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1 [bookmark: OLE_LINK3][bookmark: OLE_LINK11]Introduction
This contribution provides a text proposal on PUCCH format 2 for section 8.3 for TS38.141-2 [1] according to the approved specification drafting plan [2].
[bookmark: OLE_LINK21]Reference
[1] 3GPP TS38.141-2, NR; Base Station (BS) conformance testing Part 1: Radiated conformance testing, v1.1.0, Nov 2018.
[2] R4-1811729, Specification drafting plan for NR BS demodulation performance requirements, China Telecom, August 2018.
Text Proposal
[bookmark: _Toc382471341][bookmark: _Toc382471338][bookmark: _Toc401926271][bookmark: OLE_LINK10]----- Start of TP -----
[bookmark: _Toc518743831]8.3	Performance requirements for PUCCH
8.3.1	Requirements for BS type 1-O
8.3.2	Requirements for BS type 1-O
8.3.3	Performance requirements for PUCCH format2
8.3.3.1	NACK to ACK requirements
8.3.3.1.1	Definition and applicability
The performance requirement of PUCCH format 2 for NACK to ACK detection is determined by the two parameters: probability of false detection of the ACK and the NACK to ACK detection probability. The performance is measured by the required SNR at probability of the NACK to ACK detection equal to 0.001 or less. The probability of false detection of the ACK shall be 0.01 or less.
The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK at particular bit position when input is only noise. Each false bit detection is counted as one error.
The NACK to ACK detection probability is the probability of detecting an ACK bit when an NACK bit was sent on particular bit position. Each NACK bit erroneously detected as ACK bit is counted as one error. Erroneously detected NACK bits in the definition do not contain the NACK bits which are mapped from DTX, i.e. NACK bits received when DTX is sent should not be considered.
A test for a specific combination of SCS and channel bandwidth is only applicable if BS declares to support it.
The applicability of tests in TS38.104 [2] with different SCS and channel bandwidth combination is according to the following principle:
      Editor’s note: Applicability rule is FFS.
The number of encoded UCI bits per sub-frame is defined as presented below, with random codeword selection
-	4AN bits
8.3.3.1.2	Minimum Requirement
For BS type 1-O, the minimum requirement is in TS 38.104 [2] subclause 11.3.1.4
For BS type 2-O, the minimum requirement is in TS 38.104 [2] subclause 11.3.2.4
8.3.3.1.3	Test Purpose
The test shall verify the receiver’s ability not to falsely detect NACK bits, transmitted in codeword randomly selected from applicable codebook, as ACK bits under multipath fading propagation conditions for a given SNR.
8.3.3.1.4	Method of test
[bookmark: _Toc518733536]8.3.3.1.4.1	Initial conditions
[bookmark: _Toc518733537]Test environment:	Normal, see subclause B.2.
RF channels to be tested:	for single carrier (SC): M; see subclause 4.9.1
-	For BS type 1-O, receiver target reference direction (D.36).
-	For BS type 2-O, OTA REFSENS receiver target reference direction (D.62).
8.3.3.1.4.2	Procedure
OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing measurements within the measurement uncertainties in subclause 4.1.2.4.
1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in Annex [E.x.x].
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Set the BS in the declared direction to be tested.
4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to a test antenna via a combining network in OTA test setup, as shown in Annex [E.x.x]. Each of the RX antenna signals should be transmitted on each polarization of the test antenna(s).
5)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in Annex A, and according to additional test parameters listed in table 8.3.3.1.4.2-1. 
Table 8.3.3.1.4.2-1: Test parameters
	Parameter
	Test

	Modulation
	QPSK

	startingPRB
	0

	intraSlotFrequencyHopping
	enabled

	secondHopPRB
	The largest PRB index - nrofPRBs

	nrofPRBs
	4

	nrofSymbols
	1

	the number of UCI bits
	4

	startingSymbolIndex
	13



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in Annex TBD.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the BS receiver is as specified in subclause 8.3.3.1.5.1 and 8.3.3.1.5.2 for BS type 1-O and BS type 2-O respectively, and that the SNR at the BS receiver is not impacted by the noise floor.
The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN level in table 8.3.3.1.4.2-2.
Table 8.3.3.1.4.2-2: AWGN power level at the BS input
	BS type
	Sub-carrier spacing (kHz)
	Channel bandwidth
(MHz)
	AWGN power level

