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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At the last meetings EVM MU has been discussed [1, 2, 3, 4]. However, no agreement could be achieved yet. In this contribution, we discuss the MU of further Tx Modulation test cases.
Discussion
EVM
For the assessment of EVM MU, we refer to our discussion paper submitted to the previous meeting [3]. 
Carrier leakage
Analog to ACLR, carrier leakage is specified as a relative requirement. More specifically, it is the power ratio of the additive sinusoid to the power in the modulated waveform. The minimum conformance requirement is specified in clause 6.4.2.2 of TS 38.101-2. 
[bookmark: _Toc21340861][bookmark: _Toc29805308][bookmark: _Toc36456517][bookmark: _Toc36469615][bookmark: _Toc37254024][bookmark: _Toc37322881][bookmark: _Toc37324287][bookmark: _Toc45889810][bookmark: _Toc52196470][bookmark: _Toc52197450][bookmark: _Toc53173173][bookmark: _Toc53173542][bookmark: _Toc61119542][bookmark: _Toc61119924][bookmark: _Toc67925982][bookmark: _Toc75273620][bookmark: _Toc76510520][bookmark: _Toc83129677]6.4.2.2	Carrier leakage
[bookmark: _Toc21340862][bookmark: _Toc29805309][bookmark: _Toc36456518][bookmark: _Toc36469616][bookmark: _Toc37254025][bookmark: _Toc37322882][bookmark: _Toc37324288][bookmark: _Toc45889811][bookmark: _Toc52196471][bookmark: _Toc52197451][bookmark: _Toc53173174][bookmark: _Toc53173543][bookmark: _Toc61119543][bookmark: _Toc61119925][bookmark: _Toc67925983][bookmark: _Toc75273621][bookmark: _Toc76510521][bookmark: _Toc83129678]6.4.2.2.1	General
Carrier leakage is an additive sinusoid waveform. The carrier leakage requirement is defined for each component carrier. The measurement interval is one slot in the time domain. The relative carrier leakage power is a power ratio of the additive sinusoid waveform to the power in the modulated waveform.
The requirement is verified with the test metric of Carrier Leakage (Link=TX beam peak direction, Meas=Link angle).
…
6.4.2.2.4	Carrier leakage for power class 3
When carrier leakage is contained inside the spectrum occupied by the configured UL CCs and DL CCs, the relative carrier leakage power shall not exceed the values specified in Table 6.4.2.2.4-1 for power class 3 UEs.
Table 6.4.2.2.4-1: Minimum requirements for relative carrier leakage power for power class 3
	Parameters
	Relative Limit (dBc)

