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<Start of Changes>
[bookmark: _Toc21621596][bookmark: _Toc29297211][bookmark: _Toc36149412]6.4	Transmit signal quality
In this clause a multitude of results are derived, all using one common algorithm returning these results: Global In-Channels TX-Test Annex E. Each sub clause of this clause contains a procedure and test requirements described for a specific measurement. If all relevant test parameters in different sub clauses are the same, then the results, returned by the Global In-Channel TX-Test, may be used across the applicable sub clauses.
[bookmark: _Toc27478029][bookmark: _Toc36226722][bookmark: _Toc44324007][bookmark: _Toc52990200][bookmark: _Toc60823399][bookmark: _Toc60825321][bookmark: _Toc69306222][bookmark: _Toc69309887][bookmark: _Toc76020206][bookmark: _Toc83720689]6.4.1	Frequency error
[bookmark: _Toc27478030][bookmark: _Toc36226723][bookmark: _Toc44324008][bookmark: _Toc52990201][bookmark: _Toc60823400][bookmark: _Toc60825322]6.4.1.1	Test purpose
This test verifies the ability of both, the receiver and the transmitter, to process frequency correctly.
Receiver: to extract the correct frequency from the stimulus signal, offered by the System simulator, under ideal propagation conditions and low level.
Transmitter: to derive the correct modulated carrier frequency from the results, gained by the receiver.
[bookmark: _Toc27478031][bookmark: _Toc36226724][bookmark: _Toc44324009][bookmark: _Toc52990202][bookmark: _Toc60823401][bookmark: _Toc60825323]6.4.1.2	Test applicability
This test case applies to all types of NR Power Class 1 UE release 15 and forward.
This test case applies to all types of NR Power Class 3 and Power Class 2 UE release 15 and forward that don't support txDiversity-r16.
[bookmark: _Toc27478032][bookmark: _Toc36226725][bookmark: _Toc44324010][bookmark: _Toc52990203][bookmark: _Toc60823402][bookmark: _Toc60825324]6.4.1.3	Minimum conformance requirements
The UE basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of  basic measurements of UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4.1
[bookmark: _Toc27478033][bookmark: _Toc36226726][bookmark: _Toc44324011][bookmark: _Toc52990204][bookmark: _Toc60823403][bookmark: _Toc60825325]6.4.1.4	Test description
[bookmark: _Toc27478034][bookmark: _Toc36226727][bookmark: _Toc44324012][bookmark: _Toc52990205][bookmark: _Toc60823404][bookmark: _Toc60825326]6.4.1.4.1	Initial condition
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in Table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of channel bandwidth and sub-carrier spacing, are shown in table 6.4.1.4.1-1. The details of the uplink and downlink reference measurement channels (RMCs) are specified in Annexes A.2 and A.3. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
[bookmark: _Hlk523358163]Table 6.4.1.4.1-1: Test Configuration Table
	[bookmark: _Hlk523358057]Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Mid range (NOTE 3)

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest

	Test Parameters

	
	Downlink Configuration
	Uplink Configuration

	Test ID
	Modulation
	RB allocation
	Modulation
	RB allocation

	1
	CP-OFDM QPSK
	Full RB (NOTE 1)
	DFT-s-OFDM QPSK
	REFSENS (NOTE 2)

	NOTE 1:	Full RB allocation shall be used per each SCS and channel BW as specified in Table 7.3.2.4.1-2
NOTE 2:	REFSENS refers to Table 7.3.2.4.1-3 which defines uplink RB configuration and start RB location for each SCS, channel BW and NR band.
NOTE 3:	For NR band n28, 30MHz test channel bandwidth is tested with Low range test frequencies.



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, in Figure A.3.1.1.1 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The DL and UL Reference Measurement channels are set according to Table 6.4.1.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4.1.4.3
[bookmark: _Toc27478035][bookmark: _Toc36226728][bookmark: _Toc44324013][bookmark: _Toc52990206][bookmark: _Toc60823405][bookmark: _Toc60825327]6.4.1.4.2	Test procedure
1.	SS transmits PDSCH via PDCCH DCI format 1_1 for C_RNTI to transmit the DL RMC according to Table 6.4.1.4.1-1. The SS sends downlink MAC padding bits on the DL RMC.
2.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4.1.4.1-1. Since the UL has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
3.	Set the Downlink signal level to the appropriate REFSENS value defined in Table 7.3.2.5-1. Send continuously uplink power control "up" commands to the UE in every uplink scheduling information to the UE so that the UE transmits at PUMAX level for the duration of the test. Allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.
4.	Measure the Frequency Error using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
[bookmark: _Toc27478036][bookmark: _Toc36226729][bookmark: _Toc44324014][bookmark: _Toc52990207][bookmark: _Toc60823406][bookmark: _Toc60825328]5.	For UEs supporting DSS, repeat steps 1~4 on the applicable bands as specified in Section 5.4.2.1 with message contents being according to TS 38.508-1 [5] subclause 4.6 ensuring Table 4.6.3-61 and Table 4.6.3-62 with condition DSS.
6.4.1.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6.
[bookmark: _Toc27478037][bookmark: _Toc36226730][bookmark: _Toc44324015][bookmark: _Toc52990208][bookmark: _Toc60823407][bookmark: _Toc60825329]6.4.1.5	Test requirement
The 10 frequency error Δf results must fulfil the test requirement:
|Δf| ≤ (0.1 PPM + 15 Hz)
[bookmark: _Toc27478038][bookmark: _Toc36226731][bookmark: _Toc44324016][bookmark: _Toc52990209][bookmark: _Toc60823408][bookmark: _Toc60825330][bookmark: _Toc69306223][bookmark: _Toc69309888][bookmark: _Toc76020207][bookmark: _Toc83720690]6.4.2	Transmit modulation quality
Transmit modulation quality defines the modulation quality for expected in-channel RF transmissions from the UE. The transmit modulation quality is specified in terms of:
-	Error Vector Magnitude (EVM) for the allocated resource blocks (RBs),
-	EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process
-	Carrier leakage 
-	In-band emissions for the non-allocated RB
All the parameters defined in subclause 6.4.2 are defined using the measurement methodology specified in Annex E.
[bookmark: _Toc27478039][bookmark: _Toc36226732]In case the parameter 3300 or 3301 is reported from UE via txDirectCurrentLocation IE (as defined in TS 38.331 [6]), carrier leakage measurement requirement in subclause 6.4.2.2 and 6.4.2.3 shall be waived, and the RF correction with regard to the carrier leakage and IQ image shall be omitted during the calculation of transmit modulation quality.
[bookmark: _Toc44324017][bookmark: _Toc52990210][bookmark: _Toc60823409][bookmark: _Toc60825331][bookmark: _Toc69306224][bookmark: _Toc69309889][bookmark: _Toc76020208][bookmark: _Toc83720691]6.4.2.1	Error Vector Magnitude
[bookmark: _Toc27478040][bookmark: _Toc36226733][bookmark: _Toc44324018][bookmark: _Toc52990211][bookmark: _Toc60823410][bookmark: _Toc60825332]6.4.2.1.1	Test Purpose
The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM.
The measured waveform is further equalised using the channel estimates subjected to the EVM equaliser spectrum flatness requirement specified in sub-clause 6.4.2.4.3. For DFT-s-OFDM waveforms, the EVM result is defined after the front-end FFT and IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. For CP-OFDM waveforms, the EVM result is defined after the front-end FFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %.
The basic EVM measurement interval in the time domain is one preamble sequence for the PRACH and the duration of PUCCH/PUSCH channel, or one hop, if frequency hopping is enabled for PUCCH and PUSCH in the time domain. The EVM measurement interval is reduced by any symbols that contains an allowable power transient as defined in subclause 6.3.3.3.
[bookmark: _Toc27478041][bookmark: _Toc36226734][bookmark: _Toc44324019][bookmark: _Toc52990212][bookmark: _Toc60823411][bookmark: _Toc60825333]6.4.2.1.2	Test applicability
This test case applies to all types of NR Power Class 1 UE release 15 and forward.
This test case applies to all types of NR Power Class 3 and Power Class 2 UE release 15 and forward that don't support txDiversity-r16.
[bookmark: _Toc27478042][bookmark: _Toc36226735][bookmark: _Toc44324020][bookmark: _Toc52990213][bookmark: _Toc60823412][bookmark: _Toc60825334]6.4.2.1.3	Minimum conformance requirements
The RMS average of the basic EVM measurements for 10 sub-frames excluding any transient period for the average EVM case, and 60 sub-frames excluding any transient period for the reference signal EVM case, for the different modulation schemes shall not exceed the values specified in Table 6.4.2.1.3-1 for the parameters defined in Table 6.4.2.1.3-2. For EVM evaluation purposes, all PRACH preamble formats 0-4 and all 5 PUCCH formats are considered to have the same EVM requirement as QPSK modulated.
Table 6.4.2.1.3-1: Requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level

	Pi/2-BPSK 
	%
	30

	QPSK
	%
	17.5

	16 QAM 
	%
	12.5

	64 QAM 
	%
	8

	256 QAM
	%
	3.5



Table 6.4.2.1.3-2: Parameters for Error Vector Magnitude
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	 Table 6.3.1.3-1 

	UE Output Power for 256 QAM
	dBm
	 Table 6.3.1-1 + 10 dB

	Operating conditions
	
	Normal conditions



The normative reference for this requirement is TS 38.101 [2] clause 6.4.2.1.
[bookmark: _Toc27478043][bookmark: _Toc36226736][bookmark: _Toc44324021][bookmark: _Toc52990214][bookmark: _Toc60823413][bookmark: _Toc60825335]6.4.2.1.4	Test description
6.4.2.1.4.1	Initial conditions
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in Table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of channel bandwidth and sub-carrier spacing, are shown in table 6.4.2.1.4.1-1. The details of the uplink and downlink reference measurement channels (RMCs) are specified in Annexes A.2 and A.3. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4.2.1.4.1-1: Test Configuration Table for PUSCH
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range (NOTE 4)

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Highest

	Test SCS as specified in Table 5.3.5-1
	All

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A
	Modulation (NOTE 3)
	RB allocation (NOTE 1)

	13
	
	DFT-s-OFDM PI/2 BPSK
	Inner Full

	23
	
	DFT-s-OFDM PI/2 BPSK
	Outer Full

	3
	
	DFT-s-OFDM QPSK
	Inner Full

	4
	
	DFT-s-OFDM QPSK
	Outer Full

	5
	
	DFT-s-OFDM 16 QAM
	Inner Full

	6
	
	DFT-s-OFDM 16 QAM
	Outer Full

	7
	
	DFT-s-OFDM 64 QAM
	Outer Full

	8
	
	DFT-s-OFDM 256 QAM
	Outer Full

	9
	
	CP-OFDM QPSK
	Inner Full

	10
	
	CP-OFDM QPSK
	Outer Full

	11
	
	CP-OFDM 16 QAM
	Inner Full

	12
	
	CP-OFDM 16 QAM
	Outer Full

	13
	
	CP-OFDM 64 QAM
	Outer Full

	14
	
	CP-OFDM 256 QAM
	Outer Full

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.
NOTE 3:	DFT-s-OFDM PI/2 BPSK test applies only for UEs which supports half Pi BPSK in FR1.
NOTE 4:	For NR band n28, 30MHz test channel bandwidth is tested with Low range and High range test frequencies.



Table 6.4.2.1.4.1-2: Test Configuration Table for PUCCH
	[bookmark: _Hlk52789171]Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	See Table 6.4.2.1.4.1-1

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	See Table 6.4.2.1.4.1-1

	Test SCS as specified in Table 5.3.5-1
	See Table 6.4.2.1.4.1-1

	Test Parameters

	ID
	Downlink Configuration
	Uplink Configuration

	
	Modulation
	RB allocation
	Waveform
	PUCCH format
	RB index

	1
	CP-OFDM QPSK
	Full RB (Note 1)
	CP-OFDM
	PUCCH format = Format 1 (Note 4)
Length in OFDM symbols = 14
	0

	2
	CP-OFDM QPSK
	Full RB (Note 1)
	CP-OFDM
	PUCCH format = Format (Note 4)1
Length in OFDM symbols = 14
	NRB-1

	3
	CP-OFDM QPSK
	Full RB (Note 1)
	DFT-s-OFDM
	PUCCH format = Format 3 (Note 3)
Length in OFDM symbols = 14
	0

	4
	CP-OFDM QPSK
	Full RB (Note 1)
	DFT-s-OFDM
	PUCCH format = Format 3 (Note 3)
Length in OFDM symbols = 14
	NRB-1

	NOTE 1:	Full RB allocation shall be used per each SCS and channel BW as specified in Table 7.3.2.4.1-2.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.
NOTE 3:	For FDD, set K1 value (PDSCH-to-HARQ-timing-indicator) as follows:
K1 = 2 if mod(i,5) = 0
K1 = 2 if mod(i,5) = 1
K1 = 4 if mod(i,5) = 2
K1 = 3 if mod(i,5) = 3
K1 = 2 if mod(i,5) = 4
where i is slot index per frame
NOTE 4:	For PUCCH format = Format 1, TDD and SCS 30 kHz, schedule the DL RMC as follows:
if mod(i,10) = 3: Scheduled
Other slots: Not scheduled
where i is slot index per frame



Table 6.4.2.1.4.1-3: Test Configuration for PRACH
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	See Table 6.4.2.1.4.1-1

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	See Table 6.4.2.1.4.1-1

	Test SCS as specified in Table 5.3.5-1
	SCS defined in TS 38.211 [8] subclause 6.3.3.2 determined by PRACH Configuration Index

	PRACH preamble format

	
	FDD
	TDD

	PRACH Configuration Index
	17
	12

	RS EPRE setting for test point 1 (dBm/15kHz)
	-71

	RS EPRE setting for test point 2 (dBm/15kHz)
	-86



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, in Figure A.3.1.1.1 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement channels are set according to Table 6.4.2.1.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4.2.1.4.3
[bookmark: _Toc27478044][bookmark: _Toc36226737][bookmark: _Toc44324022][bookmark: _Toc52990215][bookmark: _Toc60823414][bookmark: _Toc60825336]6.4.2.1.4.2	Test procedure
Test procedure for PUSCH:
1.1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4.2.1.4.1-1. Since the UE has no payload data to send, the UE transmits uplink MAC padding bits on the UL RMC.
1.2.	Send continuously uplink power control "up" commands in the uplink scheduling information to the UE until the UE transmits at PUMAX level, allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.

1.3.	Measure the EVM and  using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
1.4.	For modulations except 256QAM, send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level Pmin, where:
-	Pmin is the minimum output power according to Table 6.3.1.3-1.
-	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
-	Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size, and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.
For 256 QAM, send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level Pmin + 10 dB, where Pmin, MU and Uplink power control window size are defined above.

