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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
General
On the last RAN4 meeting, general agreements were made for each PUCCH format including number of PRBs and OFDM symbols, as follow [2]:
	Updated Issue 2-3-1: How many PRBs and symbols are considered for each of the PUCCH format?
Introduce below test cases 
· For Format 0: 
· 1RB /1 symbol 
· FFS for [10/16] RB/1 symbol 
· For format 1:
· 1 RB/14 symbols
· [10/16] RB/14 symbols
· For format 2: Reusing FR2-1
· For format 3: Reusing FR2-1
· For format 4:  
· 1 RB/14 symbols
· [10/16] RB/14 symbols

Agreed Issue 2-3-4: Parameter list for PUCCH performance requirements (Agreements in the last meeting)
Introduce below test cases 
· For Format 0: 
· Intra-slot frequency hopping: enabled if number of OFDM symbols higher than 1
· Test metric: ACK missed detection rate < 1%
· For format 1:
· Intra-slot frequency hopping: enabled
· Test metric: ACK missed detection rate < 1% and NACK to ACK probability < 0.1%
· For format 2: 
· Intra-slot frequency hopping: enabled
· Test metric: ACK missed detection rate < 1%, UCI BLER < 1%
· For format 3: 
· Intra-slot frequency hopping: enabled
· Test metric: UCI BLER < 1%
· For format 4:  
· Intra-slot frequency hopping: enabled
· Test metric: UCI BLER < 1%



 
The general channel model related agreements are:
	Issue 1-3-2: RMS delay spread
TDL channel model:
· Option 1: TDL-A
· Option 2: TDL-D
RMS Delay spread:
· Option 1: 5ns
· Option 2: 10ns
· Option 3: 20ns
Note: Definition of requirements with different channel models is not precluded

Issue 1-3-3: Max Doppler frequency
Consider 3 km/h UE speed ( 200 Hz ).
FFS on higher UE speed.
· Option 1: 10 km/h (650 Hz)
· Option 2: 30 km/h (2000 Hz)




Additionally, no specific channel model and delay spread agreement was reached for PUCCH formats. As part of the general discussion on channel model, there was a tendency to prefer 10 ns delay spread, since with 5 ns delay spread the required tap resolution would be small in comparison to the feasible delay resolution that were suggested by TE vendors. Additionally, FR2-2 is expected to operate with low mobility, therefore we believe 650 Hz doppler frequency is representative of typical scenario for the operation in FR2-2. 
RAN4 to define PUCCH demodulation requirements using TDL-A 10-650 Low channel model. 
The agreements from the last RAN4 meeting included use of 1 PRB and either 10 or 16 PRBs for the enhanced PUCCH formats 0, 1, and 4. In our view only either 10 or 16 PRBs are needed for the performance requirements. Our companion paper with simulation results shows that there is a difference of about 1.6 to 2.3 dB for PF0, 1.5 to 1.9 dB for PF1, and 1.5 to 2 dB for PF4 in demodulation performance when comparing 10 PRBs and 16 PRBs. IN both cases the results are much more robust than the 1 PRBs results, with a improvement abode 9 dBs when comparing single PRB and 10 PRBs. 
Enhanced PUCCH formats provide SNR gains in the range of 9 to 10 dBs in comparison to single PRB PUCCH formats 0, 1, and 4 
RAN4 to define requirements for enhanced PUCCH formats 0, 1, and 4 with 10 PRBs and 1 OFDM symbol. 

PUCCH format 0
RAN4 to define enhanced PUCCH format 0 requirements with 10 PRBs, and 1 OFDM symbol. 
RAN4 to adopt the following parameters for enhanced PUCCH format 0 simulations:
	Parameter
	Value

	TR/RX
	1T2R

	Number of UCI information bits
	1

	Number of PRBs and Number of OFDM symbols: 

	Number of PRBs:
1 and 10

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol 

	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

	Propagation condition
	TDL-A 10-650 

	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%




PUCCH format 1
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 10


	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 10-650

	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 %)



PUCCH format 2
In the previous meeting we agreed to reuse FR2-1 configuration as baseline for PUCCH format 2 requirements. As part of these, it is the use of 1 configuration with 4 PORBs and another with 9 PRBs. 
RAN4 to define PUCCH format 2 requirements with the following 2 cases
      -Case 1 with 4 PRBs, 1 OFDM symbol and 4 UCI bits, 
      -Case 2 with 9 PRBs, 2 OFDM symbols and 22 UCI bits
RAN4 to adopt the following table of parameters for PUCCH format 2:

	Parameter
	Case 1
	Case 2

	TR/RX
	1T2R
	1T2R

	Modulation order
	QPSK
	QPSK

	Number of UCI information bits
	4
	22

	Number of PRBs

	4
	9

	OFDM symbols 
	1
	2

	First PRB prior to frequency hopping
	0
	0

	Intra-slot frequency hopping
	Disabled
	Enabled

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

	Group and sequence hopping
	Neither
	Neither

	Hopping ID
	0
	0

	Initial cyclic shift
	0
	0

	First symbol 
	13 

	12

	Propagation condition
	TDL-A 10-650 
	TDL-A 10-650

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

	Testing metric
	ACK missed detection rate < 1%
	UCI BLER < 1%



PUCCH format 3
In the previous meeting we agreed to reuse FR2-1 configuration as baseline for PUCCH format 3 requirements. As part of these, it is the use of 1 configuration with 4 PORBs and another with 9 PRBs. 
RAN4 to define PUCCH format 3 requirements with the following 2 cases 
      -Case 1 with 1 PRBs, 14 OFDM symbols and 16 UCI bits, 
      -Case 2 with 3 PRBs, 4 OFDM symbols and 16 UCI bits
RAN4 to define PUCCH format 3 requirements with and without additional DMRs for test case with 14 OFDM symbols.
RAN4 to adopt the following table of parameters for PUCCH format 3:
	Parameter
	value

