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7.2A	PDSCH demodulation requirements for CA	577
7.2A.1	1RX requirements (Void)	577
7.2A.2	2RX requirements	577
7.2A.2.1	2Rx TDD FR2 CA requirements for normal PDSCH Demodulation Performance for both SA and NSA (2DLCA)	578
7.3	PDCCH demodulation requirements	579
7.3.1	1RX requirements	582
7.3.2	2RX requirements	582
7.3.2.1	FDD	582
7.3.2.2	TDD	582
7.3.2.2.1	2Rx TDD FR2 PDCCH 1 Tx antenna performance for both SA and NSA	582
7.3.2.2.2	2Rx TDD FR2 PDCCH 2 Tx antenna performance for both SA and NSA	585
7.3.2.2.3	2Rx TDD FR2 PDCCH 1 Tx antenna performance for power saving	588
7.4	PBCH demodulation requirements	592
7.5	Sustained downlink data rate provided by lower layers	592
8	CSI reporting requirements (Radiated requirements)	592
8.1	General	592
8.1.1	Applicability of requirements	593
8.1.1.1	General	593
8.1.1.2	Applicability of requirements for different number of RX antenna ports	593
8.1.1.3	Applicability of requirements for optional UE features	593
8.1.1.4	Applicability of requirements for mandatory UE features with capability signalling	593
8.1.1.5	Applicability of Channel Quality Indicator (CQI) reporting requirements for CA	594
8.1.1.5.1	Applicability and test rules for different CA configurations and bandwidth combination sets	594
8.1.1.5.2	Test coverage for different number of component carriers	594
8.1.1_1	Applicability of test requirements due to maximum achievable SNR	594
8.1.2	Common test parameters	595
8.2	Reporting of Channel Quality Indicator (CQI)	598
8.2.1	1RX requirements	598
8.2.2	2RX requirements	598
8.2.2.1	FDD	598
8.2.2.2	TDD	598
8.2.2.2.1	CQI reporting under AWGN conditions	598
8.2.2.2.1.1	2Rx TDD FR2 periodic wideband CQI reporting under AWGN performance for both SA and NSA	598
8.2.2.2.2	CQI reporting under fading conditions	602
8.2.2.2.2.1	2Rx TDD FR2 aperiodic wideband CQI reporting under fading performance for both SA and NSA	602
8.2.2.2.2.1_1	2Rx TDD FR2 aperiodic CQI wideband reporting under fading performance for both SA and NSA – 256QAM (Rel-16 and forward)	609
8.2A	Reporting of Channel Quality Indicator (CQI) for CA	613
8.2A.1	General	613
8.2A.2	1RX requirements	613
8.2A.3	2RX requirements	613
8.2A.3.1	CQI reporting definition under AWGN conditions	613
8.2A.3.1.0	Minimum requirement for periodic CQI reporting	613
8.2A.3.1.1	2Rx CQI reporting accuracy under AWGN conditions for CA (2DL CA)	615
8.2A.3.1.2	2Rx CQI reporting accuracy under AWGN conditions for CA (3DL CA)	617
8.2A.3.1.3	2Rx CQI reporting accuracy under AWGN conditions for CA (4DL CA)	618
8.3	Reporting of Precoding Matrix Indicator (PMI)	618
8.3.0	General	618
8.3.1	1RX requirements (Void)	619
8.3.2	2RX requirements	619
8.3.2.1	FDD	619
8.3.2.2	TDD	619
8.3.2.2.1	2Rx TDD FR2 Single PMI with 2TX TypeI-SinglePanel codebook for both SA and NSA	619
8.4	Reporting of Rank Indicator (RI)	625
8.4.1	1RX requirements	625
8.4.2	2RX requirements	625
8.4.2.1	FDD	625
8.4.2.2	TDD	625
8.4.2.2.1	2Rx TDD FR2 RI reporting for both SA and NSA	625
9	Demodulation performance requirements for interworking	631
9.1	General	631
9.1.1	Applicability of requirements	631
9.1.1.1	Applicability of requirements for optional UE features	632