1.5.	Measure the EVM and  using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
NOTE1:	When switching to DFT-s-OFDM waveform, as specified in the test configuration table 6.4.2.1.4.1-1, send an NR RRCReconfiguration message according to TS 38.508-1 [5] clause 4.6.3 Table 4.6.3-118 PUSCH-Config with TRANSFORM_PRECODER_ENABLED condition.
NOTE2:	The purpose of the Uplink power control window is to ensure that the actual UE output power is no less than the target power level, and as close as possible to the target power level. The relationship between the Uplink power control window, the target power level and the corresponding possible actual UE Uplink power window is illustrated in Annex F.4.2.
Table 6.4.2.1.4.2-1: Void

Test procedure for PUCCH:
2.1.	PUCCH is set according to Table 6.4.2.1.4.1-2.
2.2.	SS transmits PDSCH via PDCCH DCI format 1_1 for C_RNTI to transmit the DL RMC according to Table 6.4.2.1.4.1-2. The SS sends downlink MAC padding bits on the DL RMC. The transmission of PDSCH will make the UE send uplink ACK/NACK using PUCCH. There is no PUSCH transmission.
2.3.	SS send appropriate TPC commands for PUCCH to the UE until the UE transmit PUCCH at PUMAX level. Allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.
2.4.	Measure PUCCH EVM using Global In-Channel Tx-Test (Annex E).
2.5. Send uplink power control commands for PUCCH to the UE using 1dB power step size to ensure that the UE PUCCH output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level Pmin, where:
-	Pmin is the minimum output power according to Table 6.3.1.3-1.
-	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
-	Uplink power control window size = 1dB (UE power step size) + 2.0dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 2.0dB for 1dB power step size, and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.
2.6.	Measure PUCCH EVM using Global In-Channel Tx-Test (Annex E).
NOTE1:	When switching to DFT-s-OFDM waveform, as specified in the test configuration table 6.4.2.1.4.1-2, send an NR RRCReconfiguration message according to TS 38.508-1 [5] clause 4.6.3 Table 4.6.3-118 PUSCH-Config with TRANSFORM_PRECODER_ENABLED condition.
NOTE2:	The purpose of the Uplink power control window is to ensure that the actual UE output power is no less than the target power level, and as close as possible to the target power level. The relationship between the Uplink power control window, the target power level and the corresponding possible actual UE Uplink power window is illustrated in Annex F.4.2.
Test procedure for PRACH:
3.1.	The SS shall set RS EPRE according to Table 6.4.2.1.4.1-3.
3.2.	PRACH is set according to Table 6.4.2.1.4.1-3.
3.3.	The SS shall signal a Random Access Preamble ID via a PDCCH order to the UE and initiate a Non-contention based Random Access procedure.
3.4.	The UE shall send the signalled preamble to the SS.
3.5.	In response to the preamble, the SS shall transmit a random access response not corresponding to the transmitted random access preamble, or send no response.
3.6.	The UE shall consider the random access response reception not successful then re-transmit the preamble with the calculated PRACH transmission power.
3.7.	Repeat step 5 and 6 until the SS collect enough PRACH preambles. Measure the EVM in PRACH channel using Global In-Channel Tx-Test (Annex E).
6.4.2.1.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 with the following exceptions:
[bookmark: _Hlk497415844]Table 6.4.2.1.4.3-1: RACH-ConfigCommon: PRACH measurement
	Derivation Path: TS 38.508-1[5], Table 4.6.3-128

	Information Element
	Value/remark
	Comment
	Condition

	RACH-ConfigCommon::= SEQUENCE {
	
	
	

	  rach-ConfigGeneric
	RACH-ConfigGeneric
	
	

	  totalNumberOfRA-Preambles
	Not present
	
	

	  ssb-perRACH-OccasionAndCB-PreamblesPerSSB CHOICE {
	
	
	

	    one
	n8
	
	FR1

	  }
	
	
	

	  groupBconfigured
	Not present
	
	

	  ra-ContentionResolutionTimer
	sf64
	
	

	  rsrp-ThresholdSSB
	RSRP-Range
	
	

	  rsrp-ThresholdSSB-SUL
	Not present
	
	

	
	RSRP-Range
	
	SUL

	  prach-RootSequenceIndex CHOICE {
	
	
	

	    l139
	 Set according to table 4.4.2-2 for the NR Cell.
	
	PRACH Format A3

	    l839
	0
	NR Cell 1
	PRACH Format 0

	
	TBD
	Other than NR Cell 1
	PRACH Format 0

	  }
	
	
	

	  msg1-SubcarrierSpacing
	SubcarrierSpacing
	
	

	  restrictedSetConfig
	unrestrictedSet
	
	

	  msg3-transformPrecoder
	Not present
	transform precoding is disabled for Msg3 PUSCH transmission and any PUSCH transmission scheduled with DCI format 0_0
	

	}
	
	
	



Table 6.4.2.1.4.3-2: RACH-ConfigGeneric: PRACH measurement
	Derivation Path: TS 38.508-1[5], Table 4.6.3-130

	Information Element
	Value/remark
	Comment
	Condition

	RACH-ConfigGeneric ::= SEQUENCE {
	
	
	

	  prach-ConfigurationIndex
	17
	Paired Spectrum
	PRACH Format 0

	
	12
	Unpaired Spectrum
	PRACH Format 0

	  msg1-FDM
	four
	
	FR1

	  msg1-FrequencyStart
	0
	
	

	  zeroCorrelationZoneConfig
	15
	
	

	  preambleReceivedTargetPower
	-92
	
	Test point 1

	
	-74
	
	Test point 2

	  preambleTransMax
	n7
	
	

	  powerRampingStep
	dB0
	
	

	  ra-ResponseWindow
	sl20
	
	

	}
	
	
	



Table 6.4.2.1.4.3-3: PUSCH-TimeDomainResourceAllocationList: PRACH measurement
	Derivation Path: TS 38.508-1[5], Table 4.6.3-122

	Information Element
	Value/remark
	Comment
	Condition

	PUSCH-TimeDomainResourceAllocationList ::= SEQUENCE (SIZE(1..maxNrofUL-Allocations)) OF PUSCH-TimeDomainResourceAllocation {
	2 entries
	
	

	  PUSCH-TimeDomainResourceAllocation[2] SEQUENCE {
	
	entry 2
addressed by Msg3 PUSCH time resource allocation field of the Random Access Response acc. to TS 38.213 [22] Table 8.2-1.
	

	    k2
	6
	K2+ Δ=8 acc. to TS 38.214 [21] Table 6.1.2.1.1-5
	Unpaired Spectrum
for SCS15kHz and PRACH Format 0

	  }
	
	
	

	}
	
	
	


[bookmark: _Toc27478045][bookmark: _Toc36226738][bookmark: _Toc44324023][bookmark: _Toc52990216]
Table 6.4.2.1.4.3-4: PDSCH-ServingCellConfig: PUCCH format3 measurement
	Derivation Path: TS 38.508-1[15], Table 4.6.3-102

	Information Element
	Value/remark
	Comment
	Condition

	PDSCH-ServingCellConfig ::= SEQUENCE {
	
	
	

	  codeBlockGroupTransmission
	Not present
	
	

	  xOverhead
	Not present
	
	

	  nrofHARQ-ProcessesForPDSCH
	n6
	
	FDD

	  pucch-Cell
	Not present
	
	

	  maxMIMO-Layers
	Not present
	
	

	  processingType2Enabled
	Not present
	
	

	  pdsch-CodeBlockGroupTransmissionList-r16
	Not present
	
	

	}
	
	
	



[bookmark: _Toc60823415][bookmark: _Toc60825337]6.4.2.1.5	Test requirement
The PUSCH EVM, derived in Annex E.4.2, shall not exceed the values in Table 6.4.2.1.5-1.

The PUSCH, derived in Annex E.4.6.2, shall not exceed the values in Table 6.4.2.1.5-1 when embedded with data symbols of the respective modulation scheme.
Table 6.4.2.1.5-1: Test requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level

	Pi/2-BPSK
	%
	30 + TT

	QPSK
	%
	17.5 + TT

	16 QAM
	%
	12.5 + TT

	64 QAM
	%
	8 + TT

	256 QAM
	%
	3.5 + TT

	Note 1:	TT is defined in Table 6.4.2.1.5-2.



Table 6.4.2.1.5-2: Test Tolerance
	
Parameter
	Unit
	Average EVM Level

	Pi/2-BPSK
	%
	0

	QPSK
	%
	0

	16 QAM
	%
	0

	64 QAM
	%
	0

	256 QAM
	%
	0.3 for 15 dBm < PUL
0.8 for -25 dBm < PUL≤ 15 dBm
1.1 for -40dBm ≤ PUL ≤ -25dBm



The PUCCH EVM derived in Annex E.5.9.2 shall not exceed 17.5 %.
The PRACH EVM derived in Annex E.6.9.2 shall not exceed 17.5%.
[bookmark: _Toc27478046][bookmark: _Toc36226739][bookmark: _Toc44324024][bookmark: _Toc52990217][bookmark: _Toc60823416][bookmark: _Toc60825338][bookmark: _Toc69306225][bookmark: _Toc69309890][bookmark: _Toc76020209][bookmark: _Toc83720692]6.4.2.1a	Error Vector Magnitude including symbols with transient period
6.4.2.1a.1	Test Purpose
The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM.
6.4.2.1a.2	Test applicability
This test case applies to all types of NR Power Class 1 UE release 16 and forward that support short transient period capability.
This test case applies to all types of NR Power Class 3 and Power Class 2 UE release 16 and forward that support short transient period capability and don’t support txDiversity-r16.
6.4.2.1a.3	Minimum conformance requirements
In 6.4.2.1, EVM has been defined by excluding the symbols which have a transient period. In this section, measurement interval is defined for the symbols with a transient period to include these symbols in the RMS average EVM computation when the UE reports a transient period capability other than the default. Before calculating the EVM, the measured waveform is corrected for sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM. The symbols with transient period should not be used for equalization. Only CP-OFDM waveform is used for conformance testing.
[bookmark: _Hlk37237311]In the case of PUSCH or PUCCH transmissions when the mean power, modulation or RB allocation across slot or subslot boundaries is expected to change the EVM result over the symbols where the transient occurs is calculated according to Table 6.4.2.1a.3-1.
[bookmark: _Hlk37255905]Table 6.4.2.1a.3-1: EVM definition for reported transient period
	Reported transient capability (us)
	EVM definition
	tpstart (µs)
	SCS4

	2
	

	-0.5
	15kHz or 30kHz5


	4
	

	-1
	15kHz


	7
	

	-2.7
	15kHz


	NOTE 1:	 ,,and  are defined in Annex E.4.7
NOTE 2:	 is the EVM for a symbol right after a transition;  is the EVM for a symbol right before a transition
NOTE 3:	tpstart denotes the start position of the EVM exclusion window as shown in Annex E.4.7
NOTE 4:	SCS denotes the SCS that can be used in the conformance test
NOTE 5:	30kHz shall be used in the conformance test unless the UE signals in supportedSubCarrierSpacingUL in FeatureSetPerCC that it only supports 15kHz in the corresponding band



The RMS average of the basic EVM measurements over 108 subframes for the symbols where the transient occurs for the different modulation schemes shall not exceed the values specified in Table 6.4.2.1a.3-2 for the parameters defined in Table 6.4.2.1a.3-3.  This requirement can be verified with 64 QAM and 256 QAM modulation.
[bookmark: _Hlk37260337]Table 6.4.2.1a.3-2: Requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level

	64 QAM 
	%
	10

	256 QAM
	%
	8



Table 6.4.2.1a.3-3: Parameters for Error Vector Magnitude
	
Parameter
	Unit
	Level

	UE Output Power
	dBm
	 Table 6.3.1-1 

	UE Output Power for 256 QAM
	dBm
	 Table 6.3.1-1 + 10 dB

	Operating conditions
	
	Normal conditions



The normative reference for this requirement is TS 38.101 [2] clause 6.4.2.1a.
6.4.2.1a.4	Test description
6.4.2.1a.4.1	Initial conditions
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in Table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of channel bandwidth and sub-carrier spacing, are shown in table 6.4.2.1a.4.1-1. The details of the uplink and downlink reference measurement channels (RMCs) are specified in Annexes A.2 and A.3. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4.2.1a.4.1-1: Test Configuration Table for PUSCH
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range (NOTE 4)

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Highest

	Test SCS as specified in Table 5.3.5-1
	15 kHz (Note 3)

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A
	Modulation
	RB allocation (NOTE 1)

	1
	
	CP-OFDM 64 QAM
	Outer Full

	2
	
	CP-OFDM 256 QAM
	Outer Full

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.
NOTE 3:	For UE supporting 2 us transient period, 30kHz shall be used in the conformance test unless the UE signals in supportedSubCarrierSpacingUL in FeatureSetPerCC that it only supports 15kHz in the corresponding band.
NOTE 4:	For NR band n28, 30MHz test channel bandwidth is tested with Low range and High range test frequencies.



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, in Figure A.3.1.1.1 for TE diagram and section A.3.2 for UE diagram. 
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement channels are set according to Table 6.4.2.1a.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4.2.1a.4.3
6.4.2.1a.4.2	Test procedure

Symbol after transient
Symbol before transient

Assigned UL slot
Transient period
Transient period

Figure 6.4.2.1a.4.2-1: Error Vector Magnitude including symbols with transient period

1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4.2.1a.4.1-1. Since the UE has no payload data to send, the UE transmits uplink MAC padding bits on the UL RMC. The UL assignment is such that the UE transmits on slots 8 for 15 kHz SCS, on slots 8 and 18 for 30 kHz SCS and on slots 17 and 37 for 60 kHz SCS.
2.	Send continuously uplink power control "up" commands in the uplink scheduling information to the UE until the UE transmits at PUMAX level, allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.

3.	Measure the EVM and  using Global In-Channel Tx-Test (Annex E) applying tpstart of Table 6.4.2.1a.3-1 according to the declared enhanced transient capability. For TDD, only slots consisting of only UL symbols are under test as indicated in Figure 6.4.2.1a.4.2-1. 
4.	For CP-OFDM 64 QAM modulations, send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level Pmin, where:
-	Pmin is the minimum output power according to Table 6.3.1.3-1.
-	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
-	Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size, and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.
For CP-OFDM 256 QAM modulations, send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level Pmin + 10 dB, where Pmin, MU and Uplink power control window size are defined above.

