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1   Background
In RAN4#78 meeting, R4-161221 provided the WF on BS demod performance for new PUCCH formats. BS demodulation performance requirements for PUCCH format 4 are to be defined, but for PUCCH format 5, it is still open as specified in R4-161221:
· BS demod performance requirements for PUCCH format 4 are defined in Rel-13.
· It is open whether to define performance requirements for PUCCH format 5 in Rel-13 
· Companies are encouraged to provide performance comparison between PF4 and PF5 in RAN4#78bis 
In this contribution, we provide our simulation results for PUCCH 4 and 5, and by comparing the simulation results between PUCCH format 4 and 5, we give our view on the performance requirements for PUCCH format 5.
2   Discussion
From the core specifications, we can know that the main differences between PUCCH format 4 and 5 are as following:

PUCCH format 4 without CDM capability: 

· Large payload support
· Based on PUSCH structure, but
· Follow PUCCH slot based frequency hopping
· Change time first mapping of PUSCH to frequency first mapping for PUCCH format 4
PUCCH format 5 with CDM capability:

· Medium payload support
· Spreading in frequency domain, and support two-UE multiplexing in one RB
We have provided all possible simulation assumption combinations in R4-161972, as per the observation and simulation results, we propose to select UCI payload 64 bits for FDD and 128 bits for TDD, to facilitate the simulation results comparison, we just provide the simulation results for PUCCH format 5 with UCI payload 64 bits and 128 bits.
2.1   Simulation results for PUCCH 4
We copied the simulation results for PUCCH format 4 from R4-161972 and focus on the simulation results with 1 PRB.
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Figure 2.1-1: PUCCH format 4: With 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx2Rx, EPA5

Considering the 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 1: For EPA5: 1PRB RX2 BIT 64, the corresponding SNR is about 3.8dB

Observation 2: For EPA5: 1PRB RX2 BIT 128, the corresponding SNR is about 6 dB
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Figure 2.1-3: PUCCH format 4: with 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx4Rx, EPA5

Considering the 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 3: For EPA5: 1PRB RX4 BIT 64, the corresponding SNR is about -3dB

Observation 4: For EPA5: 1PRB RX4 BIT 128, the corresponding SNR is about 0.5 dB
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Figure 2.1-5: PUCCH format 4: with 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx8Rx, EPA5

Considering the 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 5: For EPA5: 1PRB RX8 BIT 64, the corresponding SNR is about -6dB

Observation 6: For EPA5: 1PRB RX8 BIT 128, the corresponding SNR is about -3 dB
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Figure 2.1-7: PUCCH format 4: with 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx2Rx, EVA70

Considering the 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 7: For EVA70: 1PRB RX2 BIT 64, the corresponding SNR is about 2.2dB

Observation 8: For EVA70: 1PRB RX2 BIT 128, the corresponding SNR is about 6dB
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Figure 2.1-9: PUCCH format 4: with 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx4Rx, EVA70

Considering the 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 9: For EVA70: 1PRB RX4 BIT 64, the corresponding SNR is about -2dB

Observation 10: For EVA70: 1PRB RX4 BIT 128, the corresponding SNR is about 0.8dB
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Figure 2.1-11: PUCCH format 4: with 8-bit CRC, ACK Missed ratio vs. SNR, 1Tx8Rx, EVA70

Considering the 1% ACK missed ratio, from the above simulation results, we have the following observations:

Observation 11: For EVA70: 1PRB RX8 BIT 64, the corresponding SNR is about -5.8dB

Observation 12: For EVA70: 1PRB RX8 BIT 128, the corresponding SNR is about -3dB

Considering the 1% ACK missed ratio, from the above PUCCH format 5 simulation results, we have the following observations:

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

correlation matrix (Annex B)
	UCI bits

	
	
	
	
	
	64
	128

	PUCCH Format 4
	1
	2
	Normal
	EPA 5 Low
	3.8
	6

	
	
	
	
	EVA 70 Low
	2.2
	6

	
	
	4
	Normal
	EPA 5 Low
	-3
	0.5

	
	
	
	
	EVA 70 Low
	-6
	-3

	
	
	8
	Normal
	EPA 5 Low
	-2
	0.8

	
	
	
	
	EVA 70 Low
	-5.8
	-3


2.2   Simulation results for PUCCH Format 5
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Figure 2.2-1: PUCCH format 5: with 8-bit CRC, ACK Missed ratio vs. SNR, EPA5
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Figure 2.2-1: PUCCH format 5: with 8-bit CRC, ACK Missed ratio vs. SNR, EVA70
Considering the 1% ACK missed ratio, from the above PUCCH format 5 simulation results, we have the following observations:

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

correlation matrix (Annex B)
	UCI bits

	
	
	
	
	
	64
	128

	PUCCH Format 5
	1
	2
	Normal
	EPA 5 Low
	-5.5
	-3

	
	
	
	
	EVA 70 Low
	2.5
	4.5

	
	
	4
	Normal
	EPA 5 Low
	-2.5
	0.5

	
	
	
	
	EVA 70 Low
	-1.8
	1

	
	
	8
	Normal
	EPA 5 Low
	3
	5.5

	
	
	
	
	EVA 70 Low
	
	-3.5


3   Summary
According to the analyses in section 2, if we compare the simulation results for PUCCH format 4 and 5:
	Format
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and

correlation matrix (Annex B)
	UCI bits

	
	
	
	
	
	64
	128

	PUCCH Format 4
	1
	2
	Normal
	EPA 5 Low
	3.8
	6

	
	
	
	
	EVA 70 Low
	2.2
	6

	
	
	4
	Normal
	EPA 5 Low
	-3
	0.5

	
	
	
	
	EVA 70 Low
	-6
	-3

	
	
	8
	Normal
	EPA 5 Low
	-2
	0.8

	
	
	
	
	EVA 70 Low
	-5.8
	-3


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

correlation matrix (Annex B)
	UCI bits

	
	
	
	
	
	64
	128

	PUCCH Format 5
	1
	2
	Normal
	EPA 5 Low
	-5.5
	-3

	
	
	
	
	EVA 70 Low
	2.5
	4.5

	
	
	4
	Normal
	EPA 5 Low
	-2.5
	0.5

	
	
	
	
	EVA 70 Low
	-1.8
	1

	
	
	8
	Normal
	EPA 5 Low
	3
	5.5

	
	
	
	
	EVA 70 Low
	
	-3.5


4   Conclusion / Proposals
In this contribution, we compare the new PUCCH format 4 and 5 by analyzing the simulation results, and our conclusions/proposals are:

Conclusion 1: PUCCH format 5 does not have much better gain than PUCCH format 4 in the same configurations.
Proposal1: RAN4 does not need to define BS performance requirements for PUCCH 5;
Proposal2: RAN4 just needs to define BS performance requirements for PUCCH format 4 for B5C to support up to 32 CCs
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