	BS type 1-O
	15 kHz
	5
	[-83.5] - ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	[-80.3] - ΔOTAREFSENS dBm / 9.36 MHz

	
	
	40
	[-74.1] - ΔOTAREFSENS dBm / 38.88 MHz

	
	30 kHz
	10
	[-80.7] - ΔOTAREFSENS dBm / 8.64 MHz

	
	
	20
	[-77.4] - ΔOTAREFSENS dBm / 18.36 MHz

	
	
	40
	[-74.2] - ΔOTAREFSENS dBm / 38.16 MHz

	
	
	100
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8][-70.1]- ΔOTAREFSENS dBm / 98.28 MHz

	BS type 2-O
	60 kHz
	50
	[TBD] dBm / TBD MHz

	
	
	100
	[TBD] dBm / TBD MHz

	
	120 kHz
	50
	[TBD] dBm / TBD MHz

	
	
	100
	[TBD] dBm / TBD MHz

	
	
	200
	[TBD] dBm / TBD MHz



8)	The signal generator sends random codeword from applicable codebook, in regular time periods. The following statistics are kept: the number of ACK bits detected in the idle periods and the number of NACK bits detected as ACK.
8.3.3.1.5	Test requirement
8.3.3.1.5.1	Requirements for BS type 1-O
The fraction of falsely detected ACK bits shall be less than 1% and the fraction of NACK bits falsely detected as ACK shall be less than 0.1% for the SNR listed in table 8.3.3.1.5.1-1 and table 8.3.3.1.5.1-2.
Table 8.3.3.1.5.1-1: Required SNR for PUCCH format 2 demodulation test with 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [TBD])
	Channel Bandwidth / SNR [dB]

	
	
	
	
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]



Table 8.3.3.1.5.1-2: Required SNR for PUCCH format 2 demodulation tests with 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Channel Bandwidth/ SNR (dB)

	
	
	
	
	10MHz
	20MHz
	40MHz
	100MHz

	1
	2
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]
	[TBD]



8.3.3.1.5.2	Requirements for BS type 2-O
The fraction of falsely detected ACK bits shall be less than 1% and the fraction of NACK bits falsely detected as ACK shall be less than 0.1% for the SNR listed in table 8.3.3.1.5.2-1 and table 8.3.3.1.5.2-2
[bookmark: OLE_LINK9]Table 8.3.3.1.5.2-1: Required SNR for PUCCH format 2 demodulation tests with 60 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [TBD])
	Channel Bandwidth / SNR [dB]

	
	
	
	
	50 MHz
	100 MHz

	1
	2
	Normal
	TDLA30-300 Low
	[TBD]
	[TBD]



Table 8.3.3.1.5.2-2: Required SNR for PUCCH format 2 demodulation tests with 120 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [TBD])
	Channel Bandwidth / SNR [dB]

	
	
	
	
	50 MHz
	100 MHz
	200 MHz

	1
	2
	Normal
	TDLA30-300 Low
	[TBD]
	[TBD]
	[TBD]



