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[bookmark: _Toc13080308][bookmark: _Hlk23937016]8.3.6	Performance requirements for PUCCH format 4
[bookmark: _Toc13080309]8.3.6.1	General
The performance is measured by the required SNR at UCI block error probability not exceeding 1%.
The UCI block error probability is defined as the conditional probability of incorrectly decoding the UCI information when the UCI information is sent. The UCI information does not contain CSI part 2. 
The transient period as specified in TS 38.101-1 [17] subclause 6.3.3.1 is not taken into account for performance requirement testing, where the RB hopping is symmetric to the CC center, i.e. intra-slot frequency hopping is enabled.
Table 8.3.6.1-1: Test parameters
	Parameter
	Value

	Modulation order
	QPSK

	First PRB prior to frequency hoppingstartingPRB
	0

	Intra-slot frequency hoppingintraSlotFrequencyHopping
	enabled

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

	Group and sequence hoppingpucch-GroupHopping
	neither

	Hopping IDhoppingId
	0

	Number of symbolsnrofSymbols
	14

	The number of UCI information bitsthe number of UCI bits
	22

	First symbolstartingSymbolIndex
	0

	Length of the orthogonal cover codeocc-Length
	n2

	Index of the orthogonal cover codeocc-Index
	n0



[bookmark: _Toc13080310]8.3.6.2	Minimum requirement
The UCI block error probability shall not exceed 1% at the SNR given in Table 8.3.6.2-1 and Table 8.3.6.2-2.
Table 8.3.6.2-1: Required SNR for PUCCH format 4 with 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex G)
	Additional DM-RS configuration
	Channel bandwidth / SNR (dB)

	
	
	
	
	
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	[1.8]
	[2.6]
	[2.2]

	
	
	
	
	Additional DM-RS
	[1.6]
	[2.4]
	[1.8]

	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	[-2.3]
	[-1.9]
	[-2.2]

	
	
	
	
	Additional DM-RS
	[-2.9]
	[-2.6]
	[-2.7]

	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	[-5.9]
	[-5.7]
	[-5.8]

	
	
	
	
	Additional DM-RS
	[-6.6]
	[-6.4]
	[-6.3]



Table 8.3.6.2-2: Required SNR for PUCCH format 4 with 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex G)
	Additional DM-RS configuration
	Channel bandwidth / SNR (dB)

	
	
	
	
	
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	[3.1]
	[3.0]
	[3.1]
	[2.7]

	
	
	
	
	Additional DM-RS
	[2.7]
	[2.3]
	[3.1]
	[2.2]

	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	[-1.7]
	[-1.9]
	[-1.7]
	[-2.1]

	
	
	
	
	Additional DM-RS
	[-2.0]
	[-2.5]
	[-2.5]
	[-2.4]

	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	[-5.6]
	[-5.4]
	[-5.5]
	[-5.5]

	
	
	
	
	Additional DM-RS
	[-6.2]
	[-6.1]
	[-6.1][-6.4]
	[-6.2]



[bookmark: _Toc13080311]*********************End of change*****************

*********************Next changed section*****************
[bookmark: _Toc13080462]11.2.2.1.2	Minimum requirements
The throughput shall be equal to or larger than the fraction of maximum throughput stated in the tables 11.2.2.1.2-1 to 11.2.2.1.2-5 at the given SNR for 1Tx and for 2Tx two-layer spatial multiplexing transmission.
Table 11.2.2.1.2-1: Minimum requirements for PUSCH, 50 MHz channel bandwidth, 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS  position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-1
	pos0
	No
	[-2.0][-2.01.8]

	
	
	
	
	
	G-FR2-A3-13
	pos1
	No
	[-2.2][-2.02]

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-1
	 pos0
	Yes
	[12.0]

	
	
	
	
	
	
	
	No
	[11.5][11.75]

	
	
	
	
	
	G-FR2-A4-11
	 pos1
	Yes
	[10.7]

	
	
	
	
	
	
	
	No
	[10.7][10.97]

	
	
	Normal
	TDLA30-75 Low
	70 %
	G-FR2-A5-1
	 pos0
	Yes
	[13.7]

	
	
	
	
	
	
	
	No
	[13.1][13.21]

	
	
	
	
	
	G-FR2-A5-6
	 pos1
	Yes
	[13.4][13.24]

	
	
	
	
	
	
	
	No
	[13.1]

	2
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-6
	 pos0
	No
	[1.5][1.85]

	
	
	
	
	
	G-FR2-A3-18
	 pos1
	No
	[1.2][1.42]

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-6
	 pos0
	Yes
	[TBD]

	
	
	
	
	
	
	
	No
	[TBD]

	
	
	
	
	
	G-FR2-A4-16
	 pos1
	Yes
	[19.6][19.6]

	
	
	
	
	
	
	
	No
	[18.1][18.14]



Table 11.2.2.1.2-2: Minimum requirements for PUSCH, 100 MHz channel bandwidth, 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position 
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-2
	pos0
	No
	[-2.1][-1.92.1]

	
	
	
	
