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[bookmark: _Toc21099858][bookmark: _Toc29809656]<start of changes>
4.9.2	Test models
[bookmark: _Toc21099859][bookmark: _Toc29809657]4.9.2.1	General
The following clauses will describe the NR FR1 test models needed for BS type 1-C and BS type 1-H. Note that the NR FR1 test models are also applicable to BS type 1-O conformance testing in TS 38.141-2 [3].
[bookmark: _Toc21099860][bookmark: _Toc29809658]4.9.2.2	FR1 test models
The set-up of physical channels for transmitter tests shall be according to one of the NR FR1 test models (NR-FR1‑TM) below. A reference to the applicable test model is made within each test.
The following general parameters are used by all NR test models:
-	Duration is 1 radio frame (10 ms) for FDD and 2 radio frames for TDD (20 ms)
-	The slots are numbered 0 to 102µ – 1 where µ is the numerology corresponding to the subcarrier spacing
-	NRB is the maximum transmission bandwidth configuration seen in table 5.3.2-1 in TS 38.104 [2].
-	Normal CP
-	Virtual resource blocks of localized type
For FR1-TDD, test models are derived based on the uplink/downlink configuration as shown in the table 4.9.2.2-1 using information element TDD-UL-DL-ConfigCommon as defined in TS 38.331 [19].
Table 4.9.2.2-1: Configurations of TDD for BS type 1-C and BS type 1-H test models
	Field name
	Value 

	referenceSubcarrierSpacing (kHz)
	15
	30
	60

	Periodicity (ms) for dl-UL-TransmissionPeriodicity
	5 
	5
	5

	nrofDownlinkSlots
	3
	7
	14

	nrofDownlinkSymbols
	10
	6
	12

	nrofUplinkSlots
	1
	2
	4

	nrofUplinkSymbols
	2
	4
	8



Common physical channel parameters for all NR FR1 test models are specified in the following tables: table 4.9.2.2-2 for PDCCH, table 4.9.2.2-3 and table 4.9.2.2-4 for PDSCH. Specific physical channel parameters for NR FR1 test models are described in clauses 4.9.2.2.1 to 4.9.2.2.8.
Table 4.9.2.2-2: Common physical channel parameters for PDCCH for BS type 1-C and BS type 1-H test models
	Parameter
	Value

	# of symbols used for control channel
	2

	Starting symbol number for control channel
	0

	# of CCEs allocated to PDCCH 
	1

	Starting RB location for PDCCH
	0

	# of available REGs
	6

	Aggregation level
	1

	# of RBs not allocated for PDCCH in each symbol
	NRB – 3

	Ratio of PDCCH EPRE to DM-RS EPRE
	0 dB

	Boosting level of control channel
	0 dB



Table 4.9.2.2-3: Common physical channel parameters for PDSCH for BS type 1-C and BS type 1-H test models
	Parameter
	Value

	Mapping type
	PDSCH mapping type A

	dmrs-TypeA-Position for the first DM-RS symbol
	pos2

	dmrs-AdditionalPosition for additional DM-RS symbol(s)
	1

	dmrs-Type for comb pattern
	Configuration type 1

	maxLength
	1

	Ratio of PDSCH EPRE to DM-RS EPRE
	0 dB



Table 4.9.2.2-4: Common physical channel parameters for PDSCH by RNTI for BS type 1-C and BS type 1-H test models
	Parameter
	Value