8.3.3.2	ACK missed detection performance requirements
8.3.3.2.1	Definition and applicability
The performance requirement of PUCCH format 2 for ACK missed detection is determined by the two parameters: probability of false detection of the ACK and the probability of detection of ACK on the wanted signal. The performance is measured by the required SNR at probability of detection equal to 0.99. The probability of false detection of the ACK shall be 0.01 or less. 
The probability of false detection of the ACK is defined as a conditional probability of erroneous detection of the ACK when input is only noise
The probability of detection of ACK is defined as conditional probability of detection of the ACK when the signal is present.
A test for a specific combination of SCS and channel bandwidth is only applicable if the BS declares to support it.
The applicability of tests in TS38.104 [2] with different SCS and channel bandwidth combination is according to the following principle:
      Editor’s note: Applicability rule is FFS.
The number of encoded ACK/NACK bits per sub-frame is defined as presented below, with random codeword selection 
· 4 bits.
8.3.3.2.2	Minimum Requirement
For BS type 1-O, the minimum requirement is in TS 38.104 [2] subclause 11.3.1.4
For BS type 2-O, the minimum requirement is in TS 38.104 [2] subclause 11.3.2.4 
8.3.3.2.3	Test Purpose
The test shall verify the receiver’s ability to detect ACK bits under multipath fading propagation conditions for a given SNR.
8.3.3.2.4	Method of test
8.3.3.2.4.1	Initial conditions
Test environment:	Normal, see subclause B.2.
RF channels to be tested:	for single carrier (SC): M; see subclause 4.9.1
-	For BS type 1-O, receiver target reference direction (D.36).
-	For BS type 2-O, OTA REFSENS receiver target reference direction (D.62).
8.3.3.2.4.2	Procedure
[bookmark: _MON_1283843391]OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing measurements within the measurement uncertainties in subclause 4.1.2.4.
1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in Annex [E.x.x].
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Set the BS in the declared direction to be tested.
4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to a test antenna via a combining network in OTA test setup, as shown in Annex [E.x.x]. Each of the RX antenna signals should be transmitted on each polarization of the test antenna(s).
5)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in Annex A, and according to additional test parameters listed in table 8.3.3.2.4.2-1. 
Table 8.3.3.2.4.2-1: Test parameters
	Parameter
	Test

	Modulation
	QPSK

	startingPRB
	0

	intraSlotFrequencyHopping
	enabled

	secondHopPRB
	The largest PRB index - nrofPRBs

	nrofPRBs
	4

	nrofSymbols
	1

	the number of UCI bits
	4

	startingSymbolIndex
	13



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in Annex TBD.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the BS receiver is as specified in subclause 8.3.3.2.5.1 and 8.3.3.2.5.2 for BS type 1-O and BS type 2-O respectively, and that the SNR at the BS receiver is not impacted by the noise floor.
The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN level in table 8.3.3.2.4.2-2.
Table 8.3.3.2.4.2-2 AWGN power level at the BS input
	BS type
	Sub-carrier spacing
(kHz)
	Channel bandwidth
(MHz)
	AWGN power level

	BS type 1-O
	15 kHz
	5
	[-83.5] - ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	[-80.3] - ΔOTAREFSENS dBm / 9.36 MHz

	
	
	40
	[-74.1] -ΔOTAREFSENS dBm / 38.88 MHz

	
	30 kHz
	10
	[-80.7] - ΔOTAREFSENS dBm / 8.64 MHz

	
	
	20
	[-77.4] - ΔOTAREFSENS dBm / 18.36 MHz

	
	
	40
	[-74.2] - ΔOTAREFSENS dBm / 38.16 MHz

	
	
	100
	[-70.1] - ΔOTAREFSENS dBm / 98.28 MHz

	BS type 2-O
	60 kHz
	50
	[TBD] dBm / TBD MHz

	
	
	100
	[TBD] dBm / TBD MHz

	
	120 kHz
	50
	[TBD] dBm / TBD MHz

	
	
	100
	[TBD] dBm / TBD MHz

	
	
	200
	[TBD] dBm / TBD MHz



8)	The signal generator sends a test pattern with pattern outlined in figure 8.3.3.2.4.2-1. The following statistics are kept: the number of ACK bits detected in the idle periods and the number of NACK bits detected as ACK.


