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7.1	NCR-MT Performance requirements
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Conducted performance requirements specify the ability of the NCR-MT to correctly demodulate signals in various conditions and configurations. Conducted performance requirements are specified at the antenna connectors (NCR-MT type 1-C) or TAB connector(s) (NCR type 1-H).
Conducted performance requirements for the NCR-MT are specified for the fixed reference channels and the propagation conditions defined in TS 38.106 [2] annex F and annex G, respectively. 
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 single antenna connector or TAB connector.
N	is the noise energy in a bandwidth corresponding to the transmission bandwidth over the duration of a slot.
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[bookmark: _Toc73963099][bookmark: _Toc75260276][bookmark: _Toc75275818][bookmark: _Toc75276329][bookmark: _Toc76541828][bookmark: _Toc82437598][bookmark: _Toc89944964][bookmark: _Toc98753982][bookmark: _Toc106180968][bookmark: _Toc114151013][bookmark: _Toc124151416][bookmark: _Toc124151936][bookmark: _Toc124152456][bookmark: _Toc130396988][bookmark: _Toc130397508][bookmark: _Toc137558612][bookmark: _Toc138862437][bookmark: _Toc145532494]7.1.2.2.1	Definition and applicability
The performance requirement of PDSCH is determined by two means; a minimum required throughput for a given SNR and a minimum SNR at which 1% BLER for the first transmission is achieved. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in annex F. The throughput performance requirements assume HARQ re-transmissions, whereas the first transmission BLER requirements do not consider HARQ. 
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The minimum requirement is in TS 38.106 [2] clause 8.3.1.
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The test shall verify the receiver’s ability to achieve throughput  and 1st transmission BLER under multipath fading propagation conditions for a given SNR.
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7.1.2.2.4.1	Initial conditions
Test environment:	Normal, see annex B.2.
RF channels to be tested for single carrier:	M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
7.1.2.2.4.2	Procedure
1)	Connect the NCR tester generating the wanted signal, multipath fading simulators and AWGN generators to all NCR-MT TAB connectors or antenna connectors  for diversity reception via a combining network as shown in annex D.9 or D.11.
2)	Adjust the AWGN generator and adjust the AWGN power level to -77.2 dBm / 38.16MHz.
3)	The characteristics of the wanted signal shall be configured according to the corresponding DL reference measurement channel defined in annex F and the test parameters in table 7.1.2.2.4.2-1.
Table 7.1.2.2.4.2-1: Test parameters for testing PDSCH
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	Active BWP index
	
	1

	Default TDD UL-DL pattern (Note 1)
	
	7D1S2U, S=6D:4G:4U

	PDSCH transmission scheme
	
	Transmission scheme 1

	Carrier configuration
	Offset between Point A and the lowest usable subcarrier on this carrier (Note 1)
	RBs
	0

	
	Subcarrier spacing
	kHz
	30

	DL BWP configuration #1
	Cyclic prefix
	
	Normal

	
	RB offset
	RBs
	0

	
	Number of contiguous PRB
	PRBs
	106

	PDSCH DMRS configuration
	Antenna ports indexes
	
	{1000} for Rank 1 tests
{1000, 1001} for Rank 2 tests
{1000-1002} for Rank 3 tests
{1000-1003} for Rank 4 tests

	
	Position of the first DMRS for PDSCH mapping type A
	
	2

	
	Number of PDSCH DMRS CDM group(s) without data
	
	1 for Rank 1 and Rank 2 tests
2 for Rank 3 and Rank 4 tests

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	Specific to each Reference channel

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PT-RS configuration
	
	PT-RS is not configured

	Maximum number of code block groups for ACK/NACK feedback
	
	1

	Maximum number of HARQ transmission
	
	4

	HARQ ACK/NACK bundling
	
	Multiplexed

	Redundancy version coding sequence
	
	{0,2,3,1}

	PDSCH & PDSCH DMRS Precoding configuration
	
	Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity

	NOTE 1: 	The same requirements are applicable to TDD with different UL-DL patterns.
NOTE 2:	Point A coincides with minimum guard band as specified in TS 38.101-1 [2] for tested channel bandwidth and subcarrier spacing.



4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex F.
5)	Adjust the equipment so that required SNR specified in table 81.2.2.5.1-1 is achieved at the IAB-MT input.
6)	For each of the reference channels in table 7.1.2.2.5.1-1 measure the throughput and the 1st transmission BLER.
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The throughput measured according to clause 7.1.2.2.4.2 shall not be below the limits for the SNR levels specified in table 7.1.2.2.5-1.
Table 7.1.2.2.5-1: Minimum performance PDSCH
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	MCS
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Test metric
	SNR (dB)

	1
	
	10 / 15
	4
	TDLA30-10
	2x2
	70% TPUT
	-0.1 

	2
	
	10 / 15
	4
	TDLA30-10
	2x2
	1% BLER
	5.7

	3
	
	10 / 15
	4
	TDLA30-10
	2x4
	70% TPUT
	-3.1 

	4
	
	10 / 15
	4
	TDLA30-10
	2x4
	1% BLER
	0.9

	5
	
	10 / 15
	13
	TDLA30-10
	2x2
	70% TPUT
	7.6 

	6
	
	10 / 15
	13
	TDLA30-10
	2x2
	1% BLER
	13.7 

	7
	
	10 / 15
	13
	TDLA30-10
	2x4
	70% TPUT
	4.3 

	8
	
	10 / 15
	13
	TDLA30-10
	2x4
	1% BLER
	8.5 

	9
	
	40 / 30
	4
	TDLA30-10
	2x2
	70% TPUT
	-0.2 

	10
	
	40 / 30
	4
	TDLA30-10
	2x2
	1% BLER
	5.1 

	11
	
	40 / 30
	4
	TDLA30-10
	2x4
	70% TPUT
	-3.1 

	12
	
	40 / 30
	4
	TDLA30-10
	2x4
	1% BLER
	0.3 

	13
	
	40 / 30
	13
	TDLA30-10
	2x2
	70% TPUT
	7.6 

	14
	
	40 / 30
	13
	TDLA30-10
	2x2
	1% BLER
	12.7 

	15
	
	40 / 30
	13
	TDLA30-10
	2x4
	70% TPUT
	4.4 

	16
	
	40 / 30
	13
	TDLA30-10
	2x4
	1% BLER
	7.8 
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[bookmark: _Toc73963105][bookmark: _Toc75260282][bookmark: _Toc75275824][bookmark: _Toc75276335][bookmark: _Toc76541834][bookmark: _Toc82437604][bookmark: _Toc89944970][bookmark: _Toc98753988][bookmark: _Toc106180974][bookmark: _Toc114151019][bookmark: _Toc124151422][bookmark: _Toc124151942][bookmark: _Toc124152462][bookmark: _Toc130396994][bookmark: _Toc130397514][bookmark: _Toc137558618][bookmark: _Toc138862443][bookmark: _Toc145532500]7.1.2.3.1	Definition and applicability
The performance requirement of PDCCH is determined by a maximum allowed missed detection rate for a given SNR. The required missed detection rate is expressed for the FRCs listed in annex F. 

