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8	Conducted Pperformance requirements
Detailed structure of the clause is TBD.
[bookmark: _Toc518743783]8.1	General
8.1.1	Scope and definitions
Conducted performance requirements specify the ability of the BS type 1-C or BS type 1-H to correctly demodulate signals in various conditions and configurations. Conducted performance requirements are specified at the antenna connector(s) (for BS type 1-C) and at the TAB connector(s) (for BS type 1-H).
Conducted performance requirements for the BS are specified for the fixed reference channels defined in annex A and the propagation conditions in annex F. The requirements only apply to those FRCs that are supported by the base station.
Unless stated otherwise, performance requirements apply for a single carrier only. Performance requirements for a BS supporting carrier aggregation are defined in terms of single carrier requirements. 
For FDD operation the requirements in clause 8 shall be met with the transmitter units associated with antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) in the operating band turned ON.
NOTE:	In normal operating conditions, antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) in FDD operation are configured to transmit and receive at the same time. The associated transmitter unit(s) may be OFF for some of the tests as specified in TS 38.141-1 [5].
The SNR used in this clause is specified based on a single carrier and defined as:
SNR = S / N
Where:
S 	is the total signal energy in the slot on a single antenna connector (for BS type 1-C) or on a single TAB connector (for BS type 1-H).
N	is the noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of a slot on a single antenna connector (for BS type 1-C) or on a single TAB connector (for BS type 1-H).
8.1.2	Applicability rule
Text to be added.
8.2	Performance requirements for PUSCH
8.2.1	Requirements for PUSCH with transform precoding disabled
8.2.1.1 	General
The performance requirement of PUSCH is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance requirements assume HARQ retransmissions. 
Table: 8.2.1.1-1 Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DMRS
	DMRS configuration type
	1

	
	Maximum number of OFDM symbols for front loaded DMRS
	1

	
	Number of additional DMRS symbols
	0, 1

	
	Number of DMRS CDM group(s) without data
	2

	
	EPRE ratio of PUSCH to DMRS
	-3 dB

	
	DMRS port
	{0}, {0, 1}

	
	DMRS sequence generation
	NID=0, nSCID =0

	Time domain resource
	PUSCH mapping type
	A

	
	PUSCH starting symbol index
	0 

	
	PUSCH symbol length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled



8.2.1.2	Minimum requirements
The throughput shall be equal to or larger than the fraction of maximum throughput for the FRCs stated in tables 8.2.1.2-1 to 8.2.1.2-7 at the given SNR for 1Tx or for 2Tx two-layer spatial multiplexing transmission. FRCs are defined in annex A.
Table 8.2.1.2-1: Minimum requirements for PUSCH, 5 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Fraction of  maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-1
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-8
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-1
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-8
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-1
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-8
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-1
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-8
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-1
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-8
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-1
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-8
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-1
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-8
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-1
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-8
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-1
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-8
	1+1
	[TBD]

	2
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-22
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-22
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-15
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-22
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-15
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-22
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-15
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-22
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-15
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-22
	1+1
	[TBD]



Table 8.2.1.2-2: Minimum requirements for PUSCH, 10 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Fraction of  maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-2
	1+0
	[1.2]

	
	
	
	
	
	G-FR1-A3-9
	1+1
	[-2.2]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-2
	1+0
	[13.1]

	
	
	
	
	
	G-FR1-A4-9
	1+1
	[10.5]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-2
	1+0
	[13.2]

	
	
	
	
	
	G-FR1-A5-9
	1+1
	[12.8]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-2
	1+0
	[-2.4]

	
	
	
	
	
	G-FR1-A3-9
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-2
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-9
	1+1
	[6.8]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-2
	1+0
	[8.8]

	
	
	
	
	
	G-FR1-A5-9
	1+1
	[8.6]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-2
	1+0
	[-5.8]

	
	
	
	
	
	G-FR1-A3-9
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-2
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-9
	1+1
	[3.3]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-2
	1+0
	[5.3]

	
	
	
	
	
	G-FR1-A5-9
	1+1
	[5.3]

	2
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-23
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-23
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-16
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-23
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-16
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-23
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-16
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-23
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-16
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-23
	1+1
	[TBD]



Table 8.2.1.2-3: Minimum requirements for PUSCH, 20 MHz channel bandwidth, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Fraction of  maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-3
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-10
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-3
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-10
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-3
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-10
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-3
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-10
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-3
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-10
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-3
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-10
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-3
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-10
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-3
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-10
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-3
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-10
	1+1
	[TBD]

	2
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-24
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-24
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-17
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-24
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-17
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-24
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-17
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-24
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-17
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-24
	1+1
	[TBD]



Table 8.2.1.2-4: Minimum requirements for PUSCH, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Fraction of  maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-4
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-11
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-4
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-11
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-4
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-11
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-4
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-11
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-4
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-11
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-4
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-11
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-4
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-11
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-4
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-11
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-4
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-11
	1+1
	[TBD]

	2
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-25
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-25
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-18
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-25
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-18
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-25
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-18
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-25
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-18
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-25
	1+1
	[TBD]



Table 8.2.1.2-5: Minimum requirements for PUSCH, 20 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Fraction of  maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-5
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-12
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-5
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-12
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-5
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-12
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-5
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-12
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-5
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-12
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-5
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-12
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-5
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-12
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-5
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-12
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-5
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-12
	1+1
	[TBD]

	2
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-26
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-26
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-19
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-26
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-19
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-26
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-19
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-26
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-19
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-26
	1+1
	[TBD]



Table 8.2.1.2-6: Minimum requirements for PUSCH, 40 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Fraction of  maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-6
	1+0
	[-1.8]

	
	
	
	
	
	G-FR1-A3-13
	1+1
	[-2.5]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-6
	1+0
	[10.9]

	
	
	
	
	
	G-FR1-A4-13
	1+1
	[10.4]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-6
	1+0
	[12.1]

	
	
	
	
	
	G-FR1-A5-13
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-6
	1+0
	[-4.8]

	
	
	
	
	
	G-FR1-A3-13
	1+1
	[-5.6]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-6
	1+0
	[6.9]

	
	
	
	
	
	G-FR1-A4-13
	1+1
	[6.7]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-6
	1+0
	[8.6]

	
	
	
	
	
	G-FR1-A5-13
	1+1
	[8.3]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-6
	1+0
	[-7.6]

	
	
	
	
	
	G-FR1-A3-13
	1+1
	[-8.3]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-6
	1+0
	[3.3]

	
	
	
	
	
	G-FR1-A4-13
	1+1
	[3.0]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-6
	1+0
	[5.4]

	
	
	
	
	
	G-FR1-A5-13
	1+1
	[5.1]

	2
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-27
	1+1
	[1.1]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-27
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-20
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-27
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-20
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-27
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-20
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-27
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-20
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-27
	1+1
	[TBD]



Table 8.2.1.2-7: Minimum requirements for PUSCH, 100 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Fraction of  maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-7
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-14
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-7
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-14
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-7
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-14
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-7
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-14
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-7
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-14
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-7
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-14
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-7
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-14
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-7
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-14
	1+1
	[TBD]

	
	
	Normal
	TDLA30-10
	70 %
	G-FR1-A5-7
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A5-14
	1+1
	[TBD]

	2
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-28
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-28
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-21
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-28
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-21
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-28
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-21
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A3-28
	1+1
	[TBD]

	
	
	Normal
	TDLC300-100
	70 %
	G-FR1-A4-21
	1+0
	[TBD]

	
	
	
	
	
	G-FR1-A4-28
	1+1
	[TBD]




8.2.2	Requirements for PUSCH with transform precoding enabled
8.2.2.1 	General
The performance requirement of PUSCH is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance requirements assume HARQ retransmissions. 
Table 8.2.2.1-1: Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Enabled

	Uplink-downlink allocation for TDD
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DMRS
	DMRS configuration type
	1

	
	Maximum number of OFDM symbols for front loaded DMRS
	1

	
	Number of additional DMRS symbols
	0, 1

	
	Number of DMRS CDM group(s) without data
	2

	
	EPRE ratio of PUSCH to DMRS
	-3 dB

	
	DMRS port
	0

	
	DMRS sequence generation
	NID=0, group hopping and sequence hopping are disabled

	Time domain resource
	PUSCH mapping type
	A

	
	PUSCH starting symbol index
	0

	
	PUSCH symbol length
	14

	Frequency domain resource
	RB assignment
	15 kHz SCS: 25 PRBs in the middle of the test bandwidth
 30 kHz SCS: 24 PRBs in the middle of the test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled



[bookmark: _Toc518743786]8.2.2.2	Minimum requirements
The throughput shall be equal to or larger than the fraction of maximum throughput for the FRCs stated in tables 8.2.2.2-1 to 8.2.2.2-2 at the given SNR. FRCs are defined in annex A.
Table 8.2.2.2-1: Minimum requirements for PUSCH, 5 MHz channel bandwidth, 15 kHz SCS
	[bookmark: _Hlk526933889]Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Fraction of  maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-29
	1+0
	[2.2]

	
	
	
	
	
	G-FR1-A3-31
	1+1
	[TBD]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-29
	1+0
	[-2.4]

	
	
	
	
	
	G-FR1-A3-31
	1+1
	[TBD]

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-29
	1+0
	[-5.8]

	
	
	
	
	
	G-FR1-A3-31
	1+1
	[TBD]



Table 8.2.2.2-2: Minimum requirements for PUSCH, 10 MHz channel bandwidth, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Fraction of maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-30
	1+0
	[-1.7]

	
	
	
	
	
	G-FR1-A3-32
	1+1
	[-2.6]

	
	4
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-30
	1+0
	[-4.9]

	
	
	
	
	
	G-FR1-A3-32
	1+1
	[-5.7] 

	
	8
	Normal
	TDLB100-400
	70 %
	G-FR1-A3-30
	1+0
	[-8.2]

	
	
	
	
	
	G-FR1-A3-32
	1+1
	[-8.6]




8.3	Performance requirements for PUCCH
[bookmark: _Toc510654261]8.3.1	DTX to ACK probability
8.3.1.1 	General
The DTX to ACK probability, i.e. the probability that ACK is detected when nothing was sent:
	
where:
-	#(false ACK bits) denotes the number of detected ACK bits. 
-	#(ACK/NACK bits) denotes the number of encoded bits per slot
-	#(PUCCH DTX) denotes the number of DTX occasions
8.3.1.2 	Minimum requirement
The DTX to ACK probability shall not exceed 1% for all PUCCH formats carrying ACK/NACK bits:
	
8.3.2	Performance requirements for PUCCH format 0
8.3.2.1 	General
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent.
Table 8.3.2.1-1: Test Parameters
	Parameter
	Test

	nrofBits
	1

	nrofPRBs
	1

	startingPRB
	0

	intraSlotFrequencyHopping
	enabled

	secondHopPRB
	The largest PRB index - nrofPRBs

	initialCyclicShift
	0

	startingSymbolIndex
	13 for 1 symbol
12 for 2 symbols



[bookmark: _Toc503992068]8.3.2.2 	Minimum requirements
The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.3.2.2-1 and in table 8.3.2.2-2.
Table 8.3.2.2-1: Minimum requirements for PUCCH format 0 and 15kHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex TBD)
	Number of OFDM symbols
	Channel bandwidth / SNR (dB)

	
	
	
	
	5 MHz
	10 MHz
	20 MHz

	1
	2
	TDLC300-100 Low
	1
	TBD
	[9.1]
	TBD

	
	
	
	2
	TBD
	TBD
	TBD

	1
	4
	TDLC300-100 Low
	1
	TBD
	TBD
	TBD

	
	
	
	2
	TBD
	TBD
	TBD

	1
	8
	TDLC300-100 Low
	1
	TBD
	TBD
	TBD

	
	
	
	2
	TBD
	TBD
	TBD



Table 8.3.2.2-2: Minimum requirements for PUCCH format 0 and 30kHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and
correlation matrix (Annex TBD)
	Number of OFDM symbols
	Channel bandwidth / SNR (dB)

	
	
	
	
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	TDLC300-100 Low
	1
	TBD
	TBD
	[10.9]
	TBD

	
	
	
	2
	TBD
	TBD
	TBD
	TBD

	1
	4
	TDLC300-100 Low
	1
	TBD
	TBD
	TBD
	TBD

	
	