9.1.1.2	Applicability of requirements for mandatory UE features with capability signalling	632
9.1.2	E-UTRA Cell setup	632
9.1.2.1	FDD	632
9.1.2.2	TDD	633
9.2	Void	634
9.2A	PDSCH Demodulation for CA	634
9.2A.1	NR CA between FR1 and FR2	634
9.2B	PDSCH Demodulation for DC	635
9.2B.1	EN-DC	635
9.2B.1.1	EN-DC within FR1	635
9.2B.1.2	EN-DC including FR2 NR carrier only	635
9.2B.1.3	EN-DC including FR1 and FR2 NR carriers	635
9.2B.2	NR DC between FR1 and FR2	635
9.3	Void	635
9.3A	PDCCH Demodulation for CA	635
9.3A.1	NR CA between FR1 and FR2	635
9.3B	PDCCH Demodulation for DC	635
9.3B.1	EN-DC	635
9.3B.1.1	EN-DC within FR1	635
9.3B.1.2	EN-DC including FR2 NR carrier only	635
9.3B.1.3	EN-DC including FR1 and FR2 NR carriers	636
9.3B.2	NR DC between FR1 and FR2	636
9.4	Void	636
9.4A	SDR test for CA	636
9.4B	SDR test for DC	636
9.4B.1	EN-DC	636
9.4B.1.1	Sustained downlink data rate performance for EN-DC within FR1	636
9.4B.1.2	Sustained downlink data rate performance for EN-DC including FR2 NR carrier	649
9.4B.2	658
9.4B.3	NE-DC	658
9.4B.3.1	Sustained downlink data rate performance for NE-DC within FR1	658
10	CSI reporting requirements for interworking	658
10.1	General	658
10.1.1	Applicability of requirements	658
10.1.1.1	Applicability of requirements for optional UE features	659
10.1.1.2	Applicability of requirements for mandatory UE features with capability signalling	659
10.2	Void	659
10.2A	Reporting of Channel Quality Indicator (CQI) for CA	659
10.2B	Reporting of Channel Quality Indicator (CQI) for DC	659
10.2B.1	EN-DC	659
10.2B.1.1	EN-DC within FR1	659
10.2B.1.2	EN-DC including FR2 NR carrier	659
10.2B.1.3	EN-DC including FR1 and FR2 NR carriers	659
10.2B.2	NR DC between FR1 and FR2	659
10.3A	Reporting of Precoding Matrix Indicator (PMI) for CA	659
10.3B	Reporting of Precoding Matrix Indicator (PMI) for DC	660
10.3B.1	EN-DC	660
10.3B.1.1	EN-DC within FR1	660
10.3B.1.2	EN-DC including FR2 NR carrier	660
10.3B.1.3	EN-DC including FR1 and FR2 NR carriers	660
10.3B.2	NR DC between FR1 and FR2	660
10.4A	Reporting of Rank Indicator (RI) for CA	660
10.4B	Reporting of Rank Indicator (RI) for DC	660
10.4B.1	EN-DC	660
10.4B.1.1	EN-DC within FR1	660
10.4B.1.2	EN-DC including FR2 NR carrier	660
10.4B.1.3	EN-DC including FR1 and FR2 NR carriers	660
10.4B.2	NR DC between FR1 and FR2	661
Annex A (normative): Measurement channels	662
A.1	General	662
A.1.1	Throughput definition	662
A.1.2	TDD UL-DL configurations for FR1	662
A.1.3	TDD UL-DL configurations for FR2	665
A.2	UL Reference measurement channels	667
A.2.1	General	667
A.2.2	Reference measurement channels for FDD	668
A.2.2.1	RMC for Sustained downlink data rate	668
A.2.2.1.1	CP-OFDM 64QAM	668
A.2.3	Reference measurement channels for TDD	670
A.2.3.1	RMC for Sustained downlink data rate	670
A.2.3.1.1	CP-OFDM 16QAM	670
A.3	DL reference measurement channels	672
A.3.1	General	672
A.3.2	Reference measurement channels for PDSCH performance requirements	672
A.3.2.1	FDD	672
A.3.2.1.1	Reference measurement channels for SCS 15 kHz FR1	672
A.3.2.1.2	Reference measurement channels for SCS 30 kHz FR1	682
A.3.2.1.3	Reference measurement channels for SCS 60 kHz FR1	683
A.3.2.1.4	Reference measurement channels for E-UTRA	683
A.3.2.2	TDD	689
A.3.2.2.1	Reference measurement channels for SCS 15 kHz FR1	689