[bookmark: _Toc73963106][bookmark: _Toc75260283][bookmark: _Toc75275825][bookmark: _Toc75276336][bookmark: _Toc76541835][bookmark: _Toc82437605][bookmark: _Toc89944971][bookmark: _Toc98753989][bookmark: _Toc106180975][bookmark: _Toc114151020][bookmark: _Toc124151423][bookmark: _Toc124151943][bookmark: _Toc124152463][bookmark: _Toc130396995][bookmark: _Toc130397515][bookmark: _Toc137558619][bookmark: _Toc138862444][bookmark: _Toc145532501]7.1.2.3.2	Minimum requirement
The minimum requirement is in TS 38.106 [2] clause 8.3.2.
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The test shall verify the receiver's ability to achieve missed detection rate under multipath fading propagation conditions for a given SNR.
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7.1.2.3.4.1	Initial conditions
Test environment:	Normal, see annex B.2.
RF channels to be tested for single carrier:	M; see clause 4.9.1.
RF channels to be tested for carrier aggregation: MBW Channel CA; see clause 4.9.1.
7.1.2.3.4.2	Procedure
1)	Connect the NCR tester generating the wanted signal, multipath fading simulators and AWGN generators to all NCR-MT TAB connectors or antenna connectors for diversity reception via a combining network as shown in annex D.9 or D.11.
2)	Adjust the AWGN generator and adjust the AWGN power level to -77.2 dBm / 38.16MHz.
3)	The characteristics of the wanted signal shall be configured according to the corresponding DL reference measurement channel defined in annex A and the test parameters in table 7.1.2.3.4.2-1.
Table 7.1.2.3.4.2-1: Test parameters for testing PDCCH
	Parameter
	Unit
	1 Tx Antenna
	2 Tx Antenna

	CCE to REG mapping type
	
	interleaved
	interleaved

	Interleaver size
	
	3

	REG bundle size
	
	2
	6

	Shift Index
	
	0



4)	The multipath fading emulators shall be configured according to the corresponding channel model defined in annex F.
5)	Adjust the equipment so that required SNR specified in table 7.1.2.3.5.1-1is achieved at the NCR-MT input.
6)	For each of the reference channels in table 7.1.2.3.5.1-1, applicable for the NCR-MT, measure the missed detection.
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For the parameters specified in Table 7.1.2.3.4.2.1-1, the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 7.1.2.3.5-1 for SCS supported by the NCR-MT. 
Table 871.2.3.5-1: Minimum performance for PDCCH 
	Test number
	Bandwidth (MHz)
	
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	SCS
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10
	15
	24
	2
	2
	
	TDLA30-10
	1x2
	1
	8.7

	2
	10
	15
	24
	2
	2
	
	TDLA30-10
	1x4
	1
	2.8

	3
	10
	15
	48
	2
	4
	
	TDLA30-10
	1x2
	1
	6.1

	4
	10
	15
	48
	2
	4
	
	TDLA30-10
	1x4
	1
	0.8

	5
	10
	15
	48
	1
	8
	
	TDLA30-10
	2x2
	1
	0.6

	6
	10
	15
	48
	1
	8
	
	TDLA30-10
	2x4
	1
	-1.7

	7
	40
	30
	102
	1
	2
	
	TDLA30-10
	1x2
	1
	7.6

	8
	40
	30
	102
	1
	2
	
	TDLA30-10
	1x4
	1
	2.7

	9
	40
	30
	102
	1
	4
	
	TDLA30-10
	1x2
	1
	5.5

	10
	40
	30
	102
	1
	4
	
	TDLA30-10
	1x4
	1
	1.3

	11
	40
	30
	90
	1
	8
	
	TDLA30-10
	2x2
	1
	0.1

	12
	40
	30
	90
	1
	8
	
	TDLA30-10
	2x4
	1
	-3.3



7.1.3	CSI reporting requirements
[bookmark: _Toc73963111][bookmark: _Toc75260288][bookmark: _Toc75275830][bookmark: _Toc75276341][bookmark: _Toc76541840][bookmark: _Toc82437610][bookmark: _Toc89944976][bookmark: _Toc98753994][bookmark: _Toc106180980][bookmark: _Toc114151025][bookmark: _Toc124151428][bookmark: _Toc124151948][bookmark: _Toc124152468][bookmark: _Toc130397000][bookmark: _Toc130397520][bookmark: _Toc137558624][bookmark: _Toc138862449][bookmark: _Toc145532506][bookmark: _Toc155318785]7.1.3.1	General
[bookmark: _Toc73963112][bookmark: _Toc75260289][bookmark: _Toc75275831][bookmark: _Toc75276342][bookmark: _Toc76541841][bookmark: _Toc82437611][bookmark: _Toc89944977][bookmark: _Toc98753995][bookmark: _Toc106180981][bookmark: _Toc114151026][bookmark: _Toc124151429][bookmark: _Toc124151949][bookmark: _Toc124152469][bookmark: _Toc130397001][bookmark: _Toc130397521][bookmark: _Toc137558625][bookmark: _Toc138862450][bookmark: _Toc145532507][bookmark: _Toc155318786]7.1.3.1.1	Applicability rule for NCR-MT
[bookmark: _Toc73963113][bookmark: _Toc75260290][bookmark: _Toc75275832][bookmark: _Toc75276343][bookmark: _Toc76541842][bookmark: _Toc82437612][bookmark: _Toc89944978][bookmark: _Toc98753996][bookmark: _Toc106180982][bookmark: _Toc114151027][bookmark: _Toc124151430][bookmark: _Toc124151950][bookmark: _Toc124152470][bookmark: _Toc130397002][bookmark: _Toc130397522][bookmark: _Toc137558626][bookmark: _Toc138862451][bookmark: _Toc145532508][bookmark: _Toc155318787]7.1.3.1.1.1	General
[bookmark: _Toc73963114][bookmark: _Toc75260291][bookmark: _Toc75275833][bookmark: _Toc75276344][bookmark: _Toc76541843]Unless otherwise stated, for an NCR-MT declared to support more than 4 antenna connectors (for NCR type 1-C), the performance requirement tests for 4 RX antennas shall apply, and the specific connectors used for testing is up to NCR-MT implementation.
[bookmark: _Toc82437613][bookmark: _Toc89944979][bookmark: _Toc98753997][bookmark: _Toc106180983][bookmark: _Toc114151028][bookmark: _Toc124151431][bookmark: _Toc124151951][bookmark: _Toc124152471][bookmark: _Toc130397003][bookmark: _Toc130397523][bookmark: _Toc137558627][bookmark: _Toc138862452][bookmark: _Toc145532509][bookmark: _Toc155318788]7.1.3.1.1.2	Applicability of requirements for different subcarrier spacings
Unless otherwise stated, the tests shall apply only for each subcarrier spacing declared to be supported (see D.14 in table 4.6-1).
[bookmark: _Toc73963115][bookmark: _Toc75260292][bookmark: _Toc75275834][bookmark: _Toc75276345][bookmark: _Toc76541844][bookmark: _Toc82437614][bookmark: _Toc89944980][bookmark: _Toc98753998][bookmark: _Toc106180984][bookmark: _Toc114151029][bookmark: _Toc124151432][bookmark: _Toc124151952][bookmark: _Toc124152472][bookmark: _Toc130397004][bookmark: _Toc130397524][bookmark: _Toc137558628][bookmark: _Toc138862453][bookmark: _Toc145532510][bookmark: _Toc155318789]7.1.3.1.1.3	Applicability of requirements for TDD with different UL-DL patterns
[bookmark: _Toc73963116][bookmark: _Toc75260293][bookmark: _Toc75275835][bookmark: _Toc75276346][bookmark: _Toc76541845]Unless otherwise stated, for each subcarrier spacing declared to be supported, if NCR-MT supports multiple TDD UL-DL patterns, only one of the supported TDD UL-DL patterns shall be used for all tests.

[bookmark: _Toc82437615][bookmark: _Toc89944981][bookmark: _Toc98753999][bookmark: _Toc106180985][bookmark: _Toc114151030][bookmark: _Toc124151433][bookmark: _Toc124151953][bookmark: _Toc124152473][bookmark: _Toc130397005][bookmark: _Toc130397525][bookmark: _Toc137558629][bookmark: _Toc138862454][bookmark: _Toc145532511][bookmark: _Toc155318790]7.1.3.1.1.4	Applicability of requirements for NCR-MT features
Unless otherwise stated, for NCR type 1-C, the CSI reporting tests shall apply only in case the number of NZP-CSI-RS ports in the test case satisfies maximum number of ports across all configured NZP-CSI-RS resources per CC declared to be supported (see D.201 in table 4.6-1, maxConfigNumberPortsAcrossNZP-CSI-RS-PerCC).
Note:	Applicability information may be obtained based on vendor declaration (Section 4.6) or alternatively from reading capability signaling.