	
	2
	TBD
	TBD
	TBD
	TBD

	1
	8
	TDLC300-100 Low
	1
	TBD
	TBD
	TBD
	TBD

	
	
	
	2
	TBD
	TBD
	TBD
	TBD



8.3.3	Performance requirements for PUCCH format 1
8.3.3.1	NACK to ACK requirements
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]8.3.3.1.1	General
The NACK to ACK detection probability is the probability that an ACK bit is falsely detected when an NACK bit was sent on the particular bit position, where the NACK to ACK detection probability is defined as follows:
	[image: ],
where:
-	[image: ]denotes the total number of NACK bits transmitted
-	[image: ]denotes the number of NACK bits decoded as ACK bits at the receiver, i.e. the number of received ACK bits
-	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.
Random codeword selection is assumed.
Table 8.3.3.1.1-1: Test Parameters
	Parameter
	Test

	nrofBits
	2

	nrofPRBs
	1

	nrofSymbols
	14

	startingPRB
	0

	intraSlotFrequencyHopping
	enabled

	secondHopPRB
	The largest PRB index - nrofPRBs

	initialCyclicShift
	0

	startingSymbolIndex
	0

	Index of orthogonal sequence (time-domain-OCC)
	0


8.3.3.1.2	Minimum requirements
The NACK to ACK probability shall not exceed 0.1% at the SNR given in table 8.3.3.1.2-1 and table 8.3.3.1.2-2.
Table 8.3.3.1.2-1: Minimum requirements for PUCCH format 1 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
	TDLC-300-100 Low
	
	
	

	
	4
	Normal
	TDLC-300-100 Low
	
	
	

	
	8
	Normal
	TDLC-300-100 Low
	
	
	



Table 8.3.3.1.2-2: Minimum requirements for PUCCH format 1 with 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Channel bandwidth (MHz) / SNR (dB)

	
	
	
	
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	Normal
	TDLC-300-100 Low
	
	
	
	

	
	4
	Normal
	TDLC-300-100 Low
	
	
	
	

	
	8
	Normal
	TDLC-300-100 Low
	
	
	
	



8.3.3.2	ACK missed detection requirements
8.3.3.2.1	General
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent. The test parameters in table 8.3.3.1.1-1 are configured.
8.3.3.2.2	Minimum requirements
The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.3.3.2.2-1 and in table 8.3.3.2.2-2. 
Table 8.3.3.2.2-1: Minimum requirements for PUCCH format 1 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
	TDLC-300-100 Low
	
	
	

	
	4
	Normal
	TDLC-300-100 Low
	
	
	

	
	8
	Normal
	TDLC-300-100 Low
	
	
	



Table 8.3.3.2.2-2: Minimum requirements for PUCCH format 1 with 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Channel bandwidth (MHz) / SNR (dB)

	
	
	
	
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	Normal
	TDLC-300-100 Low
	
	
	
	

	
	4
	Normal
	TDLC-300-100 Low
	
	
	
	

	
	8
	Normal
	TDLC-300-100 Low
	
	
	
	



8.3.4	Performance requirements for PUCCH format 2
8.3.4.1	ACK missed detection requirements
8.3.4.1.1	General
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent. 
The ACK missed detection requirement only applies to the PUCCH format 2 with 4 UCI bits.
Table 8.3.4.1.1-1: Test Parameters
	Parameter
	Value

	Modulation
	QSPK

	startingPRB
	0

	intraSlotFrequencyHopping
	enable

	secondHopPRB
	The largest PRB index - nrofPRB

	nrofPRB
	4

	nrofSymbols
	1

	the number of UCI bits
	4

	startingSymbolIndex
	13



8.3.4.1.2	Minimum requirements
The ACK missed detection probability shall not exceed 1% at the SNR given in table 8.3.4.1.2-1 and table 8.3.4.1.2-2 for 4UCI bits.
Table 8.3.4.1.2-1: Minimum requirements for PUCCH format 2 with 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [F])
	Channel bandwidth / SNR (dB)

	
	
	
	
	5 MHz
	10 MHz
	20 MHz

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

	
	4
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]

	
	8
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]



Table 8.3.4.1.2-2: Minimum requirements for PUCCH format 2 with 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [F])
	Channel bandwidth / SNR (dB)

	
	
	
	
	10MHz
	20MHz
	40MHz
	100MHz

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

	
	4
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	
	8
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]
	[TBD]



8.3.4.2	UCI BLER performance requirements
8.3.4.2.1	General
The UCI block error probability (BLER) is defined as the conditional probability of incorrectly decoding the UCI information when the UCI information is sent. All UCI information shall be decoded. 
The UCI block error probability performance requirement only applies to the PUCCH format 2 with 22 UCI bits. 
Table 8.3.4.2.1-1: Test Parameters
	Parameter
	Value 

	Modulation
	QSPK

	startingPRB
	0

	intraSlotFrequencyHopping
	enable

	secondHopPRB
	The largest PRB index - nrofPRB

	nrofPRB
	9

	nrofSymbols
	2

	the number of UCI bits
	22

	startingSymbolIndex
	12



8.3.4.2.2	Minimum requirements
The UCI block error probability shall not exceed 1% at the SNR given in table 8.3.4.2.2-1 and table 8.3.4.2.2-2 for 22 UCI bits.
Table 8.3.4.2.2-1: Minimum requirements for PUCCH format 2 with 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [F])
	Channel bandwidth / SNR (dB)

	
	
	
	
	5 MHz
	10 MHz
	20 MHz

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

	
	4
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]

	
	8
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]



Table 8.3.4.2.2-2: Minimum requirements for PUCCH format 2 with 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [F])
	Channel bandwidth / SNR (dB)

	
	
	
	
	10MHz
	20MHz
	40MHz
	100MHz

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

	
	4
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]
	[TBD]

	
	8
	Normal
	TDLC300-100 Low
	[TBD]
	[TBD]
	[TBD]
	[TBD]



8.3.5	Performance requirements for PUCCH format 3
8.3.5.1	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. All UCI information shall be decoded.
Table 8.3.5.1-1: Test Parameters
	Parameter
	Unit
	Test 1
	Test 2

	Modulation
	
	QPSK

	startingPRB
	
	0

	intraSlotFrequencyHopping
	
	enabled

	secondHopPRB
	
	The largest PRB index - nrofPRBs

	nrofPRBs
	
	1
	3

	nrofSymbols
	
	14
	4

	the number of UCI bits
	
	16
	16

	startingSymbolIndex
	
	0
	0



[bookmark: _Toc518733538]8.3.5.2	Minimum requirements
The UCI block error probability shall not exceed 1% at the SNR given in table 8.3.5.2-1 and table 8.3.5.2-2. 
Table 8.3.5.2-1: Minimum requirements for PUCCH format 3 with 15 kHz SCS
	Test Number
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex F)
	Additional DMRS configuration
	Channel bandwidth / SNR (dB)

	
	
	
	
	
	
	5 MHz
	10 MHz
	20 MHz

	1
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	[1.4]
	TBD

	
	
	
	
	
	Additional DMRS
	TBD
	[1.1]
	TBD

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD

	
	
	
	
	
	Additional DMRS
	TBD
	TBD
	TBD

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD

	
	
	
	
	
	Additional DMRS
	TBD
	TBD
	TBD

	2
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	[2.0]
	TBD

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD



Table 8.3.5.2-2: Minimum requirements for PUCCH format 3 with 30 kHz SCS
	Test Number
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex F)
	Additional DMRS configuration
	Channel bandwidth / SNR (dB)

	
	
	
	
	
	
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	Additional DMRS
	TBD
	TBD
	[0.7]
	TBD

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	Additional DMRS
	TBD
	TBD
	TBD
	TBD

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	
	Additional DMRS
	TBD
	TBD
	TBD
	TBD

	2
	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD
	TBD

	
	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD
	TBD

	
	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD
	TBD



8.3.6	Performance requirements for PUCCH format 4
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. All UCI information shall be decoded.
Table 8.3.6.1-1: Test parameters
	Parameter
	Value

	Modulation
	QPSK

	startingPRB
	0

	intraSlotFrequencyHopping
	enabled

	secondHopPRB
	The largest PRB index - nrofPRBs

	nrofSymbols
	14

	the number of UCI bits
	22

	startingSymbolIndex
	0

	occ-Length
	n2

	occ-Index
	n0



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 F)
	Additional DMRS configuration
	Channel bandwidth / SNR (dB)

	
	
	
	
	
	5 MHz
	10 MHz
	20 MHz

	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD

	
	
	
	
	Additional DMRS
	TBD
	[3.3]
	TBD

	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD

	
	
	
	
	Additional DMRS
	TBD
	TBD
	TBD

	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD

	
	
	
	
	Additional DMRS
	TBD
	TBD
	TBD



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 F)
	Additional DMRS configuration
	Channel bandwidth / SNR (dB)

	
	
	
	
	
	10 MHz
	20 MHz
	40 MHz
	100 MHz

	1
	2
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	Additional DMRS
	TBD
	TBD
	TBD
	TBD

	
	4
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	Additional DMRS
	TBD
	TBD
	TBD
	TBD

	
	8
	Normal
	TDLC300-100 Low
	No additional DM-RS
	TBD
	TBD
	TBD
	TBD

	
	
	
	
	Additional DMRS
	TBD
	TBD
	TBD
	TBD




8.4	Performance requirements for PRACH
[bookmark: _Toc518743832]8.4.1	PRACH False alarm probability
8.4.1.1	General
The false alarm requirement is valid for any number of receive antennas, for any channel bandwidth.
The false alarm probability is the conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from any detector) when input is only noise.
[bookmark: _Toc518743833]8.4.1.2	Minimum requirement
The false alarm probability shall be less than or equal to 0.1%.
[bookmark: _Toc518743834]8.4.2	PRACH detection requirements
8.4.2.1	General

The probability of detection is the conditional probability of correct detection of the preamble when the signal is present. There are several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. For AWGN and TDLC300-100, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than the time error tolerance given in Table 8.4.2.1-1. 
Table 8.4.2.1-1: Time error tolerance for AWGN and TDLC300-100
	PRACH preamble
	PRACH SCS (KHz)
	Time error tolerance

	
	
	AWGN
	TDLC300-100

	0
	1.25
	1.04 us
	2.55 us

	A1, A2, A3, B4, C0, C2
	15
	0.52 us
	2.03 us

	
	30
	0.26 us
	1.77 us



The test preambles for normal mode are listed in table A.6-1.
[bookmark: _Toc518743835]8.4.2.2	Minimum requirements
The probability of detection shall be equal to or exceed 99% for the SNR levels listed in tables 8.4.2.2-1 to 8.4.2.2-3.
Table 8.4.2.2-1: PRACH missed detection requirements for Normal Mode, 1.25 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex [TBD])
	Frequency offset
	SNR (dB)

	
	
	
	
	Burst format 0

	1
	2
	AWGN
	0
	[-15.1]

	
	
	[TDLC300-100]
	400 Hz 
	[-6.7]

	
	4
	AWGN
	0
	[-17.3]

	
	
	[TDLC300-100]
	400 Hz 
	[-12.2]

	
	8
	AWGN
	0
	[-19.6]

	
	
	[TDLC300-100]
	400 Hz 
	[-16.3]



Table 8.4.2.2-2: PRACH missed detection requirements for Normal Mode, 15 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex [TBD])
	Frequency offset
	SNR (dB)

	
	
	
	
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	TDLC300-100
	400 Hz
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	4
	AWGN
	0
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	TDLC300-100
	400 Hz
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	8
	AWGN
	0
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	TDLC300-100
	400 Hz
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD



Table 8.4.2.2-3: PRACH missed detection requirements for Normal Mode, 30 kHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex [TBD])
	Frequency offset
	SNR (dB)

	
	
	
	
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	TDLC300-100
	400 Hz
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	4
	AWGN
	0
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	TDLC300-100
	400 Hz
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	8
	AWGN
	0
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	TDL300-100
	400 Hz
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD





[bookmark: _Toc518862204]11	Radiated performance requirements
Detailed structure of the clause is TBD.
11.1	General
11.1.1	Scope and definitions
Radiated performance requirements specify the ability of the BS type 1-O or BS type 2-O to correctly demodulate radiated signals in various conditions and configurations. Radiated performance requirements are specified at the RIB.
Radiated performance requirements for the BS are specified for the fixed reference channels defined in annex A and the propagation conditions in annex F. The requirements only apply to those FRCs that are supported by the BS.
The radiated performance requirements for BS type 1-O and for the BS type 2-O are limited to two OTA demodulation branches as described in subclause 11.1.2. Conformance requirements can only be tested for 1 or 2 demodulation branches depending on the number of polarizations supported by the BS, with the required SNR applied separately per polarization. 
NOTE 1: 	The BS can support more than 2 demodulation branches, however OTA conformance testing can only be performed for 1 or 2 demodulation branches.
Unless stated otherwise, radiated performance requirements apply for a single carrier only. Radiated performance requirements for a BS supporting CA are defined in terms of single carrier requirements. 
For BS type 1-O in FDD operation the requirements in clause 8 shall be met with the transmitter units associated with the RIB in the operating band turned ON.
NOTE 2:	BS type 1-O in normal operating conditions in FDD operation is configured to transmit and receive at the same time. The transmitter unit(s) associated with the RIB may be OFF for some of the tests.
In tests performed with signal generators a synchronization signal may be provided from the BS to the signal generator, to enable correct timing of the wanted signal.
Whenever the "RX antennas" term is used for the radiated performance requirements description, it shall refer to the demodulation branches (i.e. not physical antennas of the antenna array).
The SNR used in this clause is specified based on a single carrier and defined as:
SNR = S / N
Where:
S 	is the total signal energy in a slot on a RIB.
N	is the noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of a slot on a RIB.
11.1.2	OTA demodulation branches
Radiated performance requirements are only specified for up to 2 demodulation branches.
If the BS type 1-O, or the BS type 2-O uses polarization diversity and has the ability to maintain isolation between the signals for each of the demodulation branches, then radiated performance requirements can be tested for up to two demodulation branches (i.e. 1TX-1RX or 1TX-2RX test setups). When tested for two demodulation branches, each demodulation branch maps to one polarization.
If the BS type 1-O, or the BS type 2-O does not use polarization diversity then radiated performance requirements can only be tested for a single demodulation branch (i.e. 1TX-1RX test setup).

11.1.3	Applicability rule
Text to be added.
11.2	Performance requirements for PUSCH
11.2.1	Requirements for BS type 1-O
11.2.1.1	Requirements for PUSCH with transform precoding disabled
Apply the requirements defined in subclause 8.2.1 for 2Rx.
11.2.1.2	Requirements for PUSCH with transform precoding enabled
Apply the requirements defined in subclause 8.2.2 for 2Rx.

11.2.2	Requirements for BS type 2-O

[bookmark: _Toc518743785]11.2.2.1	Requirements for PUSCH with transform precoding disabled
11.2.2.1.1 	General
The performance requirement of PUSCH is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex A. The performance requirements assume HARQ retransmissions. 
Table 11.2.2.1.1-1: Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD
	60 kHz and 120kHz SCS:
3D1S1U, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DMRS
	DMRS configuration type
	1

	
	Maximum number of OFDM symbols for front loaded DMRS
	1

	
	Number of additional DMRS symbols
	0

	[bookmark: _Hlk526816956]
	Number of DMRS CDM group(s) without data
	2

	
	EPRE ratio of PUSCH to DMRS
	-3 dB

	
	DMRS port
	{0}, {0, 1}

	
	DMRS sequence generation
	NID=0, nSCID =0

	Time domain resource
	PUSCH mapping type
	B

	
	PUSCH starting symbol index
	0 

	
	PUSCH symbol length
	10 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	PTRS configuration
	Frequency density (KPT-RS)
	2

	
	Time density (LPT-RS)
	1



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 TBD)
	Fraction of maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 
	70 %
	G-FR2-A3-1
	1+0
	[TBD]

	
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A4-1
	1+0
	[TBD]

	
	
	Normal
	TDLA30-75 
	70 %
	G-FR2-A5-1
	1+0
	[TBD]

	2
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A3-6
	1+0
	[TBD]

	
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A4-6
	1+0
	[TBD]



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 TBD)
	Fraction of maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 
	70 %
	G-FR2-A3-2
	1+0
	[TBD]

	
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A4-2
	1+0
	[TBD]

	
	
	Normal
	TDLA30-75 
	70 %
	G-FR2-A5-2
	1+0
	[TBD]

	2
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A3-7
	1+0
	[TBD]



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 TBD)
	Fraction of maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 
	70 %
	G-FR2-A3-3
	1+0
	[TBD]

	
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A4-3
	1+0
	[TBD]

	
	
	Normal
	TDLA30-75 
	70 %
	G-FR2-A5-3
	1+0
	[TBD]

	2
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A3-8
	1+0
	[TBD]

	
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A4-8
	1+0
	[TBD]



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 TBD)
	Fraction of maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 
	70 %
	G-FR2-A3-4
	1+0
	[TBD]

	
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A4-4
	1+0
	[TBD]

	
	
	Normal
	TDLA30-75 
	70 %
	G-FR2-A5-4
	1+0
	[TBD]

	2
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A3-9
	1+0
	[TBD]



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 TBD)
	Fraction of maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300 
	70 %
	G-FR2-A3-5
	1+0
	[TBD]

	
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A4-5
	1+0
	[TBD]

	
	
	Normal
	TDLA30-75 
	70 %
	G-FR2-A5-5
	1+0
	[TBD]

	2
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A3-10
	1+0
	[TBD]

	
	
	Normal
	TDLA30-300 
	70 %
	G-FR2-A4-10
	1+0
	[TBD]



11.2.2.2	Requirements for PUSCH with transform precoding enabled
11.2.2.2.1 	General
The performance requirement of PUSCH is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in Annex A. The performance requirements assume HARQ retransmissions. 
Table 11.2.2.2.1-1 Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Enabled

	Uplink-downlink allocation for TDD
	60 kHz and 120kHz SCS:
3D1S1U, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DMRS
	DMRS configuration type
	1

	
	Maximum number of OFDM symbols for front loaded DMRS
	1

	
	Number of additional DMRS symbols
	0

	
	Number of DMRS CDM group(s) without data
	2

	
	EPRE ratio of PUSCH to DMRS
	-3 dB

	
	DMRS port
	0

	
	DMRS sequence generation
	NID=0, group hopping and sequence hopping are disabled

	Time domain resource
	PUSCH mapping type
	B

	
	PUSCH starting symbol index
	0 

	
	PUSCH symbol length
	10 

	Frequency domain resource
	RB assignment
	30 PRBs in the middle of the test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	PTRS configuration
	Thresholds for frequency density 
	NRB0=0, NRB1=8, NRB2=NRB3=32, NRB4=108

	
	Time density (LPT-RS)
	1



11.2.2.2.2 	Minimum requirements
The throughput shall be equal to or larger than the fraction of maximum throughput stated in the tables 11.2.2.2.2-1 to 11.2.2.2.2-2 at the given SNR.
Table 11.2.2.2.2-1 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 TBD)
	Fraction of  maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300
	70 %
	G-FR2-A3-11
	1+0
	[TBD]



Table 11.2.2.2.2-2 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 TBD)
	Fraction of  maximum throughput
	FRC
(Annex A)
	DMRS configuration
	SNR
(dB)

	1
	2
	Normal
	TDLA30-300
	70 %
	G-FR2-A3-12
	1+0
	[TBD]



11.3	Performance requirements for PUCCH
11.3.1	Requirements for BS type 1-O
11.3.1.1	DTX to ACK probability
Apply the requirements defined in subclause 8.3.1 
11.3.1.2	Performance requirements for PUCCH format 0
Apply the requirements defined in subclause 8.3.2 for 2 Rx. 
[bookmark: _Hlk531179956]11.3.1.3	Performance requirements for PUCCH format 1
Apply the requirements defined in sub-clause 8.3.3 for 2Rx.

11.3.1.4	Performance requirements for PUCCH format 2
Apply the requirements defined in subclause 8.3.4 for 2Rx.
11.3.1.5 Performance requirements for PUCCH format 3
Apply the requirements defined in subclause 8.3.5 for 2Rx.
11.3.1.6 Performance requirements for PUCCH format 4
Apply the requirements defined in subclause 8.3.6 for 2Rx.

11.3.2	Requirements for BS type 2-O
11.3.2.1	DTX to ACK probability
Apply the requirements defined in subclause 8.3.1.
11.3.2.2	Performance requirements for PUCCH format 0
11.3.2.2.1 	General
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent.
Table 11.3.2.2.1-1: Test Parameters
	Parameter
	Test

	nrofBits
	1

	nrofPRBs
	1

	startingPRB
	0

	intraSlotFrequencyHopping
	enabled

	secondHopPRB
	The largest PRB index - nrofPRBs

	initialCyclicShift
	0

	startingSymbolIndex
	13 for 1 symbol
12 for 2 symbols



11.3.2.2.2 	Minimum requirements
The ACK missed detection probability shall not exceed 1% at the SNR given in table 11.3.2.2.2-1 and in table 11.3.2.2.2-2.
Table 11.3.2.2.2-1: Minimum requirements for PUCCH format 0 and 60kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Propagation conditions and
correlation matrix (Annex TBD)
	Number of OFDM symbols
	Channel bandwidth / SNR (dB)

	
	
	
	
	50 MHz
	100 MHz

	1
	2
	TDLA30-300
	1
	TBD
	TBD

	
	
	
	2
	TBD
	TBD



Table 11.3.2.2.2-2: Minimum requirements for PUCCH format 0 and 120kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Propagation conditions and
correlation matrix (Annex TBD)
	Number of OFDM symbols
	Channel bandwidth / SNR (dB)

	
	
	
	
	50 MHz
	100 MHz
	200 MHz

	1
	2
	TDLA30-300
	1
	TBD
	TBD
	TBD

	
	
	
	2
	TBD
	TBD
	TBD



11.3.2.3	Performance requirements for PUCCH format 1
11.3.2.3.1	NACK to ACK requirements
11.3.2.3.1.1	General
The NACK to ACK detection probability is the probability that an ACK bit is falsely detected when an NACK bit was sent on the particular bit position, where the NACK to ACK detection probability is defined as follows:
	[image: ]
where:
-	[image: ] denotes the total number of NACK bits transmitted
-	[image: ] denotes the number of NACK bits decoded as ACK bits at the receiver, i.e. the number of received ACK bits
-	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.
Random codeword selection is assumed.
Table 11.3.2.3.1.1-1: Test Parameters
	Parameter
	Test

	nrofBits
	2

	nrofPRBs
	1

	nrofSymbols
	14

	startingPRB
	0

	intraSlotFrequencyHopping
	enabled

	secondHopPRB
	The largest PRB index - nrofPRBs

	initialCyclicShift
	0

	startingSymbolIndex
	0

	Index of orthogonal sequence (time-domain-OCC)
	0



11.3.2.3.1.2	Minimum requirements
The NACK to ACK probability shall not exceed 0.1% at the SNR given in Table 11.3.2.3.1.2-1 and Table 11.3.2.3.1.2‑2.
Table 11.3.2.3.1.2-1: Minimum requirements for PUCCH format 1 with 60 kHz SCS
	Number of TX antennas
	Number of Demodulation Branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Channel bandwidth / SNR (dB)

	
	
	
	
	50 MHz
	100 MHz

	1
	2
	Normal
	TDLA30-300 Low
	
	



Table 11.3.2.3.1.2-2: Minimum requirements for PUCCH format 1 with 120 kHz SCS
	Number of TX antennas
	Number of Demodulation Branches
	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
	
	
	



11.3.2.3.2	ACK missed detection requirements
11.3.2.3.2.1	General
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent. The test parameters in Table 11.3.2.3.1.1-1 are configured.
11.3.2.3.2.2	Minimum requirements
The ACK missed detection probability shall not exceed 1% at the SNR given in Table 11.3.2.3.2.2-1 and in Table 11.3.2.3.2.2-2.
Table 11.3.2.3.2.2-1: Minimum requirements for PUCCH format 1 with 60 kHz SCS
	Number of TX antennas
	Number of Demodulation Branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex TBD)
	Channel bandwidth / SNR (dB)

	
	
	
	
	50 MHz
	100 MHz

	1
	2
	Normal
	TDLA30-300 Low
	
	