A.3.2.2.2	Reference measurement channels for SCS 30 kHz FR1	691
A.3.2.2.3	Reference measurement channels for SCS 60 kHz FR1	707
A.3.2.2.4	Reference measurement channels for SCS 60 kHz FR2	707
A.3.2.2.5	Reference measurement channels for SCS 120 kHz FR2	709
A.3.2.2.6	Reference measurement channels for E-UTRA	719
A.3.2_1	Reference measurement channels for Sustained downlink data rate performance requirements	725
A.3.2_1.1	FDD	725
A.3.2_1.1.1	Reference measurement channels for SCS 15 kHz FR1	725
A.3.2_1.2	TDD	726
A.3.2_1.2.1	Reference measurement channels for SCS 30 kHz FR1	726
A.3.3	Reference measurement channels for PDCCH performance requirements	730
A.3.3.1	FDD	730
A.3.3.1.1	Reference measurement channels for SCS 15 kHz FR1	730
A.3.3.1.2	Reference measurement channels for SCS 30 kHz FR1	732
A.3.3.2	TDD	732
A.3.3.2.1	Reference measurement channels for SCS 15 kHz FR1	732
A.3.3.2.2	Reference measurement channels for SCS 30 kHz FR1	733
A.3.3.2.3	Reference measurement channels for SCS 60 kHz FR1	735
A.3.3.2.4	Reference measurement channels for SCS 60 kHz FR2	735
A.3.3.2.5	Reference measurement channels for SCS 120 kHz FR2	735
A.3.4	Reference measurement channels for PBCH demodulation requirements	735
A.3.4.1	Reference measurement channels for FR1	735
A.3.4.2	Reference measurement channels for FR2	736
A.4	CSI reference measurement channels	736
A.5	OFDMA Channel Noise Generator (OCNG)	739
A.5.1	OCNG Patterns for FDD	739
A.5.1.1	OCNG FDD pattern 1: Generic OCNG FDD Pattern for all unused REs	739
A.5.2	OCNG Patterns for TDD	739
A.5.2.1	OCNG TDD pattern 1: Generic OCNG TDD Pattern for all unused REs	739
Annex B (normative): Propagation conditions	740
B.0	No interference	740
B.1	Static propagation condition	740
B.1.1	UE Receiver with 2Rx	740
B.1.2	UE Receiver with 4Rx	740
B.2	Multi-path fading propagation conditions	741
B.2.1	Delay profiles	741
B.2.1.1	Delay profiles for FR1	742
B.2.1.2	Delay profiles for FR2	743
B.2.2	Combinations of channel model parameters	744
B.2.3	MIMO Channel Correlation Matrices	745
B.2.3.1	MIMO Correlation Matrices using Uniform Linear Array (ULA)	745
B.2.3.1.1	Definition of MIMO Correlation Matrices	745
B.2.3.1.2	MIMO Correlation Matrices at High, Medium and Low Level	748
B.2.3.2	MIMO Correlation Matrices using Cross Polarized Antennas (X-pol)	752
B.2.3.2.1	Definition of MIMO Correlation Matrices using cross polarized antennas	752
B.2.3.2.2	MIMO Correlation Matrices using cross polarized antennas	754
B.2.3.2.3	Beam steering approach	757
B.2.3.2.3A	Beam steering approach with dual cluster beams	758
B.2.4	Two-tap propagation conditions for CQI tests	759
B.3	High Speed Train Scenario	760
B.3.1	Single Tap Channel Profile	760
B.3.2	HST-SFN Channel Profile	763
B.3.3	HST-DPS Channel Profile	766
B.4	Physical signals, channels mapping and precoding	768
B.4.1	General	768
Annex C (normative):  Downlink physical channels	770
C.0	Downlink signal levels	770
C.0.1	FR1 Downlink Signal Levels (Conducted)	770
C.0.2	FR2 Downlink Signal Levels (Radiated)	770
C.1	Setup	771
C.1.1	FR1 Setup	771
C.1.2	FR2 Setup	773
C.2	Connection	775
C.2.1	FR1 Measurement of Performance Characteristics	775
C.2.2	FR2 Measurement of Performance Characteristics	775
Annex D (normative): E-UTRA link setup config for NSA testing	776