[bookmark: _Toc75165403][bookmark: _Toc75334327][bookmark: _Toc75508519][bookmark: _Toc75816258][bookmark: _Toc76541416][bookmark: _Toc76541983][bookmark: _Toc82429873][bookmark: _Toc89940124][bookmark: _Toc98754450][bookmark: _Toc106178264][bookmark: _Toc114148982][bookmark: _Toc130393767][bookmark: _Toc137558630][bookmark: _Toc138862455][bookmark: _Toc145532512][bookmark: _Toc155318791]7.1.3.1.2	Common test parameters
Parameters specified in Table 7.1.3.1.2-1 are applied for all test cases in this clause unless otherwise stated.
Table 7.1.3.1.2-1: Test parameters for CSI test cases
	Parameter
	Unit
	Value

	PDSCH transmission scheme
	
	Transmission scheme 1

	Duplex mode
	
	TDD

	PTRS epre-Ratio
	
	N/A

	Actual carrier configuration
	Offset between Point A and the lowest usable subcarrier on this carrier (Note 3)
	RBs
	0

	
	Subcarrier spacing
	kHz
	30

	DL BWP configuration #1
	Cyclic prefix
	
	Normal

	
	RB offset
	RBs
	0

	
	Number of contiguous PRB
	PRBs
	106

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	
	DMRS ports indexes
	
	{1000} for Rank1
{1000,1001} for Rank2
{1000,1001,1002} for Rank3
{1000,1001,1002,1003} for Rank4

	
	Number of PDSCH DMRS CDM group(s) without data
	
	2

	PTRS configuration
	Frequency density (KPT-RS)
	
	N/A

	
	Time density (LPT-RS)
	
	N/A

	
	Resource Element Offset
	
	N/A

	NZP CSI-RS for CSI acquisition
	Frequency Occupation
	
	Start PRB 0
Number of PRB = BWP size

	Redundancy version coding sequence
	
	{0,2,3,1}

	NOTE 1:	PDSCH is not scheduled on slots containing CSI-RS or slots which are not full DL.
NOTE 2:	Point A coincides with minimum guard band as specified in Table 5.3.3-1 from TS 38.101-1 [22] for tested channel bandwidth and subcarrier spacing.



[bookmark: _Toc82437616][bookmark: _Toc89944982][bookmark: _Toc98754000][bookmark: _Toc106180986][bookmark: _Toc114151031][bookmark: _Toc124151434][bookmark: _Toc124151954][bookmark: _Toc124152474][bookmark: _Toc130397006][bookmark: _Toc130397526][bookmark: _Toc137558631][bookmark: _Toc138862456][bookmark: _Toc145532513][bookmark: _Toc155318792]7.1.3.2	Reporting Channel Quality Indicator (CQI)
[bookmark: _Toc73963117][bookmark: _Toc75260294][bookmark: _Toc75275836][bookmark: _Toc75276347][bookmark: _Toc76541846][bookmark: _Toc82437617][bookmark: _Toc89944983][bookmark: _Toc98754001][bookmark: _Toc106180987][bookmark: _Toc114151032][bookmark: _Toc124151435][bookmark: _Toc124151955][bookmark: _Toc124152475][bookmark: _Toc130397007][bookmark: _Toc130397527][bookmark: _Toc137558632][bookmark: _Toc138862457][bookmark: _Toc145532514][bookmark: _Toc155318793]7.1.3.2.1	Definition and applicability
The reporting accuracy of the channel quality indicator (CQI) under frequency non-selective conditions is determined by the reporting variance and the BLER performance using the transport format indicated by the reported CQI median. The purpose is to verify that the reported CQI values are in accordance with the CQI definition given in TS 38.214 [23]. To account for sensitivity of the input SNR the reporting definition is considered to be verified if the reporting accuracy is met for at least one of two SNR levels separated by an offset of 1 dB.
Which specific test(s) are applicable to NCR-MT is based on the test applicability rules defined in clause [7.1.3.1.1].
[bookmark: _Toc73963118][bookmark: _Toc75260295][bookmark: _Toc75275837][bookmark: _Toc75276348][bookmark: _Toc76541847][bookmark: _Toc82437618][bookmark: _Toc89944984][bookmark: _Toc98754002][bookmark: _Toc106180988][bookmark: _Toc114151033][bookmark: _Toc124151436][bookmark: _Toc124151956][bookmark: _Toc124152476][bookmark: _Toc130397008][bookmark: _Toc130397528][bookmark: _Toc137558633][bookmark: _Toc138862458][bookmark: _Toc145532515][bookmark: _Toc155318794]7.1.3.2.2	Minimum requirement
The minimum requirement is in TS 38.106 [2] clause [7.1.3.1].
[bookmark: _Toc73963119][bookmark: _Toc75260296][bookmark: _Toc75275838][bookmark: _Toc75276349][bookmark: _Toc76541848][bookmark: _Toc82437619][bookmark: _Toc89944985][bookmark: _Toc98754003][bookmark: _Toc106180989][bookmark: _Toc114151034][bookmark: _Toc124151437][bookmark: _Toc124151957][bookmark: _Toc124152477][bookmark: _Toc130397009][bookmark: _Toc130397529][bookmark: _Toc137558634][bookmark: _Toc138862459][bookmark: _Toc145532516][bookmark: _Toc155318795]7.1.3.2.3	Test purpose
The test shall verify the receiver's ability to report CQI values accordance with the CQI definition given in TS 38.214 [23].
[bookmark: _Toc73963120][bookmark: _Toc75260297][bookmark: _Toc75275839][bookmark: _Toc75276350][bookmark: _Toc76541849][bookmark: _Toc82437620][bookmark: _Toc89944986][bookmark: _Toc98754004][bookmark: _Toc106180990][bookmark: _Toc114151035][bookmark: _Toc124151438][bookmark: _Toc124151958][bookmark: _Toc124152478][bookmark: _Toc130397010][bookmark: _Toc130397530][bookmark: _Toc137558635][bookmark: _Toc138862460][bookmark: _Toc145532517][bookmark: _Toc155318796]7.1.3.2.4	Method of test
7.1.3.2.4.1	Initial conditions
Test environment:	Normal, see annex B.2.
RF channels to be tested for single carrier:	M; see clause 4.9.1.
7.1.3.2.4.2	Test procedure
1)	Connect the NCR-MT tester generating the wanted signal and AWGN generators to all NCR-MT TAB connectors for diversity reception via a combining network as shown in annex D.5 and D.6.
2)	Adjust the AWGN generator, according to the channel bandwidth, defined in table 7.1.3.2.4.2-1.
Table 7.1.3.2.4.2-1: AWGN power level at the NCR-MT input
	Sub-carrier spacing (kHz)
	Channel bandwidth (MHz)
	AWGN power level

	15 kHz
	10
	-83.3 dBm / 38.16MHz

	30 kHz
	40
	-77.2 dBm / 38.16MHz



3)	The characteristics of the wanted signal shall be configured according to the corresponding DL reference measurement channel defined in annex A and the test parameters in table 7.1.3.2.4.2-2 to table 7.1.3.2.4.2-5.
Table 7.1.3.2.4.2-2: Test parameters for testing CQI reporting
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Default TDD UL-DL pattern (Note 1)
	
	7D1S2U, S=6D:4G:4U

	SNR
	 dB
	8
	9
	14
	15

	Propagation channel
	
	AWGN

	Antenna configuration
	
	2x2

	Beamforming Model
	
	As specified in Annex J.3

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	2

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1)
	
	Row 3,(6,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	13

	
	NZP CSI-RS-timeConfig periodicity and offset
	slot
	5/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator 
	
	Wideband

	Sub-band Size
	RB
	8

	Csi-ReportingBand
	
	1111111

	CSI-Report periodicity and offset
	slot
	5/0

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	CodebookSubsetRestriction
	
	010000

	
	RI Restriction
	
	N/A

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	M-FR1-B.1.4-1

	NOTE 1: The same requirements are applicable for TDD with different UL-DL pattern.