Figure 8.3.3.2.4.2-1: Test signal pattern for PUCCH format 2 demodulation tests

8.3.3.2.5	Test requirement
8.3.3.2.5.1	Requirements for BS type 1-O
The fraction of falsely detected ACKs on the wanted signal shall be less than 1% and the fraction of correctly detected ACKs shall be larger than 99% for the SNR listed in table 8.3.3.2.5.1-1 and table 8.3.3.2.5.1-2. 
Table 8.3.3.2.5.1-1: Required SNR for PUCCH format 2 demodulation tests with 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [TBD])
	Channel Bandwidth / SNR [dB]

	
	
	
	
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]



Table 8.3.3.2.5.1-2: Required SNR for PUCCH format 2 demodulation tests with 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Channel Bandwidth/ SNR (dB)

	
	
	
	
	10MHz
	20MHz
	40MHz
	100MHz

	1
	2
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]
	[TBD]



8.3.3.2.5.2	Requirements for BS type 2-O
The fraction of falsely detected ACKs on the wanted signal shall be less than 1% and the fraction of correctly detected ACKs shall be larger than 99% for the SNR listed in table 8.3.3.2.5.2-1 and table 8.3.3.2.5.2.-2  
Table 8.3.3.2.5.2-1: Required SNR for PUCCH format 2 demodulation tests with 60 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [TBD])
	Channel Bandwidth / SNR [dB]

	
	
	
	
	50 MHz
	100 MHz

	1
	2
	Normal
	TDLA30-300 Low
	[TBD]
	[TBD]



Table 8.3.3.2.5.2-2: Required SNR for PUCCH format 2 demodulation tests with 120 kHz SCS
	[bookmark: _Hlk528925209]Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [TBD])
	Channel Bandwidth / SNR [dB]

	
	
	
	
	50 MHz
	100 MHz
	200 MHz

	1
	2
	Normal
	TDLA30-300 Low
	[TBD]
	[TBD]
	[TBD]



8.3.3.3	UCI performance requirements
8.3.3.3.1	Definition and applicability
The UCI block error probability is defined as the conditional probability of incorrectly decoding the UCI information when the UCI information is sent. All UCI information shall be decoded.
A test for a specific combination of SCS and channel bandwidth is only applicable if the BS declares to support it.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The applicability of tests in TS 38.104 [2] with different SCS and channel bandwidth combination is according to the following principle:
      Editor’s note: Applicability rule is FFS.
The number of encoded UCI bits per sub-frame is defined as presented below, with random codeword selection 
· 22 bits.
8.3.3.3.2	Minimum Requirement
For BS type 1-O, the minimum requirement is in TS 38.104 [2] subclause 11.3.1.4
For BS type 2-O, the minimum requirement is in TS 38.104 [2] subclause 11.3.2.4
8.3.3.3.3	Test Purpose
The test shall verify the receiver’s ability to detect UCI under multipath fading propagation conditions for a given SNR.
8.3.3.3.4	Method of test
8.3.3.3.4.1	Initial conditions
Test environment:	Normal, see subclause B.2.
RF channels to be tested:	for single carrier (SC): M; see subclause 4.9.1
-	For BS type 1-O, receiver target reference direction (D.36).
-	For BS type 2-O, OTA REFSENS receiver target reference direction (D.62).

8.3.3.3.4.2	Procedure
OTA test requires correct use of an appropriate test facility which has been calibrated and is capable of performing measurements within the measurement uncertainties in subclause 4.1.2.4.
1)	Place the BS with its manufacturer declared coordinate system reference point in the same place as calibrated point in the test system, as shown in Annex [E.x.x].
2)	Align the manufacturer declared coordinate system orientation of the BS with the test system.
3)	Set the BS in the declared direction to be tested.
4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to a test antenna via a combining network in OTA test setup, as shown in Annex [E.x.x]. Each of the RX antenna signals should be transmitted on each polarization of the test antenna(s).
5)	The characteristics of the wanted signal shall be configured according to the corresponding UL reference measurement channel defined in Annex A, and according to additional test parameters listed in table 8.3.3.3.4.2-1. 
Table 8.3.3.3.4.2-1: Test parameters
	Parameter
	Test

