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1	Introduction
According to the NR WID [1], the performance part of the WI includes following objectives:
	Specify the following requirements [RAN4]
· Base station performance requirements
· UE performance requirements
· Radio Resource Management performance requirements
· Base station conformance testing (conducted and/or radiated for Range 1, radiated only for Range 2)


For BS performance requirements, we have discussed the high-level principles in our companion paper [2], where we propose to define demodulation requirements for UL channels PUSCH, PUCCH and PRACH. 
PUCCH is the UL control channel. In 36.104, the PUCCH requirements are defined in section 8.3 which can be used as baseline for the work in NR. Compared to LTE there are some new aspects in NR PUCCH design and they need to be specifically discussed and taken into account when defining the performance tests for NR. 
In this paper, we will provide our initial views on NR PUCCH performance requirements, in particular the new features in NR PUCCH as compared to LTE. Based on the discussion, we will also give our suggestions on the simulation assumptions to progress the work.
2	Discussion
As discussed in [2], our general view for the NR BS demodulation work is that RAN4 should first focus on conducted requirements. As only radiated requirements apply for FR2, we will only consider FR1 in the following discussions.
2.1	Test scope and performance metric
In 36.104, PUCCH requirements are defined for several categories:
· DTX to ACK performance
· ACK missed detection requirements for single user PUCCH format 1a
· CQI performance requirements for PUCCH format 2
· ACK missed detection requirements for multi user PUCCH format 1a
· ACK missed detection requirements for PUCCH format 1b with Channel Selection
· ACK missed detection requirements for PUCCH format 3
· NACK to ACK requirements for PUCCH format 3
· CQI performance requirements for PUCCH format 2 with DTX detection
· PUCCH performance requirements for coverage enhancement
· ACK missed detection requirements for PUCCH format 4
· ACK missed detection requirements for PUCCH format 5
Basically, the performance requirements are defined for all the supported PUCCH formats, and for each format a supported UCI type (HARQ-ACK or CSI) is selected for the test. The performance metrics used are
· For HARQ-ACK
· DTX to ACK: 1%
· Missed ACK: 1%
· NACK to ACK: 1% (only defined for PUCCH format 3 with large payload)
· For CSI
· BLER: 1%
· False alarm rate: 10% (only defined for PUCCH format 2 with DTX detection)
In our view, all the NR PUCCH formats should be tested. For some NR PUCCH formats, multiple UEs can be multiplexed in the same time frequency resource, it is then a question whether multi-user tests are needed or not. In our view, RAN4 should focus on the most essential scope for the performance work, and multi-user testing can be added later if there is a need.
The two UCI types can be re-used in NR PUCCH performance requirements. For some PUCCH formats, both UCI types can be supported and joint coding is used, so there is a possibility to test the combined HARQ-ACK plus CSI, however, in our view, from performance point of view, the type of UCI does not matter but only the number of payload bits does, so there is no need to test combined UCI which will make the test case more complicated.
[bookmark: _Hlk510367883]For the performance metric for HARQ-ACK, the “DTX to ACK” and “missed ACK” can be re-used. “NACK to ACK” was only defined for LTE PUCCH format 3 with large payload, as it was found that this metric is more limiting than the “missed ACK”, but for NR PUCCH formats 2, 3, 4, CRC will be used when the payload size is greater than 12, and from the experience in LTE PUCCH format 4 and 5, “NACK to ACK” will not be an issue if CRC is used. Therefore, our view is that “NACK to ACK” is not needed as a performance metric for NR PUCCH.
For the performance metric for CSI, we think both “BLER” and “false alarm rate” can be re-used, since most of the BS implementation will have DTX detection.
[bookmark: _Ref510381378]Performance requirements should be defined for all NR PUCCH formats with single-user tests.
[bookmark: _Ref510381379]HARQ-ACK and CSI are used as the payload for NR PUCCH performance tests. For HARQ-ACK, the performance metric is “DTX to ACK” and “missed ACK”. For CSI, the performance metric is “BLER” and “false alarm rate”.
2.2	General parameters
NR PUCCH is transmitted from 1 antenna port, and there is no transmit diversity scheme defined. Therefore, the performance tests can only be defined for 1Tx. Of course, in real deployment, UE can do some transparent transmit diversity, but we understand it is hard to agree whether and how to model them in BS demodulation requirements, so we think the “real” 1Tx should be used. For the Rx, as discussed in [2] we think 2Rx, 4Rx and 8Rx should be tested. 
Another general parameter for NR PUCCH is frequency hopping. It is defined for all the formats and can be enabled or disabled. In our understanding, frequency hopping is mandatory as a UE feature, and is important in improving the UL control coverage. Therefore, we think frequency hopping should be enabled in the performance tests for all formats.
In LTE, the PUCCH performance tests are defined for multiple cell BWs. As frequency hopping is used, there will be a performance difference depending on the cell BW, but the hopping gain will get saturated when the BW gets larger, so there is need to test some but not all the cell BWs. 
SCS is a new aspect in NR. For FR1, both 15kHz and 30kHz SCS should be tested. 60kHz SCS for FR1 is so far an optional feature, and we think there is no need to define performance test for it.
[bookmark: _Ref510381381]NR PUCCH performance requirements are defined
· For 1Tx
· With frequency hopping enabled
· For some but not all the supported cell BWs in 38.104
· SCS of 15kHz and 30kHz  
2.3	Format specific parameters
PUCCH format 0 is a short format targeting for small HARQ-ACK payloads. The symbol length can be 1 or 2 symbols. The payload size is 1 or 2 bits. In our view, there is no need to test all the 4 combinations, and we can select one payload size (e.g. 1 bit) for the tests.
PUCCH format 1 is a long format targeting for small HARQ-ACK payloads. The symbol length can be 4 to 14 symbols. We think RAN4 should not define test case for each symbol length, but e.g. 2 lengths can be selected for testing. The payload size can be 1 or 2 bits. As 1 bit is proposed for format 0, 2 bits can be used as the payload size for format 1.
PUCCH format 2 is a short format targeting for large payloads of both HARQ-ACK and CSI. The symbol length can be 1 or 2. The payload size will impact the number of PRBs. In order to avoid too many test cases for large payloads, we propose to test HARQ-ACK with format 2 and CSI with format 3/4. As 12 bit is the threshold for whether CRC is used, we think a <12bit payload can be tested with format 2 and a >12bit payload can be tested with format 3/4. Our initial proposal for the payload size is 4bit, and 1 PRB is used in the test. 
PUCCH format 3 and 4 are two similar formats, so we think the same test case can be applied to them. They are both long formats targeting for large payloads of both HARQ-ACK and CSI. Also the number of PRBS is impacted by the payload size. Since we propose to test 4bit HARQ-ACK with format 2, for format 3/4 we propose to test with CSI. One thing to note here is that depending on the content of the CSI, two encoding chains may be used as defined in 38.212. This should be tested, so our suggestion for the payload is 16bit CSI with both CSI-1 and CSI-2. The symbol length can be 4 to 14 symbols. We think RAN4 should not define test case for each symbol length, but e.g. 2 lengths can be selected for testing. The number of PRBs may need to be further studied based on simulation. Finally, two modulation orders can be used for PUCCH format 3/4, i.e. pi/2-BPSK and QPSK, and we think both of them should be tested.
Based on above, our suggestions for the format specific parameters for NR PUCCH performance tests are summarized in Table 1.
[bookmark: _Ref510380215]Table 1: Summary of format specific parameters for NR PUSCH performance requirements.
	Format 
	Payload 
	Symbol length
	PRB number 