Table 11.3.2.3.2.2-2: Minimum requirements for PUCCH format 1 with 120 kHz SCS
	Number of TX antennas
	Number of Demodulation Branches
	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
	
	
	



11.3.2.4	Performance requirements for PUCCH format 2
11.3.2.4.1	ACK missed detection requirements
11.3.2.4.1.1	General
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent. 
The ACK missed detection requirement only applies to the PUCCH format 2 with 4 UCI bits.
Table 11.3.2.4.1.1-1: Test Parameters
	Parameter
	Value 

	Modulation
	QSPK

	startingPRB
	0

	intraSlotFrequencyHopping
	enable

	secondHopPRB
	The largest PRB index - nrofPRB

	nrofPRB
	4

	nrofSymbols
	1

	the number of UCI bits
	4

	startingSymbolIndex
	13



11.3.2.4.1.2	Minimum requirements
The ACK missed detection probability shall not exceed 1% at the SNR given in table 11.3.2.4.1.2-1 and table 11.3.2.4.1.2-2 for 4UCI bits.
Table 11.3.2.4.1.2-1: Minimum requirements for PUCCH format 2 with 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches 
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [F])
	Channel bandwidth / SNR (dB)

	
	
	
	
	50 MHz
	100 MHz

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



Table 11.3.2.4.1.2-2: Minimum requirements for PUCCH format 2 with 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [F])
	Channel bandwidth / SNR (dB)

	
	
	
	
	50 MHz
	100 MHz
	200 MHz

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



11.3.2.4.2	UCI BLER performance requirements
11.3.2.4.2.1	General
The UCI block error probability (BLER) is defined as the conditional probability of incorrectly decoding the UCI information when the UCI information is sent. All UCI information shall be decoded. 
The UCI performance only applies to the PUCCH format 2 with 22 UCI bits.
Table 11.3.2.4.2.1-1: Test Parameters
	Parameter
	Value

	Modulation
	QSPK

	startingPRB
	0

	intraSlotFrequencyHopping
	enabled

	secondHopPRB
	The largest PRB index - nrofPRB

	nrofPRB
	9

	nrofSymbols
	2

	the number of UCI bits
	22

	startingSymbolIndex
	12



11.3.2.4.2.2	Minimum requirements
The UCI block error probability shall not exceed 1% at the SNR given in table 11.3.2.4.2.2-1 and table 11.3.2.4.2.2-2 for 22 UCI bits.
Table 11.3.2.4.2.2-1: Minimum requirements for PUCCH format 2 with 60 kHz SCS
	Number of TX antennas
	Number of demodulation branches
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [F])
	Channel bandwidth / SNR (dB)

	
	
	
	
	50 MHz
	100 MHz

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



Table 11.3.2.4.2.2-2: Minimum requirements for PUCCH format 2 with 120 kHz SCS
	Number of TX antennas
	Number of demodulation branches 
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex [F])
	Channel bandwidth / SNR (dB)

	
	
	
	
	50 MHz
	100 MHz
	200 MHz

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



11.3.2.5	Performance requirements for PUCCH format 3
11.3.2.5.1	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. All UCI information shall be decoded.
Table 11.3.2.5.1-1: Test parameters
	Parameter
	Test 1
	Test 2

	Modulation
	QPSK

	startingPRB
	0

	intraSlotFrequencyHopping
	enabled

	secondHopPRB
	The largest PRB index - nrofPRBs

	nrofPRBs
	1
	3

	nrofSymbols
	14
	4

	the number of UCI bits
	16
	16

	startingSymbolIndex
	0
	0



11.3.2.5.2	Minimum requirements
The UCI block error probability shall not exceed 1% at the SNR given in Table 11.3.2.5.2-1 and Table 11.3.2.5.2-2. 
Table 11.3.2.5.2-1: Required SNR for PUCCH format 3 demodulation tests with 60kHz SCS
	Test Number
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex F)
	Additional DMRS configuration
	Channel Bandwidth / SNR (dB)

	
	
	
	
	
	
	50 MHz
	100 MHz

	1
	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	TBD
	TBD

	2
	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	TBD
	TBD



Table 8.3.2.5.2-2: Required SNR for PUCCH format 3 demodulation tests with 120kHz SCS
	Test Number
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex F)
	Additional DMRS configuration
	Channel Bandwidth / SNR (dB)

	
	
	
	
	
	
	50 MHz
	100 MHz
	200 MHz

	1
	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	TBD
	TBD
	TBD

	2
	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	TBD
	TBD
	TBD



11.3.2.6	Performance requirements for PUCCH format 4
11.3.2.6.1	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. All UCI information shall be decoded.
Table 11.3.2.6.1-1: Test parameters
	Parameter
	Value

	Modulation
	QPSK

	startingPRB
	0

	intraSlotFrequencyHopping
	enabled

	secondHopPRB
	The largest PRB index - nrofPRBs

	nrofSymbols
	14

	the number of UCI bits
	22

	startingSymbolIndex
	0

	occ-Length
	n2

	occ-Index
	n0



11.3.2.6.2	Minimum requirements
The UCI block error probability shall not exceed 1% at the SNR given in Table 11.3.2.6.2-1 and Table 11.3.2.6.2-2. 
Table 11.3.2.6.2-1: Required SNR for PUCCH format 3 demodulation tests with 60kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex F)
	Additional DMRS configuration
	Channel Bandwidth / SNR (dB)

	
	
	
	
	
	50 MHz
	100 MHz

	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	TBD
	TBD



Table 8.3.2.6.2-2: Required SNR for PUCCH format 3 demodulation tests with 120kHz SCS
	Number of TX antennas
	Number of RX antennas
	Cyclic Prefix
	Propagation conditions and correlation matrix (Annex F)
	Additional DMRS configuration
	Channel Bandwidth / SNR (dB)

	
	
	
	
	
	50 MHz
	100 MHz
	200MHz

	1
	2
	Normal
	TDLA30-300 Low
	No additional DM-RS
	TBD
	TBD
	TBD



11.4	Performance requirements for PRACH
11.4.1	Requirements for BS type 1-O
11.4.1.1 PRACH False alarm probability
Apply the requirements defined in subclause 8.4.1 for 2Rx.
11.4.1.2 PRACH detection requirements
Apply the requirements defined in subclause 8.4.2 for 2Rx.

11.4.2	Requirements for BS type 2-O
11.4.2.1	PRACH False alarm probability
11.4.2.1.1	General
The false alarm requirement is valid for any number of receive antennas, for any channel bandwidth.
The false alarm probability is the conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from any detector) when input is only noise.
11.4.2.1.2	Minimum requirement
The false alarm probability shall be less than or equal to 0.1%.
11.4.2.2	PRACH detection requirements
11.4.2.2.1	General
The probability of detection is the conditional probability of correct detection of the preamble when the signal is present. There are several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation.  For AWGN and TDLA30-300, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than the time error tolerance given in Table 11.4.2.2-1. 
Table 11.4.2.2-1: Time error tolerance for AWGN and TDLA30-300
	PRACH preamble
	PRACH SCS (KHz)
	Time error tolerance

	
	
	AWGN
	TDLA30-300

	A1, A2, A3, B4, C0, C2
	60
	0.13 us
	0.28 us

	
	120
	0.07 us
	0.22 us



The test preambles for normal mode are listed in table A.6-2.
11.4.2.2.2	Minimum requirements
The probability of detection shall be equal to or exceed 99% for the SNR levels listed in Tables 11.4.2.2.2-1 to 11.4.2.2.2-2.
Table 11.4.2.2.2-1: PRACH missed detection requirements for Normal Mode, 60KHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex [TBD])
	Frequency offset
	SNR (dB)

	
	
	
	
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	TDLA30-300
	4000 Hz
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD



Table 11.4.2.2.2-2: PRACH missed detection requirements for Normal Mode, 120KHz SCS
	Number of TX antennas
	Number of RX antennas
	Propagation conditions and correlation matrix (Annex [TBD])
	Frequency offset
	SNR (dB)

	
	
	
	
	Burst format A1
	Burst format A2
	Burst format A3
	Burst format B4
	Burst format C0
	Burst format C2

	1
	2
	AWGN
	0
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	TDLA30-300
	4000 Hz
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD





[bookmark: _Toc526338660]
Annex A (normative):
Reference measurement channels
[bookmark: _Toc526338661][bookmark: _Hlk500250341]A.1	Fixed Reference Channels for receiver sensitivity 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 receiver sensitivity and in-channel selectivity.
The parameters for the reference measurement channels are specified in table A.1-2 for FR2 receiver sensitivity and in-channel selectivity.
Table A.1-1: FRC parameters for FR1 receiver sensitivity and 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

	Coded block size (bits)
	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:	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with = 2, = 11 as per Table 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 for receiver sensitivity and in-channel selectivity



Table A.1-2: FRC parameters for FR2 receiver sensitivity and 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

	Coded block size (bits)
	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:	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with = 2, = 11 as per Table 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 for receiver sensitivity and in-channel selectivity.



[bookmark: _Toc526338662]A.2	Fixed Reference Channels for dynamic range (16QAM, R=2/3)
The parameters for the reference measurement channels are specified in table A.2-1 for dynamic range.
Table A.2-1: FRC parameters for dynamic range
	Reference channel
	G-FR1-A2-1
	G-FR1-A2-2
	G-FR1-A2-3
	G-FR1-A2-4
	G-FR1-A2-5
	G-FR1-A2-6

	Subcarrier spacing (kHz)
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	25
	11
	11
	106
	51
	24

	[bookmark: OLE_LINK104][bookmark: OLE_LINK105]CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

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

	[bookmark: _Hlk498674609][bookmark: _Hlk499884224]Payload size (bits)
	9224
	4032
	4032
	38936
	18960
	8968

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

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

	Number of code blocks - C
	2
	1
	1
	5
	3
	2

	[bookmark: _Hlk498674598]Coded block size (bits)
	4648
	4056
	4056
	7816
	6352
	4520

	Total number of bits per slot
	14400
	6336
	6336
	61056
	29376
	13824

	Total symbols per slot
	3600
	1584
	1584
	15264
	7344
	3456

	

NOTE 1:	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with = 2, = 11 as per Table table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2:	MCS index 16 and target coding rate = 658/1024 are adopted to calculate payload size for dynamic range.



[bookmark: _Toc518862207]A.3	Fixed Reference Channels for performance requirements (QPSK, R=193/1024)
The parameters for the reference measurement channels are specified in table A.3-1 for FR1 PUSCH performance requirements with transform precoding disabled, UL-DMRS-add-pos = 0 and 1 transmission layer. 
The parameters for the reference measurement channels are specified in table A.3-2 for FR1 PUSCH performance requirements with transform precoding disabled, UL-DMRS-add-pos = 1 and 1 transmission layer. 
The parameters for the reference measurement channels are specified in table A.3-3 for FR1 PUSCH performance requirements with transform precoding disabled, UL-DMRS-add-pos = 0 and 2 transmission layers. 
The parameters for the reference measurement channels are specified in table A.3-4 for FR1 PUSCH performance requirements with transform precoding disabled, UL-DMRS-add-pos = 1 and 2 transmission layers. 
Table A.3-1: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 0 and 1 transmission layer (QPSK, R=193/1024) 
	Reference channel
	G-FR1-A3-1
	G-FR1-A3-2
	G-FR1-A3-3
	G-FR1-A3-4
	G-FR1-A3-5
	G-FR1-A3-6
	G-FR1-A3-7

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

	CP-OFDM Symbols per slot (Note 1)
	13
	13
	13
	13
	13
	13
	13

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024

	Payload size (bits)
	1480
	3104
	6280
	1416
	2976
	6280
	16136

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

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

	Number of code blocks - C
	1
	1
	2
	1
	1
	2
	5

	Code block size including CRC (bits) (Note 2)
	1496
	3120
	3176
	1432
	2992
	3176
	3256

	Total number of bits per slot
	7800
	16224
	33072
	7488
	15912
	33072
	85176

	Total symbols per slot
	3900
	8112
	16536
	3744
	7956
	16536
	42588

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 2 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in subclause 5.2.2 of TS 38.212 [15].



