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< Unchanged sections omitted >
[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]Editor’note:
-	For a transition period until RAN#104 (June 2024) previous test procedure in TS 38.521-1 V18.0.0 is allowed for TE implementation. 
-	Working assumption is that the same MU applies for the new UL MIMO test procedure as for the test procedure in TS 38.521-1 V18.0.0. This does not preclude to update the MU in future meetings.
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 connectorper layer 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 for UL MIMO (Annex E with procedure in Annex E.8) at each transmit antenna connector of the UEfor each layer. 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 connectorlayer.
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.1_1	Frequency error for SUL with UL MIMO
Editor’note:
-	For a transition period until RAN#104 (June 2024) previous test procedure in TS 38.521-1 V18.0.0 is allowed for TE implementation. 
-	Working assumption is that the same MU applies for the new UL MIMO test procedure as for the test procedure in TS 38.521-1 V18.0.0. This does not preclude to update the MU in future meetings.
6.4D.1_1.1	Test purpose
Same as test purpose in clause 6.4D.1.1.
6.4D.1_1.2	Test applicability
This test applies to all types of NR UE release 17 and forward that support SUL and UL MIMO operating on the SUL bands.
6.4D.1_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 per layer 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.
6.4D.1_1.4	Test description
6.4D.1_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_1.4.1-1. 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.1_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 for both SUL carrier and Non-SUL carrier

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Highest for SUL carrier 
Lowest for Non-SUL carrier

	Test SCS as specified in Table 5.3.5-1
	15kHz for SUL carrier and Lowest supported SCS for Non-SUL carrier

	Test Parameters for Channel Bandwidths

	Test ID
	Downlink Configuration
	UL Configuration
	SUL Configuration

	
	Modulation
	RB allocation
	N/A
	Modulation
	RB allocation

	1
	CP-OFDM QPSK
	Full RB (NOTE 1)
	
	CP-OFDM QPSK
	SUL 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:	SUL REFSENS refers to Table 7.3C.2.4.1-1a which defines SUL 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.3.1.1.5 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_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.
6.4D.1_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_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_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_1.5. 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 for UL MIMO (Annex E with procedure in Annex E.8) at each transmit antenna connector of the UEfor each layer. For TDD, only slots consisting of only UL symbols are under test.
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_1.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.3.6.1.1.2 ensuring UL/SUL indicator in Table 4.3.6.1.1.2-1 with condition SUL, subclause 4.6 ensuring Table 4.6.1-28 with condition SUL AND (RF OR RRM), Tables 4.6.3-14 with condition SUL_SUL for SUL carrier, Table 4.6.3-167 with condition PUSCH_PUCCH_ON_SUL, and Table 4.6.3-182 with the condition 2TX_UL_MIMO.
6.4D.1_1.5	Test requirement
The requirements apply to each transmit antenna connectorlayer.
The 10-frequency error Δf results must fulfil the test requirement:
|Δf| ≤ (0.1PPM+15 Hz)
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.If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.4.2 apply when TxD is not indicated, and the requirements in clause 6.4G.2 apply when TxD is indicated.
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 the parameter txDirectCurrentLocation in UplinkTxDirectCurrentList IE (as defined in TS 38.331 [7]), carrier leakage measurement requirement in clause 6.4D.2.2 and 6.4D.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: _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]Editor’note:
-	For a transition period until RAN#104 (June 2024) previous test procedure in TS 38.521-1 V18.0.0 is allowed for TE implementation. 
-	Working assumption is that the same MU applies for the new UL MIMO test procedure as for the test procedure in TS 38.521-1 V18.0.0. This does not preclude to update the MU in future meetings.
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 per layerat 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 for UL MIMO (Annex E with procedure in Annex E.8) for each of transmit antenna of the UElayer. 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 for UL MIMO (Annex E with procedure in Annex E.8) for each of transmit antennas of the UElayer. 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.Void.
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 connectorlayer.
The PUSCH EVM, derived in Annex E.4.2 using Annex E.8, shall not exceed the values in Table 6.4D.2.1.5-1.