	
	G-FR2-A3-14
	pos1
	No
	[-2.4][-2.42]

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-2
	pos0
	Yes
	[12.2]

	
	
	
	
	
	
	
	No
	[11,2][11,42]

	
	
	
	
	
	G-FR2-A4-12
	pos1
	Yes
	[11.2]

	
	
	
	
	
	
	
	No
	[10.6][10.76]

	
	
	Normal
	TDLA30-75 Low
	70 %
	G-FR2-A5-2
	pos0
	Yes
	[14.2]

	
	
	
	
	
	
	
	No
	[13.3][13.53]

	
	
	
	
	
	G-FR2-A5-7
	pos1
	Yes
	[13.7]

	
	
	
	
	
	
	
	No
	[13.1][13.21]

	2
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-7
	pos0
	No
	[1.5][1.75]

	
	
	
	
	
	G-FR2-A3-19
	pos1
	No
	[1.2][1.52]

	
	
	Normal
	TDLA30-300 Low
	70%
	G-FR2-A4-7
	pos0
	Yes
	[TBD]

	
	
	
	
	
	
	
	No
	[TBD]

	
	
	
	
	
	G-FR2-A4-17
	pos1
	Yes
	[18.3][18.83]

	
	
	
	
	
	
	
	No
	[18.5]



Table 11.2.2.1.2-3: Minimum requirements for PUSCH, 50 MHz channel bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position 
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-3
	 pos0
	No
	[-2.1][-2.11.6]

	
	
	
	
	
	G-FR2-A3-15
	 pos1
	No
	[-2.4][-2.41.9]

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-3
	 pos0
	Yes
	[11.3][11.63]

	
	
	
	
	
	
	
	No
	[10.9][10.911.1]

	
	
	
	
	
	G-FR2-A4-13
	 pos1
	Yes
	[11.2][11.210.9]

	
	
	
	
	
	
	
	No
	[10.7][10.76]

	
	
	Normal
	TDLA30-75 Low
	70 %
	G-FR2-A5-3
	 pos0
	Yes
	[14.1][14.113.7]

	
	
	
	
	
	
	
	No
	[13.4][13.14]

	
	
	
	
	
	G-FR2-A5-8
	 pos1
	Yes
	[13.7][13.72]

	
	
	
	
	
	
	
	No
	[13.3][13.03]

	2
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-8
	 pos0
	No
	[1.4][1.46]

	
	
	
	
	
	G-FR2-A3-20
	 pos1
	No
	[1.3][1.53]

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-8
	 pos0
	Yes
	[21.1]

	
	
	
	
	
	
	
	No
	[18.6][18.86]

	
	
	
	
	
	G-FR2-A4-18
	 pos1
	Yes
	[19.6]

	
	
	
	
	
	
	
	No
	[17.6][17.86]



Table 11.2.2.1.2-4: Minimum requirements for PUSCH, 100 MHz channel bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position 
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-4
	 pos0
	No
	[-2.4][-2.24]

	
	
	
	
	
	G-FR2-A3-16
	 pos1
	No
	[-2.5][-2.35]

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-4
	 pos0
	Yes
	[11.9]

	
	
	
	
	
	
	
	No
	[10.5][10.65]

	
	
	
	
	
	G-FR2-A4-14
	 pos1
	Yes
	[11.1]

	
	
	
	
	
	
	
	No
	[10.5][10.65]

	
	
	Normal
	TDLA30-75 Low
	70 %
	G-FR2-A5-4
	 pos0
	Yes
	[13.5]

	
	
	
	
	
	
	
	No
	[12.9][13.012.9]

	
	
	
	
	
	G-FR2-A5-9
	 pos1
	Yes
	[13.4]

	
	
	
	
	
	
	
	No
	[12.8][12.98]

	2
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-9
	 pos0
	No
	[1.4][1.74]

	
	
	
	
	
	G-FR21-A3-21
	 pos1
	No
	[1.2][1.42]

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-9
	pos0
	Yes
	[20.8][21.120.8]

	
	
	
	
	
	
	
	No
	[19.4][19.34]

	
	
	
	
	
	G-FR2-A4-19
	pos1
	Yes
	[18.5][18.58]

	
	
	
	
	
	
	
	No
	[18.0][18.10]



Table 11.2.2.1.2-5: Minimum requirements for PUSCH, 200 MHz channel bandwidth, 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS  position
	PT-RS
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-5
	 pos0
	No
	[-2.1][-1.92.1]

	
	
	
	
	
	G-FR2-A3-17
	 pos1
	No
	[-2.4][-2.24]

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-5
	 pos0
	Yes
	[11.3]

	
	
	
	
	
	
	
	No
	[10.9][10.911.0]

	
	
	
	
	
	G-FR2-A4-15
	 pos1
	Yes
	[11.2]

	
	
	
	
	
	
	
	No
	[10.7][10.97]

	
	
	Normal
	TDLA30-75 Low
	70 %
	G-FR2-A5-5
	 pos0
	Yes
	[14.1]

	
	
	
	
	
	