	PDSCH 

	Starting symbol
	0

	Ratio of PDSCH EPRE to PDCCH EPRE
	0 dB

	PDSCH 

	Starting symbol
	0

	Ratio of PDSCH EPRE to PDCCH EPRE
	0 dB

	PDSCH 

	Starting symbol
	2

	Ratio of PDSCH EPRE to PDCCH EPRE
	0 dB

	Starting PRB location
	0

	Number of PRBs
	3



[bookmark: _Toc21099861][bookmark: _Toc29809659]4.9.2.2.1	FR1 test model 1.1 (NR-FR1-TM1.1)
This model shall be used for tests on:
-	BS output power
-	Transmit ON/OFF power
-	TAE
-	Unwanted emissions
-	Occupied bandwidth
-	ACLR
-	Operating band unwanted emissions
-	Transmitter spurious emissions
-	Transmitter intermodulation
-	Receiver spurious emissions
Common physical channel parameters are defined in clause 4.9.2.2. Specific physical channel parameters for NR-FR1-TM1.1 are defined in table 4.9.2.2.1-1.
[bookmark: _Hlk497144372]Table 4.9.2.2.1-1: Specific physical channel parameters of NR-FR1-TM1.1
	Parameter
	Value

	# of PRBs PDSCH 
	NRB - 3

	Modulation PDSCH 
	QPSK

	Starting RB location of PDSCH 
	3

	Modulation of PDSCH 
	QPSK

	Starting RB location of PDSCH 
	0



[bookmark: _Toc21099862][bookmark: _Toc29809660]4.9.2.2.2	FR1 test model 1.2 (NR-FR1-TM1.2)
This model shall be used for tests on:
-	Unwanted emissions
-	ACLR
-	Operating band unwanted emissions
Common physical channel parameters are defined in clause 4.9.2.2. Specific physical channel parameters for NR-FR1-TM1.2 are defined in table 4.9.2.2.2-1.
Table 4.9.2.2.2-1: Specific physical channel parameters of NR-FR1-TM1.2
	Parameter
	Value

	Target percent of QPSK PDSCH PRBs boosted 
	x=40%

	# of QPSK PDSCH RBGs which are boosted
	 , where P is determined from table 5.1.2.2.1-1 from TS 38.214 [18], configuration 1 column using  as the size of the bandwidth part and 

	Locations of PDSCH RBGs which are boosted
	  and if , 1, 3, …, 

	Level of boosting (dB) 
	3

	# of QPSK PDSCH PRBs which are deboosted
	

	Locations of PDSCH RBGs which are deboosted 
	
Starting at RB#3 and excluding PRBs of RBGs which are boosted 


	Level of deboosting (dB)
	

	Modulation of PDSCH PRBs with 
	QPSK



[bookmark: _Toc21099863][bookmark: _Toc29809661]4.9.2.2.3	FR1 test model 2 (NR-FR1-TM2)
This model shall be used for tests on:
-	Total power dynamic range (lower OFDM symbol TX power limit (OSTP) at min power)
-	EVM of single 64QAM PRB allocation (at min power)
-	Frequency error (at min power)
Common physical channel parameters are defined in clause 4.9.2.2. Specific physical channel parameters for NR-FR1-TM2 are defined in table 4.9.2.2.3-1.
Table 4.9.2.2.3-1: Specific physical channel parameters of NR-FR1-TM2
	Parameter
	Value

	# of 64QAM PDSCH PRBs 
	1

	Level of boosting (dB) 
	0

	Location of 64QAM PRB
	
	Slot
	RB
	n

	3n
	0
	

	3n+1
	
	

	3n+2
	
	