5.	Measure the EVM and  using Global In-Channel Tx-Test (Annex E) applying tpstart of Table 6.4.2.1a.3-1 according to the declared enhanced transient capability. For TDD, only slots consisting of only UL symbols are under test.
NOTE:	The purpose of the Uplink power control window is to ensure that the actual UE output power is no less than the target power level, and as close as possible to the target power level. The relationship between the Uplink power control window, the target power level and the corresponding possible actual UE Uplink power window is illustrated in Annex F.4.2.
6.4.2.1a.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 with the following exceptions:
Table 6.4.2.1a.4.3-1: TDD-UL-DL-Config
	Derivation Path: TS 38.508-1[5], Table 4.6.3-192

	Information Element
	Value/remark
	Comment
	Condition

	TDD-UL-DL-ConfigCommon ::= SEQUENCE {
	
	
	

	  referenceSubcarrierSpacing
	SubcarrierSpacing
	
	

	  pattern1 SEQUENCE {
	
	
	

	    dl-UL-TransmissionPeriodicity
	ms5
	
	FR1

	
	ms10
	
	FR1_15kHz

	    nrofDownlinkSlots
	6
	
	FR1_15kHz

	
	6
	
	FR1_30kHz

	
	14
	
	FR1_60kHz

	    nrofDownlinkSymbols
	10
	
	FR1_15kHz

	
	6
	
	FR1_30kHz

	
	12
	
	FR1_60kHz

	    nrofUplinkSlots
	3
	
	FR1_15kHz,FR1_30kHz

	
	4
	
	FR1_60kHz

	    nrofUplinkSymbols
	4
	
	FR1_30kHz

	
	2
	
	FR1_15kHz,

	
	8
	
	FR1_60kHz

	
	
	
	

	  }
	
	
	

	  pattern2
	Not present
	
	

	}
	
	
	



6.4.2.1a.5	Test requirement
The PUSCH EVM, derived in Annex E.4.2, shall not exceed the values in Table 6.4.2.1a.5-1.

The PUSCH, derived in Annex E.4.6.2, shall not exceed the values in Table 6.4.2.1a.5-1 when embedded with data symbols of the respective modulation scheme.
Table 6.4.2.1a.5-1: Test requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level

	64 QAM 
	%
	10 + TT

	256 QAM
	%
	8 + TT

	Note 1:	TT is defined in Table 6.4.2.1a.5-2.



Table 6.4.2.1a.5-2: Test Tolerance
	
Parameter
	Unit
	Average EVM Level

	64 QAM 
	%
	0

	256 QAM
	%
	0.3 for 15 dBm < PUL
0.8 for -25 dBm < PUL≤ 15 dBm
1.1 for -40dBm ≤ PUL ≤ -25dBm



6.4.2.2	Carrier leakage
[bookmark: _Toc27478047][bookmark: _Toc36226740][bookmark: _Toc44324025][bookmark: _Toc52990218][bookmark: _Toc60823417][bookmark: _Toc60825339]6.4.2.2.1	Test purpose
Carrier leakage expresses itself as unmodulated sine wave with the carrier frequency or centre frequency of aggregated transmission bandwidth configuration. It is an interference of approximately constant amplitude and independent of the amplitude of the wanted signal. 
The purpose of this test is to exercise the UE transmitter to verify its modulation quality in terms of carrier leakage.
[bookmark: _Toc27478048][bookmark: _Toc36226741][bookmark: _Toc44324026][bookmark: _Toc52990219][bookmark: _Toc60823418][bookmark: _Toc60825340]6.4.2.2.2	Test applicability
This test case applies to all types of NR Power Class 1 UE release 15 and forward.
This test case applies to all types of NR Power Class 3 and Power Class 2 UE release 15 and forward that don't support txDiversity-r16.
[bookmark: _Toc27478049][bookmark: _Toc36226742][bookmark: _Toc44324027][bookmark: _Toc52990220][bookmark: _Toc60823419][bookmark: _Toc60825341]6.4.2.2.3	Minimum conformance requirements
Carrier leakage is an additive sinusoid waveform whose frequency is the same as the modulated waveform carrier frequency. The measurement interval is one slot in the time domain.
In the case that uplink sharing, the carrier leakage may have 7.5 kHz shift with the carrier frequency.
The relative carrier leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform. The relative carrier leakage power shall not exceed the values specified in Table 6.4.2.2.3-1.
Table 6.4.2.2.3-1: Requirements for Carrier Leakage
	Parameter
	Relative Limit (dBc)

	Output power > 10 dBm 
	-28

	0 dBm ≤ Output power ≤ 10 dBm
	-25

	-30 dBm ≤ Output power < 0 dBm
	-20

	-40 dBm ≤ Output power < -30 dBm
	-10



The normative reference for this requirement is TS 38.101-1 [2] clause 6.4.2.2.
[bookmark: _Toc27478050][bookmark: _Toc36226743][bookmark: _Toc44324028][bookmark: _Toc52990221][bookmark: _Toc60823420][bookmark: _Toc60825342]6.4.2.2.4	Test description
6.4.2.2.4.1	Initial condition
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in Table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of channel bandwidth and sub-carrier spacing, are shown in table 6.4.2.2.4.1-1. The details of the uplink and downlink reference measurement channels (RMCs) are specified in Annexes A.2 and A.3. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4.2.2.4.1-1: Test Configuration
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Mid

	Test SCS as specified in Table 5.3.5-1
	Lowest

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A
	Modulation
	RB allocation (NOTE 1, 3)

	1
	
	DFT-s-OFDM QPSK
	Inner_1RB_Left

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.
NOTE 3:	When the signalled DC carrier position is at Inner_1RB_Left, use Inner_1RB_Right for UL RB allocation.



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, in Figure A.3.1.1.1 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to AnnexC.0, C.1, C.2 and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement channels are set according to Table 6.4.2.2.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4.2.2.4.3.
7.	In case the parameter 3300 or 3301 is reported from the UE via txDirectCurrentLocation IE, do not proceed to test procedure and mark the test not applicable with reasoning in the test report.
6.4.2.2.4.2	Test procedure
[bookmark: _Hlk523356272]1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4.2.2.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
2.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level 10 dBm, where:
-	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
-	Uplink power control window size = 1dB (UE power step size) + 0.7 dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size, and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.
3.	Measure carrier leakage using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
4.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level 0 dBm, where MU and Uplink power control window size are defined above.
5.	Measure carrier leakage using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
6.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level -30 dBm, where MU and Uplink power control window size are defined above.
7.	Measure carrier leakage using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
8.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level Pmin, where MU and Uplink power control window size are defined above, Pmin is the minimum output power according to Table 6.3.1.3-1.
9.	Measure carrier leakage using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
NOTE:	The purpose of the Uplink power control window is to ensure that the actual UE output power is no less than the target power level, and as close as possible to the target power level. The relationship between the Uplink power control window, the target power level and the corresponding possible actual UE Uplink power window is illustrated in Annex F.4.2.
Table 6.4.2.2.4.2-1: Void
Table 6.4.2.1.4.2-2: Void
6.4.2.2.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 with the following exception:
Table 6.4.2.2.4.3-1: PUSCH-Config
	Derivation Path: TS 38.508-1 [5], Table 4.6.3-118 with condition TRANSFORM_PRECODER_ENABLED



[bookmark: _Toc27478051][bookmark: _Toc36226744][bookmark: _Toc44324029][bookmark: _Toc52990222][bookmark: _Toc60823421][bookmark: _Toc60825343]6.4.2.2.5	Test requirement
Each of the n carrier leakage results, derived in Annex E.3.1, shall not exceed the values in table 6.4.2.2.5-1. Allocated RBs are not under test.
Table 6.4.2.2.5-1: Test requirements for Relative Carrier Leakage Power
	Parameters
UE output power
	Relative limit (dBc)

	10 + MU to 10 + (MU + Uplink power control window size) dBm
	-28 + TT

	0 + MU to 0 + (MU + Uplink power control window size) dBm
	-25 + TT

	-30 + MU to -30 + (MU + Uplink power control window size) dBm
	-20 + TT

	Pmin + MU to Pmin + (MU + Uplink power control window size) dBm
	-10 + TT

	NOTE 1:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs. 
NOTE 2:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RBs containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency but excluding any allocated RB. 

NOTE 3:	 is the Transmission Bandwidth Configuration (see Section 5.3).
NOTE 4:	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
NOTE 5:	Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size, and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.
NOTE 6:	Test tolerance TT = 0.8 dB.
NOTE 7:	Pmin is the minimum output power according to Table 6.3.1.3-1.



[bookmark: _Toc27478052][bookmark: _Toc36226745][bookmark: _Toc44324030][bookmark: _Toc52990223][bookmark: _Toc60823422][bookmark: _Toc60825344][bookmark: _Toc69306226][bookmark: _Toc69309891][bookmark: _Toc76020210][bookmark: _Toc83720693]6.4.2.3	In-band emissions
[bookmark: _Toc27478053][bookmark: _Toc36226746][bookmark: _Toc44324031][bookmark: _Toc52990224][bookmark: _Toc60823423][bookmark: _Toc60825345]6.4.2.3.1	Test purpose
The in-band emissions are a measure of the interference falling into the non-allocated resources blocks
The in-band emission is defined as the average emission across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB.
The basic in-band emissions measurement interval is defined over one slot in the time domain, however, the minimum requirement applies when the in-band emission measurement is averaged over 10 sub-frames. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one or more symbols, accordingly. 
The purpose of this test is to exercise the UE transmitter to verify its modulation quality in terms of in-band emissions.
[bookmark: _Toc27478054][bookmark: _Toc36226747][bookmark: _Toc44324032][bookmark: _Toc52990225][bookmark: _Toc60823424][bookmark: _Toc60825346]6.4.2.3.2	Test applicability
This test case applies to all types of NR Power Class 1 UE release 15 and forward.
This test case applies to all types of NR Power Class 3 and Power Class 2 UE release 15 and forward that don't support txDiversity-r16.
[bookmark: _Toc27478055][bookmark: _Toc36226748][bookmark: _Toc44324033][bookmark: _Toc52990226][bookmark: _Toc60823425][bookmark: _Toc60825347]6.4.2.3.3	Minimum conformance requirements
The average of the basic in-band emission measurement over 10 sub-frames shall not exceed the values specified in Table 6.4.2.3.3-1.
Table 6.4.2.3.3-1: Requirements for in-band emissions
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm 
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25
	0 dBm ≤ Output power ≤ 10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power < 0 dBm
	

	
	
	-10
	-40 dBm ≤ Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RBs containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency but excluding any allocated RB.

NOTE 6:	 is the Transmission Bandwidth (see Section 5.3).

NOTE 7:	 is the Transmission Bandwidth Configuration (see Section 5.3).

NOTE 8:	 is the limit specified in Table 6.4.2.1.3-1 for the modulation format used in the allocated RBs.



NOTE 9:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  or  for the first adjacent RB outside of the allocated bandwidth.
NOTE 10:	[image: ] is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.



The normative reference for this requirement is TS 38.101-1 [2] clause 6.4.2.3.
[bookmark: _Toc27478056][bookmark: _Toc36226749][bookmark: _Toc44324034][bookmark: _Toc52990227][bookmark: _Toc60823426][bookmark: _Toc60825348]6.4.2.3.4	Test description
[bookmark: _Hlk523358568]6.4.2.3.4.1	Initial condition
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in Table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of channel bandwidth and sub-carrier spacing, are shown in table 6.4.2.3.4.1-1. The details of the uplink and downlink reference measurement channels (RMCs) are specified in Annexes A.2 and A.3. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4.2.3.4.1-1: Test Configuration Table for PUSCH 
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range (NOTE 3)

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Mid, Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A
	Modulation
	RB allocation (NOTE 1)

	1
	
	DFT-s-OFDM QPSK
	Inner_1RB_Left

	2
	
	DFT-s-OFDM QPSK
	Inner_1RB_Right

	3
	
	CP-OFDM QPSK
	Inner_1RB_Left

	4
	
	CP-OFDM QPSK
	Inner_1RB_Right

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.
NOTE 3:	For NR band n28, 30MHz test channel bandwidth is tested with Low range and High range test frequencies.



Table 6.4.2.3.4.1-2: Test Configuration Table for PUCCH
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	See Table 6.4.2.3.4.1-1

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	See Table 6.4.2.3.4.1-1

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	See Table 6.4.2.3.4.1-1

	Test SCS as specified in Table 5.3.5-1
	See Table 6.4.2.3.4.1-1

	Test Parameters

	ID
	Downlink Configuration
	Uplink Configuration

	
	Modulation
	RB allocation
	Waveform
	PUCCH format
	RB index

	1
	CP-OFDM QPSK
	Full RB (Note 1)
	DFT-s-OFDM
	PUCCH format = Format 3 (Note 4)
Length in OFDM symbols = 14
	0

	2
	CP-OFDM QPSK
	Full RB (Note 1)
	DFT-s-OFDM
	PUCCH format = Format 3 (Note 4)
Length in OFDM symbols = 14
	NRB-1

	3
	CP-OFDM QPSK
	Full RB (Note 1)
	CP-OFDM
	PUCCH format = Format 1 (Note 5)
Length in OFDM symbols = 14
	0

	4
	CP-OFDM QPSK
	Full RB (Note 1)
	CP-OFDM
	PUCCH format = Format 1 (Note 5)
Length in OFDM symbols = 14
	NRB-1

	NOTE 1:	Full RB allocation shall be used per each SCS and channel BW as specified in Table 7.3.2.4.1-2.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.
NOTE 3:	DFT-s-OFDM PI/2 BPSK test applies only for UEs which supports half Pi BPSK in FR1.
NOTE 4:	For FDD, set K1 value (PDSCH-to-HARQ-timing-indicator) as follows:
K1 = 2 if mod(i,5) = 0
K1 = 2 if mod(i,5) = 1
K1 = 4 if mod(i,5) = 2
K1 = 3 if mod(i,5) = 3
K1 = 2 if mod(i,5) = 4
where i is slot index per frame
NOTE 5:	For TDD and SCS 30 kHz, schedule the DL RMC as follows:
if mod(i,10) = 3: Scheduled
Other slots: Not scheduled
where i is slot index per frame