	EIRP > 0 dBm
	-25

	-13 dBm ≤ EIRP ≤ 0 dBm
	-20



Carrier leakage is calculated in the block “RF correction” of the global in-channel TX-test as specified in Annex E.2.5 of TS 38.521-2. It is the result of jointly varying sample timing, carrier frequency and carrier leakage in order to minimize the difference between of the output signal of TX under test and reference signal:
[bookmark: _Toc21026786][bookmark: _Toc27744084][bookmark: _Toc36197255][bookmark: _Toc36197947]E.2.5	Measurement points
The unwanted emission falling into non-allocated RB(s) is calculated directly after the FFT as described below. In contrast to this, the EVM for the allocated RB(s) is calculated after the IDFT for DFT-s-OFDM or after the Tx-Rx chain equalizer for CP-OFDM. The samples after the TX-RX chain equalizer are used to calculate EVM equalizer spectrum flatness. Carrier frequency error and carrier leakage is calculated in the block “RF correction”.
In case the parameter 3300 or 3301 is reported from UE via txDirectCurrentLocation IE (as defined in TS 38.331 [6]), carrier leakage measurement in the RF correction block shall be omitted. All statements from Annex E.3 onwards shall be read assuming that no carrier leakage has been measured.
[image: ]
Figure E.2.5-1: EVM measurement points
…
[bookmark: _Toc21026788][bookmark: _Toc27744086][bookmark: _Toc36197257][bookmark: _Toc36197949]E.3.1	Pre FFT minimization process
Before applying the pre-FFT minimization process, z(ν) and i(ν) are portioned into n pieces, comprising one slot each, where n is as defined in Annex E.2.2.
Each slot is processed separately. Sample timing, Carrier frequency and carrier leakage in z(ν) are jointly varied in order to minimise the difference between z(ν) and i(ν). Best fit (minimum difference) is achieved when the RMS difference value between z(ν) and i(ν) is an absolute minimum.
The carrier frequency variation and the IQ variation are the measurement results: Carrier Frequency Error and Carrier leakage.
From the acquired samples 10 carrier frequencies can be derived by averaging frequency errors for every 4 or 8 slots for 60 and 120 kHz SCS.
From the acquired samples n carrier frequencies and n carrier leakages can be derived.
NOTE 1:	The minimisation process, to derive carrier leakage and RF error can be supported by Post FFT operations. However the minimisation process defined in the pre FFT domain comprises all acquired samples (i.e. it does not exclude the samples in between the FFT widths and it does not exclude the bandwidth outside the transmission bandwidth configuration
NOTE 2:	The algorithm would allow deriving Carrier Frequency error and Sample Frequency error of the TX under test separately. However there are no requirements for Sample Frequency error. Hence the algorithm models the RF and the sample frequency commonly (not independently). It returns one error and does not distinguish between both.
Since the carrier leakage is obtained by the same optimization process as applied for measurement of EVM, the same limitations, e.g. with respect to synchronization to the signal, apply. 
The test requirement in clause 6.4.2.2.5 of TS 38.521-2 combines the results for both polarizations: 
6.4.2.2.5	Test requirement
For each of the n carrier leakage results derived in Annex E.3.1 for θ- and φ-polarization the total value is calculated according to 

[bookmark: _Hlk87347430]	
This implicitly assumes that the carrier leakage for both polarizations can be measured. However, when the polarization planes of the UE and the TE are well aligned and the UE sends only on a single polarization, the TE does not receive power on the other polarization. As a result the TE cannot measure the carrier leakage since the synchronization to an NR signal is not possible. 
Observation 1: Carrier leakage cannot be measured when the signal power of the modulated signal is so low that synchronization is not possible. This can happen when the polarization planes of UE and TE are well aligned and UE sends only on a single polarization.
In addition the formula for CarrLeakTotal results in a 3 dB higher value than the carrier leakage of an individual polarization, when the carrier leakage for both polarizations is the same. This can result in a fail of a conformant UE.
Observation 2: CarrLeakTotal can be 3 dB higher than the leakage of individual polarizations which can result in failing of a conformant UE.
In order to resolve the issues associated with CarrLeakTotal we propose to apply the minimum of the carrier leakage of the respective polarizations as result for the carrier leakage measurement. We note that the same approach has been used for the EVM TC.
Proposal 1: Apply CarrLeak = min(CarrLeakθ , CarrLeakφ) to obtain the result in the carrier leakage test case.

In the current test configuration, carrier leakage is tested with lowest SCS. However, some of the current UEs do not support 60 kHz SCS. Therefore, we propose to apply highest SCS. 
Proposal 2: Apply highest SCS for the carrier leakage test case.
Due to the fact that carrier leakage is obtained by an optimization process, the effective measurement bandwidth for noise estimation is not directly accessible. Therefore, we propose to apply an effective measurement bandwidth of 1 RB in the MU assessment as worst case. Based on an SCS of 120 kHz this results in an effective measurement bandwidth of 1.44 MHz. 
In the test case the UE power level is set above 0 dBm making use of the power window method. Using the absolute power MU of the minimum output power test case, the size of the UE power window is determined as 19.7 dB.
Proposal 3: Apply an UE power window of 19.7 dB for the carrier leakage test case, i.e., use a TE power control window with a size of 7.4 dB with its lower edge 6.15 dB above the target value of 0 dBm.
With the power window of proposal 3, the test system power control window ranges from 6.15 dBm to 13.55 dBm, i.e., the measurement device will display a value in that range for the modulated signal power summed over both polarizations. The polarization planes between UE and TE can be misaligned which can result in a power reduction of 3dB for the polarization which has a higher power level than the other polarization. Thus, applying the carrier leakage requirement is equivalent to worst case power of 6.15 dBm – 3 dB – 25 dB = -21.85 dBm. 
Based on the SNRtotal and signal levels for ACLR in [5], the assumed total channel noise and noise for a single polarization are provided in Table 1. 
[bookmark: _Ref31296795][bookmark: _Ref31296744]Table 1: Noise based on ACLR for 400 MHz channel bandwidth
	Bands
	frequency range
	total channel noise power (dBm)
	noise power for single polarization (dBm)