	# of PDSCH PRBs which are not allocated
	



[bookmark: _Toc21099864][bookmark: _Toc29809662]4.9.2.2.4	FR1 test model 2a (NR-FR1-TM2a)
This model shall be used for tests on:
-	Total power dynamic range (lower OFDM symbol TX power limit (OSTP) at min power)
-	EVM of single 256QAM PRB allocation (at min power)
-	Frequency error (at min power)
Common physical channel parameters are defined in clause 4.9.2.2. Physical channel parameters and numbers of the allocated PRB are defined in table 4.9.2.2.3-1 with all 64QAM PDSCH PRBs replaced by 256QAM PDSCH PRBs.
[bookmark: _Toc21099865][bookmark: _Toc29809663]4.9.2.2.5	FR1 test model 3.1 (NR-FR1-TM3.1)
This model shall be used for tests on:
-	Output power dynamics
-	Total power dynamic range (upper OFDM symbol TX power limit (OSTP) at max power with all 64QAM PRBs allocated)
-	Transmitted signal quality
-	Frequency error
-	EVM for 64QAM modulation (at max power)
NOTE:	EVM shall be evaluated over PDSCH allocated PRBs with  and 
Common physical channel parameters are defined in clause 4.9.2.2. Physical channel parameters are defined in table 4.9.2.2.1-1 with all QPSK PDSCH PRBs replaced by 64QAM PDSCH PRBs.
[bookmark: _Toc21099866][bookmark: _Toc29809664]4.9.2.2.6	FR1 test model 3.1a (NR-FR1-TM3.1a)
This model shall be used for tests on:
-	Output power dynamics
-	Total power dynamic range (upper OFDM symbol TX power limit (OSTP) at max power with all 256QAM PRBs allocated)
-	Transmitted signal quality
-	Frequency error
-	EVM for 256QAM modulation (at max power)
NOTE:	EVM shall be evaluated over PDSCH allocated PRBs with  and 
Common physical channel parameters are defined in clause 4.9.2.2. Physical channel parameters are defined in table 4.9.2.2.1-1 with all QPSK PDSCH PRBs replaced by 256QAM PDSCH PRBs.
[bookmark: _Toc21099867][bookmark: _Toc29809665]4.9.2.2.7	FR1 test model 3.2 (NR-FR1-TM3.2)
This model shall be used for tests on:
-	Transmitted signal quality
-	Frequency error
-	EVM for 16QAM modulation
Common physical channel parameters are defined in clause 4.9.2.2. Specific physical channel parameters for NR-FR1-TM3.2 are defined in table 4.9.2.2.7-1.
Table 4.9.2.2.7-1: Specific physical channel parameters of NR-FR1-TM3.2
	Parameter
	Value

	Target percent of 16QAM PDSCH PRBs deboosted 
	x = 60%

	# of 16QAM PDSCH RBGs within a slot for which EVM is measured
	, where P is determined from table 5.1.2.2.1-1 from TS 38.214 [18], configuration 1 column using  as the size of the bandwidth part and  

	Locations of 16QAM RBGs which are deboosted
	  and if , 1, 3, …,

	Level of deboosting (dB) 
	-3

	
# of QPSK PDSCH PRBs within a slot for which EVM is not measured (used for power balancing only)
	

	Locations of PDSCH RBGs which are boosted 
	Starting at RB#3 and excluding PRBs of RBGs which are deboosted 


	Level of boosting (dB)
	

	Modulation of PDSCH PRBs with  for which EVM is not measured
	QPSK



[bookmark: _Toc21099868][bookmark: _Toc29809666]4.9.2.2.8	FR1 test model 3.3 (NR-FR1-TM3.3)
This model shall be used for tests on:
-	Transmitted signal quality
-	Frequency error
-	EVM for QPSK modulation
Common physical channel parameters are defined in clause 4.9.2.2. Specific physical channel parameters for NR-FR1-TM3.3 are defined in table 4.9.2.2.8-1.
Table 4.9.2.2.8-1: Specific physical channel parameters of NR-FR1-TM3.3
	Parameter
	Value

	Target percent of QPSK PDSCH PRBs deboosted
	x = 50 %

	# of QPSK PDSCH RBGs within a slot for which EVM is measured
	, where P is determined from table 5.1.2.2.1-1 from TS 38.214 [18], configuration 1 column using  as the size of the bandwidth part and  

	Level of deboosting (dB) 
	-6

	Locations of QPSK RBGs which are deboosted
	  and if , 1, 3, …,

	Level of deboosting (dB) 
	-6

	# of QPSK PDSCH PRBs within a slot for which EVM is not measured (used for power balancing only)
	

	Locations of QPSK RBGs for power balancing
	Starting at RB#3 and excluding PRBs of RBGs which are deboosted 