	Number of UCI information bits
	16 bits

	Number of PRBs Number of OFDM symbols: 
	1 for 14 OFDM symbols 

	
	 and 

	
	3 for 4 OFDM symbols

	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

	First symbol
	13

	Modulation order
	QPSK

	DM-RS sequence generation
	NID0=0

	Additional DMRS
	With and without for 14 OFDM symbols 

	
	 

	
	Without for 4 OFDM symbols

	
	 

	Propagation condition
	TDL-A 10-650 

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz and 1600 MHz
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	UCI BLER < 1%



PUCCH format 4
RAN4 to define enhanced PUCCH format 4 requirements with 10 PRBs, and 22 UCI information bits. 
RAN4 to adopt the following table of parameters for PUCCH format 4:
	Parameter
	Value

	Number of UCI information bits
	22  bits

	Number of PRBs
	1 and 10 (Enhanced)

	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

	First symbol
	0

	Number of OFDM symbols: 
	14

	
	

	Additional DMRS
	  With and without

	
	

	Length of the orthogonal cover code
	n2

	Index of the orthogonal cover code 
	n0

	Propagation condition
	TDL-A 10-650 

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz and 1600 MHz
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	UCI BLER < 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. RAN4 to define PUCCH demodulation requirements using TDL-A 10-650 Low channel model. 
Enhanced PUCCH formats provide SNR gains in the range of 9 to 10 dBs in comparison to single PRB PUCCH formats 0, 1, and 4 
RAN4 to define requirements for enhanced PUCCH formats 0, 1, and 4 with 10 PRBs and 1 OFDM symbol. 
RAN4 to define enhanced PUCCH format 0 requirements with 10 PRBs, and 1 OFDM symbol. 
RAN4 to adopt the following parameters for enhanced PUCCH format 0 simulations:
	Parameter
	Value

	TR/RX
	1T2R

	Number of UCI information bits
	1

	Number of PRBs and Number of OFDM symbols: 

	Number of PRBs:
1 and 10

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol 

	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

	Propagation condition
	TDL-A 10-650 

	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%



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 10


	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 10-650

	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 %)



RAN4 to define PUCCH format 2 requirements with the following 2 cases
      -Case 1 with 4 PRBs, 1 OFDM symbol and 4 UCI bits, 
      -Case 2 with 9 PRBs, 2 OFDM symbols and 22 UCI bits
RAN4 to adopt the following table of parameters for PUCCH format 2:

	Parameter
	Case 1
	Case 2

	TR/RX
	1T2R
	1T2R

	Modulation order
	QPSK
	QPSK

	Number of UCI information bits
	4
	22

	Number of PRBs

	4
	9

	OFDM symbols 
	1
	2

	First PRB prior to frequency hopping
	0
	0

	Intra-slot frequency hopping
	Disabled
	Enabled

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

	Group and sequence hopping
	Neither
	Neither

	Hopping ID
	0
	0

	Initial cyclic shift
	0
	0

	First symbol 
	13 

	12

	Propagation condition
	TDL-A 10-650 
	TDL-A 10-650

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

	Testing metric
	ACK missed detection rate < 1%
	UCI BLER < 1%



RAN4 to define PUCCH format 3 requirements with the following 2 cases 
      -Case 1 with 1 PRBs, 14 OFDM symbols and 16 UCI bits, 
      -Case 2 with 3 PRBs, 4 OFDM symbols and 16 UCI bits
RAN4 to define PUCCH format 3 requirements with and without additional DMRs for test case with 14 OFDM symbols.
RAN4 to adopt the following table of parameters for PUCCH format 3:
	Parameter
	value

	Number of UCI information bits
	16 bits

	Number of PRBs Number of OFDM symbols: 
	1 for 14 OFDM symbols 

	
	 and 

	
	3 for 4 OFDM symbols

	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

	First symbol
	13

	Modulation order
	QPSK

	DM-RS sequence generation
	NID0=0

	Additional DMRS
	With and without for 14 OFDM symbols 

	
	 

	
	Without for 4 OFDM symbols

	
	 

	Propagation condition
	TDL-A 10-650 

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz and 1600 MHz
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	UCI BLER < 1%



RAN4 to define enhanced PUCCH format 4 requirements with 10 PRBs, and 22 UCI information bits. 
RAN4 to adopt the following table of parameters for PUCCH format 4:
	Parameter
	Value

	Number of UCI information bits
	22 bits

	Number of PRBs
	1 and 10 (Enhanced)

	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

	First symbol
	0

	Number of OFDM symbols: 
	14

	
	

	Additional DMRS
	  With and without

	
	

	Length of the orthogonal cover code
	n2

	Index of the orthogonal cover code 
	n0

	Propagation condition
	TDL-A 10-650 

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz and 1600 MHz
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	UCI BLER < 1%
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