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Introduction
This paper presents Nokia’s view on PUCCH demodulation requirements related to the operation between 52.6 GHz and 71 GHz. 
Discussion
PUCCH format 0
On the last RAN4 meeting we reached agreement on PUCCH requirements were as follow [1]:
	Issue 2-4-1: Scope of PUCCH performance requirements
Define performance requirements for the enhanced PUCCH formats 0, 1, and 4.
Define new requirements for PUCCH formats 2 and 3.

Issue 2-4-2a: Detailed PUCCH test setup for PUCCH format 0
Number of PRBs:
· Option 1: 16 (enhanced format)
· Option 2: 10 (enhanced format)
Number of OFDM symbols: 
· Option 1: 1
· Option 2: 1 and 2
Intra-slot frequency hopping: enabled if number of OFDM symbols higher than 1
Test metric: ACK missed detection rate < 1%




It is our view that only one test should suffice for the performance requirements of PUCCH format 0. From our simulation results 10 PRBs with 2 OFDM symbols provide better performance in comparison to 16 PRBs with 1 OFDM symbol. Therefore we would suggest to choose 
1 test case is enough for covering PUCCH format 0 performance requirements. 
RAN4 to define enhanced PUCCH format 0 with 10 PRBs and 2 OFDM symbols for 120, 480, and 960 kHz SCS. 
Proposal 2: RAN4 to adopt the following parameters for enhanced PUCCH format 0 simulations:
	Parameter
	Value

	TR/RX
	1T2R

	Number of UCI information bits
	1

	SCS
	120 kHz
480 kHz
960 kHz

	Number of PRBs 
	10 


	Number of OFDM symbols
	2

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled 

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	Neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13 for 1 symbol

	
	12 for 2 symbols

	Propagation condition
	TDL-A with delay spread 5ns ;10 ns 

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz 
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	Test metric: ACK missed detection rate < 1%

	Phase noise model
	TR 38.808 set 2



PUCCH format 1
The latest agreements in relation to PUCCH format 1 are [1]:
	Issue 2-4-2b: Detailed PUCCH test setup for PUCCH format 1
Number of PRBs:
· Option 1: 1 
· Option 2: 16 (enhanced format)
· Option 3: 10 (enhanced format)
Number of OFDM symbols: 
· Option 1: 14
Intra-slot frequency hopping: enabled





RAN4 to define enhanced PUCCH format 1 requirements with 10 PRBs, and 2 UCI information bits. 
RAN4 to adopt the following table of parameters for PUCCH format 1:
	Parameter
	Value

	TR/RX
	1T2R

	Number of UCI information bits
	2

	Number of PRBs and Number of OFDM symbols: 

	Number of PRBs:
1 and 16


	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled 

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	Neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol 
	0

	Propagation condition
	TDL channel model:
TDL-A with delay spread 5ns ;10 ns 

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz 
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	ACK missed detection rate < 1%
NACK to ACK (0.1 %)



[bookmark: _Toc64909510]Conclusion
This paper has presented Nokia’s views on PUSCH demodulation requirements for the extension to 71 GHz. From this discussion we have derived the following observations and proposals: 
1. 1 test case is enough for covering PUCCH format 0 performance requirements. 
1. RAN4 to define enhanced PUCCH format 0 with 10 PRBs and 2 OFDM symbols for 120, 480, and 960 kHz SCS. 
Proposal 2: RAN4 to adopt the following parameters for enhanced PUCCH format 0 simulations:
	Parameter
	Value

	TR/RX
	1T2R

	Number of UCI information bits
	1

	SCS
	120 kHz
480 kHz
960 kHz

	Number of PRBs 
	10 


	Number of OFDM symbols
	2

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled 

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	Neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13 for 1 symbol

	
	12 for 2 symbols

	Propagation condition
	TDL-A with delay spread 5ns ;10 ns 

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz 
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	Test metric: ACK missed detection rate < 1%

	Phase noise model
	TR 38.808 set 2



RAN4 to define enhanced PUCCH format 1 requirements with 10 PRBs, and 2 UCI information bits. 
RAN4 to adopt the following table of parameters for PUCCH format 1:
	Parameter
	Value

	TR/RX
	1T2R

	Number of UCI information bits
	2

	Number of PRBs and Number of OFDM symbols: 

	Number of PRBs:
1 and 16


	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled 

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	Neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol 
	0

	Propagation condition
	TDL channel model:
TDL-A with delay spread 5ns ;10 ns 

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz 
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	ACK missed detection rate < 1%
NACK to ACK (0.1 %)
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