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1. Introduction
In the RAN1 #53 conference, the formula to compute the amount of control region on PUSCH was agreed as follows [1],
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where 
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 is the number of information bits for control signaling (CQI, ACK/NACK, Rank), 
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 are the modulation order and code rate of data. 
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is the offset parameter value expressed in the dB format. The remaining issue is to determine the exact number of the offset parameter values.
2. Discussion
As stated in [2], a common offset parameter value is sufficient for all data MCSs. QPSK and 1/3 code rate are chosen as data MCS in this contribution, and other simulation assumptions are given in the appendix. 
2.1. Offset for CQI
The modulation and coding scheme for CQI was decided, i.e.,

· CQI uses the same modulation scheme as data

· Reed-Muller coding for “small” CQI payload size (less than or equal to 11 bits)

· Tail biting convolutional coding + rate matching + 8-bit CRC for “large” CQI payload size (more than 11 bits)

With the respective BLER requirements of data and CQI, the offset parameter value can be obtained by comparing the SNR operation points between data and CQI. Notes that multiple offset parameter values are needed for different CQI payload sizes, the offset parameter values for 4-bit, 10-bit, 30-bit, 60-bit CQI are shown in Table 1.
Table 1. Offset parameter values for CQI with different payload sizes

	Data BLER
	CQI BLER
	CQI offset (dB)

	
	
	4-bit
	10-bit
	30-bit
	60-bit

	50%
	10%
	1.3
	1.1
	2.3
	2.1

	40%
	5%
	2.0
	1.5
	2.5
	2.2

	40%
	10%
	0.9
	0.7
	1.9
	1.7

	30%
	1%
	3.6
	2.5
	3.3
	3.0

	30%
	5%
	1.8
	1.3
	2.3
	2.0

	30%
	10%
	0.7
	0.5
	1.7
	1.5

	20%
	1%
	3.1
	2.0
	2.8
	2.5

	20%
	5%
	1.3
	0.8
	1.8
	1.5

	10%
	1%
	2.6
	1.5
	2.3
	2.0


Therefore, we propose to use 16 offset parameter values configured by 4-bit RRC signaling for CQI,
{0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 2.75, 3, 3.25, 3.5, 3.75, 4}
2.2. Offset for ACK/NACK and Rank
Since ACK/NACK and Rank use the same modulation, coding and resource mapping scheme, we discuss their offset parameter values together. The modulation and coding scheme for ACK/NACK (Rank) is
· The constellation is limited to 4 corners of QPSK, 16QAM and 64QAM, i.e., BPSK for 1-bit ACK/NACK (Rank), QPSK for 2-bit ACK/NACK (Rank)
· (3, 2) simplex coding for 2-bit ACK/NACK (Rank)
In contrast to CQI, 1-bit ACK/NACK (Rank) uses no coding, and 2-bit ACK/NACK (Rank) uses (3, 2) simplex coding. In addition, the modulation scheme of ACK/NACK (Rank) is independent on that of data. Therefore, the impact of data MCS and simplex coding should be removed when computing the offset parameter values 
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For 1-bit ACK/NACK (Rank),
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For 2-bit ACK/NACK (Rank),
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where 
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 is the difference of SNR operation points between data and ACK/NACK (Rank). Table 2 shows the offset parameter values for 1-bit, 2-bit ACK/NACK and Rank.
Table 2. Offset parameter values for ACK/NACK and Rank
	Data BLER
	ACK/NACK

BLER
	Rank

BLER
	ACK/NACK

offset (dB)
	Rank

offset (dB)

	
	
	
	1-bit
	2-bit
	1-bit
	2-bit

	50%
	0.01%
	0.1%
	8.0
	4.4
	6.3
	2.7

	40%
	0.01%
	0.1%
	7.6
	4.0
	5.9
	2.3

	30%
	0.01%
	0.1%
	7.4
	3.8
	5.7
	2.1

	20%
	0.01%
	0.1%
	6.9
	3.3
	5.2
	1.6

	10%
	0.01%
	0.1%
	6.4
	2.8
	4.7
	1.1


Therefore, we propose to use 8 offset parameter values configured by 3-bit RRC signaling for ACK/NACK and Rank, respectively.
· For 1-bit ACK/NACK, {5.9, 6.275, 6.65, 7.025, 7.4, 7.775, 8.15, 8.525}

· For 2-bit ACK/NACK, {2.3, 2.675, 3.05, 3.425, 3.8, 4.175, 4.55, 4.925}

· For 1-bit Rank, {4.2, 4.575, 4.95, 5.325, 5.7, 6.075, 6.45, 6.825}

· For 2-bit Rank, {0.6, 0.975, 1.35, 1.725, 2.1, 2.475, 2.85, 3.225}
3. Conclusions
This contribution presents the offset parameter values for all control signaling on PUSCH. These values can be semi-statically configured by 4-bit RRC signaling for CQI and 3-bit RRC signaling for ACK/NACK and Rank, respectively.
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APPENDIX

Table 3. Simulation assumptions
	Parameter
	Assumption

	Bandwidth
	10MHz

	Scheduled RBs
	2

	CP Length
	Normal

	SRS location
	the last symbol

	Number of transmit antennas
	1

	Number of received antennas
	2

	Frequency hopping
	OFF

	Channel model
	TU

	UE speed
	3km/h

	Channel estimation
	Realistic
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Figure 1. Short-term BLER performance of CQI
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Figure 2. Short-term BLER performance of ACK/NACK and Rank
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