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1   Introduction
In RAN4#78bis meeting, WF on BS demod performance for new PUCCH formats [1] was agreed with the following proposals and simulation assumptions:
· Use SNR to achieve 1% missed ACK rate as the performance metric for the BS demod requirements for new PUCCH formats.

· BS demod requirements are defined based on following cases in Rel-13.

· PF4: 24bits payload with 1PRB

· PF4: 64bits payload with 2PRB as baseline, 3PRB for further consideration

· PF5: 24bits payload with 1PRB

· Reference receiver: with CRC, in case CRC check fail eNodeB considers all bits as “NACK” 
· Assumptions for the performance tests are:
	Codeword selection
	Random selection of HARQ-ACK 

	Codebooks
	Semi-static (codebooksizeDetermination-r13=1) 

	ACK repetitions
	Disabled 

	Propagation conditions
	EPA5, EVA70

	
	Propagation channel definitions to be reused from 36.104. 

	Cyclic Prefix
	Normal CP 

	Channel BWs
	10, 15, 20MHz 

	Carrier definition
	Carrier frequency: 2.0 GHz 

	
	PUCCH on PCell (single PUCCH group) 

	PUCCH multiplexing
	1 UE 

	Antenna’s configuration
	UE: 1Tx 

	
	BS: 2Rx, 4Rx, 8Rx 

	
	correlation between branches is 0 

	
	no power imbalance between branches 

	Timing estimation
	Perfect timing estimation 

	Channel and Noise estimator
	Practical 

	Frequency hopping
	At slot boundary 

	Power control
	Off 


2   Discussion
As per the proposals and simulation assumptions in way forward [1], we provide our updated ideal and impaired simulation results for PUCCH format 4 and 5 related test scenarios.

2.1   Ideal simulation results

2.1.1   24bits payload with 1PRB for PUCCH format 4

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	-
	-
	-
	-1.01
	-1.09
	-1.17

	
	
	
	EVA 70 Low
	-
	-
	-
	-1.01
	-1.09
	-1.2

	
	4
	Normal
	EPA 5 Low
	-
	-
	-
	-5.45
	-5.05
	-5.04

	
	
	
	EVA 70 Low
	-
	-
	-
	-4.8
	-5.36
	-5.30

	
	8
	Normal
	EPA 5 Low
	-
	-
	-
	-8.57
	-8.61
	-8.57

	
	
	
	EVA 70 Low
	-
	-
	-
	-8.4
	-8.36
	-8.36


2.1.2   64bits payload with 2PRB for PUCCH format 4

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	-
	-
	-
	0.3
	0.06
	0.28

	
	
	
	EVA 70 Low
	-
	-
	-
	0.7
	1.0
	0.8

	
	4
	Normal
	EPA 5 Low
	-
	-
	-
	-4.71
	-4.37
	-4.24

	
	
	
	EVA 70 Low
	-
	-
	-
	-4.0
	-4.09
	-4.16

	
	8
	Normal
	EPA 5 Low
	-
	-
	-
	-7.97
	-7.95
	-8.23

	
	
	
	EVA 70 Low
	-
	-
	-
	-7.7
	-7.91
	-7.89


2.1.3   64bits payload with 3PRB for PUCCH format 4

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	-
	-
	-
	-0.8
	-0.77
	-0.74

	
	
	
	EVA 70 Low
	-
	-
	-
	0.2
	-0.09
	-0.23

	
	4
	Normal
	EPA 5 Low
	-
	-
	-
	-5.6
	-5.3
	-5.21

	
	
	
	EVA 70 Low
	-
	-
	-
	-5.0
	-5.35
	-5.4

	
	8
	Normal
	EPA 5 Low
	-
	-
	-
	-9.0
	-8.9
	-9.09

	
	
	
	EVA 70 Low
	-
	-
	-
	-8.7
	-8.86
	-9.0


2.1.4   24bits payload with 1PRB for PUCCH format 5

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	-
	-
	-
	-0.54
	-1.03
	-0.93