D.0	General	776
D.1	E-UTRA test parameters	776
D.2	E-UTRA configuration	778
D.3	E-UTRA link common physical channel setup	779
D.4	E-UTRA power level	779
D.4.1	E-UTRA power level (conducted)	779
D.4.2	E-UTRA power level (radiated)	779
Annex E (normative): Environmental conditions	780
Annex F (normative): Measurement uncertainties and test tolerances	780
F.1	Measurement uncertainties and test tolerances for FR1	780
F.1.1	Acceptable uncertainty of test system (normative)	780
F.1.1.1	Measurement of test environments	780
F.1.1.2	Measurement of Demod Performance requirements	780
F.1.1.3	Measurement of Channel State Information reporting	789
F.1.2	Interpretation of measurement results (normative)	792
F.1.3	Test Tolerance and Derivation of Test Requirements (informative)	792
F.1.3.1	Measurement of test environments	793
F.1.3.2	Measurement of Demod Performance requirements	793
F.1.3.3	Measurement of Channel State Information reporting	798
F.2	Measurement uncertainties and test tolerances for FR2	802
F.2.1	Acceptable uncertainty of test system (normative)	802
F.2.1.1	Measurement of test environments	802
F.2.1.2	Measurement of Demod Performance requirements	802
F.2.1.3	Measurement of Channel State Information reporting	804
F.2.2	Interpretation of measurement results (normative)	807
F.2.3	Test Tolerance and Derivation of Test Requirements (informative)	808
F.2.3.1	Measurement of test environments	808
F.2.3.2	Measurement of Demod Performance requirements	808
F.2.3.3	Measurement of Channel State Information reporting	809
Annex G (normative): Statistical Testing	811
G.1	Statistical testing of Performance Requirements with throughput	811
G.1.1	General	811
G.1.2	Mapping throughput to error ratio	811
G.1.3	Design of the test	812
G.1.4	Pass Fail limit	812
G.1.5	Minimum Test time	813
G.2	Theory to derive the numbers for statistical testing (informative)	816
G.2.1	Error Ratio (ER)	816
G.2.2	Test Design	816
G.2.3	Confidence level	816
G.2.4	Introduction: Supplier Risk versus Customer Risk	816
G.2.5	Supplier Risk versus Customer Risk	817
G.2.6	Introduction: Standard test versus early decision concept	817
G.2.7	Standard test versus early decision concept	818
G.2.8	Selectivity	818
G.2.9	Design of the test	819
G.2.10	Simulation to derive the pass fail limits	819
G.3	Measuring throughput ratio	820
G.3.1	General	820
G.3.2	Establishing SNR	821
G.3.3	Measuring T-put	821
G.3.4	Number of samples for throughput ratios	821
G.4	Statistical testing of Performance Requirements with BLER limit	821
G.4.1	General	821
G.4.2	Design of the test	822
G.4.3	Numerical definition of the pass fail limits for 0.001% BLER	822
G.4.4	Simulation to derive the pass-fail limits for 0.001% BLER	827
Annex H: Approach for finding UE direction for FR2 Demod and CSI Testing	829
H.0	Normative criteria for determining UE direction for Demod and CSI	829
H.1	Procedure for finding UE direction	829
H.1.1	Using Rx beam peak direction search	829
H.1.2	RSRPB based scan with fallback option to Rx beam peak direction search	829
H.1.3	Isolation based scan with fallback option to Rx beam peak direction search	830
H.2	Wireless cable mode isolation procedure	831
Annex I (informative): Change history	832
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