Table A.3-2: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 1 and 1 transmission layer (QPSK, R=193/1024) 
	Reference channel
	G-FR1-A3-8
	G-FR1-A3-9
	G-FR1-A3-10
	G-FR1-A3-11
	G-FR1-A3-12
	G-FR1-A3-13
	G-FR1-A3-14

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

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

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024

	Payload size (bits)
	1352
	2856
	5768
	1320
	2792
	5768
	14856

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

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

	Number of code blocks - C
	1
	1
	2
	1
	1
	2
	4

	Code block size including CRC (bits) (Note 2)
	1368
	2872
	2920
	1336
	2808
	2920
	3744

	Total number of bits per slot
	7200
	14976
	30528
	6912
	14688
	30528
	78624

	Total symbols per slot
	3600
	7488
	15264
	3456
	7344
	15264
	39312

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 1 with l0= 2, l=11 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in subclause 5.2.2 of TS 38.212 [15].



Table A.3-3: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 0 and 2 transmission layers (QPSK, R=193/1024)
	Reference channel
	G-FR1-A3-15
	G-FR1-A3-16
	G-FR1-A3-17
	G-FR1-A3-18
	G-FR1-A3-19
	G-FR1-A3-20
	G-FR1-A3-21

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

	CP-OFDM Symbols per slot (Note 1)
	13
	13
	13
	13
	13
	13
	13

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024

	Payload size (bits)
	2976
	6152
	12552
	2856
	6024
	12552
	32304

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

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

	Number of code blocks - C
	1
	2
	4
	1
	2
	4
	9

	Code block size including CRC (bits) (Note 2)
	2992
	3112
	3168
	2872
	3048
	3168
	3616

	Total number of bits per slot
	15600
	32448
	66144
	14976
	31824
	66144
	170352

	Total symbols per slot
	7800
	16224
	33072
	7488
	15912
	33072
	85176

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 2 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in subclause 5.2.2 of TS 38.212 [15].



Table A.3-4: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 1 and 2 transmission layers (QPSK, R=193/1024)
	Reference channel
	G-FR1-A3-22
	G-FR1-A3-23
	G-FR1-A3-24
	G-FR1-A3-25
	G-FR1-A3-26
	G-FR1-A3-27
	G-FR1-A3-28

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

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

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024

	Payload size (bits)
	2728
	5640
	11528
	2600
	5512
	11528
	29736

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

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

	Number of code blocks - C
	1
	2
	4
	1
	2
	4
	8

	Code block size including CRC (bits) (Note 2)
	2744
	2856
	2912
	2616
	2792
	2912
	3744

	Total number of bits per slot
	14400
	29952
	61056
	13824
	29376
	61056
	157248

	Total symbols per slot
	7200
	14976
	30528
	6912
	14688
	30528
	78624

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 1 with l0= 2, l=11 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in subclause 5.2.2 of TS 38.212 [15].



Table A.3-5: FRC parameters for FR1 PUSCH performance requirements, transform precoding enabled, UL-DMRS-add-pos = 0 and 1 transmission layer (QPSK, R=193/1024) 
	Reference channel
	G-FR1-A3-29
	G-FR1-A3-30

	Subcarrier spacing [kHz]
	15
	30

	Allocated resource blocks
	25
	24

	DFT-s-OFDM Symbols per slot (Note 1)
	13
	13

	Modulation
	QPSK
	QPSK

	Code rate (Note 2)
	193/1024
	193/1024

	Payload size (bits)
	1480
	1416

	Transport block CRC (bits)
	16
	16

	Code block CRC size (bits)
	-
	-

	Number of code blocks - C
	1
	1

	Code block size including CRC (bits) (Note 2)
	1496
	1432

	Total number of bits per slot
	7800
	7488

	Total symbols per slot
	3900
	3744

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 2 as per Table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in sub-clause 5.2.2 of TS 38.212 [15].



Table A.3-6: FRC parameters for FR1 PUSCH performance requirements, transform precoding enabled, UL-DMRS-add-pos = 1 and 1 transmission layer (QPSK, R=193/1024) 
	Reference channel
	G-FR1-A3-31
	G-FR1-A3-32

	Subcarrier spacing [kHz]
	15
	30

	Allocated resource blocks
	25
	24

	DFT-s-OFDM Symbols per slot (Note 1)
	12
	12

	Modulation
	QPSK
	QPSK

	Code rate (Note 2)
	193/1024
	193/1024

	Payload size (bits)
	1352
	1320

	Transport block CRC (bits)
	16
	16

	Code block CRC size (bits)
	-
	-

	Number of code blocks - C
	1
	1

	Code block size including CRC (bits) (Note 2)
	1368
	1336

	Total number of bits per slot
	7200
	6912

	Total symbols per slot
	3600
	3456

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 1 with l0= 2, l=11 as per Table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in sub-clause 5.2.2 of TS 38.212 [15].



Table A.3-7: FRC parameters for FR2 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 0 and 1 transmission layer (QPSK, R=193/1024) 
	Reference channel
	G-FR2-A3-1
	G-FR2-A3-2
	G-FR2-A3-3
	G-FR2-A3-4
	G-FR2-A3-5

	Subcarrier spacing [kHz]
	60
	60
	120
	120
	120

	Allocated resource blocks
	66
	132
	32
	66
	132

	CP-OFDM Symbols per slot (Note 1)
	9
	9
	9
	9
	9

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024

	Payload size (bits)
	2664
	5384
	1320
	2664
	5384

	Transport block CRC (bits)
	16
	24
	16
	16
	24

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

	Number of code blocks - C
	1
	2
	1
	1
	2

	Code block size including CRC (bits) (Note 2)
	2680
	2728
	1336
	2680
	2728

	Total number of bits per slot
	14256
	28512
	6912
	14256
	28512

	Total symbols per slot
	7128
	14256
	3456
	7128
	14256

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 0 as per Table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in sub-clause 5.2.2 of TS 38.212 [15].



Table A.3-8: FRC parameters for FR2 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 0 and 2 transmission layers (QPSK, R=193/1024)
	Reference channel
	G-FR2-A3-6
	G-FR2-A3-7
	G-FR2-A3-8
	G-FR2-A3-9
	G-FR2-A3-10

	Subcarrier spacing [kHz]
	60
	60
	120
	120
	120

	Allocated resource blocks
	66
	132
	32
	66
	132

	CP-OFDM Symbols per slot (Note 1)
	9
	9
	9
	9
	9

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	193/1024
	193/1024
	193/1024
	193/1024
	193/1024

	Payload size (bits)
	5384
	10752
	2600
	5384
	10752

	Transport block CRC (bits)
	24
	24
	16
	24
	24

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

	Number of code blocks - C
	2
	3
	1
	2
	3

	Code block size including CRC (bits) (Note 2)
	2728
	3616
	2616
	2728
	3616

	Total number of bits per slot
	28512
	57024
	13824
	28512
	57024

	Total symbols per slot
	14256
	28512
	6912
	14256
	28512

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 0 as per Table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in sub-clause 5.2.2 of TS 38.212 [15].



Table A.3-9: FRC parameters for FR2 PUSCH performance requirements, transform precoding enabled, UL-DMRS-add-pos = 0 and 1 transmission layer (QPSK, R=193/1024) 
	Reference channel
	G-FR2-A3-11
	G-FR2-A3-12

	Subcarrier spacing [kHz]
	60
	120

	Allocated resource blocks
	30
	30

	DFT-s-OFDM Symbols per slot (Note 1)
	9
	9

	Modulation
	QPSK
	QPSK

	Code rate (Note 2)
	193/1024
	193/1024

	Payload size (bits)
	1224
	1224

	Transport block CRC (bits)
	16
	16

	Code block CRC size (bits)
	-
	-

	Number of code blocks - C
	1
	1

	Code block size including CRC (bits) (Note 2)
	1240
	1240

	Total number of bits per slot
	6480
	6480

	Total symbols per slot
	3240
	3240

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 0 as per Table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in sub-clause 5.2.2 of TS 38.212 [15].



A.4	Fixed Reference Channels for performance requirements (16QAM, R=658/1024)
The parameters for the reference measurement channels are specified in table A.4-1 to table A.4-4 for FR1 PUSCH performance requirements:
-	FRC parameters are specified in table A.4-1 for FR1 PUSCH with transform precoding disabled, UL-DMRS-add-pos = 0 and 1 transmission layer. 
-	FRC parameters are specified in table A.4-2 for FR1 PUSCH with transform precoding disabled, UL-DMRS-add-pos = 1 and 1 transmission layer. 
-	FRC parameters are specified in table A.4-3 for FR1 PUSCH with transform precoding disabled, UL-DMRS-add-pos = 0 and 2 transmission layers. 
-	FRC parameters are specified in table A.4-4 for FR1 PUSCH with transform precoding disabled, UL-DMRS-add-pos = 1 and 2 transmission layers. 
The parameters for the reference measurement channels are specified in table A.4-5 to table A.4-6 for FR2 PUSCH performance requirements:
-	FRC parameters are specified in table A.4-5 for FR2 PUSCH with transform precoding disabled, UL-DMRS-add-pos = 0 and 1 transmission layer. 
-	FRC parameters are specified in table A.4-6 for FR2 PUSCH with transform precoding disabled, UL-DMRS-add-pos = 0 and 2 transmission layers. 
Table A.4-1: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 0 and 1 transmission layer (16QAM, R=658/1024) 
	Reference channel
	G-FR1-A4-1
	G-FR1-A4-2
	G-FR1-A4-3
	G-FR1-A4-4
	G-FR1-A4-5
	G-FR1-A4-6
	G-FR1-A4-7

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

	CP-OFDM Symbols per slot (Note 1)
	13
	13
	13
	13
	13
	13
	13

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate (Note 2)
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024

	Payload size (bits)
	9992
	21000
	42016
	9480
	20496
	42016
	108552

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

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

	Number of code blocks - C
	2
	3
	5
	2
	3
	5
	13

	Code block size including CRC (bits) (Note 2)
	5032
	7032
	8432
	4776
	6864
	8432
	8376

	Total number of bits per slot
	15600
	32448
	66144
	14976
	31824
	66144
	170352

	Total symbols per slot
	3900
	8112
	16536
	3744
	7956
	16536
	42588

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 2 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in subclause 5.2.2 of TS 38.212 [15].



[bookmark: _Hlk527996584]Table A.4-2: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 1 and 1 transmission layer (16QAM, R=658/1024) 
	Reference channel
	G-FR1-A4-8
	G-FR1-A4-9
	G-FR1-A4-10
	G-FR1-A4-11
	G-FR1-A4-12
	G-FR1-A4-13
	G-FR1-A4-14

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

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

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate (Note 2)
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024

	Payload size (bits)
	9224
	19464
	38936
	8968
	18960
	38936
	100392

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

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

	Number of code blocks - C
	2
	3
	5
	2
	3
	5
	12

	Code block size including CRC (bits) (Note 2)
	4648
	6052
	7816
	4520
	6352
	7816
	8392

	Total number of bits per slot
	14400
	29952
	61056
	13824
	29376
	61056
	157248

	Total symbols per slot
	3600
	7488
	15264
	3456
	7344
	15264
	39312

	
NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 1 with l0= 2, l=11 as per table 6.4.1.1.3-3 of TS 38.211 [5].NOTE 2: 	Code block size including CRC (bits) equals to  in subclause 5.2.2 of TS 38.212 [15].



[bookmark: _Hlk527996513]Table A.4-3: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 0 and 2 transmission layers (16QAM, R=658/1024) 
	Reference channel
	G-FR1-A4-15
	G-FR1-A4-16
	G-FR1-A4-17
	G-FR1-A4-18
	G-FR1-A4-19
	G-FR1-A4-20
	G-FR1-A4-21

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

	CP-OFDM Symbols per slot (Note 1)
	13
	13
	13
	13
	13
	13
	13

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate (Note 2)
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024

	Payload size (bits)
	19968
	42016
	83976
	19464
	40976
	83976
	217128

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

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

	Number of code blocks - C
	3
	5
	10
	3
	5
	10
	26

	Code block size including CRC (bits) (Note 2)
	6688
	8432
	8424
	6520
	8224
	8424
	8376

	Total number of bits per slot
	31200
	64896
	132288
	29952
	63648
	132288
	340704

	Total symbols per slot
	7800
	16224
	33072
	7488
	15912
	33072
	85176

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 2 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in subclause 5.2.2 of TS 38.212 [15].