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, in Figure A.3.1.1.1 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement channels are set according to Table 6.4.2.3.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4.2.3.4.3
6.4.2.3.4.2	Test procedure
Test procedure for PUSCH:
1.1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4.2.3.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
1.2.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level 10 dBm, where:
-	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
-	Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size, and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.
1.3.	Measure In-band emission using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
1.4.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level 0 dBm, where MU and Uplink power control window size are defined above.
1.5.	Measure In-band emission using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
1.6.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level -30 dBm, where MU and Uplink power control window size are defined above.
1.7.	Measure In-band emission using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
1.8.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level Pmin, where MU and Uplink power control window size are defined above and Pmin is the minimum output power according to Table 6.3.1.3-1.
1.9.	Measure In-band emission using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
NOTE1:	When switching to DFT-s-OFDM waveform, as specified in the test configuration table 6.4.2.3.4.1-1, send an NR RRCReconfiguration message according to TS 38.508-1 [5] clause 4.6.3 Table 4.6.3-118 PUSCH-Config with TRANSFORM_PRECODER_ENABLED condition.
NOTE2:	The purpose of the Uplink power control window is to ensure that the actual UE output power is no less than the target power level, and as close as possible to the target power level. The relationship between the Uplink power control window, the target power level and the corresponding possible actual UE Uplink power window is illustrated in Annex F.4.2.
Test procedure for PUCCH:
2.1.	PUCCH is set according to Table 6.4.2.3.4.1-2. SS transmits PDSCH via PDCCH DCI format 1-1 for C_RNTI to transmit the DL RMC according to Table 6.4.2.3.4.1-2. The SS sends downlink MAC padding bits on the DL RMC. The transmission of PDSCH will make the UE send uplink ACK/NACK using PUCCH.
2.2.	Send uplink power control commands for PUCCH to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level 10 dBm, where:
-	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
-	Uplink power control window size = 1dB (UE power step size) + 2.0 dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.
2.3.	Measure In-band emission using Global In-Channel Tx-Test (Annex E)
2.4.	Send uplink power control commands for PUCCH to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level 0 dBm, where MU and Uplink power control window size are defined above.
2.5.	Measure In-band emission using Global In-Channel Tx-Test (Annex E)
2.6.	Send uplink power control commands for PUCCH to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level -30 dBm, where MU and Uplink power control window size are defined above.
2.7.	Measure In-band emission using Global In-Channel Tx-Test (Annex E)
2.8.	Send uplink power control commands for PUCCH to the UE using 1dB power step size to ensure that the UE output power measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level Pmin, where MU and Uplink power control window size are defined above and Pmin is the minimum output power according to Table 6.3.1.3-1.
2.9.	Measure In-band emission using Global In-Channel Tx-Test (Annex E)
NOTE1:	When switching to DFT-s-OFDM waveform, as specified in the test configuration table 6.4.2.3.4.1-2, send an NR RRCReconfiguration message according to TS 38.508-1 [5] clause 4.6.3 Table 4.6.3-118 PUSCH-Config with TRANSFORM_PRECODER_ENABLED condition.
NOTE2:	The purpose of the Uplink power control window is to ensure that the actual UE output power is no less than the target power level, and as close as possible to the target power level. The relationship between the Uplink power control window, the target power level and the corresponding possible actual UE Uplink power window is illustrated in Annex F.4.2.
Table 6.4.2.3.4.2-1: Void
Table 6.4.2.3.4.2-2: Void
6.4.2.3.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 with the following exceptions:
Table 6.4.2.3.4.3-1: PDSCH-ServingCellConfig: PUCCH format3 measurement
	Derivation Path: TS 38.508-1[15], Table 4.6.3-102

	Information Element
	Value/remark
	Comment
	Condition

	PDSCH-ServingCellConfig ::= SEQUENCE {
	
	
	

	  codeBlockGroupTransmission
	Not present
	
	

	  xOverhead
	Not present
	
	

	  nrofHARQ-ProcessesForPDSCH
	n6
	
	FDD

	  pucch-Cell
	Not present
	
	

	  maxMIMO-Layers
	Not present
	
	

	  processingType2Enabled
	Not present
	
	

	  pdsch-CodeBlockGroupTransmissionList-r16
	Not present
	
	

	}
	
	
	



[bookmark: _Toc27478057][bookmark: _Toc36226750][bookmark: _Toc44324035][bookmark: _Toc52990228][bookmark: _Toc60823427][bookmark: _Toc60825349]6.4.2.3.5	Test requirement
The averaged In-band emission result, derived in Annex E.4.3 shall not exceed the corresponding values in Tables 6.4.2.3.5-1.
Table 6.4.2.3.5-1: Test requirements for in-band emissions
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General (NOTE 12)
	dB
	
+ TT
	Any non-allocated
(NOTE 2)

	IQ Image (NOTE 12)
	dB
	-28 + TT
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25 + TT
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage (NOTE 12)
	dBc
	-28 + TT
	Output power > 10 dBm
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25 + TT
	0 dBm ≤ Output power ≤ 10 dBm
	

	
	
	-20 + TT
	-30 dBm ≤ Output power < 0 dBm
	

	
	
	-10 + TT
	-40 dBm ≤ Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RBs containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency, but excluding any allocated RB.

NOTE 6:	 is the Transmission Bandwidth (see Section 5.3).

NOTE 7:	 is the Transmission Bandwidth Configuration (see Section 5.3).

NOTE 8:	 is the limit specified in Table 6.4.2.1.3-1 for the modulation format used in the allocated RBs.



NOTE 9:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  or  for the first adjacent RB outside of the allocated bandwidth.
NOTE 10:	[image: ] is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 11:	Test tolerance TT = 0.8 dB.
NOTE 12:	In case the parameter 3300 or 3301 is reported from UE via txDirectCurrentLocation IE, IQ Image and Carrier leakage limit do not apply and General limit applies for all non-allocated frequencies.



[bookmark: _Toc27478058][bookmark: _Toc36226751][bookmark: _Toc44324036][bookmark: _Toc52990229][bookmark: _Toc60823428][bookmark: _Toc60825350][bookmark: _Toc69306227][bookmark: _Toc69309892][bookmark: _Toc76020211][bookmark: _Toc83720694]6.4.2.4	EVM equalizer spectrum flatness
[bookmark: _Toc27478059][bookmark: _Toc36226752][bookmark: _Toc44324037][bookmark: _Toc52990230][bookmark: _Toc60823429][bookmark: _Toc60825351]6.4.2.4.1	Test purpose
The zero-forcing equalizer correction applied in the EVM measurement process (as described in Annex E) must meet a spectral flatness requirement for the EVM measurement to be valid. The EVM equalizer spectrum flatness is defined in terms of the maximum peak-to-peak ripple of the equalizer coefficients (dB) across the allocated uplink block, at which the equalizer coefficients are generated by the EVM measurement process. The basic measurement interval is the same as for EVM.
The EVM equalizer spectrum flatness requirement does not limit the correction applied to the signal in the EVM measurement process but for the EVM result to be valid, the equalizer correction that was applied must meet the EVM equalizer spectrum flatness minimum requirements.
[bookmark: _Toc27478060][bookmark: _Toc36226753][bookmark: _Toc44324038][bookmark: _Toc52990231][bookmark: _Toc60823430][bookmark: _Toc60825352]6.4.2.4.2	Test applicability
This test case applies to all types of NR Power Class 1 UE release 15 and forward.
This test case applies to all types of NR Power Class 3 and Power Class 2 UE release 15 and forward that don't support txDiversity-r16.
[bookmark: _Toc27478061][bookmark: _Toc36226754][bookmark: _Toc44324039][bookmark: _Toc52990232][bookmark: _Toc60823431][bookmark: _Toc60825353]6.4.2.4.3	Minimum conformance requirements
The peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation shall not exceed the maximum ripple specified in Table 6.4.2.4.3-1 for normal conditions. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 5 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 7 dB (see Figure 6.4.2.4.3-1).
The EVM equalizer spectral flatness shall not exceed the values specified in Table 6.4.2.4.3-2 for extreme conditions. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 6 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 10 dB (see Figure 6.4.2.4.3-1).
Table 6.4.2.4.3-1: Requirements for EVM equalizer spectrum flatness (normal conditions)
	Frequency range
	Maximum ripple (dB)

	FUL_Meas – FUL_Low ≥ 3 MHz and FUL_High – FUL_Meas ≥ 3 MHz 
(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < 3 MHz or FUL_High – FUL_Meas < 3 MHz 
(Range 2)
	8 (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1



Table 6.4.2.4.3-2: Minimum requirements for EVM equalizer spectrum flatness (extreme conditions)
	
Frequency range
	Maximum Ripple (dB)

	FUL_Meas – FUL_Low ≥ 5 MHz and FUL_High – FUL_Meas ≥ 5 MHz 
(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < 5 MHz or FUL_High – FUL_Meas < 5 MHz 
(Range 2)
	12 (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1



[image: ]Figure 6.4.2.4.3-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation of the coefficients indicated (the ETC minimum requirement are within brackets)

The normative reference for this requirement is TS 38.101-1 [2] clause 6.4.2.4.
[bookmark: _Toc27478062][bookmark: _Toc36226755][bookmark: _Toc44324040][bookmark: _Toc52990233][bookmark: _Toc60823432][bookmark: _Toc60825354]6.4.2.4.4	Test description
6.4.2.4.4.1	Initial condition
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in Table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of channel bandwidth and sub-carrier spacing, are shown in table 6.4.2.4.4.1-1. The details of the uplink and downlink reference measurement channels (RMCs) are specified in Annexes A.2 and A.3. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4.2.4.4.1-1: Test Configuration
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range (NOTE 3)

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Mid, Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A
	Modulation
	RB allocation (NOTE 1)

	1
	
	DFT-s-OFDM QPSK
	Outer Full

	2
	
	CP-OFDM QPSK
	Outer Full

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.
NOTE 3:	For NR band n28, 30MHz test channel bandwidth is tested with Low range and High range test frequencies.



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, in Figure A.3.1.1.1 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement channels are set according to Table 6.4.2.4.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4.2.4.4.3.
6.4.2.4.4.2	Test procedure
1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4.2.4.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
2.	Send continuously uplink power control "up" commands in the uplink scheduling information to the UE until the UE transmits at PUMAX level. Allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.
3.	Measure spectrum flatness using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
NOTE1:	When switching to DFT-s-OFDM waveform, as specified in the test configuration table 6.4.2.1.4.1-1, send an NR RRCReconfiguration message according to TS 38.508-1 [5] clause 4.6.3 Table 4.6.3-118 PUSCH-Config with TRANSFORM_PRECODER_ENABLED condition.
6.4.2.4.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6.
[bookmark: _Toc27478063][bookmark: _Toc36226756][bookmark: _Toc44324041][bookmark: _Toc52990234][bookmark: _Toc60823433][bookmark: _Toc60825355]6.4.2.4.5	Test requirement
Each of the n spectrum flatness functions, shall derive four ripple results in Annex E.4.4.1. The derived results shall not exceed the values in Figure 6.4.2.4.5-1:
For normal conditions, the maximum ripple in Range 1 and Range 2 shall not exceed the values specified in Table 6.4.2.4.5-1 and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 6.4 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 8.4 dB (see Figure 6.4.2.4.5-1).
For normal conditions, the peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation shall not exceed the maximum ripple specified in Table 6.4.2.4.5-1. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 6.4 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 8.4 dB (see Figure 6.4.2.4.5-1).
For extreme conditions, the EVM equalizer spectral flatness shall not exceed the values specified in Table 6.4.2.4.5-2. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 7.4 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 11.4 dB (see Figure 6.4.2.4.5-1).
Table 6.4.2.4.5-1: Requirements for EVM equalizer spectrum flatness (normal conditions)
	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ 3 MHz and FUL_High – FUL_Meas ≥ 3 MHz 
(Range 1)
	4 + TT  (p-p)

	FUL_Meas – FUL_Low < 3 MHz or FUL_High – FUL_Meas < 3 MHz 
(Range 2)
	8 + TT (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1 
NOTE 3: Test tolerance TT = 1.4 dB.



Table 6.4.2.4.5-2: Minimum requirements for EVM equalizer spectrum flatness (extreme conditions)
	
Frequency range
	Maximum Ripple [dB]

	FUL_Meas – FUL_Low ≥ 5 MHz and FUL_High – FUL_Meas ≥ 5 MHz 
(Range 1)
	4 + TT (p-p)

	FUL_Meas – FUL_Low < 5 MHz or FUL_High – FUL_Meas < 5 MHz 
(Range 2)
	12 + TT (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1 
NOTE 3:	Test tolerance TT = 1.4 dB.





Figure 6.4.2.4.5-1: The test requirements for EVM equalizer spectral flatness with the maximum allowed variation of the coefficients indicated for unshaped modulations (the ETC test requirements are within brackets)

[bookmark: _Toc27478064][bookmark: _Toc36226757][bookmark: _Toc44324042][bookmark: _Toc52990235][bookmark: _Toc60823434][bookmark: _Toc60825356][bookmark: _Toc69306228][bookmark: _Toc69309893][bookmark: _Toc76020212][bookmark: _Toc83720695]6.4.2.5	EVM equalizer spectrum flatness for Pi/2 BPSK
[bookmark: _Toc27478065][bookmark: _Toc36226758][bookmark: _Toc44324043][bookmark: _Toc52990236][bookmark: _Toc60823435][bookmark: _Toc60825357]Editor’s Note: The following aspects are either missing or not yet determined:
6.4.2.5.1	Test purpose
The zero-forcing equalizer correction applied in the EVM measurement process (as described in Annex E) must meet a spectral flatness requirement for the EVM measurement to be valid. The EVM equalizer spectrum flatness is defined in terms of the maximum peak-to-peak ripple of the equalizer coefficients (dB) across the allocated uplink block, at which the equalizer coefficients are generated by the EVM measurement process. The basic measurement interval is the same as for EVM.
[bookmark: _Toc27478066][bookmark: _Toc36226759][bookmark: _Toc44324044][bookmark: _Toc52990237][bookmark: _Toc60823436][bookmark: _Toc60825358]6.4.2.5.2	Test applicability
This test case applies to all types of power class 3 capable NR UE release 15 and forward that indicating support for UE capability powerBoosting-pi2BPSK and operating in TDD bands n40, n41, n77, n78 and n79, and don’t support txDiversity-r16.
[bookmark: _Toc27478067][bookmark: _Toc36226760][bookmark: _Toc44324045][bookmark: _Toc52990238][bookmark: _Toc60823437][bookmark: _Toc60825359]This test case applies to all types of NR UE release 16 and forward that indicating support for UE capability lowPAPR-DMRS-PUSCHwithPrecoding-r16, and don’t support txDiversity-r16.
6.4.2.5.3	Minimum conformance requirements
These requirements apply if the IE powerBoostPi2BPSK is set to 1 for power class 3 capable UE operating in TDD bands n40, n41, n77, n78 and n79 with pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and 40 % or less slots in radio frame are used for UL transmission. These requirements also apply if the IE dmrs-UplinkTransformPrecoding-r16 is configured and UE indicates support for UE capability lowPAPR-DMRS-PUSCHwithPrecoding-r16. Otherwise the requirements for EVM equalizer spectrum flatness defined in clause 6.4.2.4.3 apply.
The EVM equalizer coefficients across the allocated uplink block shall be modified to fit inside the mask specified in Table 6.4.2.5.3-1 for normal conditions, prior to the calculation of EVM. The limiting mask shall be placed to minimize the change in equalizer coefficients in a sum of squares sense.
Table 6.4.2.5.3-1: Mask for EVM equalizer coefficients for Pi/2 BPSK, normal conditions
	Frequency range
	Parameter
	Maximum ripple (dB)

	|FUL_Meas – F_center| ≤ X MHz 
(Range 1)
	X1
	6 (p-p)

	|FUL_Meas – F_center| > X MHz 
(Range 2)
	X2
	14 (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	F_center refers to the center frequency of an allocated block of PRBs
NOTE 3:	X, in MHz, is equal to 25% of the bandwidth of the PRB allocation
NOTE 4:	See Figure 6.4.2.5.3-1 for description of X1, X2



[image: ]
Figure 6.4.2.5.3-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation. F_center denotes the center frequency of the allocated block of PRBs. X, in MHz, is equal to 25 % of the bandwidth of the PRB allocation.