	n257, n258, n261
	24.25 - 29.5
	-7.6
	-10.6

	n260
	37.0 - 40.0
	-5.5
	-8.5



Based on a measurement bandwidth of 1 RB this results in an SNR of 13.18 dB and 11.08 dB for the measurement of a single polarization, for FR2a and FR2b, respectively. The associated influence of noise is 0.20 dB and 0.33 dB.
The MU assessment is summarized in Table 2:
Table 2: Uncertainty assessment for EIRP measurement (f=23.45GHz, 32.125GHz, 40.8GHz, Quiet Zone size ≤ 30 cm) for PC3 UEs and normal temperature condition
	UID
	Uncertainty source
	Uncertainty value
	Distribution of the probability
	Divisor 
	Standard uncertainty (σ) [dB]

	Stage 2: DUT measurement

	1
	Positioning misalignment
	0.00
	Normal
	2.00
	0.00

	2
	Measure distance uncertainty
	0.00
	Rectangular
	1.73
	0.00

	3
	Quality of Quiet Zone (NOTE 10)
	0.52
	Actual
	1.00
	0.52

	4
	Mismatch (NOTE 2)
	1.84
	Actual
	1.00
	1.84

	5
	Standing wave between the DUT and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	6
	Uncertainty of the RF power measurement equipment (NOTE 3)
	2.50
	Normal
	2.00
	1.25

	7
	Phase curvature
	0.00
	U-shaped
	1.41
	0.00

	8
	Amplifier uncertainties
	2.1
	Normal
	2.00
	1.05

	9
	Random uncertainty
	0.50
	Normal
	2.00
	0.25

	10
	Influence of the XPD
	0.00
	U-shaped
	1.41
	0.00

	11
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	12
	RF leakage (from measurement antenna to the receiver/transmitter)
	0.00
	Actual
	1.00
	0.00

	13
	Influence of TRP measurement grid (NOTE 4)
	0.0
	Actual
	1
	0.0

	14
	Influence of beam peak search grid (NOTE 5)
	0.00
	Actual
	1
	0.00

	15
	Multiple measurement antenna uncertainty (NOTE 9)
	0.0
	Actual
	1
	0.0

	16
	DUT repositioning (NOTE 4)
	0.00 
	Rectangular
	1.73
	0.00

	Stage 1: Calibration measurement

	17
	Mismatch
	0.00
	U-shaped
	1.41
	0.00

	18
	Amplifier Uncertainties
	0.00
	Normal
	2.00
	0.00

	19
	Misalignment of positioning System
	0.00
	Normal
	2.00
	0.00

	20
	Uncertainty of the Network Analyzer
	1.5
	Normal
	2.00
	0.75

	21
	Uncertainty of the absolute gain of the calibration antenna
	0.60
	Normal
	2.00
	0.30

	22
	Positioning and pointing misalignment between the reference antenna and the measurement antenna
	0.00
	Rectangular
	1.73
	0.00