The PUSCH, derived in Annex E.4.6.2 using Annex E.8, 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



6.4D.2.1_1	Error Vector Magnitude for SUL with UL MIMO
Editor’note:
-	For a transition period until RAN#104 (June 2024) previous test procedure in TS 38.521-1 V18.0.0 is allowed for TE implementation. 
-	Working assumption is that the same MU applies for the new UL MIMO test procedure as for the test procedure in TS 38.521-1 V18.0.0. This does not preclude to update the MU in future meetings.
6.4D.2.1_1.1	Test purpose
Same as test purpose in clause 6.4D.2.1.1.
6.4D.2.1_1.2	Test applicability
This test applies to all types of NR UE release 17 and forward that support SUL and UL MIMO operating on the SUL bands.
6.4D.2.1_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 clause 6.4.2.1 apply per layer. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1_1.3-2.
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4D.2.1.
6.4D.2.1_1.4	Test description
6.4D.2.1_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_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_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, Mid, High range for SUL carrier
Mid-range for Non-SUL carrier

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

	Test SCS as specified in Table 5.3.5-1
	15kHz for SUL carrier and Lowest supported SCS for Non-SUL carrier

	Test Parameters for Channel Bandwidths

	Test ID
	Downlink Configuration
	UL Configuration
	SUL Configuration

	
	N/A
	N/A
	Modulation
	RB allocation (NOTE 2)

	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 SUL band combination, the applicable channel bandwidths are specified in Table 5.5C-1.



1.	Connect the SS to the UE antenna connectors as shown in TS 38.508-1 [5] Annex A, Figure A.3.1.1.5 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 and DL Reference Measurement channels are set according to Table 6.4D.2.1_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_1.4.3. 
6.4D.2.1_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_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 for UL MIMO (Annex E with procedure in Annex E.8) for each of transmit antenna of the UElayer. 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 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 6.3D.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 for UL MIMO (Annex E with procedure in Annex E.8) for each of transmit antennas of the UElayer. For TDD, only slots consisting of only UL symbols are under test.
NOTE1:	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.Void.
6.4D.2.1_1.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.3.6.1.1.2 ensuring UL/SUL indicator in Table 4.3.6.1.1.2-1 with condition SUL, subclause 4.6 ensuring Table 4.6.1-28 with condition SUL AND (RF OR RRM), Tables 4.6.3-14 with condition SUL_SUL for SUL carrier, Table 4.6.3-167 with condition PUSCH_PUCCH_ON_SUL, and Table 4.6.3-182 with the condition 2TX_UL_MIMO.
6.4D.2.1_1.5	Test requirement
The requirements apply to each transmit antenna connectorlayer.
The PUSCH EVM, derived in Annex E.4.2 using Annex E.8, shall not exceed the values in Table 6.4D.2.1_1.5-1.

The PUSCH, derived in Annex E.4.6.2 using Annex E.8, shall not exceed the values in Table 6.4D.2.1_1.5-1 when embedded with data symbols of the respective modulation scheme.
Table 6.4D.2.1_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_1.5-2: Test Tolerance
	
Parameter
	Unit
	Average EVM Level

	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]Editor’note:
-	For a transition period until RAN#104 (June 2024) previous test procedure in TS 38.521-1 V18.0.0 is allowed for TE implementation. 
-	Working assumption is that the same MU applies for the new UL MIMO test procedure as for the test procedure in TS 38.521-1 V18.0.0. This does not preclude to update the MU in future meetings.
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 connectorper layer. 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 for UL MIMO (Annex E with procedure in Annex E.8) for each of transmit antenna of the UElayer. 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 for UL MIMO (Annex E with procedure in Annex E.8) for each of transmit antenna of the UElayer. 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 for UL MIMO (Annex E with procedure in Annex E.8) for each of transmit antenna of the UElayer. 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 for UL MIMO (Annex E with procedure in Annex E.8) for each of transmit antenna of the UElayer. 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.Void.
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 connectorlayer.
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.2.2_1	Carrier leakage for SUL with UL MIMO
Editor’note:
-	For a transition period until RAN#104 (June 2024) previous test procedure in TS 38.521-1 V18.0.0 is allowed for TE implementation. 
-	Working assumption is that the same MU applies for the new UL MIMO test procedure as for the test procedure in TS 38.521-1 V18.0.0. This does not preclude to update the MU in future meetings.
6.4D.2.2_1.1	Test purpose
Same test purpose as in clause 6.4D.2.2.1.
6.4D.2.2_1.2	Test applicability
[bookmark: _Hlk132128309]This test case applies to all types of NR UE release 17 and forward that support SUL and UL MIMO operating on the SUL bands.
6.4D.2.2_1.3	Minimum conformance requirements
For a terminal that supports SUL for the band combination specified in Table 5.2C-1, the current version of the specification assumes the terminal is configured with active transmission either on UL carrier or SUL carrier at any time in one serving cell and the UE requirements for single carrier shall apply for the active UL or SUL carrier accordingly.
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 connectorper layer. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1_1.3-2
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4D.2.2.
6.4D.2.2_1.4	Test description
Same test description as specified in clause 6.4D.2.2.4 with following exceptions:
Instead of Table 5.3.5-1  use Table 5.5C-1.
Instead of Table 6.4D.2.2.4.1-1  use Table 6.4D.2.2_1.4-1
Table 6.4D.2.2_1.4-1: 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, Mid, High range for SUL carrier
Mid range for Non-SUL carrier