Table A.4-4: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 1 and 2 transmission layers (16QAM, R=658/1024)
	Reference channel
	G-FR1-A4-22
	G-FR1-A4-23
	G-FR1-A4-24
	G-FR1-A4-25
	G-FR1-A4-26
	G-FR1-A4-27
	G-FR1-A4-28

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

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

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate (Note 2)
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024

	Payload size (bits)
	18432
	38936
	77896
	17928
	37896
	77896
	200808

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

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

	Number of code blocks - C
	3
	5
	10
	3
	5
	10
	24

	Code block size including CRC (bits) (Note 2)
	6176
	7816
	7816
	6008
	7608
	7816
	8392

	Total number of bits per slot
	28800
	59904
	122112
	27648
	58752
	122112
	314496

	Total symbols per slot
	7200
	14976
	30528
	6912
	14688
	30528
	78624

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 1 with l0= 2, l=11 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in subclause 5.2.2 of TS 38.212 [15].



Table A.4-5: FRC parameters for FR2 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 0 and 1 transmission layer (16QAM, R=658/1024) 
	Reference channel
	G-FR2-A4-1
	G-FR2-A4-2
	G-FR2-A4-3
	G-FR2-A4-4
	G-FR2-A4-5

	Subcarrier spacing [kHz]
	60
	60
	120
	120
	120

	Allocated resource blocks
	66
	132
	32
	66
	132

	CP-OFDM Symbols per slot (Note 1)
	9
	9
	9
	9
	9

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate (Note 2)
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024

	Payload size (bits)
	18432
	36896
	8968
	18432
	36896

	Transport block CRC (bits)
	24
	24
	24
	24
	24

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

	Number of code blocks - C
	3
	5
	2
	3
	5

	Code block size including CRC (bits) (Note 2)
	6176
	7408
	4520
	6176
	7408

	Total number of bits per slot
	28512
	57024
	13824
	28512
	57024

	Total symbols per slot
	7128
	14256
	3456
	7128
	14256

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 0 as per Table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in sub-clause 5.2.2 of TS 38.212 [15].



Table A.4-6: FRC parameters for FR2 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 0 and 2 transmission layers (16QAM, R=658/1024)
	Reference channel
	G-FR2-A4-6
	G-FR2-A4-7
	G-FR2-A4-8
	G-FR2-A4-9
	G-FR2-A4-10

	Subcarrier spacing [kHz]
	60
	60
	120
	120
	120

	Allocated resource blocks
	66
	132
	32
	66
	132

	CP-OFDM Symbols per slot (Note 1)
	9
	9
	9
	9
	9

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate (Note 2)
	658/1024
	658/1024
	658/1024
	658/1024
	658/1024

	Payload size (bits)
	36896
	73776
	17928
	36896
	73776

	Transport block CRC (bits)
	24
	24
	24
	24
	24

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

	Number of code blocks - C
	5
	9
	3
	5
	9

	Code block size including CRC (bits) (Note 2)
	7408
	8224
	6008
	7408
	8224

	Total number of bits per slot
	57024
	114048
	27648
	57024
	114048

	Total symbols per slot
	14256
	28512
	6912
	14256
	28512

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 0 as per Table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in sub-clause 5.2.2 of TS 38.212 [15].



A.5	Fixed Reference Channels for performance requirements (64QAM, R=567/1024)
The parameters for the reference measurement channels are specified in table A.5-1 to table A.5-2 for FR1 PUSCH performance requirements:
-	FRC parameters are specified in table A.5-1 for FR1 PUSCH with transform precoding disabled, UL-DMRS-add-pos = 0 and 1 transmission layer. 
-	FRC parameters are specified in table A.5-2 for FR1 PUSCH with transform precoding disabled, UL-DMRS-add-pos = 1 and 1 transmission layer.
The parameters for the reference measurement channels are specified in table A.5-3 for FR2 PUSCH performance requirements: 
-	FRC parameters are specified in table A.5-3 for FR2 PUSCH with transform precoding disabled, UL-DMRS-add-pos = 0 and 1 transmission layer. 
Table A.5-1: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 0 and 1 transmission layer (64QAM, R=567/1024) 
	Reference channel
	G-FR1-A5-1
	G-FR1-A5-2
	G-FR1-A5-3
	G-FR1-A5-4
	G-FR1-A5-5
	G-FR1-A5-6
	G-FR1-A5-7

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

	CP-OFDM Symbols per slot (Note 1)
	13
	13
	13
	13
	13
	13
	13

	Modulation
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Code rate (Note 2)
	567/1024
	567/1024
	567/1024
	567/1024
	567/1024
	567/1024
	567/1024

	Payload size (bits)
	13064
	27144
	55304
	12296
	26632
	55304
	143400

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

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

	Number of code blocks - C
	2
	4
	7
	2
	4
	7
	18

	Code block size including CRC (bits) (Note 2)
	6568
	6816
	7928
	6184
	6688
	7928
	7992

	Total number of bits per slot
	23400
	48672
	99216
	22464
	47736
	99216
	255528

	Total symbols per slot
	3900
	8112
	16536
	3744
	7956
	16536
	42588

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 2 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in subclause 5.2.2 of TS 38.212 [15].



Table A.5-2: FRC parameters for FR1 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 1 and 1 transmission layer (64QAM, R=567/1024) 
	Reference channel
	G-FR1-A5-8
	G-FR1-A5-9
	G-FR1-A5-10
	G-FR1-A5-11
	G-FR1-A5-12
	G-FR1-A5-13
	G-FR1-A5-14

	Subcarrier spacing [kHz]
	15
	15
	15
	30
	30
	30
	30

	Allocated resource blocks
	25
	52
	106
	24
	51
	106
	273

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

	Modulation
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Code rate (Note 2)
	567/1024
	567/1024
	567/1024
	567/1024
	567/1024
	567/1024
	567/1024

	Payload size (bits)
	12040
	25104
	50184
	11528
	24576
	50184
	131176

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

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

	Number of code blocks - C
	2
	3
	6
	2
	3
	6
	16

	Code block size including CRC (bits) (Note 2)
	6056
	8400
	8392
	5800
	8224
	8392
	8224

	Total number of bits per slot
	21600
	44928
	91584
	20736
	44064
	91584
	235872

	Total symbols per slot
	3600
	7488
	15264
	3456
	7344
	15264
	39312

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 1 with l0= 2, l=11 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in subclause 5.2.2 of TS 38.212 [15].



Table A.5-3: FRC parameters for FR2 PUSCH performance requirements, transform precoding disabled, UL-DMRS-add-pos = 0 and 1 transmission layer (64QAM, R=567/1024) 
	Reference channel
	G-FR2-A5-1
	G-FR2-A5-2
	G-FR2-A5-3
	G-FR2-A5-4
	G-FR2-A5-5

	Subcarrier spacing [kHz]
	60
	60
	120
	120
	120

	Allocated resource blocks
	66
	132
	32
	66
	132

	CP-OFDM Symbols per slot (Note 1)
	9
	9
	9
	9
	9

	Modulation
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Code rate (Note 2)
	567/1024
	567/1024
	567/1024
	567/1024
	567/1024

	Payload size (bits)
	23568
	47112
	11528
	23568
	47112

	Transport block CRC (bits)
	24
	24
	24
	24
	24

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

	Number of code blocks - C
	3
	6
	2
	3
	6

	Code block size including CRC (bits) (Note 2)
	7888
	7880
	5800
	7888
	7880

	Total number of bits per slot
	42768
	85536
	20736
	42768
	85536

	Total symbols per slot
	7128
	14256
	3456
	7128
	14256

	NOTE 1: 	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1 and the number of DM-RS CDM groups without data is 2, UL-DMRS-add-pos = 0 with l0= 0 as per Table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2: 	Code block size including CRC (bits) equals to  in sub-clause 5.2.2 of TS 38.212 [15].



[bookmark: _Toc508783762]A.6	PRACH Test preambles
Table A.6-1: Test preambles for Normal Mode in FR1
	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	0
	1.25
	13
	22
	32

	A1, A2, A3, B4, C0, C2
	15
	23
	0
	0

	
	30
	46
	0
	0



Table A.6-2: Test preambles for Normal Mode in FR2
	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	A1, A2, A3, B4, C0, C2
	60
	69
	0
	0

	
	120
	69
	0
	0





Annex F (Normative): 
Propagation conditions


F.1	Static propagation condition
The propagation for the static performance measurement is an Additive White Gaussian Noise (AWGN) environment. No fading or multi-paths exist for this propagation model.
F.2	Multi-path fading propagation conditions
The multipath propagation conditions consist of several parts:
-	A delay profile in the form of a "tapped delay-line", characterized by a number of taps at fixed positions on a sampling grid. The profile can be further characterized by the r.m.s. delay spread and the maximum delay spanned by the taps.
-	A combination of channel model parameters that include the Delay profile and the Doppler spectrum that is characterized by a classical spectrum shape and a maximum Doppler frequency.
-	Different models are used for FR1 (below 6 GHz) and FR2 (above 6 GHz).
F.2.1	Delay profiles
The delay profiles are simplified from the TR38.901 TDL models. The simplification steps are shown below for information. These steps are only used when new delay profiles are created. Otherwise, the delay profiles specified in F.2.1.1 and F.2.1.2 can be used as such.
	Step 1: Use the original TDL model from TR38.901.
	Step 2: Re-order the taps in ascending delays
	Step 3: Perform delay scaling according to the procedure described in section 7.7.3 in TR38.901.
	Step 4: Apply the quantization to the delay resolution 5 ns. This is done simply by rounding the tap delays to the nearest multiple of the delay resolution. 
	Step 5: If multiple taps are rounded to the same delay bin, merge them by calculating their linear power sum.
	Step 6: If there are more than 12 taps in the quantized model, merge the taps as follows
-	Keep first tap as such, and the last tap delay as such.
-	Merge two parallel taps with different delays (average delay, sum power) starting from the weakest ones. If the average delay is not in the sampling grid, round up/down it towards the direction of the higher power original tap (e.g. 10 ns & 20 ns  15 ns, 10 ns & 25 ns  20 ns, if 25 ns had higher or equal power; 15 ns, if 10 ns had higher power)
-	Continue as long as the final number of taps is 12.
	Step 7: Round the amplitudes of taps to one decimal (e.g. -8.78 dB  -8.8 dB) 
	Step 8: If the delay spread has slightly changed due to the tap merge, adjust the final delay spread by increasing or decreasing the power of the last tap so that the delay spread is corrected.
	Step 9: Re-normalize the highest tap to 0 dB.
F.2.1.1	Delay profiles for FR1
The delay profiles for FR1 are selected to be representative of low, medium and high delay spread environment. The resulting model parameters are specified in F.2.1.1-1 and the tapped delay line models are specified in Tables F.2.1.1-2 ~ Table F.2.1.1-4.
Table F.2.1.1-1: Delay profiles for NR channel models
	Model
	Number of 
channel taps
	Delay spread
(r.m.s.)
	Maximum excess tap delay (span)
	Delay resolution

	TDLA30
	12
	30 ns
	290 ns
	5 ns

	TDLB100
	12
	100 ns
	480 ns
	5 ns

	TDLC300
	12
	300 ns
	2595 ns
	5 ns



Table F.2.1.1-2: TDLA30 (DS = 30 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	 8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh



Table F.2.1.1-3: TDLB100 (DS = 100ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	0
	Rayleigh

	2
	10
	-2.2
	Rayleigh

	3
	20
	-0.6
	Rayleigh

	4
	30
	-0.6
	Rayleigh

	5
	35
	-0.3
	Rayleigh

	6
	45
	-1.2
	Rayleigh

	7
	55
	-5.9
	Rayleigh

	8
	120
	-2.2
	Rayleigh

	9
	170
	-0.8
	Rayleigh

	10
	245
	-6.3
	Rayleigh

	11
	330
	-7.5
	Rayleigh

	12
	480
	-7.1
	Rayleigh



Table F.2.1.1-4: TDLC300 (DS = 300 ns)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-6.9
	Rayleigh