For pi/2 BPSK modulation the UE shall be allowed to employ spectral shaping and the shaping filter shall be restricted so that the impulse response of the shaping filter itself shall meet
│ãt(t,0)│ ≥ │ãt(t, τ)│    ∀τ ≠ 0
20log10│ãt(t,τ)│< -15 dB    1< τ < M - 1,
where,│ãt(t, τ)│=IDFT{│ãt(t,f)│ejφ (t,f)},   f  is the frequency of the M allocated subcarriers, ã(t,f) and φ(t,f) are the amplitude and phase response. 
0dB reference is defined as 20log10│ãt(t,0)│.
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4.2.4.1.
[bookmark: _Toc27478068][bookmark: _Toc36226761][bookmark: _Toc44324046][bookmark: _Toc52990239][bookmark: _Toc60823438][bookmark: _Toc60825360]6.4.2.5.4	Test description
6.4.2.5.4.1	Initial condition
Same initial conditions as in clause 6.4.2.4.4.1 with following exceptions:
-	Instead of Table 6.4.2.4.4.1-1   use Table 6.4.2.5.4.1-1
Table 6.4.2.5.4.1-1: Test Configuration
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range (NOTE 3)

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Mid, Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A
	Modulation
	RB allocation (NOTE 1)

	14
	
	DFT-s-OFDM Pi/2 BPSK
	Outer Full

	25
	
	DFT-s-OFDM Pi/2 BPSK w Pi/2 BPSK DMRS
	Outer Full

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.
NOTE 3:	For NR band n28, 30MHz test channel bandwidth is tested with Low range and High range test frequencies.
NOTE 4:	UEs indicating support for UE capability powerBoosting-pi2BPSK.
NOTE 5:	Applicable to UEs indicating support for UE capability lowPAPR-DMRS-PUSCHwithPrecoding-r16..



6.4.2.5.4.2	Test procedure
1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4.2.5.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
2.	Send continuously uplink power control "up" commands in the uplink scheduling information to the UE until the UE transmits at PUMAX level. Allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.
3.	Measure spectrum flatness using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
6.4.2.5.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 with the following exception:
Table 6.4.2.5.4.3-1: ServingCellConfig (Test ID 1 in Table 6.4.2.5.4.1-1)
	Derivation Path: TS 38.508-1 [5] clause 4.6.3, Table 4.6.3-167  

	Information Element
	Value/remark
	Comment
	Condition

	  uplinkConfig SEQUENCE {
	
	
	

	    initialUplinkBWP
	BWP-UplinkDedicated
	
	

	    uplinkBWP-ToReleaseList
	Not present
	
	

	    uplinkBWP-ToAddModList
	Not present
	
	

	    firstActiveUplinkBWP-Id
	BWP-Id
	
	

	    pusch-ServingCellConfig CHOICE {
	
	
	

	      setup
	PUSCH-ServingCellConfig
	
	

	    }
	
	
	

	    carrierSwitching
	Not present
	
	

	    powerBoostPi2BPSK
	enabled
	
	

	  }
	
	
	



Table 6.4.2.5.4.3-2: DMRS-UplinkConfig (Test ID 2 in Table 6.4.2.5.4.1-1)
	Derivation Path: TS 38.508-1 [5], Table 4.6.3-51

	Information Element
	Value/remark
	Comment
	Condition

	DMRS-UplinkConfig ::= SEQUENCE {
	
	
	

	  transformPrecodingEnabled SEQUENCE {
	
	
	

	    nPUSCH-Identity
	Not present
	
	

	    sequenceGroupHopping
	Not present
	
	

	    sequenceHopping
	Not present
	
	

	[bookmark: OLE_LINK22]    dmrs-UplinkTransformPrecoding-r16 SEQUENCE {
	
	
	

	      pi2BPSK-ScramblingID0
	Not present
	
	

	      pi2BPSK-ScramblingID1
	Not present
	
	

	    }
	
	
	

	  }
	
	
	

	}
	
	
	



[bookmark: _Toc27478069][bookmark: _Toc36226762][bookmark: _Toc44324047][bookmark: _Toc52990240][bookmark: _Toc60823439][bookmark: _Toc60825361]6.4.2.5.5	Test requirement
Each of the n spectrum flatness functions, shall derive four ripple results in Annex E.4.4.1 The derived results shall not exceed the values in Figure 6.4.2.5.5-1:
Table 6.4.2.5.5-1: Mask for EVM equalizer coefficients for Pi/2 BPSK, normal conditions
	Frequency range
	Parameter 
	Maximum ripple (dB)

	|FUL_Meas – F_center| ≤ X MHz
(Range 1)
	X1
	6 + TT (p-p)

	|FUL_Meas – F_center| > X MHz
(Range 2)
	X2
	14 + TT (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	F_center refers to the center frequency of an allocated block of PRBs
NOTE 3:	X, in MHz, is equal to 25% of the bandwidth of the PRB allocation
NOTE 4:	See Figure 6.4.2.5.5-1 for description of X1, X2
NOTE 5: Test tolerance TT = 1.4 dB.



[image: ]
Figure 6.4.2.5.5-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation. F_center denotes the center frequency of the allocated block of PRBs. X, in MHz, is equal to 25 % of the bandwidth of the PRB allocation.
Each of the n spectrum flatness functions shall derive an impulse response of the spectral shaping filter in Annex E.4.4.2. The derived results shall fulfill:




where TT = 1.4 dB.
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[bookmark: _Toc69306252][bookmark: _Toc69309917][bookmark: _Toc76020235][bookmark: _Toc83720718][bookmark: _Toc27478097][bookmark: _Toc36226809][bookmark: _Toc44324094][bookmark: _Toc52990288][bookmark: _Toc60823487][bookmark: _Toc60825409][bookmark: _Toc69306251][bookmark: _Toc69309916]6.4D	Transmit signal quality for UL MIMO
[bookmark: _Toc76020236][bookmark: _Toc83720719]6.4D.1	Frequency error for UL MIMO
[bookmark: _Toc27478098][bookmark: _Toc36226810][bookmark: _Toc44324095][bookmark: _Toc52990289][bookmark: _Toc60823488][bookmark: _Toc60825410]6.4D.1.1	Test purpose
This test verifies the ability of both, the receiver and the transmitter for UL MIMO, to process frequency correctly.
Receiver: to extract the correct frequency from the stimulus signal, offered by the System simulator, under ideal propagation conditions and low level.
Transmitter: to derive the correct modulated carrier frequency for each antenna connector from the results, gained by the receiver.
[bookmark: _Toc27478099][bookmark: _Toc36226811][bookmark: _Toc44324096][bookmark: _Toc52990290][bookmark: _Toc60823489][bookmark: _Toc60825411]6.4D.1.2	Test applicability
This test case applies to all types of NR Power Class 1.5, Power Class 2 and Power Class 3 UE release 15 and forward that support 2-layer codebook based UL MIMO.
[bookmark: _Toc27478100][bookmark: _Toc36226812][bookmark: _Toc44324097][bookmark: _Toc52990291][bookmark: _Toc60823490][bookmark: _Toc60825412]6.4D.1.3	Minimum conformance requirements
For UE(s) supporting UL MIMO, the basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequency at each transmit antenna connector shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4D.1.
[bookmark: _Toc27478101][bookmark: _Toc36226813][bookmark: _Toc44324098][bookmark: _Toc52990292][bookmark: _Toc60823491][bookmark: _Toc60825413]6.4D.1.4	Test description
[bookmark: _Toc27478102][bookmark: _Toc36226814][bookmark: _Toc44324099][bookmark: _Toc52990293][bookmark: _Toc60823492][bookmark: _Toc60825414]6.4D.1.4.1	Initial conditions
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of test channel bandwidth and sub-carrier spacing, and are shown in table 6.4D.1.4.1-1. The details of the uplink and downlink reference measurement channels (RMCs) are specified in Annexes A.2 and A.3. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4D.1.4.1-1: Test Configuration Table
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Mid range

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest

	Test Parameters

	
	Downlink Configuration
	Uplink Configuration

	Test ID
	Modulation
	RB allocation
	Modulation
	RB allocation

	1
	CP-OFDM QPSK
	Full RB (NOTE 1)
	CP-OFDM QPSK
	REFSENS (NOTE 2)

	NOTE 1:	Full RB allocation shall be used per each SCS and channel BW as specified in Table 7.3.2.4.1-2
NOTE 2:	REFSENS refers to Table 7.3.2.4.1-3 which defines uplink RB configuration and start RB location for each SCS, channel BW and NR band.



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, Figure A.3.1.2.2 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement Channel is set according to Table 6.4D.1.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4D.1.4.3.
[bookmark: _Toc27478103][bookmark: _Toc36226815][bookmark: _Toc44324100][bookmark: _Toc52990294][bookmark: _Toc60823493][bookmark: _Toc60825415]6.4D.1.4.2	Test procedure
1.	SS transmits PDSCH via PDCCH DCI format 1_1 for C_RNTI to transmit the DL RMC according to Table 6.4D.1.4.1-1. The SS sends downlink MAC padding bits on the DL RMC.
2.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4D.1.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. The PDCCH DCI format 0_1 is specified with the condition 2TX_UL_MIMO in 38.508-1 [5] subclause 4.3.6.1.1.2
3.	Set the Downlink signal level to the appropriate REFSENS value defined in 7.3D.2.5. Send continuously uplink power control "up" commands to the UE in every uplink scheduling information to the UE so that the UE transmits at PUMAX level for the duration of the test. Allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.
4.	Measure the Frequency Error using Global In-Channel Tx-Test (Annex E) at each transmit antenna connector of the UE. For TDD, only slots consisting of only UL symbols are under test.
[bookmark: _Toc27478104][bookmark: _Toc36226816][bookmark: _Toc44324101][bookmark: _Toc52990295][bookmark: _Toc60823494][bookmark: _Toc60825416]5.	For UEs supporting DSS, repeat steps 1~4 on the applicable bands as specified in Section 5.4.2.1 with message contents being according to TS 38.508-1 [5] subclause 4.6 ensuring Table 4.6.3-61 and Table 4.6.3-62 with condition DSS.
6.4D.1.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 ensuring Table 4.6.3-182 with condition 2TX_UL_MIMO.
[bookmark: _Toc27478105][bookmark: _Toc36226817][bookmark: _Toc44324102][bookmark: _Toc52990296][bookmark: _Toc60823495][bookmark: _Toc60825417]6.4D.1.5	Test requirement
The requirements apply to each transmit antenna connector.
The 10 frequency error Δf results must fulfil the test requirement:
|Δf| ≤ (0.1PPM+15 Hz)
[bookmark: _Toc27478106][bookmark: _Toc36226818][bookmark: _Toc44324103][bookmark: _Toc52990297][bookmark: _Toc60823496][bookmark: _Toc60825418][bookmark: _Toc69306254][bookmark: _Toc69309919][bookmark: _Toc76020237][bookmark: _Toc83720720]6.4D.2	Transmit modulation quality for UL MIMO
For UE supporting UL-MIMO, the transmit modulation quality requirements are specified at each transmit antenna connector.
If UE is configured for transmission on single-antenna port, the requirements specified for single carrier apply.
The transmit modulation quality is specified in terms of:
-	Error Vector Magnitude (EVM) for the allocated resource blocks (RBs) 
-	EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process
-	Carrier leakage (caused by IQ offset)
-	In-band emissions for the non-allocated RB
[bookmark: _Toc27478107][bookmark: _Toc36226819][bookmark: _Toc44324104][bookmark: _Toc52990298][bookmark: _Toc60823497][bookmark: _Toc60825419][bookmark: _Toc69306255][bookmark: _Toc69309920][bookmark: _Toc76020238][bookmark: _Toc83720721]6.4D.2.1	Error Vector Magnitude for UL MIMO
[bookmark: _Toc27478108][bookmark: _Toc36226820][bookmark: _Toc44324105][bookmark: _Toc52990299][bookmark: _Toc60823498][bookmark: _Toc60825420]6.4D.2.1.1	Test purpose
The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured waveform. This difference is called the error vector. Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM.
The measured waveform is further equalised using the channel estimates subjected to the EVM equaliser spectrum flatness requirement specified in sub-clause 6.4D.2.4.3. For DFT-s-OFDM waveforms, the EVM result is defined after the front-end FFT and IDFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %. For CP-OFDM waveforms, the EVM result is defined after the front-end FFT as the square root of the ratio of the mean error vector power to the mean reference power expressed as a %.
The basic EVM measurement interval in the time domain is the duration of PUSCH channel, or one hop, if frequency hopping is enabled for PUSCH in the time domain. The EVM measurement interval is reduced by any symbols that contains an allowable power transient as defined in subclause 6.3D.3.3.
[bookmark: _Toc27478109][bookmark: _Toc36226821][bookmark: _Toc44324106][bookmark: _Toc52990300][bookmark: _Toc60823499][bookmark: _Toc60825421]6.4D.2.1.2	Test applicability
This test case applies to all types of NR Power Class 1.5, Power Class 2 and Power Class 3 UE release 15 and forward that support 2-layer codebook based UL MIMO.
[bookmark: _Toc27478110][bookmark: _Toc36226822][bookmark: _Toc44324107][bookmark: _Toc52990301][bookmark: _Toc60823500][bookmark: _Toc60825422]6.4D.2.1.3	Minimum conformance requirements
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the Error Vector Magnitude requirements specified in Table 6.4.2.1.3-1 which is defined in subclause 6.4.2.1.3 apply at each transmit antenna connector. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1.3-2
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4D.2.1.
[bookmark: _Toc27478111][bookmark: _Toc36226823][bookmark: _Toc44324108][bookmark: _Toc52990302][bookmark: _Toc60823501][bookmark: _Toc60825423]6.4D.2.1.4	Test description
6.4D.2.1.4.1	Initial conditions
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of test channel bandwidth and sub-carrier spacing, and are shown in table 6.4D.2.1.4.1-1. The details of the uplink and downlink reference measurement channels (RMCs) are specified in Annexes A.2 and A.3. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4D.2.1.4.1-1: Test Configuration Table
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Highest

	Test SCS as specified in Table 5.3.5-1
	All

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A
	Modulation
	RB allocation (NOTE 1)

	1
	
	CP-OFDM QPSK
	Inner Full

	2
	
	CP-OFDM QPSK
	Outer Full

	3
	
	CP-OFDM 16 QAM
	Inner Full

	4
	
	CP-OFDM 16 QAM
	Outer Full

	5
	
	CP-OFDM 64 QAM
	Outer Full

	6
	
	CP-OFDM 256 QAM
	Outer Full

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, Figure A.3.1.1.2 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement Channel is set according to Table 6.4D.2.1.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4D.2.1.4.3.
6.4D.2.1.4.2	Test procedure
Test procedure for PUSCH:
1.1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4D.2.1.4.1-1. Since the UE has no payload data to send, the UE transmits uplink MAC padding bits on the UL RMC. The PDCCH DCI format 0_1 is specified with the condition 2TX_UL_MIMO in 38.508-1 [5] subclause 4.3.6.1.1.2
1.2.	Send continuously uplink power control "up" commands in the uplink scheduling information to the UE until the UE transmits at PUMAX level, allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.