	
	
	
	EVA 70 Low
	-
	-
	-
	-0.73
	-0.65
	-0.77

	
	4
	Normal
	EPA 5 Low
	-
	-
	-
	-5.48
	-5.17
	-4.87

	
	
	
	EVA 70 Low
	-
	-
	-
	-4.60
	-5.08
	-4.92

	
	8
	Normal
	EPA 5 Low
	-
	-
	-
	-8.57
	-8.46
	-8.48

	
	
	
	EVA 70 Low
	-
	-
	-
	-8.08
	-8.27
	-8.42


2.2   Impaired simulation results

2.2.1   24bits payload with 1PRB for PUCCH format 4
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	-
	-
	-
	0.49
	0.41
	0.33

	
	
	
	EVA 70 Low
	-
	-
	-
	0.49
	0.41
	0.3

	
	4
	Normal
	EPA 5 Low
	-
	-
	-
	-3.95
	-3.55
	-3.54

	
	
	
	EVA 70 Low
	-
	-
	-
	-3.3
	-3.86
	-3.8

	
	8
	Normal
	EPA 5 Low
	-
	-
	-
	-6.97
	-7.01
	-6.97

	
	
	
	EVA 70 Low
	-
	-
	-
	-6.8
	-6.76
	-6.76


2.2.2   64bits payload with 2PRB for PUCCH format 4

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	-
	-
	-
	1.8
	1.56
	1.78

	
	
	
	EVA 70 Low
	-
	-
	-
	2.2
	2.5
	2.3

	
	4
	Normal
	EPA 5 Low
	-
	-
	-
	-3.21
	-2.87
	-2.74

	
	
	
	EVA 70 Low
	-
	-
	-
	-2.5
	-2.59
	-2.66

	
	8
	Normal
	EPA 5 Low
	-
	-
	-
	-6.37
	-6.35
	-6.63

	
	
	
	EVA 70 Low
	-
	-
	-
	-6.1
	-6.31
	-6.29


2.2.3   64bits payload with 3PRB for PUCCH format 4

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	-
	-
	-
	0.7
	0.73
	0.76

	
	
	
	EVA 70 Low
	-
	-
	-
	1.7
	1.41
	1.27

	
	4
	Normal
	EPA 5 Low
	-
	-
	-
	-4.1
	-3.8
	-3.71

	
	
	
	EVA 70 Low
	-
	-
	-
	-3.5
	-3.85
	-3.9

	
	8
	Normal
	EPA 5 Low
	-
	-
	-
	-7.3
	-7.2
	-7.39

	
	
	
	EVA 70 Low
	-
	-
	-
	-7.0
	-7.16
	-7.3


2.2.4   24bits payload with 1PRB for PUCCH format 5

	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	Channel Bandwidth / SNR [dB]

	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	2
	Normal
	EPA 5 Low
	-
	-
	-
	0.96
	0.47
	0.57

	
	
	
	EVA 70 Low
	-
	-
	-
	0.77
	0.85
	0.73

	
	4
	Normal
	EPA 5 Low
	-
	-
	-
	-3.98
	-3.67
	-3.37

	
	
	
	EVA 70 Low
	-
	-
	-
	-3.1
	-3.58
	-3.42

	
	8
	Normal
	EPA 5 Low
	-
	-
	-
	-6.87
	-6.76
	-6.78

	
	
	
	EVA 70 Low
	-
	-
	-
	-6.48
	-6.67
	-6.82


3   Conclusion
In this contribution, we give our ideal and impaired simulation results for PUCCH format 4 and 5 as per the WF [1] approved in RAN4#79bis meeting.
4   Reference

[1] R4-162802,
WF on BS demod performance for new PUCCH formats, Nokia, Huawei, NTT Docomo, Ericsson















































































































































































































































































