	2
	65
	0
	Rayleigh

	3
	70
	-7.7
	Rayleigh

	4
	190
	-2.5
	Rayleigh

	5
	195
	-2.4
	Rayleigh

	6
	200
	-9.9
	Rayleigh

	7
	240
	-8.0
	Rayleigh

	8
	325
	-6.6
	Rayleigh

	9
	520
	-7.1
	Rayleigh

	10
	1045
	-13.0
	Rayleigh

	11
	1510
	-14.2
	Rayleigh

	12
	2595
	-16.0
	Rayleigh



F.2.1.2	Delay profiles for FR2
The delay profiles for FR2 are specified in F.2.1.2-1 and the tapped delay line models are specified in Tables F.2.1.2-2.
Table F.2.1.2-1: Delay profiles for NR channel models
	Model
	Number of 
channel taps
	Delay spread
(r.m.s.)
	Maximum excess tap delay (span)
	Delay resolution

	TDLA30
	12
	30 ns
	290 ns
	5 ns



Table F.2.1.2-2: TDLA30 (DS = 30 ns) 
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	 8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh



F.2.2	Combinations of channel model parameters
The propagation conditions used for the performance measurements in multi-path fading environment are indicated as a combination of a channel model name and a maximum Doppler frequency, i.e., TDLA<DS>-<Doppler>, TDLB<DS>-<Doppler> or TDLC<DS>-<Doppler> where ‘<DS>‘ indicates the desired delay spread and ‘<Doppler>’ indicates the maximum Doppler frequency (Hz).
Table F.2.2-1 and Table F.2.2-2 show the propagation conditions that are used for the performance measurements in multi-path fading environment for low, medium and high Doppler frequencies for FR1 and FR2, respectively.
Table F.2.2-1: Channel model parameters for FR1
	Combination name
	Model
	Maximum Doppler frequency

	TDLA30-5
	TDLA30
	5 Hz

	TDLA30-10
	TDLA30
	10 Hz

	TDLB100-400
	TDLB100
	400 Hz

	TDLC300-100
	TDLC300
	100 Hz



Table F.2.2-2: Channel model parameters for FR2
	Combination name
	Model
	Maximum Doppler frequency

	TDLA30-75
	TDLA30
	75 Hz

	TDLA30-300
	TDLA30
	300 Hz



F.2.3	MIMO Channel Correlation Matrices
The MIMO channel correlation matrices defined in F.2.3 apply for the antenna configuration using uniform linear arrays at both gNB and UE and for the antenna configuration using cross polarized antennas.
F.2.3.1	MIMO Correlation Matrices using Uniform Linear Array (ULA)
The MIMO channel correlation matrices defined in F.2.3.1 apply for the antenna configuration using uniform linear array (ULA) at both gNB and UE.
F.2.3.1.1	Definition of MIMO Correlation Matrices
Table F.2.3.1.1-1 defines the correlation matrix for the eNodeB:
Table F.2.3.1.1-1 : gNodeB correlation matrix
	
	One antenna
	Two antennas
	Four antennas

	gNode B Correlation
	

	

	




Table F.2.3.1.1-2 defines the correlation matrix for the UE:
Table F.2.3.1.1-2 : UE correlation matrix
	
	One antenna
	Two antennas
	Four antennas

	UE Correlation
	

	

	




Table F.2.3.1.1-3 defines the channel spatial correlation matrix[image: ]. The parameters α and β in Table F.2.3.1.1-3 defines the spatial correlation between the antennas at the gNodeB and UE respectively.
Table F.2.3.1.1-3: [image: ] correlation matrices
	1x2 case
	


	2x2 case
	


	2x4 case
	


	4x4 case
	







For cases with more antennas at either gNodeB or UE or both, the channel spatial correlation matrix can still be expressed as the Kronecker product of  and  according to .
F.2.3.1.2	MIMO Correlation Matrices at High, Medium and Low Level
The [image: ] and [image: ] for different correlation types are given in Table F.2.3.1.2-1.
Table F.2.3.1.2-1: Correlation for High Medium and Low Level
	Low correlation
	Medium Correlation
	High Correlation

	
	
	
	
	
	

	0
	0
	0.9 
	0.3 
	0.9 
	0.9 



The correlation matrices for high, medium and low correlation are defined in Table F.2.3.1.2-2, F.2.3.1.2-3 and F.2.3.1.2-4 as below.
The values in Table F.2.3.1.2-2 have been adjusted for the 2x4 and 4x4 high correlation cases to insure the correlation matrix is positive semi-definite after round-off to 4 digit precision.  This is done using the equation:

	
Where the value “a” is a scaling factor such that the smallest value is used to obtain a positive semi-definite result.  For the 2x4 high correlation case, a=0.00010. For the 4x4 high correlation case, a=0.00012.
The same method is used to adjust the 4x4 medium correlation matrix in Table F.2.3.1.2-3 to insure the correlation matrix is positive semi-definite after round-off to 4 digit precision with a =0.00012.
Table F.2.3.1.2-2: MIMO correlation matrices for high correlation
	1x2 case
	


	2x2 case
	


	2x4 case
	


	4x4 case
	




Table F.2.3.1.2-3: MIMO correlation matrices for medium correlation
	1x2 case
	[N/A]

	2x2 case
	
[]

	2x4 case
	
[]

	4x4 case
	
[]



Table F.2.3.1.2-4: MIMO correlation matrices for low correlation
	1x2 case
	


	 1x4 case
	


	 2x2 case
	


	 2x4 case
	


	 4x4 case
	






In Table F.2.3.1.1-4,  is a  identity matrix.
NOTE:	For completeness, the 1x2 cases were defined for high, medium and low correlation but performance requirements exist only for low correlation.
F.2.3.2	Multi-Antenna channel models using cross polarized antennas
The MIMO channel correlation matrices defined in F.2.3.2 apply to two cases as presented below:
-	One TX antenna and multiple RX antennas case, with cross polarized antennas used at gNodeB
-	Multiple TX antennas and multiple RX antennas case, with cross polarized antennas used at both UE and gNodeB
The cross-polarized antenna elements with +/-45 degrees polarization slant angles are deployed at gNB. For one TX antenna case, antenna element with +90 degree polarization slant angle is deployed at UE. For multiple TX antennas case, cross-polarized antenna elements with +90/0 degrees polarization slant angles are deployed at UE.
For the cross-polarized antennas, the N antennas are labelled such that antennas for one polarization are listed from 1 to N/2 and antennas for the other polarization are listed from N/2+1 to N, where N is the number of TX or RX antennas.
F.2.3.2.1	Definition of MIMO Correlation Matrices using cross polarized antennas
For the channel spatial correlation matrix, the following is used:

	
Where
-	[image: ] is the spatial correlation matrix at the UE with same polarization,

-	 is the spatial correlation matrix at the gNB with same polarization,

-	 is a polarization correlation matrix,

-	 is a permutation matrix, and
-	[image: ]denotes transpose.
Table F.2.3.2.1-1 defines the polarization correlation matrix.
Table F.2.3.2.1-1: Polarization correlation matrix
	
	One TX antenna
	Multiple TX antennas

	Polarization correlation matrix
	

	





The matrixis defined as

	



where  and  is the number of TX and RX antennas respectively, and  is the ceiling operator.

The matrix  is used to map the spatial correlation coefficients in accordance with the antenna element labelling system described in F.2.3.2.
F.2.3.2.2	Spatial Correlation Matrices at UE and gNB sides
F.2.3.2.2.1	Spatial Correlation Matrices at UE side

For 1-antenna transmitter, .

For 2-antenna transmitter using one pair of cross-polarized antenna elements, .

For 4-antenna transmitter using two pairs of cross-polarized antenna elements, .
F.2.3.2.2.2	Spatial Correlation Matrices at gNB side

For 2-antenna receiver using one pair of cross-polarized antenna elements, .

For 4-antenna receiver using two pairs of cross-polarized antenna elements, .

For 8-antenna receiver using four pairs of cross-polarized antenna elements, .
F.2.3.2.3	MIMO Correlation Matrices using cross polarized antennas
The values for parameters α, β and γ for low spatial correlation are given in Table F.2.3.2.3-1.
Table F.2.3.2.3-1:	Values for parameters α, β and γ
	Low spatial correlation

	α
	β
	γ

	0
	0
	0

	Note 1:	Value of α applies when more than one pair of cross-polarized antenna elements at gNB side.
Note 2:	Value of β applies when more than one pair of cross-polarized antenna elements at UE side.



The correlation matrices for low spatial correlation are defined in Table F.2.3.2.3-2 as below.
Table F.2.3.2.3-2:	MIMO correlation matrices for low spatial correlation
	1x8 case
	


	2x8 case
	




In Table F.2.3.2.3-2, [image: ] is a [image: ] identity matrix.


3GPP
oleObject52.bin

image37.wmf
(

)

T

SpatULUEULgNBUL

RPRRP

=ÄGÄ


oleObject53.bin

image38.wmf
UE

R


oleObject54.bin

image39.wmf
UL

G


oleObject55.bin

image40.wmf
UL

P


oleObject56.bin

image41.wmf
T

)

(

·


image42.wmf
1

1

UL

Γ

g

g

-

éù

=

êú

-

ëû


oleObject57.bin

image43.wmf
100

100

001

001

UL

Γ

g

g

g

g

-

éù

êú

-

êú

=

êú

êú

ëû


oleObject58.bin

oleObject59.bin

image44.wmf
1(1)2(1),1,,,1,,/2

(,)1(1)2(/2),1,,,/21,...,

0

UL

forajNriandbjNriiNrjNt

abforajNriandbjNtNrNriiNrjNtNt

otherwise

ì=-+=-+==

éù

êú

ï

==-+=--+==+

éù

í

êú

ï

î

P

LL

L


oleObject60.bin

image45.wmf
Nt


oleObject61.bin

image46.wmf
Nr


oleObject62.bin

image47.wmf
·

éù

êú


oleObject63.bin

oleObject64.bin

image48.wmf
1

UE

R

=


oleObject65.bin

oleObject66.bin

image49.wmf
*

1

1

UE

R

b

b

æö

=

ç÷

èø


oleObject67.bin

image50.wmf
1

gNB

R

=


image1.wmf
(

)

bits)

NACK 

 

Total

(

#

bits

ACK 

 

as

 

decoded

 

bits

NACK 

#

 

bits)

ACK 

NACK 

 

Prob(PUCCH

=

®


oleObject68.bin

image51.wmf
*

1

1

gNB

R

a

a

æö

=

ç÷

èø


oleObject69.bin

image52.wmf
1/94/9

1/9*1/94/9

4/9*1/9*1/9

*4/9*1/9*

1

1

1

1

gNB

R

aaa

aaa

aaa

aaa

æö

ç÷

=

ç÷

ç÷

èø


oleObject70.bin

image53.wmf
8

low

R

=

I


oleObject71.bin

image54.wmf
16

low

R

=

I


oleObject72.bin

image55.wmf
d

I


image2.wmf
bits)

NACK 

 

Total

(

#


image56.wmf
d

d

´


image3.wmf
(

)

bits

ACK 

 

as

 

decoded

 

bits

NACK 

#


image4.wmf
0

l


oleObject1.bin

image5.wmf
l


oleObject2.bin

oleObject3.bin

oleObject4.bin

oleObject5.bin

oleObject6.bin

image6.wmf
'

K


oleObject7.bin

oleObject8.bin

oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

image7.wmf
1

gNB

R

=


oleObject25.bin

image8.wmf
1        

    1

gNB

R

a

a

*

æö

=

ç÷

èø


oleObject26.bin

image9.wmf
14

99

114

*

999

411

**

999

41

***

99

1

1

1

1

gNB

R

aaa

aaa

aaa

aaa

æö

ç÷

ç÷

ç÷

=

ç÷

ç÷

ç÷

èø


oleObject27.bin

image10.wmf
1

=

UE

R


oleObject28.bin

image11.wmf
÷

÷

ø

ö

ç

ç

è

æ

=

*

1

    

        

b

b

1

UE

R


oleObject29.bin

image12.wmf
÷

÷

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

ç

è

æ

=

1

1

1

1

*

9

1

*

9

4

*

9

1

*

9

1

*

9

4

9

4

9

1

*

9

1

9

4

9

1

b

b

b

b

b

b

b

b

b

b

b

b

UE

R


oleObject30.bin

image13.wmf
spat

R


image14.wmf
1        

    1

spatgNB

RR

a

a

*

æö

==

ç÷

èø


oleObject31.bin

image15.wmf
**

****

****

1

111

111

1

spatUEgNB

RRR

abba

baabab

babbaa

baba

éù

êú

éùéù

êú

=Ä=Ä=

êúêú

êú

ëûëû

êú

ëû


oleObject32.bin

image16.wmf
*

**

**

14

99

114

999

*

411

999

41

*

99

1

1

1

1

1

1

spatUEgNB

RRR

aaa

aaa

b

b

aaa

aaa

éù

êú

êú

éù

êú

=Ä=Ä

êú

êú

ëû

êú

êú

êú

ëû


oleObject33.bin

image17.wmf
*

**

**

14

14

99

99

114

114

*

999

999

411

411

**

999

999

41

41

***

99

*

99

1

1

1

1

1

1

1

1

spatUEgNB

RRR

aaa

bbb

aaa

bbb

bbb

aaa

bbb

aaa

éù

æö

êú

ç÷

êú

ç÷

êú

ç÷

=Ä=Ä

êú

ç÷

êú

ç÷

êú

ç÷

èø

êú

ëû


oleObject34.bin

image18.wmf
UE

R


oleObject35.bin

image19.wmf
gNB

R


oleObject36.bin

image20.wmf
spatUEgNB

RRR

=Ä


oleObject37.bin

image21.wmf
a


image22.wmf
b


image23.wmf
)

1

/(

]

[

a

aI

n

spatial

high

+

+

=

R

R


oleObject38.bin

image24.wmf
÷

÷

ø

ö

ç

ç

è

æ

=

1

9

.