Table 7.1.3.2.4.2-3: Test parameters for testing CQI reporting
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Default TDD UL-DL pattern (Note 1)
	
	7D1S2U, S=6D:4G:4U

	SNR
	 dB
	6
	7
	12
	13

	Propagation channel
	
	AWGN

	Antenna configuration
	
	2x4

	Beamforming Model
	
	As specified in Annex J.3

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	2

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1)
	
	Row 3,(6,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	13

	
	NZP CSI-RS-timeConfig periodicity and offset
	slot
	5/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator 
	
	Wideband

	Sub-band Size
	RB
	8

	Csi-ReportingBand
	
	1111111

	CSI-Report periodicity and offset
	slot
	5/0

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	CodebookSubsetRestriction
	
	010000

	
	RI Restriction
	
	N/A

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	M-FR1-B.1.4-1

	NOTE 1: The same requirements are applicable for TDD with different UL-DL pattern.



Table 7.1.3.2.4.2-4: Test parameters for testing CQI reporting
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	40

	Subcarrier spacing
	kHz
	30

	Default TDD UL-DL pattern (Note 1)
	
	7D1S2U, S=6D:4G:4U

	SNR
	 dB
	8
	9
	14
	15

	Propagation channel
	
	AWGN

	Antenna configuration
	
	2x2

	Beamforming Model
	
	As specified in Annex J.3

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	2

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1)
	
	Row 3,(6,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	13

	
	NZP CSI-RS-timeConfig periodicity and offset
	slot
	10/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator 
	
	Wideband

	Sub-band Size
	RB
	16

	Csi-ReportingBand
	
	1111111

	CSI-Report periodicity and offset
	slot
	10/9

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	CodebookSubsetRestriction
	
	010000

	
	RI Restriction
	
	N/A

	CQI/RI/PMI delay 
	ms
	9.5

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	M-FR1-B.1.4-2

	NOTE 1: The same requirements are applicable for TDD with different UL-DL pattern.



Table 7.1.3.2.4.2-5: Test parameters for testing CQI reporting
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	40

	Subcarrier spacing
	kHz
	30

	Default TDD UL-DL pattern (Note 1)
	
	7D1S2U, S=6D:4G:4U

	SNR
	 dB
	5
	6
	11
	12

	Propagation channel
	
	AWGN

	Antenna configuration
	
	2x4

	Beamforming Model
	
	As specified in Annex J.3

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	2

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1)
	
	Row 3,(6,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	13

	
	NZP CSI-RS-timeConfig periodicity and offset
	slot
	10/1

	ReportConfigType
	
	Periodic

	CQI-table
	
	Table 2

	reportQuantity
	
	cri-RI-PMI-CQI

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator 
	
	Wideband

	Sub-band Size
	RB
	16

	Csi-ReportingBand
	
	1111111

	CSI-Report periodicity and offset
	slot
	10/9

	Codebook configuration
	Codebook Type
	
	typeI-SinglePanel

	
	Codebook Mode
	
	1

	
	CodebookSubsetRestriction
	
	010000

	
	RI Restriction
	
	N/A

	CQI/RI/PMI delay 
	ms
	9.5

	Maximum number of HARQ transmission
	
	1

	Measurement channel
	
	M-FR1-B.1.4-2

	NOTE 1: The same requirements are applicable for TDD with different UL-DL pattern.



4)	Adjust the equipment so that required SNR specified in table 7.1.3.2.4.2-2 to 7.1.3.2.4.2-5 is achieved at the NCR-MT input.
5)	For each test specified in table 7.1.3.2.4.2-2 to 7.1.3.2.4.2-5 applicable for the NCR-MT, measure the median CQI and the BLER at median CQI and (median CQI+1 or median CQI-1) as per clause 7.1.3.2.5.
[bookmark: _Toc73963121][bookmark: _Toc75260298][bookmark: _Toc75275840][bookmark: _Toc75276351][bookmark: _Toc76541850][bookmark: _Toc82437621][bookmark: _Toc89944987][bookmark: _Toc98754005][bookmark: _Toc106180991][bookmark: _Toc114151036][bookmark: _Toc124151439][bookmark: _Toc124151959][bookmark: _Toc124152479][bookmark: _Toc130397011][bookmark: _Toc130397531][bookmark: _Toc137558636][bookmark: _Toc138862461][bookmark: _Toc145532518][bookmark: _Toc155318797]7.1.3.2.5	Test requirement
For the parameters specified in Table 7.1.3.2.4.2-2 to 7.1.3.2.4.2-5, and using the downlink physical channels specified in Annex A, the test requirements are specified by the following:
a)	The reported CQI value according to the reference channel shall be in the range of ±1 of the reported median more than 90% of the time.
b)	If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, then the BLER using the transport format indicated by the (median CQI+1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, then the BLER using transport format indicated by (median CQI-1) shall be less than or equal to 0.1.

<END OF THE CHANGE 2>

<START OF THE CHANGE 3>
D.9	NCR-MT type 1-C PDCCH and PDSCH demodulation testing
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Figure D.9-1: Functional set-up for performance requirements for PDSCH and PDCCH transmission on two antenna ports in multipath fading conditions (2 Rx case shown)

NOTE 1:	The feedback could be done as an RF feedback, either using NR channels or using other means, or as a digital feedback. The HARQ Feedback should be error free.
NOTE 2:	In tests performed with signal generators, a synchronization signal may be provided between the NCR-MT node and the signal generator, or a common (e.g., GNSS) source may be provided to both NCR-MT node and the signal generator, to enable correct timing of the wanted signal. The method of synchronization with the TE is left to test implementation.
NOTE 3:	It is left up to implementation how L1/L2 is configured for testing.

<END OF THE CHANGE 3>

<START OF THE CHANGE 4>
D.10 	NCR-MT type 1-C CQI testing
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Figure D.10-1: Functional set-up for performance requirements for CQI in static conditions for NCR-MT with Rx diversity (2 Rx case shown)
NOTE 1:	In tests performed with signal generators, a synchronization signal may be provided between the NCR node and the signal generator, or a common (e.g., GNSS) source may be provided to both NCR node and the signal generator, to enable correct timing of the wanted signal. The method of synchronization with the TE is left to test implementation.
NOTE 2:	It is left up to implementation how L1/L2 is configured for testing.

<END OF THE CHANGE 4>

<START OF THE CHANGE 5>
D.11	NCR-MT type 1-H PDCCH and PDSCH demodulation testing
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Figure D.11-1: Functional set-up for performance requirements for PDSCH and PDCCH transmission on two antenna ports in multipath fading conditions (2 Rx case shown)

NOTE 1:	The feedback could be done as an RF feedback, either using NR channels or using other means, or as a digital feedback. The HARQ Feedback should be error free.
NOTE 2:	In tests performed with signal generators, a synchronization signal may be provided between the NCR-MT node and the signal generator, or a common (e.g., GNSS) source may be provided to both NCR-MT node and the signal generator, to enable correct timing of the wanted signal. The method of synchronization with the TE is left to test implementation.
NOTE 3:	It is left up to implementation how L1/L2 is configured for testing.