	Level of boosting (dB)
	

	Modulation of PDSCH PRBs with  for which EVM is not measured
	QPSK



<next modified section>


[bookmark: _Toc21099112][bookmark: _Toc29809200][bookmark: _Toc29809709]6.3.3	Total power dynamic range
[bookmark: _Toc21099113][bookmark: _Toc29809201][bookmark: _Toc29809710]6.3.3.1	Definition and applicability
The BS total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition.
NOTE:	The upper limit of the total power dynamic range is the OFDM symbol TX power (OSTP) for a BS at maximum output power when transmitting on all RBs. The lower limit of the total power dynamic range is the average power for single RB transmission. The OFDM symbols shall carry PDSCH and not contain PDCCH, RS, or SSB.
[bookmark: _Toc21099114][bookmark: _Toc29809202][bookmark: _Toc29809711]6.3.3.2	Minimum requirement
The minimum requirement applies per single-band connector, or per multi-band connector.
The minimum requirement for BS type 1-C and for BS type 1-H is in TS 38.104 [2], clause 6.3.3.2.
[bookmark: _Toc21099115][bookmark: _Toc29809203][bookmark: _Toc29809712]6.3.3.3	Test purpose
The test purpose is to verify that the total power dynamic range is within the limits specified by the minimum requirement.
[bookmark: _Toc21099116][bookmark: _Toc29809204][bookmark: _Toc29809713]6.3.3.4	Method of test
[bookmark: _Toc21099117][bookmark: _Toc29809205][bookmark: _Toc29809714]6.3.3.4.1	Initial conditions
Test environment: Normal, see annex B.2.
RF channels to be tested:	M; see clause 4.9.1.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Set the channel set-up of the connector under test transmitted signal according to NR-FR1-TM 3.1.
[bookmark: _Toc21099118][bookmark: _Toc29809206][bookmark: _Toc29809715]6.3.3.4.2	Procedure
For BS type 1-H where there may be multiple TAB connectors, they may be tested one at a time or multiple TAB connectors may be tested in parallel as shown in annex D.3.1. Whichever method is used the procedure is repeated until all TAB connectors necessary to demonstrate conformance have been tested.
1)	Connect the single-band connector(s) under test as shown in annex D.1.1 for BS type 1-C and in annex D.3.1 for BS type 1-H. All connectors not under test shall be terminated.
2)	Set each connector under test to transmit according to the applicable test configuration in clause 4.8 using the corresponding test models in clause 4.9.2 at rated carrier output power Prated,c,AC for BS type 1-C and Prated,c,TABC for BS type 1-H (D.21).
3)	For BS type 1-C and BS type 1-H, set the BS to transmit a signal according to:
-	NR-FR1-TM3.1a if 256QAM is supported by BS without power back off, or
-	NR-FR1-TM3.1 if 256QAM is supported by BS with power back off, or
-	NR-FR1-TM3.1 if 256QAM is not supported by BS.
4)	Measure the average OFDM symbol TX power (OSTP) as defined in the annex H.
5)	For BS type 1-C and BS type 1-H, set the BS to transmit a signal according to:
NR-FR1-TM2a if 256QAM is supported by BS, or
NR-FR1-TM2 if 256QAM is not supported by BS;
6)	Measure the average OFDM symbol TX power (OSTP) as defined in the annex H. The measured OFDM symbols shall not contain RS or SSB.
In addition, for multi-band connectors, the following steps shall apply:
7)	For a multi-band connectors and single band tests, repeat the steps above per involved operating band where single band test configurations and test models shall apply with no carrier activated in the other operating band.
<next modified section>
[bookmark: _Toc21099143][bookmark: _Toc29809231][bookmark: _Toc29809740]6.5.3	Modulation quality
[bookmark: _Toc21099144][bookmark: _Toc29809232][bookmark: _Toc29809741]6.5.3.1	Definition and applicability
Modulation quality is defined by the difference between the measured carrier signal and an ideal signal. Modulation quality can e.g. be expressed as Error Vector Magnitude (EVM). The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector.