	23
	Phase centre offset of calibration antenna
	0.00
	Rectangular
	1.73
	0.00

	24
	Quality of quiet zone for calibration process (NOTE 10)
	0.32
	Actual
	1.00
	0.32

	25
	Standing wave between reference calibration antenna and measurement antenna
	0.00
	U-shaped
	1.41
	0.00

	26
	Influence of the calibration antenna feed cable
	0.00
	Normal
	2.00
	0.00

	27
	Insertion Loss Variation
	0.00
	Rectangular
	1.73
	0.00

	EIRP Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
	5.24

	
	Systematic uncertainties (NOTE 6)
	Value

	28
	Systematic error due to TRP calculation/quadrature (NOTE 4)
	0.00

	29
	Influence of noise (23.45GHz ≤ f ≤ 32.125GHz)
	0.20

	30
	Influence of noise (32.125GHz < f ≤ 40.8GHz)
	0.33

	31
	Beam peak search
	0.00

	Total measurement uncertainty
	Value

	EIRP total measurement uncertainty (23.45GHz ≤ f ≤ 32.125GHz)  [dB]
	5.44

	EIRP total measurement uncertainty (32.125GHz < f ≤ 40.8GHz)  [dB]
	5.57

	NOTE 1:	Void
NOTE 2:	The analysis was done only for the case of measured UE power in the range from 0dBm + MU to 0dBm + MU + uplink power control window size, in-band, non-CA.
NOTE 3:	The assessment assumes measured power in the range from 0dBm + MU – carrier leakage requirement to 0dBm + MU + uplink power control window – carrier leakage requirement.
NOTE 4:	This contributor shall only be considered for TRP measurements.
NOTE 5:	Void
NOTE 6:	In order to obtain the total measurement uncertainty, systematic uncertainties have to be added to the expanded root sum square of the standard deviations of the Stage 1 and Stage 2 contributors.
NOTE 7:	Void
NOTE 8:	Void
NOTE 9:	Applies to the system which has a structure of mechanical feed antenna positioning.
NOTE 10:	Defined as fixed value MU contributor.






Proposal 4: Apply the MU contributors and values shown in Table 2 for the MU of SC carrier leakage TC for PC3, FR2a and FR2b, IFF 30cm Quiet Zone. 
For ACLR, TT is calculated by TT = 0.65 x MTSUIFF + TT due to metric change. Since there is no metric change in the carrier leakage testing, we propose to use TT = 0.65 x MTSUIFF for carrier leakage resulting in TT of 3.54 dB (FR2a) and 3.62 dB (FR2b).
Proposal 5: Apply TT = 0.65 x MTSUIFF for carrier leakage resulting in TT of 3.54 dB (FR2a) and 3.62 dB (FR2b).
Accompanying CRs [6] & [7] provide a documentation of the carrier leakage MU in TR 38.903 [8] and of the MTSU and TT in TS 38.521-2 [9], respectively. 

Assumptions
	ID
	Description
	Assumption

	#1
	Frequency ranges under consideration
	All Rel-15 FR2 bands for in-band measurements

	#2
	Size of QZ for IFF 
	30 cm

	#3
	UE power class
	PC3

	#4
	Max EIRP
	EIRP MAX= +43 dBm (rms) (limited due to power window method)

	#5
	Temperature range of the test equipment
	20°C – 35°C



	Conclusion
In summary, carrier leakage MU has been assessed and MU and TT values have been proposed for PC3, FR2a, FR2b IFF with Quiet Zone size of 30cm.
Observation 1: Carrier leakage cannot be measured when the signal power of the modulated signal is so low that synchronization is not possible. This can happen when the polarization planes of UE and TE are well aligned and UE sends only on a single polarization.
Observation 2: CarrLeakTotal can be 3 dB higher than the leakage of individual polarizations which can result in failing of a conformant UE.
Proposal 1: Apply CarrLeak = min(CarrLeakθ , CarrLeakφ) to obtain the result in the carrier leakage test case.
Proposal 2: Apply highest SCS for the carrier leakage test case.
Proposal 3: Apply an UE power window of 19.7 dB for the carrier leakage test case, i.e., use a TE power control window with a size of 7.4 dB with its lower edge 6.15 dB above the target value of 0 dBm.
Proposal 4: Apply the MU contributors and values shown in Table 2 for the MU of SC carrier leakage TC for PC3, FR2a and FR2b, IFF 30cm Quiet Zone. 
Proposal 5: Apply TT = 0.65 x MTSUIFF for carrier leakage resulting in TT of 3.54 dB (FR2a) and 3.62 dB (FR2b).
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