<END OF THE CHANGE 5>

<START OF THE CHANGE 6>
D.12 	NCR-MT type 1-H CQI testing
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Figure D.12-1: Functional set-up for performance requirements for CQI in static conditions for NCR-MT with Rx diversity (2 Rx case shown)
NOTE 1:	In tests performed with signal generators, a synchronization signal may be provided between the NCR node and the signal generator, or a common (e.g., GNSS) source may be provided to both NCR node and the signal generator, to enable correct timing of the wanted signal. The method of synchronization with the TE is left to test implementation.
NOTE 2:	It is left up to implementation how L1/L2 is configured for testing.

<END OF THE CHANGE 6>

<START OF THE CHANGE 7>
[bookmark: _Toc74583571][bookmark: _Toc29812013][bookmark: _Toc36817565][bookmark: _Toc98755792][bookmark: _Toc155358973][bookmark: _Toc66386613][bookmark: _Toc61184094][bookmark: _Toc53185635][bookmark: _Toc21127804][bookmark: _Toc37267876][bookmark: _Toc61184878][bookmark: _Toc82450366][bookmark: _Toc137554886][bookmark: _Toc76542384][bookmark: _Toc130402335][bookmark: _Toc89949403][bookmark: _Toc145531358][bookmark: _Toc82451014][bookmark: _Toc57820497][bookmark: _Toc53186011][bookmark: _Toc138946629][bookmark: _Toc138853948][bookmark: _Toc106184313][bookmark: _Toc61183700][bookmark: _Toc57821424][bookmark: _Toc98763384][bookmark: _Toc37260488][bookmark: _Toc61185268][bookmark: _Toc61184486]Annex F (normative):
NCR-MT Reference measurement channels
[bookmark: _Toc137554894][bookmark: _Toc89949411][bookmark: _Toc145531366][bookmark: _Toc106184321][bookmark: _Toc76542392][bookmark: _Toc155358981][bookmark: _Toc130402343][bookmark: _Toc98755800][bookmark: _Toc82451022][bookmark: _Toc138946637][bookmark: _Toc138853956][bookmark: _Toc74583579][bookmark: _Toc98763392][bookmark: _Toc82450374]F.7	NCR-MT Fixed Reference Channels
[bookmark: _Toc138946638][bookmark: _Toc98763393][bookmark: _Toc130402344][bookmark: _Toc82450375][bookmark: _Toc98755801][bookmark: _Toc138853957][bookmark: _Toc76542393][bookmark: _Toc82451023][bookmark: _Toc145531367][bookmark: _Toc137554895][bookmark: _Toc89949412][bookmark: _Toc106184322][bookmark: _Toc74583580][bookmark: _Toc155358982]F.7.1	Fixed Reference Channels for PDSCH performance requirements 
[bookmark: _Toc76652311][bookmark: _Toc107235039][bookmark: _Toc98849702][bookmark: _Toc40209672][bookmark: _Toc106737654][bookmark: _Toc61121166][bookmark: _Toc106543556][bookmark: _Toc76653149][bookmark: _Toc29808504][bookmark: _Toc124377492][bookmark: _Toc76572444][bookmark: _Toc91440912][bookmark: _Toc37084310][bookmark: _Toc107233421][bookmark: _Toc107420009][bookmark: _Toc37068423][bookmark: _Toc123936477][bookmark: _Toc83742422][bookmark: _Toc67918362][bookmark: _Toc37083968][bookmark: _Toc107477307][bookmark: _Toc114566165][bookmark: _Toc76298432][bookmark: _Toc21338396][bookmark: _Toc53176838][bookmark: _Toc45892973][bookmark: _Toc40210014]F.7.1.1	FDD
The parameters for the reference measurement channels are specified in table F.7.1.1.1-1 and table F.7.1.1.2-1 for FR1 FDD 15kHz PDSCH performance requirements.

F.7.1.1.1	Fixed Reference Channels for PDSCH performance requirements (QPSK)
Table F.7.1.1.1-1: FRC parameters for FR1 PDSCH performance requirements, 1 transmission layers, QPSK
	Parameter
	Unit
	Value

	Reference channel
	
	M-FR1-F.7.1.1.1-1

	Channel bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Allocated resource blocks
	PRBs
	52

	Number of consecutive PDSCH symbols
	
	12

	MCS table
	
	64QAM

	MCS index
	
	4

	Modulation
	
	QPSK

	Target Coding Rate
	
	0.3

	Number of MIMO layers
	
	1

	Number of DMRS REs
	
	12

	Overhead for TBS determination
	
	0

	Information Bit Payload per Slot 
	
	4096

	Transport block CRC per Slot
	
	24

	Number of Code Blocks per Slot
	
	1

	Binary Channel Bits Per Slot
	
	13728


F.7.1.1.2	Fixed Reference Channels for PDSCH performance requirements (16QAM)
Table F.7.1.1.2-1: FRC parameters for FR1 PDSCH performance requirements, 1 transmission layers, 16QAM
	Parameter
	Unit
	Value

	Reference channel
	
	M-FR1-F.7.1.1.2-1

	Channel bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Allocated resource blocks
	PRBs
	52

	Number of consecutive PDSCH symbols
	
	12

	MCS table
	
	64QAM

	MCS index
	
	13

	Modulation
	
	16QAM

	Target Coding Rate
	
	0.48

	Number of MIMO layers
	
	1

	Number of DMRS REs
	
	12

	Overhead for TBS determination
	
	0

	Information Bit Payload per Slot 
	
	13064

	Transport block CRC per Slot
	
	24

	Number of Code Blocks per Slot
	
	2

	Binary Channel Bits Per Slot
	
	27456



F.7.1.2	TDD
The parameters for the reference measurement channels are specified in table F.7.1.2.1-1and table F.7.1.2.2-1 for FR1 TDD 30kHz PDSCH performance requirements.
F.7.1.2.1	Fixed Reference Channels for PDSCH performance requirements (QPSK)
Table F.7.1.2.1-1: FRC parameters for FR1 PDSCH performance requirements, 1 transmission layers, QPSK
	Parameter
	Unit
	Value

	Reference channel
	
	M-FR1-F.7.1.2.1-1

	Channel bandwidth
	MHz
	40

	Subcarrier spacing
	kHz
	30

	Allocated resource blocks
	PRBs
	106

	Number of consecutive PDSCH symbols
	
	12

	MCS table
	
	64QAM

	MCS index
	
	4

	Modulation
	
	QPSK

	Target Coding Rate
	
	0.3

	Number of MIMO layers
	
	1

	Number of DMRS REs
	
	12

	Overhead for TBS determination
	
	0

	Information Bit Payload per Slot 
	
	8456

	Transport block CRC per Slot
	
	24

	Number of Code Blocks per Slot
	
	2

	Binary Channel Bits Per Slot
	
	27984


F.7.1.2.2	Fixed Reference Channels for PDSCH performance requirements (16QAM)
Table F.7.1.2.2-1: FRC parameters for FR1 PDSCH performance requirements, 1 transmission layers, 16QAM
	Parameter
	Unit
	Value

	Reference channel
	
	M-FR1-F.7.1.2.2-1

	Channel bandwidth
	MHz
	40

	Subcarrier spacing
	kHz
	30

	Allocated resource blocks
	PRBs
	106

	Number of consecutive PDSCH symbols
	
	12

	MCS table
	
	64QAM

	MCS index
	
	13

	Modulation
	
	16QAM

	Target Coding Rate
	
	0.48

	Number of MIMO layers
	
	1

	Number of DMRS REs
	
	12

	Overhead for TBS determination
	
	0

	Information Bit Payload per Slot 
	
	26632

	Transport block CRC per Slot
	
	24

	Number of Code Blocks per Slot
	
	4

	Binary Channel Bits Per Slot
	
	55968
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F.7.2.1	FDD
The parameters for the reference measurement channels are specified in table F.7.2.1-1 for FR1 FDD 15kHz PDCCH performance requirements.
Table F.7.2.1-1 . FR1 PDCCH Reference Channels
	Parameter
	Unit
	Value

	Reference channel
	
	M-FR1-F.7.2.1-1
	M-FR1-F.7.2.1-2
	M-FR1-F.7.2.1-3

	Subcarrier spacing
	kHz
	15
	15
	15

	CORESET frequency domain allocation
	
	24
	48
	48

	CORESET time domain allocation
	
	2
	2
	1

	Aggregation level
	
	2
	4
	8

	DCI Format
	
	1_0
	1_1
	1_1

	Payload (without CRC)
	Bits
	39
	52
	52



F.7.2.2	TDD
The parameters for the reference measurement channels are specified in table F.7.2.2-1 for FR1 TDD 30kHz PDCCH performance requirements.