1.3.	Measure the EVM and  using Global In-Channel Tx-Test (Annex E) for each of transmit antenna of the UE. For TDD, only slots consisting of only UL symbols are under test.
[bookmark: _Hlk20949299]1.4.	For modulations except 256QAM, send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power at each antenna connector under measurement measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level Pmin, where:
-	Pmin is the minimum output power according to Table 6.3.1.3-1.
-	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
-	Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size, and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.

For 256 QAM, send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power at each antenna connector under measurement measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level  Pmin + 10 dB, where MU and Uplink power control window size are defined above. Pmin is the minimum output power according to Table 6.3D.1.3-1.

1.5.	Measure the EVM and  using Global In-Channel Tx-Test (Annex E) for each of transmit antennas of the UE. For TDD, only slots consisting of only UL symbols are under test.
NOTE1:	Void.
NOTE2:	The purpose of the Uplink power control window is to ensure that the actual UE output power at each antenna connector under measurement is no less than the target power level, and as close as possible to the target power level. The relationship between the Uplink power control window, the target power level and the corresponding possible actual UE Uplink power window is illustrated in Annex F.4.2.
NOTE3:	For the UE which the output power at each antenna connector can reach the Uplink power control window at the same time, execute measurement for each of antenna connectors. For the UE which the output power at each antenna connector cannot reach the Uplink power control window at the same time, execute measurement for the one antenna connector which the output power is within Uplink power control window. And then ensure output power of the other antenna connector is within Uplink power control window and execute measurement for this antenna connector.
Table 6.4D.2.1.4.2-1: Void
6.4D.2.1.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 with the condition 2TX_UL_MIMO.
[bookmark: _Toc27478112][bookmark: _Toc36226824][bookmark: _Toc44324109][bookmark: _Toc52990303][bookmark: _Toc60823502][bookmark: _Toc60825424]6.4D.2.1.5	Test requirement
The requirements apply to each transmit antenna connector.
The PUSCH EVM, derived in Annex E.4.2, shall not exceed the values in Table 6.4D.2.1.5-1.

The PUSCH, derived in Annex E.4.6.2, shall not exceed the values in Table 6.4D.2.1.5-1 when embedded with data symbols of the respective modulation scheme.
Table 6.4D.2.1.5-1: Test requirements for Error Vector Magnitude
	
Parameter
	Unit
	Average EVM Level

	Pi/2-BPSK 
	%
	30 + TT

	QPSK
	%
	17.5 + TT

	16 QAM 
	%
	12.5 + TT

	64 QAM 
	%
	8 + TT

	256 QAM
	%
	3.5 + TT

	Note 1:	TT is defined in Table 6.4D.2.1.5-2.



Table 6.4D.2.1.5-2: Test Tolerance
	
Parameter
	Unit
	Average EVM Level

	Pi/2-BPSK 
	%
	0

	QPSK
	%
	0

	16 QAM 
	%
	0

	64 QAM 
	%
	0

	256 QAM
	%
	0.3 for 15 dBm < PUL
0.8 for -25 dBm < PUL≤ 15 dBm
1.1 for -40dBm ≤ PUL ≤ -25dBm



[bookmark: _Toc27478113][bookmark: _Toc36226825][bookmark: _Toc44324110][bookmark: _Toc52990304][bookmark: _Toc60823503][bookmark: _Toc60825425][bookmark: _Toc69306256][bookmark: _Toc69309921][bookmark: _Toc76020239][bookmark: _Toc83720722]6.4D.2.2	Carrier leakage for UL MIMO
[bookmark: _Toc27478114][bookmark: _Toc36226826][bookmark: _Toc44324111][bookmark: _Toc52990305][bookmark: _Toc60823504][bookmark: _Toc60825426]6.4D.2.2.1	Test purpose
The purpose of this test is to exercise the UE transmitter for UL MIMO to verify its modulation quality in terms of carrier leakage.
[bookmark: _Toc27478115][bookmark: _Toc36226827][bookmark: _Toc44324112][bookmark: _Toc52990306][bookmark: _Toc60823505][bookmark: _Toc60825427]6.4D.2.2.2	Test applicability
This test case applies to all types of NR Power Class 1.5, Power Class 2 and Power Class 3 UE release 15 and forward that support 2-layer codebook based UL MIMO.
[bookmark: _Toc27478116][bookmark: _Toc36226828][bookmark: _Toc44324113][bookmark: _Toc52990307][bookmark: _Toc60823506][bookmark: _Toc60825428]6.4D.2.2.3	Minimum conformance requirements
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the Relative Carrier Leakage Power requirements specified in Table 6.4.2.2.3-1 which is defined in subclause 6.4.2.2.3 apply at each transmit antenna connector. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1.3-2
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4D.2.2.
[bookmark: _Toc27478117][bookmark: _Toc36226829][bookmark: _Toc44324114][bookmark: _Toc52990308][bookmark: _Toc60823507][bookmark: _Toc60825429]6.4D.2.2.4	Test description
6.4D.2.2.4.1	Initial conditions
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of test channel bandwidth and sub-carrier spacing, and are shown in table 6.4D.2.2.4.1-1. The details of the uplink and downlink reference measurement channels (RMCs) are specified in Annexes A.2 and A.3. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4D.2.2.4.1-1: Test Configuration Table
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Mid

	Test SCS as specified in Table 5.3.5-1
	Lowest

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A
	Modulation
	RB allocation (NOTE 1, 3)

	1
	
	CP-OFDM QPSK
	Inner_1RB_Left

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.
NOTE 3:	When the signalled DC carrier position is at Inner_1RB_Left, use Inner_1RB_Right for UL RB allocation.



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, Figure A.3.1.1.2 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement Channel is set according to Table 6.4D.2.2.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4D.2.2.4.3.
6.4D.2.2.4.2	Test procedure
1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4D.2.2.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. The PDCCH DCI format 0_1 is specified with the condition 2TX_UL_MIMO in 38.508-1 [5] subclause 4.3.6.1.1.2.
2.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power at each antenna connector under measurement measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level 10 dBm, where:
-	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
-	Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size, and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.
3.	Measure carrier leakage using Global In-Channel Tx-Test (Annex E) for each of transmit antenna of the UE. For TDD, only slots consisting of only UL symbols are under test.
[bookmark: _Hlk20949616]4.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power at each antenna connector under measurement measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level 0 dBm, where MU and Uplink power control window size are defined above.
5.	Measure carrier leakage using Global In-Channel Tx-Test (Annex E) for each of transmit antenna of the UE. For TDD, only slots consisting of only UL symbols are under test.
6.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power at each antenna connector under measurement measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level -30 dBm, where MU and Uplink power control window size are defined above.
7.	Measure carrier leakage using Global In-Channel Tx-Test (Annex E) for each of transmit antenna of the UE. For TDD, only slots consisting of only UL symbols are under test.
8.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power at each antenna connector under measurement measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level  Pmin, where MU and Uplink power control window size are defined above. Pmin is the minimum output power according to Table 6.3D.1.3-1..
9.	Measure carrier leakage using Global In-Channel Tx-Test (Annex E) for each of transmit antenna of the UE. For TDD, only slots consisting of only UL symbols are under test.
NOTE:	The purpose of the Uplink power control window is to ensure that the actual UE output power at each antenna connector under measurement is no less than the target power level, and as close as possible to the target power level. The relationship between the Uplink power control window, the target power level and the corresponding possible actual UE Uplink power window is illustrated in Annex F.4.2.
NOTE2:	For the UE which the output power at each antenna connector can reach the Uplink power control window at the same time, execute measurement for each of antenna connectors. For the UE which the output power at each antenna connector cannot reach the Uplink power control window at the same time, execute measurement for the one antenna connector which the output power is within Uplink power control window. And then ensure output power of the other antenna connector is within Uplink power control window and execute measurement for this antenna connector.
Table 6.4D.2.2.4.2-1: Void
Table 6.4D.2.1.4.2-2: Void
6.4D.2.2.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 with the condition 2TX_UL_MIMO.
[bookmark: _Toc27478118][bookmark: _Toc36226830][bookmark: _Toc44324115][bookmark: _Toc52990309][bookmark: _Toc60823508][bookmark: _Toc60825430]6.4D.2.2.5	Test requirement
The requirements apply to each transmit antenna connector.
Each of the n carrier leakage results, derived in Annex E.3.1, shall not exceed the values in table 6.4D.2.2.5-1. Allocated RBs are not under test. n is 10 for 15kHz SCS, 20 for 30kHz SCS and 30 for 60kHz SCS.
Table 6.4D.2.2.5-1: Test requirements for Relative Carrier Leakage Power
	LO Leakage
	Parameters
UE output power
	Relative limit (dBc)

	
	10 + MU to 10 + (MU + Uplink power control window size) dBm
	-28 + TT

	
	0 + MU to 0 + (MU + Uplink power control window size) dBm
	-25 + TT

	
	-30 + MU to -30 + (MU + Uplink power control window size) dBm
	-20 + TT

	
	-40 + MU to -40 + (MU + Uplink power control window size) dBm
	-10 + TT

	NOTE 1:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs. 
NOTE 2:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RBs containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency but excluding any allocated RB. 

NOTE 3:	 is the Transmission Bandwidth Configuration (see Section 5.3).
NOTE 4:	Void
NOTE 5:	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
NOTE 6:	Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size, and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.
NOTE 7:	Test tolerance TT = 0.8 dB.



Table 6.4D.2.2.5-2: Void
[bookmark: _Toc27478119][bookmark: _Toc36226831][bookmark: _Toc44324116][bookmark: _Toc52990310][bookmark: _Toc60823509][bookmark: _Toc60825431][bookmark: _Toc69306257][bookmark: _Toc69309922][bookmark: _Toc76020240][bookmark: _Toc83720723]6.4D.2.3	In-band emissions for UL MIMO
[bookmark: _Toc27478120][bookmark: _Toc36226832][bookmark: _Toc44324117][bookmark: _Toc52990311][bookmark: _Toc60823510][bookmark: _Toc60825432]6.4D.2.3.1	Test purpose
The purpose of this test is to exercise the UE transmitter for UL MIMO to verify its modulation quality in terms of in-band emissions.
[bookmark: _Toc27478121][bookmark: _Toc36226833][bookmark: _Toc44324118][bookmark: _Toc52990312][bookmark: _Toc60823511][bookmark: _Toc60825433]6.4D.2.3.2	Test applicability
This test case applies to all types of NR Power Class 1.5, Power Class 2 and Power Class 3 UE release 15 and forward that support 2-layer codebook based UL MIMO.
[bookmark: _Toc27478122][bookmark: _Toc36226834][bookmark: _Toc44324119][bookmark: _Toc52990313][bookmark: _Toc60823512][bookmark: _Toc60825434]6.4D.2.3.3	Minimum conformance requirements
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the In-band Emission requirements specified in Table 6.4.2.3.3-1 which is defined in subclause 6.4.2.3.3 apply at each transmit antenna connector. The requirements shall be met with the uplink MIMO configurations specified in Table 6.2D.1.3-2.
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4D.2.3.
[bookmark: _Toc27478123][bookmark: _Toc36226835][bookmark: _Toc44324120][bookmark: _Toc52990314][bookmark: _Toc60823513][bookmark: _Toc60825435]6.4D.2.3.4	Test description
[bookmark: _Toc27478124][bookmark: _Toc36226836][bookmark: _Toc44324121][bookmark: _Toc52990315][bookmark: _Toc60823514][bookmark: _Toc60825436]6.4D.2.3.4.1	Initial conditions
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of test channel bandwidth and sub-carrier spacing, and are shown in table 6.4D.2.3.4.1-1. The details of the uplink and downlink reference measurement channels (RMCs) are specified in Annexes A.2 and A.3. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4D.2.3.4.1-1: Test Configuration Table
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Mid, Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A
	Modulation
	RB allocation (NOTE 1)

	1
	
	CP-OFDM QPSK
	Inner_1RB_Left

	2
	
	CP-OFDM QPSK
	Inner_1RB_Right

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, Figure A.3.1.1.2 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement Channel is set according to Table 6.4D.2.3.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4D.2.3.4.3.
6.4D.2.3.4.2	Test procedure
Test procedure for PUSCH:
1.1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4D.2.3.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. The PDCCH DCI format 0_1 is specified with the condition 2TX_UL_MIMO in 38.508-1 [5] subclause 4.3.6.1.1.2.
1.2.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power at each antenna connector under measurement measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level 10 dBm, where:
-	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
-	Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size, and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.
1.3.	Measure In-band emission using Global In-Channel Tx-Test (Annex E) for each of transmit antennas of the UE. For TDD, only slots consisting of only UL symbols are under test.
1.4.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power at each antenna connector under measurement measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level 0 dBm, where MU and Uplink power control window size are defined above.
1.5.	Measure In-band emission using Global In-Channel Tx-Test (Annex E) for each of transmit antennas of the UE. For TDD, only slots consisting of only UL symbols are under test.
1.6.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power at each antenna connector under measurement measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level -30 dBm, where MU and Uplink power control window size are defined above.
1.7.	Measure In-band emission using Global In-Channel Tx-Test (Annex E) for each of transmit antennas of the UE. For TDD, only slots consisting of only UL symbols are under test.
1.8.	Send uplink power control commands to the UE using 1dB power step size to ensure that the UE output power at each antenna connector under measurement measured by the test system is within the Uplink power control window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level  Pmin, where MU and Uplink power control window size are defined above. Pmin is the minimum output power according to Table 6.3D.1.3-1.
1.9.	Measure In-band emission using Global In-Channel Tx-Test (Annex E) for each of transmit antennas of the UE. For TDD, only slots consisting of only UL symbols are under test.
NOTE1:	Void.
NOTE2:	The purpose of the Uplink power control window is to ensure that the actual UE output power at each antenna connector under measurement is no less than the target power level, and as close as possible to the target power level. The relationship between the Uplink power control window, the target power level and the corresponding possible actual UE Uplink power window is illustrated in Annex F.4.2.
NOTE3:	For the UE which the output power at each antenna connector can reach the Uplink power control window at the same time, execute measurement for each of antenna connectors. For the UE which the output power at each antenna connector cannot reach the Uplink power control window at the same time, execute measurement for the one antenna connector which the output power is within Uplink power control window. And then ensure output power of the other antenna connector is within Uplink power control window and execute measurement for this antenna connector.
Table 6.4D.2.3.4.2-1: Void
Table 6.4D.2.3.4.2-2: Void
6.4D.2.3.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 with the condition 2TX_UL_MIMO.
[bookmark: _Toc27478125][bookmark: _Toc36226837][bookmark: _Toc44324122][bookmark: _Toc52990316][bookmark: _Toc60823515][bookmark: _Toc60825437]6.4D.2.3.5	Test requirement
The requirements apply to each transmit antenna connector.
The averaged In-band emissions result, derived in Annex E.4.3, shall not exceed the corresponding values in Tables 6.4D.2.3.5-1. n is 10 for 15kHz SCS, 20 for 30kHz SCS and 40 for 60kHz SCS.
Table 6.4D.2.3.5-1: Test requirements for in-band emissions
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	
+ TT
	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28 + TT
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25 + TT
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-28 + TT
	Output power > 10 dBm 
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25 + TT
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20 + TT
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10 + TT
	-40 dBm  Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RB containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency but excluding any allocated RB.