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Mid for SUL carrier
Lowest for Non-SUL carrier

	Test SCS as specified in Table 5.3.5-1
	15kHz for SUL carrier and Lowest supported SCS for Non-SUL carrier

	Test Parameters for Channel Bandwidths

	Test ID
	Downlink Configuration
	UL Configuration
	SUL Configuration

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

	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 SUL band combination, the applicable channel bandwidths are specified in Table 5.5C-1.
NOTE 3:	When the signalled DC carrier position is at Inner_1RB_Left, use Inner_1RB_Right for UL RB allocation.



-	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.
-	The parameter setting for the cell are set up according to the TS 38.508-1 [5] subclause 4.4.3.
-	Downlink signals are initially setup according to Annex C.0, C.1, C.2 and uplink signals according to Annex G.0, G.1, G.2, and G.3.0 with consideration of supplementary uplink physical channels.
Message contents in initial conditions are according to TS 38.508-1 [5] subclause 4.3.6.1.1.2 ensuring UL/SUL indicator in Table 4.3.6.1.1.2-1 with condition SUL, subclause 4.6 ensuring Table 4.6.1-28 with condition SUL AND (RF OR RRM), Table 4.6.3-14 with condition SUL_SUL for SUL carrier, and Table 4.6.3-167 with condition PUSCH_ON_SUL. 
[bookmark: _Hlk132192588]6.4D.2.2_1.5	Test requirement
The requirements measured on the SUL carrier apply to each transmit antenna connectorlayer.
Each of the n carrier leakage results, derived in Annex E.3.1 using procedure in Annex Annex E.8, shall not exceed the values in table 6.4D.2.2_1.5-1. 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_1.5-1: 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.



< Unchanged sections omitted >
[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]Editor’note:
-	For a transition period until RAN#104 (June 2024) previous test procedure in TS 38.521-1 V18.0.0 is allowed for TE implementation. 
-	Working assumption is that the same MU applies for the new UL MIMO test procedure as for the test procedure in TS 38.521-1 V18.0.0. This does not preclude to update the MU in future meetings.
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 connectorlayer. 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 for UL MIMO (Annex E with procedure in Annex E.8) for each of transmit antennas of the UElayer. 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 connectorlayer.
Each of the n spectrum flatness functions, shall derive four ripple results in Annex E.4.4.1 using Annex E.8. 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.2.4_1	EVM equalizer spectrum flatness for SUL with UL MIMO
Editor’note:
-	For a transition period until RAN#104 (June 2024) previous test procedure in TS 38.521-1 V18.0.0 is allowed for TE implementation. 
-	Working assumption is that the same MU applies for the new UL MIMO test procedure as for the test procedure in TS 38.521-1 V18.0.0. This does not preclude to update the MU in future meetings.
6.4D.2.4_1.1	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.
6.4D.2.4_1.2	Test applicability
This test applies to all types of NR UE release 17 and forward that support SUL and UL MIMO operating on the SUL bands.
6.4D.2.4_1.3	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 connectorlayer. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1_1.3.
The normative reference for this requirement is TS 38.101-1 [2] clause 6.4D.2.4.
6.4D.2.4_1.4	Test description
6.4D.2.4_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.2.4_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.
Table 6.4D.2.4_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
	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.3.1.1.5 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_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.2.4_1.4.3.
6.4D.2.4_1.4.2	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 for UL MIMO (Annex E with procedure in Annex E.8) for each of transmit antennas of the UElayer. For TDD, only slots consisting of only UL symbols are under test.
6.4D.2.4_1.4.3	Message contents
Message contents are according to TS 38.508-1 [5] subclause 4.3.6.1.1.2 ensuring UL/SUL indicator in Table 4.3.6.1.1.2-1 with condition SUL, subclause 4.6 ensuring Table 4.6.1-28 with condition SUL AND (RF OR RRM), Tables 4.6.3-14 with condition SUL_SUL for SUL carrier, Table 4.6.3-167 with condition PUSCH_PUCCH_ON_SUL, and Table 4.6.3-182 with the condition 2TX_UL_MIMO.
6.4D.2.4_1.5	Test requirement
The requirements apply to each transmit antenna connectorlayer.
Each of the n spectrum flatness functions, shall derive four ripple results in Annex E.4.4.1 using Annex E.8. The derived results shall not exceed the values in Figure 6.4D.2.4_1.5-1:
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_1.5-1 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_1.5-1).
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_1.5-1. 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_1.5-1).
For extreme conditions, the EVM equalizer spectral flatness shall not exceed the values specified in Table 6.4D.2.4_1.5-2. 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_1.5-1).
Table 6.4D.2.4_1.5-1: 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_1.5-2: 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_1.5-1: 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)
< Unchanged sections omitted >
E.6.9.3	EVM measurement for dual Tx
For UE with dual transmission antennas, if UE indicates IE [txDiversity-r16], EVM is measured at each antenna connector to get EVM1 and EVM2, and the total EVM is calculated by values of EVM1 and EVM2 with weighting factor of linear power at each antenna connector.