	Modulation
	QPSK

	startingPRB
	0

	intraSlotFrequencyHopping
	enabled

	secondHopPRB
	The largest PRB index - nrofPRBs

	nrofPRBs
	9

	nrofSymbols
	2

	the number of UCI bits
	22

	startingSymbolIndex
	12



6)	The multipath fading emulators shall be configured according to the corresponding channel model defined in Annex TBD.
7)	Adjust the test signal mean power so the calibrated radiated SNR value at the BS receiver is as specified in subclause 8.3.3.3.5.1 and 8.3.3.3.5.2 for BS type 1-O and BS type 2-O respectively, and that the SNR at the BS receiver is not impacted by the noise floor.
The power level for the transmission may be set such that the AWGN level at the RIB is equal to the AWGN level in table 8.3.3.3.4.2-2.
Table 8.3.3.3.4.2-2: AWGN power level at the BS input
	BS type
	Sub-carrier spacing
(kHz)
	Channel bandwidth
(MHz)
	AWGN power level

	BS type 1-O
	15 kHz
	5
	[-83.5] -- ΔOTAREFSENS dBm / 4.5 MHz

	
	
	10
	[-80.3] -- ΔOTAREFSENS dBm / 9.36 MHz

	
	
	40
	[-74.1] -- ΔOTAREFSENS dBm / 38.88 MHz

	
	30 kHz
	10
	[-80.7] -- ΔOTAREFSENS dBm / 8.64 MHz

	
	
	20
	[-77.4] -- ΔOTAREFSENS dBm / 18.36 MHz

	
	
	40
	[-74.2] -- ΔOTAREFSENS dBm / 38.16 MHz

	
	
	100
	[-70.1] -- ΔOTAREFSENS dBm / 98.28 MHz

	BS type 2-O
	60 kHz
	50
	[TBD] dBm / TBD MHz

	
	
	100
	[TBD] dBm / TBD MHz

	
	120 kHz
	50
	[TBD] dBm / TBD MHz

	
	
	100
	[TBD] dBm / TBD MHz

	
	
	200
	[TBD] dBm / TBD MHz



8)	The signal generator sends a test pattern with the pattern outlined in figure 8.3.3.3.4.2-1. The following statistics are kept: the number of incorrectly decoded UCI.


Figure 8.3.3.3.4.2-1: Test signal pattern for PUCCH format 2 demodulation tests
8.3.3.3.5	Test requirement
8.3.3.3.5.1	Requirements for BS type 1-O
The fraction of incorrectly decoded UCI is shall be less than 1% for the SNR listed in table 8.3.3.3.5.1-1 and table 8.3.3.3.5.1-2.
Table 8.3.3.3.5.1-1: Required SNR for PUCCH format 2 demodulation tests with 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [TBD])
	Channel Bandwidth / SNR [dB]

	
	
	
	
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]



Table 8.3.3.3.5.1-2: Required SNR for PUCCH format 2 demodulation tests with 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Channel Bandwidth/ SNR (dB)

	
	
	
	
	10MHz
	20MHz
	40MHz
	100MHz

	1
	2
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]
	[TBD]



8.3.3.3.5.2	Requirements for BS type 2-O
The fraction of incorrectly decoded UCI is shall be less than 1% for the SNR listed in table 8.3.3.3.5.2-1 and table 8.3.3.3.5.2-2.
Table 8.3.3.3.5.2-1: Required SNR for PUCCH format 2 demodulation tests with 60 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [TBD])
	Channel Bandwidth / SNR [dB]

	
	
	
	
	50 MHz
	100 MHz

	1
	2
	Normal
	TDLA30-300 Low
	[TBD]
	[TBD]




Table 8.3.3.3.5.2-2: Required SNR for PUCCH format 2 demodulation tests with 120 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [TBD])
	Channel Bandwidth / SNR [dB]

	
	
	
	
	50 MHz
	100 MHz
	200 MHz

	1
	2
	Normal
	TDLA30-300 Low
	[TBD]
	[TBD]
	[TBD]




----- end of TP -----
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