	0
	1-bit HARQ-ACK
	1, 2
	1

	1
	2-bit HARQ-ACK
	two lengths to be selected
	1

	2
	4-bit HARQ-ACK
	1, 2
	1

	3, 4
	16-bit CSI with CSI-1 and CSI-2
	two lengths to be selected
	FFS


[bookmark: _Ref510381383]consider the format specific parameters as below for NR PUCCH performance tests.
· [bookmark: _Hlk510381455]Format 0: 1-bit HARQ-ACK, symbol length 1 and 2, PRB number 1
· Format 1: 2-bit HARQ-ACK, symbol length FFS, PRB number 1
· Format 2: 4-bit HARQ-ACK, symbol length 1 and 2, PRB number 1
· Format 3/4: 16-bit CSI with both CSI-1 and CSI-2, symbol length FFS, PRB number FFS
3	Simulation assumptions
Based on discussions on section 2, our suggested simulation assumptions for NR PUCCH performance requirements are summarized in Table 2.
[bookmark: _Ref510380741]Table 2: Simulation assumptions for NR PUSCH performance requirements.
	Parameter
	Value
	Remarks

	Number of Tx
	1
	no transparent Tx diversity considered

	Number of Rx
	2, 4, 8
	number of diversity branches in baseband

	SCS (kHz)
	15, 30
	

	Cell BW (MHz)
	15kHz SCS: 5, 10, 20
30kHz SCS: 10, 20, 100
	part of the supported BWs are tested

	Carrier frequency (GHz)
	4
	

	Propagation channel
	AWGN, TDL-C (RMS 300ns, UE speed 30km/h)
	

	Payload size
	format 0
	1
	

	
	format 1
	2
	

	
	format 2
	4
	

	
	format 3/4
	16
	with both CSI-1 and CSI-2

	Symbol length
	format 0
	1, 2
	

	
	format 1
	FFS
	to be down-selected from 4 to 14

	
	format 2
	1, 2
	

	
	format 3/4
	FFS
	to be down-selected from 4 to 14

	PRB number
	format 0-2
	1
	

	
	format 3/4
	FFS
	

	Modulation 
	pi/2-BPSK and QPSK
	apply for format 3/4


4	Conclusion
In this paper, we provided our initial views on the NR PUCCH performance requirements, and gave our suggestion on the simulation assumptions.
Proposal 1: Performance requirements should be defined for all NR PUCCH formats with single-user tests.
Proposal 2: HARQ-ACK and CSI are used as the payload for NR PUCCH performance tests. For HARQ-ACK, the performance metric is “DTX to ACK” and “missed ACK”. For CSI, the performance metric is “BLER” and “false alarm rate”.
Proposal 3: NR PUCCH performance requirements are defined
· For 1Tx
· With frequency hopping enabled
· For some but not all the supported cell BWs in 38.104
· SCS of 15kHz and 30kHz  
Proposal 4: consider the format specific parameters as below for NR PUCCH performance tests.
· Format 0: 1-bit HARQ-ACK, symbol length 1 and 2, PRB number 1
· Format 1: 2-bit HARQ-ACK, symbol length FFS, PRB number 1
· Format 2: 4-bit HARQ-ACK, symbol length 1 and 2, PRB number 1
· Format 3/4: 16-bit CSI with both CSI-1 and CSI-2, symbol length FFS, PRB number FFS
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