where P1 and P2 denote the linear power measured at each antenna connector respectively.
E.7	reserved
Editor’s note: reserved for Phase offset measurement for DMRS bundling
E.8	EVM for UL MIMO
E.8.1	General
EVM for UL MIMO is measured per layer. A zero-forcing (ZF) MIMO receiver architecture is used so that dual layer transmissions by the UE can be demodulated by the test equipment receiver.
[image: X:\PROJECT\CMW\DEVELOP\USER\1CM5\KRAKOWSK\NR\NR_EVM_2L_UL_MIMO.png]
Figure E.8.1-1: EVM calculation block diagram for 2-Layer UL MIMO
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The TE receives signals from 2 different ports which are connected to two antenna connectors in the test system. 
For UL MIMO measurements a MIMO equalization step as described in section E.8.2 is performed to separate the layers.
Each layer is then processed as described in section E.8.3 to receive the measurement results for each individual layer.
E.8.2	MIMO Equalization
The MIMO equalization is based only on reference signals (DMRS) without using any data symbols. For the equalization process all available DMRS symbols shall be used.
The effective 2x2 channel matrix is estimated using reference signals of different subcarriers, e.g. in case of DMRS antenna ports 0 and 2. In case that same subcarriers are used, e.g. DMRS antenna ports 0 and 1, a channel decomposition is necessary taking advantage of the orthogonal codes wf and wt and assuming identical channel coefficients for adjacent subcarriers of same CDM group.
Effective channel including the precoding matrix P is:

with

where y denotes the received symbol on port index n and r the reference signal for layer index ν.
Since reference signals of a specific layer are transmitted only on subcarriers of one CDM group channel, interpolation is needed in order to obtain channel coefficients for all subcarriers. Channel interpolation is done using the channel coefficients of active CDM group in all other CDM groups.
The channel coefficients used to calculate the equalizer coefficients are obtained after channel smoothing in frequency domain by computing the moving average of interpolated channel coefficients. The moving average window size is 7. For subcarriers at or near the edge of allocation the window size is reduced accordingly.
The ZF equalizer coefficients are calculated as the inverse of the effective channel matrix, in general:


E.8.3	Layer processing
After performing the MIMO equalization as described in section E.8.2 each layer is processed using the existing procedure as defined in Annex E.
Since the channel estimation is calculated only on the DMRS symbols, an averaging including all 14 symbols of one slot, i.e. data and reference signals, is needed in order to minimize EVM. The averaging is achieved by the least square (LS) equalization method described for single layer in Annex E.3.
MS(f,t) and NS(f,t) are processed with a LS estimator, to derive one equalizer coefficient per time slot and per allocated subcarrier. EC(f) is defined for each layer as:

With * denoting complex conjugation. EC(f) are used to equalize layer data symbols.
EVM equalizer spectral flatness is derived from equalizer coefficients for each layer as follows:


[bookmark: _Toc27478771][bookmark: _Toc36227485]Annex F (normative):
Measurement uncertainties and Test Tolerances

< End of changes >
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