NOTE 6:	 is the Transmission Bandwidth (see Section 5.3).

NOTE 7:	 is the Transmission Bandwidth Configuration (see Section 5.3).

NOTE 8:	 is the limit specified in Table 6.4.2.1.3-1 for the modulation format used in the allocated RBs.



NOTE 9:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  or  for the first adjacent RB outside of the allocated bandwidth.

NOTE 10:	 is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 11:	Test tolerance TT = 0.8 dB.



Table 6.4D.2.3.5-2: Void
[bookmark: _Toc27478126][bookmark: _Toc36226838][bookmark: _Toc44324123][bookmark: _Toc52990317][bookmark: _Toc60823516][bookmark: _Toc60825438][bookmark: _Toc69306258][bookmark: _Toc69309923][bookmark: _Toc76020241][bookmark: _Toc83720724]6.4D.2.4	EVM equalizer spectrum flatness for UL MIMO
[bookmark: _Toc27478127][bookmark: _Toc36226839][bookmark: _Toc44324124][bookmark: _Toc52990318][bookmark: _Toc60823517][bookmark: _Toc60825439]6.4D.2.4.1	Test purpose
The purpose of this test is to verify the zero-forcing equalizer correction applied in the EVM measurement process (as described in Annex E) meets a spectrum flatness requirement for the EVM measurement to be valid.
[bookmark: _Toc27478128][bookmark: _Toc36226840][bookmark: _Toc44324125][bookmark: _Toc52990319][bookmark: _Toc60823518][bookmark: _Toc60825440]6.4D.2.4.2	Test applicability
This test case applies to all types of NR Power Class 1.5, Power Class 2 and Power Class 3 UE release 15 and forward that support 2-layer codebook based UL MIMO.
[bookmark: _Toc27478129][bookmark: _Toc36226841][bookmark: _Toc44324126][bookmark: _Toc52990320][bookmark: _Toc60823519][bookmark: _Toc60825441]6.4D.2.4.3	Minimum conformance requirements
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the EVM Equalizer Spectrum Flatness requirements specified in Table 6.4.2.4.3-1 and Table 6.4.2.4.3-2 which are defined in subclause 6.4.2.4.3 apply at each transmit antenna connector. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1.3-2
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4D.2.4.
6.4D.2.4.4	Test description
6.4D.2.4.4.1	Initial conditions
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of test channel bandwidth and sub-carrier spacing, and are shown in table 6.4D.2.4.4.1-1. The details of the uplink and downlink reference measurement channels (RMCs) are specified in Annexes A.2 and A.3. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4D.2.4.4.1-1: Test Configuration Table
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Mid, Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A
	Modulation
	RB allocation (NOTE 1)

	1
	
	CP-OFDM QPSK
	Outer Full

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	Test Channel Bandwidths are checked separately for each NR band, which applicable channel bandwidths are specified in Table 5.3.5-1.



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, Figure A.3.1.2.2 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement Channel is set according to Table 6.4D.2.4.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4D.2.4.4.3.
6.4D.2.4.4.2	Test procedure
1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4D.2.4.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. The PDCCH DCI format 0_1 is specified with the condition 2TX_UL_MIMO in 38.508-1 [5] subclause 4.3.6.1.1.2.
2.	Send continuously uplink power control "up" commands in the uplink scheduling information to the UE until the UE transmits at PUMAX level. Allow at least 200ms starting from the first TPC command in this step for the UE to reach PUMAX level.
3.	Measure spectrum flatness using Global In-Channel Tx-Test (Annex E) for each of transmit antennas of the UE. For TDD, only slots consisting of only UL symbols are under test.
6.4D.2.4.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 with the condition 2TX_UL_MIMO.
[bookmark: _Toc27478130][bookmark: _Toc36226842][bookmark: _Toc44324127][bookmark: _Toc52990321][bookmark: _Toc60823520][bookmark: _Toc60825442]6.4D.2.4.5	Test requirement
The requirements apply to each transmit antenna connector.
Each of the n spectrum flatness functions, shall derive four ripple results in Annex E.4.4.1. The derived results shall not exceed the values in Figure 6.4D.2.4.5-1:
For shaped Pi/2-BPSK modulated waveforms, the test requirements are TBD.
For normal conditions and unshaped modulated waveforms, the maximum ripple in Range 1 and Range 2 shall not exceed the values specified in Table 6.4D.2.4.5-1 and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 6.4 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 8.4 dB (see Figure 6.4D.2.4.5-1).
For normal conditions and for unshaped modulated waveforms, the peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation shall not exceed the maximum ripple specified in Table 6.4D.2.4.5-1. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 6.4 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 8.4 dB (see Figure 6.4D.2.4.5-1).
For extreme conditions, the EVM equalizer spectral flatness shall not exceed the values specified in Table 6.4D.2.4.5-2. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 7.4 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 11.4 dB (see Figure 6.4D.2.4.5-1).
Table 6.4D.2.4.5-1: Requirements for EVM equalizer spectrum flatness for unshaped modulations (normal conditions)
	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ 3 MHz and FUL_High – FUL_Meas ≥ 3 MHz 
(Range 1)
	4 + TT (p-p)

	FUL_Meas – FUL_Low < 3 MHz or FUL_High – FUL_Meas < 3 MHz 
(Range 2)
	8 + TT (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1
NOTE 3:	Test tolerance TT = 1.4 dB.



Table 6.4D.2.4.5-2: Minimum requirements for EVM equalizer spectrum flatness for unshaped modulations (extreme conditions)
	
Frequency range
	Maximum Ripple [dB]

	FUL_Meas – FUL_Low ≥ 5 MHz and FUL_High – FUL_Meas ≥ 5 MHz 
(Range 1)
	4 + TT (p-p)

	FUL_Meas – FUL_Low < 5 MHz or FUL_High – FUL_Meas < 5 MHz 
(Range 2)
	12 + TT (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1
NOTE 3:	Test tolerance TT = 1.4 dB.





Figure 6.4D.2.4.5-1: The test requirements for EVM equalizer spectral flatness with the maximum allowed variation of the coefficients indicated for unshaped modulations (the ETC test requirements are within brackets)

[bookmark: _Toc27478131][bookmark: _Toc36226843][bookmark: _Toc44324128][bookmark: _Toc52990322][bookmark: _Toc60823521][bookmark: _Toc60825443][bookmark: _Toc69306259][bookmark: _Toc69309924][bookmark: _Toc76020242][bookmark: _Toc83720725]6.4D.3	Time alignment error for UL MIMO
[bookmark: _Toc27478132][bookmark: _Toc36226844][bookmark: _Toc44324129][bookmark: _Toc52990323][bookmark: _Toc60823522][bookmark: _Toc60825444]6.4D.3.1	Test purpose
To verify that the error of time alignment in UL MIMO does not exceed the range prescribed by the specified UL MIMO Time Alignment Error (TAE) and tolerance.
An excess time alignment error has the possibility to interfere to other channels or other systems and decrease UL MIMO performance because of the timing unsynchronization.
[bookmark: _Toc27478133][bookmark: _Toc36226845][bookmark: _Toc44324130][bookmark: _Toc52990324][bookmark: _Toc60823523][bookmark: _Toc60825445]6.4D.3.2	Test applicability
This test case applies to all types of NR Power Class 1.5, Power Class 2 and Power Class 3 UE release 15 and forward that support 2-layer codebook based UL MIMO.
[bookmark: _Toc27478134][bookmark: _Toc36226846][bookmark: _Toc44324131][bookmark: _Toc52990325][bookmark: _Toc60823524][bookmark: _Toc60825446]6.4D.3.3	Minimum conformance requirements
For UE(s) with multiple transmit antenna connectors supporting UL MIMO, this requirement applies to frame timing differences between transmissions on multiple transmit antenna connectors in the closed-loop spatial multiplexing scheme.
The time alignment error (TAE) is defined as the average frame timing difference between any two transmissions on different transmit antenna connectors.
For UE(s) with multiple transmit antenna connectors, the Time Alignment Error (TAE) shall not exceed 130 ns.
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4D.3.
[bookmark: _Toc27478135][bookmark: _Toc36226847][bookmark: _Toc44324132][bookmark: _Toc52990326][bookmark: _Toc60823525][bookmark: _Toc60825447]6.4D.3.4	Test description
[bookmark: _Toc27478136][bookmark: _Toc36226848][bookmark: _Toc44324133][bookmark: _Toc52990327][bookmark: _Toc60823526][bookmark: _Toc60825448]6.4D.3.4.1	Initial condition
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in Table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of channel bandwidth and sub-carrier spacing, are shown in table 6.4D.3.4.1-1. The details of the uplink reference measurement channels (RMCs) are specified in Annexes A.2. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4D.3.4.1-1: Test Configuration Table
	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Mid range

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Mid, Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest, Highest

	Test Parameters for Channel Bandwidths

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A for Time alignment error for UL MIMO 
	Modulation
	RB allocation (NOTE 1)

	1
	test case
	CP-OFDM QPSK
	Outer Full

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, in Figure A.3.1.1.2 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement channels are set according to Table 6.4D.3.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4D.3.4.3.
[bookmark: _Toc27478137][bookmark: _Toc36226849][bookmark: _Toc44324134][bookmark: _Toc52990328][bookmark: _Toc60823527][bookmark: _Toc60825449]6.4D.3.4.2	Test procedure
1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4D.3.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. The PDCCH DCI format 0_1 is specified with the condition 2TX_UL_MIMO in 38.508-1 [5] subclause 4.3.6.1.1.2.
2.	Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200ms from the first TPC command in this step for the UE to reach PUMAX level.
3.	Measure the timing of one sub-frame at each antenna connector.
[bookmark: _Toc27478138][bookmark: _Toc36226850][bookmark: _Toc44324135][bookmark: _Toc52990329][bookmark: _Toc60823528][bookmark: _Toc60825450]6.4D.3.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 ensuring Table 4.6.3-182 with condition 2TX_UL_MIMO.
[bookmark: _Toc27478139][bookmark: _Toc36226851][bookmark: _Toc44324136][bookmark: _Toc52990330][bookmark: _Toc60823529][bookmark: _Toc60825451]6.4D.3.5	Test requirement
For UE(s) with multiple transmit antenna connectors, the Time Alignment Error (TAE) shall not exceed 130 + TT ns.
Table 6.4D.3.5-1: Test Tolerance (Time alignment error for UL MIMO)
	Test Tolerance

	25ns



[bookmark: _Toc27478140][bookmark: _Toc36226852][bookmark: _Toc44324137][bookmark: _Toc52990331][bookmark: _Toc60823530][bookmark: _Toc60825452][bookmark: _Toc69306260][bookmark: _Toc69309925][bookmark: _Toc76020243][bookmark: _Toc83720726]6.4D.4	Requirements for coherent UL MIMO
Editor’s note: This clause is incomplete. The following aspects are either missing or not yet determined:
- Test config table is still FFS.
- Scheduling pattern within 20ms measurement window is FFS
- The test procedure is FFS.
- MU and TT value are still FFS
[bookmark: _Toc27478141][bookmark: _Toc36226853][bookmark: _Toc44324138][bookmark: _Toc52990332][bookmark: _Toc60823531][bookmark: _Toc60825453]6.4D.4.1	Test purpose
To verify that the difference of relative phase error and the difference of relative power error between antenna ports in coherent UL MIMO do not exceed the range prescribed by the specified  requirements for coherent UL MIMO and tolerance.
An excess relative phase error or excess relative power error has the possibility to interfere to other channels and decrease UL MIMO performance because of the timing unsynchronization.
[bookmark: _Toc27478142][bookmark: _Toc36226854][bookmark: _Toc44324139][bookmark: _Toc52990333][bookmark: _Toc60823532][bookmark: _Toc60825454]6.4D.4.2	Test applicability
This test case applies to all types of NR Power Class 1.5, Power Class 2 and Power Class 3 UE release 15 and forward that support coherent 2-layer codebook based UL MIMO.
[bookmark: _Toc27478143][bookmark: _Toc36226855][bookmark: _Toc44324140][bookmark: _Toc52990334][bookmark: _Toc60823533][bookmark: _Toc60825455]6.4D.4.3	Minimum conformance requirements
For coherent UL MIMO, Table 6.4D.4.3-1 lists the maximum allowable difference between the measured relative power and phase errors between different antenna ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4.3-1 apply when the UL transmission power at each antenna port is larger than 0 dBm for SRS transmission and for the duration of time window.
Table 6.4D.4.3-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