Table F.7.2.2-1 . FR1 PDCCH Reference Channels
	Parameter
	Unit
	Value

	Reference channel
	
	M-FR1-F.7.2.2-1
	M-FR1-F.7.2.2-2
	M-FR1-F.7.2.2-3

	Subcarrier spacing
	kHz
	30
	30
	30

	CORESET frequency domain allocation
	
	102
	102
	102

	CORESET time domain allocation
	
	1
	1
	1

	Aggregation level
	
	2
	4
	8

	DCI Format
	
	1_0
	1_1
	1_1

	Payload (without CRC)
	Bits
	41
	53
	53
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This clause defines the DL signal applicable to the reporting of channel status information.
Tables in this clause specifies the mapping of CQI index to Information Bit payload, which complies with the CQI definition specified in clause 5.2.2.1 of TS 38.214 [23] and with MCS definition specified in clause 5.1.3 of TS 38.214 [23].
Table F.7.3-1.  Fixed Reference Channels for FR1 CSI reporting with CQI table 2 
	Reference channel
	M-FR1-A.7.3-1
	M-FR1-A.7.3-2

	Number of allocated PDSCH resource blocks
	52
	106

	Number of consecutive PDSCH symbols
	12
	12

	Number of PDSCH MIMO layers
	1
	1

	Number of DMRS REs (Note 1)
	24
	24

	Overhead for TBS determination
	0
	0

	Available RE-s for PDSCH
	6240
	12720

	CQI index
	Spectral efficiency
	MCS index
	Modulation
	Information Bit Payload per Slot

	0
	OOR
	OOR
	OOR
	
	N/A

	1
	0.1523 
	0
	QPSK
	1480
	2976

	2
	0.3770 
	1
	
	2408
	4744

	3
	0.8770 
	3
	
	5504
	11016

	4
	1.4766 
	5
	16QAM
	9224
	18960

	5
	1.9141 
	7
	
	12040
	24576

	6
	2.4063 
	9
	
	15112
	30728

	7
	2.7305 
	11
	64QAM
	16896
	34816

	8
	3.3223 
	13
	
	20496
	42016

	9
	3.9023 
	15
	
	24576
	49176

	10
	4.5234 
	17
	
	28168
	57376

	11
	5.1152 
	19
	
	31752
	65576

	12
	5.5547 
	21
	256QAM
	34816
	69672

	13
	6.2266
	23
	
	38936
	79896

	14
	6.9141
	25
	
	43032
	88064

	15
	7.4063 
	27
	
	46104
	94248



<END OF THE CHANGE 7>
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Propagation conditions
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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.
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For 1 port transmission the channel matrix is defined in the frequency domain by:
[image: ].
For 2 port transmission the channel matrix is defined in the frequency domain by:
[image: ].
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For 1 port transmission the channel matrix is defined in the frequency domain by

	.
For 2 port transmission the channel matrix is defined in the frequency domain by

	.
For 4 port transmission the channel matrix is defined in the frequency domain by

	.
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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.
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The delay profiles are simplified from the TR 38.901 [24] 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 G.2.2.1 can be used as such.
-	Step 1: Use the original TDL model from TR 38.901 [24].
-	Step 2: Re-order the taps in ascending delays.
-	Step 3: Perform delay scaling according to the procedure described in clause 7.7.3 in TR 38.901 [24].
-	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:
-	Find the weakest tap from all taps (both merged and unmerged taps are considered):
-	If there are two or more taps having the same value and are the weakest, select the tap with the smallest delay as the weakest tap.
-	When the weakest tap is the first delay tap, merge taps as follows:
-	Update the power of the first delay tap as the linear power sum of the weakest tap and the second delay tap.
-	Remove the second delay tap.
-	When the weakest tap is the last delay tap, merge taps as follows:
-	Update the power of the last delay tap as the linear power sum of the second-to-last tap and the last tap.
-	Remove the second-to-last tap.
-	Otherwise:
-	For each side of the weakest tap, identify the neighbour tap that has the smaller delay difference to the weakest tap.
-	When the delay difference between the weakest tap and the identified neighbour tap on one side equals the delay difference between the weakest tap and the identified neighbour tap on the other side.
-	Select the neighbour tap that is weaker in power for merging.
-	Otherwise, select the neighbour tap that has smaller delay difference for merging.-	To merge, the power of the merged tap is the linear sum of the power of the weakest tap and the selected tap:
-	When the selected tap is the first tap, the location of the merged tap is the location of the first tap. The weakest tap is removed.
-	When the selected tap is the last tap, the location of the merged tap is the location of the last tap. The weakest tap is removed.
-	Otherwise, the location of the merged tap is based on the average delay of the weakest tap and selected tap. If the average delay is on the sampling grid, the location of the merged tap is the average delay. Otherwise, the location of the merged tap is rounded towards the direction of the selected 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). The weakest tap and the selected tap are removed.
-	Repeat step 6 until 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.
· NOTE 1:	Some values of the delay profile created by the simplification steps may differ from the values in tables G.2.2.2-2, G.2.2.2-3, and G.2.1.1-4 for the corresponding model.
· NOTE 2:	For Step 5 and Step 6, the power values are expressed in the linear domain using 6 digits of precision. The operations are in the linear domain.
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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 G.2.2.2-1 and the tapped delay line models are specified in tables G.2.2.2-2 ~ table G.2.2.2-4.
Table G.2.2.2-1: 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

	TDLB100
	12
	100 ns
	480 ns
	5 ns

	TDLC300
	12
	300 ns
	2595 ns
	5 ns



Table G.2.2.2-2: TDLA30 (DS = 30 ns)
	Tap #
	Delay (ns)
	Power (dB)
	Fading distribution

	1
	0
	-15.5
	

	2
	10
	0
	

	3
	15
	-5.1
	

	4
	20
	-5.1
	

	5
	25
	-9.6
	

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	

	 8
	75
	-11.5
	

	9
	105
	-11.0
	

	10
	135
	-16.2
	

	11
	150
	-16.6
	

	12
	290
	-26.2
	



Table G.2.2.2-3: TDLB100 (DS = 100ns)
	Tap #
	Delay (ns)
	Power (dB)
	Fading distribution

	1
	0
	0
	

	2
	10
	-2.2
	

	3
	20
	-0.6
	

	4
	30
	-0.6
	

	5
	35
	-0.3
	

	6
	45
	-1.2
	Rayleigh

	7
	55
	-5.9
	

	8
	120
	-2.2
	

	9
	170
	-0.8
	

	10
	245
	-6.3
	

	11
	330
	-7.5
	

	12
	480
	-7.1
	



Table G.2.2.2-4: TDLC300 (DS = 300 ns)
	Tap #
	Delay (ns)
	Power (dB)
	Fading distribution

