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Introduction
At the RAN1 #53bis meeting the delta_F_PUCCH compensation was agreed ‎[1], however the format 2a/2b part was defined as FFS. In this contribution we define the delta_F_PUCCH for format 2a/2b for normal cyclic prefix and for joint encoding of ACK/NACK and CQI bits for extended cyclic prefix.
Discussion

Based on the simulation results in Figure 1 and Figure 2, it can be concluded that the principle of ‎[1] holds and can be extended to also cover the case of format 2a/2b as well as joint encoding of ACK/NACK and CQI bits. Note especially that for normal CP, the performance difference between formats 2, 2a, and 2b for an equal number of CQI bits are insignificant. This is not the case with long CP, with joint coding of ACK/NACK and CQI bits.    

Based on the previous agreement and the simulation we propose that the ranges for delta_F_PUCCH in Table 1 are adopted. 
Table 1. Proposed delta_F_PUCCH ranges.

	PUCCH format
	Content
	Assumed error requirement
	Required SINR
(ETU 1x2)
	Proposed range for delta_F_PUCCH

Default values in bold

	1
	SR
	P(miss) = 0.01
	-6dB
	0dB + [-2, 0, +2, spare]

	1a
	1-bit A/N
	P(miss) = 0.01
P(DTX->ACK) = 0.01
	-6dB
	0dB (reference)

	1b
	2-bit A/N
	P(miss) = 0.01

P(DTX->ACK) = 0.01
	-3dB
	3dB + [-2, 0, +2, spare]

	2
	CQI (nCQI bit)

nCQI≥4
	P(block error) = 0.01
	-6dB + 10·log10(nCQI/4)
	10·log10(nCQI/4) dB + [-2, 0, +2, spare]

	2
	CQI (nCQI bit)

nCQI<4
	
	
	0 dB+ [-2, 0, +2, spare]

	2a/2b 

(normal cyclic prefix)
	CQI(nCQI) + A/N(nHARQ)

nHARQ +nCQI≥4
	--
	
	10·log10(nCQI/4) dB + [-2, 0, +2, spare] 



	2a/2b

(normal cyclic prefix)
	CQI(nCQI) + A/N(nHARQ)

nHARQ +nCQI<4
	--
	
	0dB+ [-2, 0, +2, spare]

	Joint encoding of ACK/NACK and CQI

(extended cyclic prefix) 
	CQI(nCQI) + A/N(nHARQ)

nHARQ +nCQI≥4
	--
	
	10·log10((nCQI+ nHARQ)/4) dB + [-2, 0, +2, spare]

	Joint encoding of ACK/NACK and CQI

(extended cyclic prefix)
	CQI(nCQI) + A/N(nHARQ)

nHARQ +nCQI<4
	--
	
	0dB+ [-2, 0, +2, spare]
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Format(1a), Pr(ACKmiss)
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Format(2),CQI(4b) BLER
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Format(2),CQI(11b) BLER
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Format(2a),CQI(7b) BLER

Format(2a),CQI(11b) BLER

Format(2b),CQI(4b) BLER

Format(2b),CQI(7b) BLER

Format(2b),CQI(11b) BLER


Figure 1: Format 1a/1b/2/a/2b normal cyclic prefix
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Format 2, Joint Encoding with 1 AN bit

 

 

4 CQI + 1 AN

5 CQI + 1 AN

6 CQI + 1 AN

8 CQI + 1 AN

9 CQI + 1 AN

10 CQI + 1 AN

11 CQI + 1 AN

12 CQI + 1 AN

13 CQI + 1 AN


Figure 2: Format 2 joint encoding with 1 bit, extended cyclic prefix

Conclusion

In this contribution we propose

· The delta_F_PUCCH parameter for format 2a/2b for normal cyclic prefix and joint encoding of ACK/NACK and CQI bits for extended cyclic prefix
· A CR with the proposed changes is available in ‎[2]
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Annex A: Simulation Assumptions

	Bandwidth
	10 MHz

	Channel model
	ETU, 70 Hz

	Number of users
	1

	Number of RX antennas
	2

	Channel estimator
	1-tap ML
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