The above requirements when all the following conditions are met within the specified time window:
- UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config 
- UE remains in DRX active time (UE does not enter DRX OFF time) 
- No measurement gap occurs 
- No instance of SRS transmission with the usage antenna switching occurs 
- Active BWP remains the same 
- EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PScell or SCell(s))
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4D.4
[bookmark: _Toc27478144][bookmark: _Toc36226856][bookmark: _Toc44324141][bookmark: _Toc52990335][bookmark: _Toc60823534][bookmark: _Toc60825456]6.4D.4.4	Test description
[bookmark: _Toc27478145][bookmark: _Toc36226857][bookmark: _Toc44324142][bookmark: _Toc52990336][bookmark: _Toc60823535][bookmark: _Toc60825457]6.4D.4.4.1	Initial condition
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in Table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each combination of channel bandwidth and sub-carrier spacing, are shown in table 6.4D.4.4.1-1. The details of the uplink reference measurement channels (RMCs) are specified in Annexes A.2. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.4D.4.4.1-1: Test Configuration Table
FFS
1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, in Figure A.3.1.1.2 for TE diagram and section A.3.2 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [5] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1, C.2, and uplink signals according to Annex G.0, G.1, G.2, G.3.0.
4.	The UL Reference Measurement channels are set according to Table 6.4D.4.4.1-1.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [5] clause 4.5. Message contents are defined in clause 6.4D.4.4.3
[bookmark: _Toc27478146][bookmark: _Toc36226858][bookmark: _Toc44324143][bookmark: _Toc52990337][bookmark: _Toc60823536][bookmark: _Toc60825458]6.4D.4.4.2	Test procedure
[bookmark: _Toc27478147][bookmark: _Toc36226859][bookmark: _Toc44324144][bookmark: _Toc52990338][bookmark: _Toc60823537][bookmark: _Toc60825459]1.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.4D.4.4.1-1. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
2.	Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200ms starting from the first TPC command in this step to ensure that the UE reaches the Pumax level of the test point.
3.	Measure the mean power of the UE on each antenna port on SRS symbol in the SRS channel bandwidth according to the test configuration from table 6.4D.4.4.1-1. Calculate the power difference between antenna ports and save this value as ‘Power_ref’.
4.	On the slots within 20ms following the SRS symbol, measure the mean power of the UE on each antenna port in the channel bandwidth according to the test configuration from table 6.2.4.4.1-1. The period of measurement shall be at least the continuous duration of one active slot and in the uplink symbols. For TDD slots with transient periods are not under test. Calculate the power difference between antenna ports and save this value as ‘Power_meas’.
6.4D.4.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.6 and 5.4 ensuring Table 4.6.3-182 with the condition 2TX_UL_MIMO.
[bookmark: _Toc27478148][bookmark: _Toc36226860][bookmark: _Toc44324145][bookmark: _Toc52990339][bookmark: _Toc60823538][bookmark: _Toc60825460]6.4D.4.5	Test requirement
Maximum allowable difference of ‘power_ref’ measured in step 3 and ‘power_meas’ measured in step 4 shall not exceed the described relative power error in Table 6.4D.4.5-1.
Table 6.4D.4.5-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40+TT degrees
	4+TT1 dB
	20 msec

	NOTE 1: 	TT for relative power for each frequency and channel bandwidth is specified in Table 6.4D.4.5-2.



Table 6.4D.4.5-2: Test Tolerance
	
	f ≤ 3.0GHz
	3.0GHz < f ≤ 6GHz

	BW ≤ 40MHz
	FFS
	FFS

	40MHz < BW ≤ 100MHz
	FFS
	FFS





<Unchanged Text Skipped>

6.4G	Transmit signal quality for Tx Diversity
In this clause a multitude of results are derived, all using one common algorithm returning these results: Global In-Channels TX-Test Annex E. Each sub clause of this clause contains a procedure and test requirements described for a specific measurement. If all relevant test parameters in different sub clauses are the same, then the results, returned by the Global In-Channel TX-Test, may be used across the applicable sub clauses.
6.4G.1	Frequency error for Tx Diversity
Editor’s Note: The following aspects are either missing or not yet determined:
- Tests for Power Class 3 are FFS.
6.4G.1.1	Test purpose
Same test purpose as in 6.4.1.1.
6.4G.1.2	Test applicability
This test case applies to all types of NR Power Class 1.5 UE, Power Class 2 and Power Class 3 UE reporting Tx diversity release 15 and forward that support txDiversity-r16.
This test case applies to all types of NR Power Class 1.5 UE release 15 and forward.
6.4G.1.3	Minimum conformance requirements
For UE(s) supporting Tx diversity, the basic measurement interval of modulated carrier frequency is 1 UL slot. The mean value of basic measurements of UE modulated carrier frequency at each transmit antenna connector shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4G.1
6.4G.1.4	Test description
Same test description as in clause 6.4.1.4 with the measurement performed at each transmit antenna connector.
6.4G.1.5	Test requirement
For each transmit antenna connector, the 10 frequency error Δf results must fulfil the test requirement:
|Δf| ≤ (0.1 PPM + 15 Hz)
|Δf| ≤ (0.1 PPM + 15 Hz)6.4G.2	Transmit modulation quality for Tx Diversity
6.4G.2	Transmit modulation quality for Tx Diversity
For UE supporting Tx diversity, the transmit modulation quality requirements are specified at each transmit antenna connector.The transmit modulation quality is specified in terms of:
-	Error Vector Magnitude (EVM) for the allocated resource blocks (RBs)
-	EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process
-	Carrier leakage (caused by IQ offset)
-	In-band emissions for the non-allocated RB
In case the parameter 3300 or 3301 is reported from UE via txDirectCurrentLocation IE (as defined in TS 38.331 [6]), carrier leakage measurement requirement in clause 6.4G.2.2 and 6.4G.2.3 shall be waived, and the RF correction with regard to the carrier leakage and IQ image shall be omitted during the calculation of transmit modulation quality.
6.4G.2.1	Error Vector Magnitude for Tx Diversity
FFS
6.4G.2.2	Carrier leakage for Tx Diversity
Editor’s Note: The following aspects are either missing or not yet determined:
- Tests for Power Class 3 are FFS.
6.4G.2.2.1	Test purpose
Same test purpose as in 6.4.2.2.1.
6.4G.2.2.2	Test applicability
This test case applies to all types of NR Power Class 1.5 UE, Power Class 2 and Power Class 3 UE reporting Tx diversity release 15 and forward that support txDiversity-r16.
This test case applies to all types of NR Power Class 1.5 UE release 15 and forward.
6.4G.2.2.3	Minimum conformance requirements
For UE supporting Tx diversity, the Relative Carrier Leakage Power requirements specified in Table 6.4.2.2.3-1 which is defined in clause 6.4.2.2.3 apply at each transmit antenna connector. 
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4G.2.2.
6.4G.2.2.4	Test description
Same test description as in clause 6.4.2.2.4 with the measurement performed at each transmit antenna connector.
6.4G.2.2.5	Test requirement
For each transmit antenna connector, each of the n carrier leakage results, derived in Annex E.3.1, shall not exceed the values in Table 6.4G.2.2.5-1. Allocated RBs are not under test. n is 10 for 15kHz SCS, 20 for 30kHz SCS and 30 for 60kHz SCS.
Table 6.4G.2.2.5-1: Test requirements for Relative Carrier Leakage Power
	Parameters
UE output power
	Relative limit (dBc)

	10 + MU to 10 + (MU + Uplink power control window size) dBm
	-28 + TT

	0 + MU to 0 + (MU + Uplink power control window size) dBm
	-25 + TT

	-30 + MU to -30 + (MU + Uplink power control window size) dBm
	-20 + TT

	Pmin + MU to Pmin + (MU + Uplink power control window size) dBm
	-10 + TT

	NOTE 1:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs. 
NOTE 2:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RBs containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency but excluding any allocated RB. 

NOTE 3:	 is the Transmission Bandwidth Configuration (see Section 5.3).
NOTE 4:	MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier frequency f and the channel bandwidth BW.
NOTE 5:	Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) + (Test system relative power measurement uncertainty), where, the UE power step tolerance is specified in TS 38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size, and the Test system relative power measurement uncertainty is specified in Table F.1.2-1.
NOTE 6:	Test tolerance TT = 0.8 dB.
NOTE 7:	Pmin is the minimum output power according to Table 6.3.1.3-1.


6.4G.2.3	In-band emissions for Tx Diversity
Editor’s Note: The following aspects are either missing or not yet determined:
- Tests for Power Class 3 are FFS.
6.4G.2.3.1	Test purpose
Same test purpose as in 6.4.2.3.1.
6.4G.2.3.2	Test applicability
This test case applies to all types of NR Power Class 1.5 UE, Power Class 2 and Power Class 3 UE reporting Tx diversity release 15 and forward that support txDiversity-r16.
This test case applies to all types of NR Power Class 1.5 UE release 15 and forward.
6.4G.2.3.3	Minimum conformance requirements
For UE supporting Tx diversity, the In-band Emission requirements specified in Table 6.4.2.3.3-1 which is defined in clause 6.4.2.3.3 apply at each transmit antenna connector. 
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4G.2.3.
6.4G.2.3.4	Test description
Same test description as in clause 6.4.2.3.4 with the measurement performed at each transmit antenna connector.
6.4G.2.3.5	Test requirement
For each transmit antenna connector, the averaged In-band emission result, derived in Annex E.4.3 shall not exceed the corresponding values in Table 6.4G.2.3.5-1.
Table 6.4G.2.3.5-1: Test requirements for in-band emissions
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General (NOTE 12)
	dB
	
+ TT
	Any non-allocated
(NOTE 2)

	IQ Image (NOTE 12)
	dB
	-28 + TT
	Image frequencies when output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25 + TT
	Image frequencies when output power ≤ 10 dBm
	

	Carrier leakage (NOTE 12)
	dBc
	-28 + TT
	Output power > 10 dBm
	Carrier leakage frequency (NOTES 4, 5)

	
	
	-25 + TT
	0 dBm ≤ Output power ≤ 10 dBm
	

	
	
	-20 + TT
	-30 dBm ≤ Output power < 0 dBm
	

	
	
	-10 + TT
	-40 dBm ≤ Output power < -30 dBm
	

	NOTE 1:	An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.
NOTE 2:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.
NOTE 3:	The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the carrier leakage frequency, but excluding any allocated RBs.
NOTE 4:	The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.
NOTE 5:	The applicable frequencies for this limit depend on the parameter txDirectCurrentLocation in UplinkTxDirectCurrent IE, and are those that are enclosed either in the RBs containing the carrier leakage frequency, or in the two RBs immediately adjacent to the carrier leakage frequency, but excluding any allocated RB.

NOTE 6:	 is the Transmission Bandwidth (see Section 5.3).

NOTE 7:	 is the Transmission Bandwidth Configuration (see Section 5.3).

NOTE 8:	 is the limit specified in Table 6.4G.2.1.3-1 for the modulation format used in the allocated RBs.



NOTE 9:	 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g.  or  for the first adjacent RB outside of the allocated bandwidth.
NOTE 10:	[image: ] is an average of the transmitted power over 10 sub-frames normalized by the number of allocated RBs, measured in dBm.
NOTE 11:	Test tolerance TT = 0.8 dB.
NOTE 12: In case the parameter 3300 or 3301 is reported from UE via txDirectCurrentLocation IE, IQ Image and Carrier leakage limit do not apply and General limit applies for all non-allocated frequencies.



6.4G.2.4	EVM equalizer spectrum flatness for Tx Diversity
Editor’s Note: The test case is not completed. The following aspects are either missing or not yet determined:
- Tests for Power Class 3 are FFS.
- Update to Annex E is FFS.
6.4G.2.4.1	Test purpose
Same test purpose as in 6.4.2.4.1.
6.4G.2.4.2	Test applicability
[bookmark: _GoBack]This test case applies to all types of NR Power Class 1.5 UE, Power Class 2 and Power Class 3 UE reporting Tx diversity release 15 and forward that support txDiversity-r16.
This test case applies to all types of NR Power Class 1.5 UE release 15 and forward.
6.4G.2.4.3	Minimum conformance requirements
For UE supporting Tx diversity, the EVM Equalizer Spectrum Flatness requirements specified in Table 6.4.2.4.3-1 and Table 6.4.2.4.3-2 which are defined in clause 6.4.2.4.3. The composite EVM equalizer equalizer EC(f) is defined as

where 


ECn(f) represents equalizer coefficient for each antenna connector,  ，f is the allocated subcarriers within the transmission bandwidth ((|F|=12*);
P1 and P2 denote the linear power measured at each antenna connector respectively.
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4G.2.4.
6.4G.2.4.4	Test description
Same test description as specified in clause 6.4.2.4.4 with following exceptions:
Step 3 of Test procedure as in 6.4.2.4.4.2 is replaced by:
3.	Measure spectrum flatness for each antenna connector using Global In-Channel Tx-Test (Annex E). For TDD, only slots consisting of only UL symbols are under test.
4.	Measure the mean power at each antenna connector in the channel bandwidth of the radio access mode. The period of measurement shall be at least the continuous duration of one active sub-frame (1ms) and in the uplink symbols. For TDD symbols with transient periods are not under test.
5.	Calculate the composite EVM using the values measured in step 3 and step 4 as in Annex TBD.
6.4G.2.4.5	Test requirement
Each of the n spectrum flatness functions, shall derive four ripple results in Annex E.4.4.1. The derived results shall not exceed the values in Figure 6.4G.2.4.5-1:
For normal conditions, the peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation shall not exceed the maximum ripple specified in Table 6.4G.2.4.5-1. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 6.4 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 8.4 dB (see Figure 6.4G.2.4.5-1).
For extreme conditions, the EVM equalizer spectral flatness shall not exceed the values specified in Table 6.4G.2.4.5-2. For uplink allocations contained within both Range 1 and Range 2, the coefficients evaluated within each of these frequency ranges shall meet the corresponding ripple requirement and the following additional requirement: the relative difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 must not be larger than 7.4 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum coefficient in Range 1 must not be larger than 11.4 dB (see Figure 6.4G.2.4.5-1).
Table 6.4G.2.4.5-1: Requirements for EVM equalizer spectrum flatness (normal conditions)
	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ 3 MHz and FUL_High – FUL_Meas ≥ 3 MHz 
(Range 1)
	4 + TT  (p-p)

	FUL_Meas – FUL_Low < 3 MHz or FUL_High – FUL_Meas < 3 MHz 
(Range 2)
	8 + TT (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1 
NOTE 3: Test tolerance TT = 1.4 dB.



Table 6.4G.2.4.5-2: Minimum requirements for EVM equalizer spectrum flatness (extreme conditions)
	
Frequency range
	Maximum Ripple [dB]

	FUL_Meas – FUL_Low ≥ 5 MHz and FUL_High – FUL_Meas ≥ 5 MHz 
(Range 1)
	4 + TT (p-p)

	FUL_Meas – FUL_Low < 5 MHz or FUL_High – FUL_Meas < 5 MHz 
(Range 2)
	12 + TT (p-p)

	NOTE 1:	FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2:	FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1 
NOTE 3:	Test tolerance TT = 1.4 dB.





Figure 6.4G.2.4.5-1: The test requirements for EVM equalizer spectral flatness with the maximum allowed variation of the coefficients indicated for unshaped modulations (the ETC test requirements are within brackets)
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