	1
	0
	-6.9
	

	2
	65
	0
	

	3
	70
	-7.7
	

	4
	190
	-2.5
	

	5
	195
	-2.4
	

	6
	200
	-9.9
	Rayleigh

	7
	240
	-8.0
	

	8
	325
	-6.6
	

	9
	520
	-7.1
	

	10
	1045
	-13.0
	

	11
	1510
	-14.2
	

	12
	2595
	-16.0
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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 G.2.3-1 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.
Table G.2.3-1: 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



[bookmark: _Toc73963192][bookmark: _Toc75260370][bookmark: _Toc75275915][bookmark: _Toc75276425][bookmark: _Toc76541924][bookmark: _Toc82437695][bookmark: _Toc89945061][bookmark: _Toc98754079][bookmark: _Toc106181065][bookmark: _Toc114151110][bookmark: _Toc124151513][bookmark: _Toc124152033][bookmark: _Toc124152553][bookmark: _Toc130397085][bookmark: _Toc130397605][bookmark: _Toc137558710][bookmark: _Toc138862535][bookmark: _Toc145532592]G.2.4	MIMO channel correlation matrices
[bookmark: _Toc75275916][bookmark: _Toc75276426][bookmark: _Toc76541925][bookmark: _Toc82437696][bookmark: _Toc89945062][bookmark: _Toc98754080][bookmark: _Toc106181066][bookmark: _Toc114151111][bookmark: _Toc124151514][bookmark: _Toc124152034][bookmark: _Toc124152554][bookmark: _Toc130397086][bookmark: _Toc130397606][bookmark: _Toc137558711][bookmark: _Toc138862536][bookmark: _Toc145532593]G.2.4.1	General
The MIMO channel correlation matrices defined in annex G.2.4 apply for the antenna configuration using uniform linear arrays at both gNB and NCR-MT and for the antenna configuration using cross polarized antennas.
[bookmark: _Toc73963193][bookmark: _Toc75260371][bookmark: _Toc75275917][bookmark: _Toc75276427][bookmark: _Toc76541926][bookmark: _Toc82437697][bookmark: _Toc89945063][bookmark: _Toc98754081][bookmark: _Toc106181067][bookmark: _Toc114151112][bookmark: _Toc124151515][bookmark: _Toc124152035][bookmark: _Toc124152555][bookmark: _Toc130397087][bookmark: _Toc130397607][bookmark: _Toc137558712][bookmark: _Toc138862537][bookmark: _Toc145532594]G.2.4.2	MIMO correlation matrices using Uniform Linear Array
[bookmark: _Toc75275918][bookmark: _Toc75276428][bookmark: _Toc76541927][bookmark: _Toc82437698][bookmark: _Toc89945064][bookmark: _Toc98754082][bookmark: _Toc106181068][bookmark: _Toc114151113][bookmark: _Toc124151516][bookmark: _Toc124152036][bookmark: _Toc124152556][bookmark: _Toc130397088][bookmark: _Toc130397608][bookmark: _Toc137558713][bookmark: _Toc138862538][bookmark: _Toc145532595]G.2.4.2.1	General
The MIMO channel correlation matrices defined in annex G.2.4.2 apply for the antenna configuration using uniform linear array (ULA) at both gNB and NCR-MT.
[bookmark: _Toc73963194][bookmark: _Toc75260372][bookmark: _Toc75275919][bookmark: _Toc75276429][bookmark: _Toc76541928][bookmark: _Toc82437699][bookmark: _Toc89945065][bookmark: _Toc98754083][bookmark: _Toc106181069][bookmark: _Toc114151114][bookmark: _Toc124151517][bookmark: _Toc124152037][bookmark: _Toc124152557][bookmark: _Toc130397089][bookmark: _Toc130397609][bookmark: _Toc137558714][bookmark: _Toc138862539][bookmark: _Toc145532596]G.2.4.2.2	Definition of MIMO correlation matrices
Table G.2.4.2.2-1 defines the correlation matrix for the gNB.
Table G.2.4.2.2-1: gNB correlation matrix
	
	gNB correlation

	One antenna
	[image: ]

	Two antennas
	[image: ]

	NOTE: 	The matrix applies to the gNB for NCR-MT requirements.



Table G.2.4.2.2-2 defines the correlation matrix for the NCR-MT:
Table G.2.4.2.2-2: NCR-MT correlation matrix
	
	One antenna
	Two antennas
	Four antennas

	NCR-MT correlation
	[image: ]
	[image: ]
	[image: ]

	NOTE: 	The matrix  applies to the NCR-MT for NCR-MT requirements.



Table G.2.4.2.2-3 defines the channel spatial correlation matrix[image: ]. The parameters, α and β in table G.2.4.2.2-3 defines the spatial correlation between the antennas at the gNB and NCR-MT respectively.
Table G.2.4.2.2-3: [image: ]correlation matrices
	1x2 case
	[image: ]

	1x4 case
	[image: ]

	2x2 case
	[image: ]

	2x4 case
	[image: ]

	NOTE 1: 	RgNB refers to the correlation matrix of gNB for NCR-MT requirements.
NOTE 2: 	RUE refers to the correlation matrix of NCR-MT for NCR-MT requirements



For cases with more antennas at either gNB or NCR-MT or both, the channel spatial correlation matrix can still be expressed as the Kronecker product of [image: ] and [image: ]according to[image: ].
[bookmark: _Toc73963195][bookmark: _Toc75260373][bookmark: _Toc75275920][bookmark: _Toc75276430][bookmark: _Toc76541929][bookmark: _Toc82437700][bookmark: _Toc89945066][bookmark: _Toc98754084][bookmark: _Toc106181070][bookmark: _Toc114151115][bookmark: _Toc124151518][bookmark: _Toc124152038][bookmark: _Toc124152558][bookmark: _Toc130397090][bookmark: _Toc130397610][bookmark: _Toc137558715][bookmark: _Toc138862540][bookmark: _Toc145532597]G.2.4.2.3	MIMO correlation matrices at high, medium and low level
The  and  for different correlation types are given in table G.2.4.2.3-1.
Table G.2.4.2.3-1: 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 G.2.4.2.3-2, G.2.4.2.3-3 and G.2.4.2.3-4 as below.
The values in table G.2.4.2.3-2 have been adjusted for the 2x4 high correlation case to ensure the correlation matrix is positive semi-definite after round-off to 4 digit precision. This is done using the equation:
[image: ]
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. 
Table G.2.4.2.3-2: MIMO correlation matrices for high correlation
	1x2 case
	[image: ]

	2x2 case
	[image: ]

	2x4 case
	[image: ]



Table G.2.4.2.3-3: MIMO correlation matrices for medium correlation
	1x2 case
	[N/A]

	2x2 case
	[image: ]

	2x4 case
	[image: ]