0

9

.

0

1

high

R


oleObject39.bin

image25.wmf
÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

=

1

9

.

0

9

.

0

81

.

0

9

.

0

1

81

.

0

9

.

0

9

.

0

81

.

0

1

9

.

0

81

.

0

9

.

0

9

.

0

1

high

R


oleObject40.bin

image26.wmf
  1.0000    0.9883    0.9542    0.8999  

  0.8999    0.8894    0.8587    0.8099

  0.9883    1.0000    0.9883    0.9542  

  0.8894    0.8999    0.8894    0.8587

  0.9542    0.9883    1.0000    0.9883

high

R

=

    0.8587    0.8894    0.8999    0.8894

  0.8999    0.9542    0.9883    1.0000  

  0.8099    0.8587    0.8894    0.8999

  0.8999    0.8894    0.8587    0.8099  

  1.0000    0.9883    0.9542    0.8999

  0.

8894    0.8999    0.8894    0.8587    0.

9883    1.0000    0.9883    0.9542

  0.8587    0.8894    0.8999    0.8894  

  0.9542    0.9883    1.0000    0.9883

  0.8099    0.8587    0.8894    0.8999  

  0.8999

    0.9542    0.9883    1.0000

éù

êú

êú

êú

êú

êú

êú

êú

ëû


oleObject41.bin

image27.wmf
ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

=

1.0000

    

0.9882

    

0.9541

    

0.8999

    

0.9882

    

0.9767

    

0.9430

    

0.8894

    

0.9541

    

0.9430

    

0.9105

    

0.8587

    

0.8999

    

0.8894

    

0.8587

    

0.8099

  

0.9882

    

1.0000

    

0.9882

    

0.9541

    

0.9767

    

0.9882

    

0.9767

    

0.9430

    

0.9430

    

0.9541

    

0.9430

    

0.9105

    

0.8894

    

0.8999

    

0.8894

    

0.8587

  

0.9541

    

0.9882

    

1.0000

    

0.9882

    

0.9430

    

0.9767

    

0.9882

    

0.9767

    

0.9105

    

0.9430

    

0.9541

    

0.9430

    

0.8587

    

0.8894

    

0.8999

    

0.8894

  

0.8999

    

0.9541

    

0.9882

    

1.0000

    

0.8894

    

0.9430

    

0.9767

    

0.9882

    

0.8587

    

0.9105

    

0.9430

    

0.9541

    

0.8099

    

0.8587

    

0.8894

    

0.8999

  

0.9882

    

0.9767

    

0.9430

    

0.8894

    

1.0000

    

0.9882

    

0.9541

    

0.8999

    

0.9882

    

0.9767

    

0.9430

    

0.8894

    

0.9541

    

0.9430

    

0.9105

    

0.8587

  

0.9767

    

0.9882

    

0.9767

    

0.9430

    

0.9882

    

1.0000

    

0.9882

    

0.9541

    

0.9767

    

0.9882

    

0.9767

    

0.9430

    

0.9430

    

0.9541

    

0.9430

    

0.9105

  

0.9430

    

0.9767

    

0.9882

    

0.9767

    

0.9541

    

0.9882

    

1.0000

    

0.9882

    

0.9430

    

0.9767

    

0.9882

    

0.9767

    

0.9105

    

0.9430

    

0.9541

    

0.9430

  

0.8894

    

0.9430

    

0.9767

    

0.9882

    

0.8999

    

0.9541

    

0.9882

    

1.0000

    

0.8894

    

0.9430

    

0.9767

    

0.9882

    

0.8587

    

0.9105

    

0.9430

    

0.9541

  

0.9541

    

0.9430

    

0.9105

    

0.8587

    

0.9882

    

0.9767

    

0.9430

    

0.8894

    

1.0000

    

0.9882

    

0.9541

    

0.8999

    

0.9882

    

0.9767

    

0.9430

    

0.8894

  

0.9430

    

0.9541

    

0.9430

    

0.9105

    

0.9767

    

0.9882

    

0.9767

    

0.9430

    

0.9882

    

1.0000

    

0.9882

    

0.9541

    

0.9767

    

0.9882

    

0.9767

    

0.9430

  

0.9105

    

0.9430

    

0.9541

    

0.9430

    

0.9430

    

0.9767

    

0.9882

    

0.9767

    

0.9541

    

0.9882

    

1.0000

    

0.9882

    

0.9430

    

0.9767

    

0.9882

    

0.9767

  

0.8587

    

0.9105

    

0.9430

    

0.9541

    

0.8894

    

0.9430

    

0.9767

    

0.9882

    

0.8999

    

0.9541

    

0.9882

    

1.0000

    

0.8894

    

0.9430

    

0.9767

    

0.9882

  

0.8999

    

0.8894

    

0.8587

    

0.8099

    

0.9541

    

0.9430

    

0.9105

    

0.8587

    

0.9882

    

0.9767

    

0.9430

    

0.8894

    

1.0000

    

0.9882

    

0.9541

    

0.8999

  

0.8894

    

0.8999

    

0.8894

    

0.8587

    

0.9430

    

0.9541

    

0.9430

    

0.9105

    

0.9767

    

0.9882

    

0.9767

    

0.9430

    

0.9882

    

1.0000

    

0.9882

    

0.9541

  

0.8587

    

0.8894

    

0.8999

    

0.8894

    

0.9105

    

0.9430

    

0.9541

    

0.9430

    

0.9430

    

0.9767

    

0.9882

    

0.9767

    

0.9541

    

0.9882

    

1.0000

    

0.9882

  

0.8099

    

0.8587

    

0.8894

    

0.8999

    

0.8587

    

0.9105

    

0.9430

    

0.9541

    

0.8894

    

0.9430

    

0.9767

    

0.9882

    

0.8999

    

0.9541

    

0.9882

    

1.0000

  

high

R


oleObject42.bin

image28.wmf
1.0000    0.9000    0.3000    0.2700

0.9000    1.0000    0.2700    0.3000

0.3000    0.2700    1.0000    0.9000

0.2700    0.3000    0.9000    1.0000

medium

R

æö

ç÷

=

ç÷

ç÷

èø


oleObject43.bin

image29.wmf
 1.0000    0.9884    0.9543    0.9000   

 0.3000    0.2965    0.2863    0.2700

    0.9884    1.0000    0.9884    0.9543

    0.2965    0.3000    0.2965    0.2863

    0.9543    0.9884    1.0000    0

medium

R

=

.9884    0.2863    0.2965    0.3000    0

.2965

    0.9000    0.9543    0.9884    1.0000

    0.2700    0.2863    0.2965    0.3000

    0.3000    0.2965    0.2863    0.2700

    1.0000    0.9884    0.9543    0

.9000

    0.2965    0.3000    0.2965    0.2863

    0.9884    1.0000    0.9884    0.9543

    0.2863    0.2965    0.3000    0.2965

    0.9543    0.9884    1.0000    0.9884

    0.2700    0.2863    0.2965    0

.3000    0.9000    0.9543    0.9884    1

.0000

æö

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

èø


oleObject44.bin

image30.wmf
1.0000    0.9882    0.9541    0.8999    

0.8747    0.8645    0.8347    0.7872    

0.5855    0.5787    0.5588    0.5270    

0.3000    0.2965    0.2862    0.2700

    0.9882    1.0000    0.9882    0.

medium

R

=

9541    0.8645    0.8747    0.8645    0.

8347    0.5787    0.5855    0.5787    0.

5588    0.2965    0.3000    0.2965    0.

2862

    0.9541    0.9882    1.0000    0.9882

    0.8347    0.8645    0.8747    0.

8645    0.5588    0.5787    0.5855    0.

5787    0.2862    0.2965    0.3000    0.

2965

    0.8999    0.9541    0.9882    1.0000

    0.7872    0.8347    0.8645    0.8747

    0.5270    0.5588    0.5787    0.

5855    0.2700    0.2862    0.2965    0.

3000

    0.8747    0.8645    0.8347    0.7872

    1.0000    0.9882    0.9541    0.8999

    0.8747    0.8645    0.8347    0.7872

    0.5855    0.5787    0.5588    0.

5270

    0.8645    0.8747    0.8645    0.8347

    0.9882    1.0000    0.9882    0.9541

    0.8645    0.8747    0.8645    0.8347

    0.5787    0.5855    0.5787    0.5588

    0.8347    0.8645    0.8747    0.

8645    0.9541    0.9882    1.0000    0.

9882    0.8347    0.8645    0.8747    0.

8645    0.5588    0.5787    0.5855    0.

5787

    0.7872    0.8347    0.8645    0.8747

    0.8999    0.9541    0.9882    1.

0000    0.7872    0.8347    0.8645    0.

8747    0.5270    0.5588    0.5787    0.

5855

    0.5855    0.5787    0.5588    0.5270

    0.8747    0.8645    0.8347    0.7872

    1.0000    0.9882    0.9541    0.

8999    0.8747    0.8645    0.8347    0.

7872

    0.5787    0.5855    0.5787    0.5588

    0.8645    0.8747    0.8645    0.8347

    0.9882    1.0000    0.9882    0.9541

    0.8645    0.8747    0.8645    0.

8347

    0.5588    0.5787    0.5855    0.5787

    0.8347    0.8645    0.8747    0.8645

    0.9541    0.9882    1.0000    0.9882

    0.8347    0.8645    0.8747    0.8645

    0.5270    0.5588    0.5787    0.

5855    0.7872    0.8347    0.8645    0.

8747    0.8999    0.9541    0.9882    1.

0000    0.7872    0.8347    0.8645    0.

8747

    0.3000    0.2965    0.2862    0.2700

    0.5855    0.5787    0.5588    0.

5270    0.8747    0.8645    0.8347    0.

7872    1.0000    0.9882    0.9541    0.

8999

    0.2965    0.3000    0.2965    0.2862

    0.5787    0.5855    0.5787    0.5588

    0.8645    0.8747    0.8645    0.

8347    0.9882    1.0000    0.9882    0.

9541

    0.2862    0.2965    0.3000    0.2965

    0.5588    0.5787    0.5855    0.5787

    0.8347    0.8645    0.8747    0.8645

    0.9541    0.9882    1.0000    0.

9882

    0.2700    0.2862    0.2965    0.3000

    0.5270    0.5588    0.5787    0.5855

    0.7872    0.8347    0.8645    0.8747

    0.8999    0.9541    0.9882    1.0000

æö

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

ç÷

èø


oleObject45.bin

image31.wmf
2

I

=

low

R


oleObject46.bin

image32.wmf
4

I

=

low

R


oleObject47.bin

oleObject48.bin

image33.wmf
8

I

=

low

R


oleObject49.bin

image34.wmf
16

I

=

low

R


oleObject50.bin

image35.wmf
d

I


oleObject51.bin

image36.wmf
d

d

´