	
	No
	[13.4][13.54]

	
	
	
	
	
	G-FR2-A5-10
	 pos1
	Yes
	[13.7]

	
	
	
	
	
	
	
	No
	[13.3][13.43]

	2
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A3-10
	 pos0
	No
	[1.4][1.47]

	
	
	
	
	
	G-FR2-A3-22
	 pos1
	No
	[1.1][1.41]

	
	
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-10
	 pos0
	Yes
	[21.5]

	
	
	
	
	
	
	
	No
	[20.2][20.72]

	
	
	
	
	
	G-FR2-A4-20
	 pos1
	Yes
	[19.0]

	
	
	
	
	
	
	
	No
	[18.2][18.42]



[bookmark: _Toc13080463]*********************End of change*****************

*********************Next changed section*****************
[bookmark: _Toc13080513]Annex A (normative):
Reference measurement channels
[bookmark: _Toc13080514][bookmark: _Hlk500250341]A.1	Fixed Reference Channels for reference sensitivity level, ACS, in-band blocking, out-of-band blocking, receiver intermodulation and in-channel selectivity (QPSK, R=1/3)
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]The parameters for the reference measurement channels are specified in table A.1-1 for FR1 reference sensitivity level, ACS, in-band blocking, out-of-band blocking, receiver intermodulation, in-channel selectivity, OTA sensitivity, OTA reference sensitivity level, OTA ACS, OTA in-band blocking, OTA out-of-band blocking, OTA receiver intermodulation and OTA in-channel selectivity.
The parameters for the reference measurement channels are specified in table A.1-2 for FR2 OTA reference sensitivity level, OTA ACS, OTA in-band blocking, OTA out-of-band blocking, OTA receiver intermodulation and OTA in-channel selectivity.
Table A.1-1: FRC parameters for FR1 reference sensitivity level, ACS, in-band blocking, out-of-band blocking, receiver intermodulation, in-channel selectivity, OTA sensitivity, OTA reference sensitivity level, OTA ACS, OTA in-band blocking, OTA out-of-band blocking, OTA receiver intermodulation and OTA in-channel selectivity
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Reference channel
	[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43]G-FR1-A1-1
	G-FR1-A1-2
	G-FR1-A1-3
	G-FR1-A1-4
	G-FR1-A1-5
	G-FR1-A1-6
	G-FR1-A1-7
	G-FR1-A1-8
	G-FR1-A1-9

	Subcarrier spacing (kHz)
	15
	30
	60
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	25
	11
	11
	106
	51
	24
	15
	6
	6

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12
	[bookmark: OLE_LINK19]12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	[bookmark: _Hlk499884117]Payload size (bits)
	2152
	984
	984
	9224
	4352
	2088
	1320
	528
	528

	Transport block CRC (bits)
	16
	16
	16
	24
	24
	16
	16
	16
	16

	Code block CRC size (bits)
	-
	-
	-
	24
	-
	-
	-
	-
	-

	Number of code blocks - C
	1
	1
	1
	2
	1
	1
	1
	1
	1

	Code block size including CRC (bits) (Note 3)
	2168
	1000
	1000
	4648
	4376
	2104
	1336
	544
	544

	Total number of bits per slot
	7200
	3168
	3168
	30528
	14688
	6912
	4320
	1728
	1728

	Total symbols per slot
	3600
	1584
	1584
	15264
	7344
	3456
	2160
	864
	864

	NOTE 1:	DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS, additional DM-RS position = pos1 with l0= 2, l = 11 as per table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2:	MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size.
NOTE 3:	Code block size including CRC (bits) equals to K' in sub-clause 5.2.2 of TS 38.212 [15].



Table A.1-2: FRC parameters for FR2 OTA reference sensitivity level, OTA ACS, OTA in-band blocking, OTA out-of-band blocking, OTA receiver intermodulation and OTA in-channel selectivity
	Reference channel
	G-FR2-A1-1
	G-FR2-A1-2
	G-FR2-A1-3
	G-FR2-A1-4
	G-FR2-A1-5

	Subcarrier spacing (kHz)
	60
	120
	120
	60
	120

	Allocated resource blocks
	66
	32
	66
	33
	16

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	1/3
	1/3
	1/3
	1/3
	1/3

	[bookmark: _Hlk499884172]Payload size (bits)
	5632
	2792
	5632
	2856
	1416

	Transport block CRC (bits)
	24
	16
	24
	16
	16

	Code block CRC size (bits)
	-
	-
	-
	-
	-

	Number of code blocks - C
	1
	1
	1
	1
	1

	Code block size including CRC (bits) (Note 3)
	5656
	2808
	5656
	2872
	1432

	Total number of bits per slot
	19008
	9216
	19008
	9504
	4608

	Total symbols per slot
	9504
	4608
	9504
	4752
	2304

	NOTE 1:	DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS, additional DM-RS position = pos1 with l0 = 2, l = 11 as per table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2:	MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size.
NOTE 3:	Code block size including CRC (bits) equals to K' in sub-clause 5.2.2 of TS 38.212 [15].
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