. 

Proposal 1. RE calculation should be done once for the total payload as in Alt 2 in Figure 1. 
When Q' is found with the total payload O by the RE calculation formula, the total number of coded bits will be Q'Q'm. 

There are two alternatives on the determination of the number of coded bits of each RM encoder after rate matching. 
· Alt 1. RE-level partition of Q' REs to the two RM encoder: The first RM encoder has 
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 coded bits after rate matching, while the second RM encoder has 
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 bits after rate matching. 

· Alt 2. bit-level partition of Q' REs to the two RM encoder : The first RM encoder has 
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 coded bits after rate matching, while the second RM encoder has 
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 coded bits after rate matching. 
Depending on which alternative is chosen, the code rates for the two RM encoders become different. Table 2 and Table 3 show the code rates of the two RM coders with Q' = 
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 when Alt 1 and Alt 2 are adopted, respectively. 
Table 2 Code rates of the two RM coding chains with Alt 1 when Q' = 
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, where C1=code rate for RM1 and C2 = code rate for RM2.
	O
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	O1
	6
	7
	7
	8
	8
	9
	9
	10
	10
	11
	11

	O2
	6
	6
	7
	7
	8
	8
	9
	9
	10
	10
	11

	ceil(2O/Qm')

Qm'=2
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	 C1, Qm'=2
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	C2, Qm'=2
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	C2/C1-1
	0%
	0%
	0%
	0%
	0%
	0%
	0%
	0%
	0%
	0%
	0%

	ceil(2O/Qm')

Qm'=4
	6
	7
	7
	8
	8
	9
	9
	10
	10
	11
	11

	C1, Qm'=4
	0.50
	0.44
	0.44
	0.50
	0.50
	0.45
	0.45
	0.50
	0.50
	0.46
	0.46

	C2, Qm'=4
	0.50
	0.50
	0.58
	0.44
	0.50
	0.50
	0.56
	0.45
	0.50
	0.50
	0.55

	C2/C1-1
	0%
	14%
	33%
	-13%
	0%
	11%
	25%
	-10%
	0%
	9%
	20%

	ceil(2O/Qm')

Qm'=6
	4
	5
	5
	5
	6
	6
	6
	7
	7
	7
	8

	C1, Qm'=6
	0.50
	0.39
	0.39
	0.44
	0.44
	0.50
	0.50
	0.42
	0.42
	0.46
	0.46

	C2, Qm'=6
	0.50
	0.50
	0.58
	0.58
	0.44
	0.44
	0.50
	0.50
	0.56
	0.56
	0.46

	C2/C1-1
	0%
	29%
	50%
	31%
	0%
	-11%
	0%
	20%
	33%
	21%
	0%


Table 3 Code rates of the two RM coding chains with Alt 2 when Q' = 
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	O
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	O1
	6
	7
	7
	8
	8
	9
	9
	10
	10
	11
	11

	O2
	6
	6
	7
	7
	8
	8
	9
	9
	10
	10
	11

	Q'min for Qm'=2
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	Max code rate for RM1, Qm'=2
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	Max code rate for RM2, Qm'=2
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50
	0.50

	C2/C1-1
	0%
	0%
	0%
	0%
	0%
	0%
	0%
	0%
	0%
	0%
	0%

	Q'min for Qm'=4
	6
	7
	7
	8
	8
	9
	9
	10
	10
	11
	11

	Max code rate for RM1, Qm'=4
	0.50
	0.47
	0.50
	0.47
	0.50
	0.47
	0.50
	0.48
	0.50
	0.48
	0.50

	Max code rate for RM2, Qm'=4
	0.50
	0.46
	0.50
	0.47
	0.50
	0.47
	0.50
	0.47
	0.50
	0.48
	0.50

	C2/C1-1
	0%
	-1%
	0%
	-1%
	0%
	-1%
	0%
	-1%
	0%
	0%
	0%

	Q'min for Qm'=6
	4
	5
	5
	5
	6
	6
	6
	7
	7
	7
	8

	Max code rate for RM1, Qm'=6
	0.50
	0.44
	0.47
	0.50
	0.44
	0.47
	0.50
	0.45
	0.48
	0.50
	0.46

	Max code rate for RM2, Qm'=6
	0.50
	0.43
	0.47
	0.50
	0.44
	0.47
	0.50
	0.45
	0.48
	0.50
	0.46

	C2/C1-1
	0%
	-2%
	0%
	0%
	0%
	-1%
	0%
	-1%
	0%
	0%
	0%


Observations from Table 2 and Table 3 are summarized below:

	
	Alt 1
	Alt 2

	Code rate difference between the two RM coders
	The two code rates are different by as large as 50%, as the cells shaded with red shows in Table 2. This results in unequal performance. 
	The two code rates are kept similar; the difference is kept less than 2%.

	Individual code rate 
	Some of the code rates is greater than 0.5, as the cells shaded with purple. We may need to increase 
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 for O>11.
	None of the code rates is greater than 0.5. So we can keep the current working assumption of 
[image: image14.wmf]é

ù

m

Q

O

Q

¢

=

¢

/

2

min

 even for O>11.


Having this observations, we propose the following: 

Proposal 2. The split of coded bits in the RM coding chain should be done as in the following:
· The first RM coding chain for O1 generates floor(Q'Q'm O1/O) coded bits.

· The second RM coding chain for O2 generates (Q'Q'm -floor(Q'Q'm O1/O)) coded bits. 
Proposal 3. Keep the current working assumption for the minimum number of REs of 
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 for all payloads O>3.
3 Conclusion

This contribution proposes the following for the channel coding chain when dual RM coding is used with O>11:
· RE calculation should be done once for the total payload O. 

· The split of coded bits in the RM coding chain should be done as in the following:

· The first RM coding chain for O1 generates floor(Q'Q'm O1/O) coded bits.

· The second RM coding chain for O2 generates (Q'Q'm -floor(Q'Q'm O1/O)) coded bits. 

· Keep the current working assumption for the minimum number of REs of 
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 for all payloads O>3.

Appendix. Proposed Text for Section 5.2.2.6.5 in 36.212

5.2.2.6.5
Channel coding for more than 11 bits of HARQ-ACK information

The HARQ-ACK bits input to the channel coding block are denoted by 
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 is the number of bits. 

The sequences of bits 
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  are encoded as follows 
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and 
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where i = 0, 1, 2, …, 31 and the basis sequences 
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 are defined in Table 5.2.2.6.4-1.
The output bit sequence 
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 is obtained by the alternate concatenation and circular extension of the bit sequences 
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 as follows

Set i = 0

while 
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i = i + 1

end while

Set i = 0

while 
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i = i + 1

end while
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