For BS type 1-C this requirement shall be applied at the antenna connector supporting transmission in the operating band.
For BS type 1-H this requirement shall be applied at each TAB connector supporting transmission in the operating band.
[bookmark: _Toc21099145][bookmark: _Toc29809233][bookmark: _Toc29809742]6.5.3.2	Minimum Requirement
The minimum requirement is in TS 38.104 [2], clause 6.5.2.2.
[bookmark: _Toc21099146][bookmark: _Toc29809234][bookmark: _Toc29809743]6.5.3.3	Test purpose
The test purpose is to verify that modulation quality is within the limit specified by the minimum requirement.
[bookmark: _Toc21099147][bookmark: _Toc29809235][bookmark: _Toc29809744]6.5.3.4	Method of test
[bookmark: _Toc21099148][bookmark: _Toc29809236][bookmark: _Toc29809745]6.5.3.4.1	Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier: B, M and T; see clause 4.9.1.
RF bandwidth positions to be tested for multi-carrier and/or CA:
-	BRFBW, MRFBW and TRFBW in single-band operation, see clause 4.9.1;
-	BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band operation, see clause 4.9.1.
[bookmark: _Toc21099149][bookmark: _Toc29809237][bookmark: _Toc29809746]6.5.3.4.2	Procedure
The minimum requirement is applied to all antenna connectors or TAB connectors, they may be tested one at a time or multiple antenna connectors or TAB connectors may be tested in parallel as shown in annex D.1.1 for BS type 1-C or in annex D.3.1 for BS type 1-H. Whichever method is used the procedure is repeated until all antenna connectors or TAB connectors necessary to demonstrate conformance have been tested.
1)	For an antenna connector or TAB connector declared to be capable of single carrier operation only (D.16), set the antenna connector or the TAB connector under test to transmit a signal according to the applicable test configuration in clause 4.8 using the corresponding test models:
-	NR-FR1-TM 3.1a if 256QAM is supported by BS without power back off, or
-	NR-FR1-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by BS with power back off, and NR-FR1-TM3.1 at maximum power, or
[bookmark: _Hlk530068684]-	NR-FR1-TM3.1 if highest modulation order supported by BS is 64QAM, or
-	NR-FR1-TM3.2 if highest modulation order supported by BS is 16QAM, or
-	NR-FR1-TM3.3 if highest modulation order supported by BS is QPSK.
	For an antenna connector or TAB connector declared to be capable of multi-carrier and/or CA operation (D.15-D.16), set the antenna connector or the TAB connector under test to transmit according to the applicable test configuration and corresponding power setting specified in clauses 4.7 and 4.8 using the corresponding test models on all carriers configured:
-	NR-FR1-TM 3.1a if 256QAM is supported by BS without power back off, or
-	NR-FR1-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by BS with power back off, and NR-FR1-TM3.1 at maximum power, or
-	NR-FR1-TM3.1 if highest modulation order supported by BS is 64QAM, or
-	NR-FR1-TM3.2 if highest modulation order supported by BS is 16QAM, or
-	NR-FR1-TM3.3 if highest modulation order supported by BS is QPSK.
For NR-FR1-TM3.1a, power back-off shall be applied if it is declared.
2)	Measure the EVM and frequency error as defined in annex H.
3)	Repeat steps 1 and 2 for NR-FR1-TM2 if 256QAM is not supported by BS or for NR-FR1-TM2a if 256QAM is supported by BS. For NR-FR1-TM2 and NR-FR1-TM2a the OFDM symbol TX power (OSTP) shall be at the lower limit of the dynamic range according to the test procedure in clause 6.3.3.4 and test requirements in clause 6.3.3.5.
In addition, for multi-band connector(s), the following steps shall apply:
4)	For multi-band connectors and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
<end of changes>