Table G.2.4.2.3-4: MIMO correlation matrices for low correlation
	1x2 case
	


	1x4 case
	


	2x2 case
	


	2x4 case
	




In table G.2.4.2.3-4, [image: ] is a [image: ] identity matrix.
· NOTE:	For completeness, the correlation matrices were defined for high, medium and low correlation but performance requirements exist only for low correlation.
[bookmark: _Toc73963196][bookmark: _Toc75260374][bookmark: _Toc75275921][bookmark: _Toc75276431][bookmark: _Toc76541930][bookmark: _Toc82437701][bookmark: _Toc89945067][bookmark: _Toc98754085][bookmark: _Toc106181071][bookmark: _Toc114151116][bookmark: _Toc124151519][bookmark: _Toc124152039][bookmark: _Toc124152559][bookmark: _Toc130397091][bookmark: _Toc130397611][bookmark: _Toc137558716][bookmark: _Toc138862541][bookmark: _Toc145532598]G.2.4.3	Multi-antenna channel models using cross polarized antennas
[bookmark: _Toc75275922][bookmark: _Toc75276432][bookmark: _Toc76541931][bookmark: _Toc82437702][bookmark: _Toc89945068][bookmark: _Toc98754086][bookmark: _Toc106181072][bookmark: _Toc114151117][bookmark: _Toc124151520][bookmark: _Toc124152040][bookmark: _Toc124152560][bookmark: _Toc130397092][bookmark: _Toc130397612][bookmark: _Toc137558717][bookmark: _Toc138862542][bookmark: _Toc145532599]G.2.4.3.1	General
The MIMO channel correlation matrices defined in annex G.2.4.3 apply to two cases as presented below:
-	One TX antenna and multiple RX antennas case, with cross polarized antennas used at gNB
-	Multiple TX antennas and multiple RX antennas case, with cross polarized antennas used at both NCR-MT and gNB
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 NCR-MT. For multiple TX antennas case, cross-polarized antenna elements with +90/0 degrees polarization slant angles are deployed at NCR-MT.
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.
[bookmark: _Toc73963197][bookmark: _Toc75260375][bookmark: _Toc75275923][bookmark: _Toc75276433][bookmark: _Toc76541932][bookmark: _Toc82437703][bookmark: _Toc89945069][bookmark: _Toc98754087][bookmark: _Toc106181073][bookmark: _Toc114151118][bookmark: _Toc124151521][bookmark: _Toc124152041][bookmark: _Toc124152561][bookmark: _Toc130397093][bookmark: _Toc130397613][bookmark: _Toc137558718][bookmark: _Toc138862543][bookmark: _Toc145532600]G.2.4.3.2	Definition of MIMO correlation matrices using cross polarized antennas
For the channel spatial correlation matrix, the following is used:
[image: ]
Where
-	[image: ] is the spatial correlation matrix at the NCR-MT (NCR-MT requirements) with same polarization,
-	[image: ] is the spatial correlation matrix at the gNB (NCR-MT requirements) with same polarization,
-	[image: ] is a polarization correlation matrix,
-	[image: ] is a permutation matrix, and
-	[image: ]denotes transpose.
Table G.2.4.3.2-1 defines the polarization correlation matrix.
Table G.2.4.3.2-1: Polarization correlation matrix
	
	One TX antenna
	Multiple TX antennas

	Polarization correlation matrix
	[image: ]
	[image: ]



The matrix[image: ]is defined as
[image: ]
where [image: ] and [image: ] is the number of TX and RX antennas respectively, and [image: ] is the ceiling operator.
The matrix [image: ] is used to map the spatial correlation coefficients in accordance with the antenna element labelling system described in G.2.4.3.
[bookmark: _Toc73963198][bookmark: _Toc75260376][bookmark: _Toc75275924][bookmark: _Toc75276434][bookmark: _Toc76541933][bookmark: _Toc82437704][bookmark: _Toc89945070][bookmark: _Toc98754088][bookmark: _Toc106181074][bookmark: _Toc114151119][bookmark: _Toc124151522][bookmark: _Toc124152042][bookmark: _Toc124152562][bookmark: _Toc130397094][bookmark: _Toc130397614][bookmark: _Toc137558719][bookmark: _Toc138862544][bookmark: _Toc145532601]G.2.4.3.3	Spatial correlation matrices at NCR-MT and gNB sides
[bookmark: _Toc73963199][bookmark: _Toc75260377][bookmark: _Toc75275925][bookmark: _Toc75276435][bookmark: _Toc76541934][bookmark: _Toc82437705][bookmark: _Toc89945071][bookmark: _Toc98754089][bookmark: _Toc106181075][bookmark: _Toc114151120][bookmark: _Toc124151523][bookmark: _Toc124152043][bookmark: _Toc124152563][bookmark: _Toc130397095][bookmark: _Toc130397615][bookmark: _Toc137558720][bookmark: _Toc138862545][bookmark: _Toc145532602]G.2.4.3.3.1	Spatial correlation matrices at NCR-MT side
In this subclause, RUE refers to an NCR-MT for NCR-MT requirements.
For 1-antenna transmitter, [image: ].
For 2-antenna transmitter using one pair of cross-polarized antenna elements, [image: ].
[bookmark: _Toc73963200][bookmark: _Toc75260378][bookmark: _Toc75275926][bookmark: _Toc75276436][bookmark: _Toc76541935][bookmark: _Toc82437706][bookmark: _Toc89945072][bookmark: _Toc98754090][bookmark: _Toc106181076][bookmark: _Toc114151121][bookmark: _Toc124151524][bookmark: _Toc124152044][bookmark: _Toc124152564][bookmark: _Toc130397096][bookmark: _Toc130397616][bookmark: _Toc137558721][bookmark: _Toc138862546][bookmark: _Toc145532603]G.2.4.3.3.2	Spatial correlation matrices at gNB side
In this subclause, RgNB refers to a gNB for NCR-MT requirements.
For 2-antenna receiver using one pair of cross-polarized antenna elements, [image: ].
For 4-antenna receiver using two pairs of cross-polarized antenna elements,[image: ].
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The values for parameters α, β and γ for low spatial correlation are given in table G.2.4.3.4-1.
Table G.2.4.3.4-1: Values for parameters α,  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 NCR-MT side.



The correlation matrices for low spatial correlation are defined in table G.2.4.3.4-2 as below.
Table G.2.4.3.4-2: MIMO correlation matrices for low spatial correlation
	1x8 case
	[image: ]

	2x8 case
	[image: ]



In table G.2.4.3.4-2, [image: ] is a [image: ] identity matrix.

[bookmark: _Toc124377555][bookmark: _Toc123936538][bookmark: _Toc114566226][bookmark: _Toc107477365][bookmark: _Toc107420067][bookmark: _Toc107235097][bookmark: _Toc107233479][bookmark: _Toc106737712][bookmark: _Toc106543614][bookmark: _Toc98849760][bookmark: _Toc91440970][bookmark: _Toc83742480][bookmark: _Toc76653207][bookmark: _Toc76652363][bookmark: _Toc76572496][bookmark: _Toc76298484][bookmark: _Toc67918409][bookmark: _Toc61121213][bookmark: _Toc53176885][bookmark: _Toc137558723][bookmark: _Toc138862548][bookmark: _Toc145532605]G.2.4.3.5	Beam steering approach
For the 2D cross-polarized antenna array at gNB, given the channel spatial correlation matrix in G.2.4.3.2, G.2.4.3.3 and G.2.4.3.4, the corresponding random channel matrix H can be calculated. The signal model for the k-th slot is denoted as

	
And the steering matrix is further expressed as following:

	
where
-	H is the Nr×Nt channel matrix per subcarrier.

-	 is the steering matrix,

-	 is the steering matrix in first dimension with same polarization,

-	 is the steering matrix in second dimension with same polarization,

-	 is the number of antenna elements in first dimension with same polarization,

-	 is the number of antenna elements in second dimension with same polarization,

-	For antenna array with only one direction, number of antenna element in second direction equals 1.
For 1 antenna element with the same polarization in one direction,

	.
For 2 antenna elements with the same polarization in one direction,

	.

where the index  stands for first dimension and second dimension respectively.






-	 controls the phase variation in first dimension and second dimension respectively, and the phase for k-th subframe is denoted by, where is the random start value with the uniform distribution, i.e., ,  is the step of phase variation, which is defined in Table G.2.4.3.5-1, and k is the linear increment of 2-μ for every slot throughout the simulation, the index  stands for first dimension and second dimension respectively.

-	 is the precoding matrix for Nt transmission antennas,
-	y is the received signal, x is the transmitted signal, and n is AWGN.


-	 corresponds to subcarrier spacing configuration, 
For the 1D cross-polarized antenna array at gNB, the corresponding random channel matrix H can be calculated by letting N2=1, i.e.,

	
Table G.2.4.3.5-1: The step of phase variation
	Variation Step
	Value (rad/ms)

	

	1.2566×10-3
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