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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 of the carrier leakage power level 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: _Toc21340865][bookmark: _Toc29805312][bookmark: _Toc36456521][bookmark: _Toc36469619][bookmark: _Toc37254028][bookmark: _Toc37322885][bookmark: _Toc37324291][bookmark: _Toc45889814][bookmark: _Toc52196474][bookmark: _Toc52197454][bookmark: _Toc53173177][bookmark: _Toc53173546][bookmark: _Toc61119546][bookmark: _Toc61119928][bookmark: _Toc67925986][bookmark: _Toc75273624][bookmark: _Toc76510524][bookmark: _Toc83129681]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



In the in-band emission requirement the carrier leakage requirement is stated more precisely:
[bookmark: _Toc21340871][bookmark: _Toc29805318][bookmark: _Toc36456527][bookmark: _Toc36469625][bookmark: _Toc37254034][bookmark: _Toc37322891][bookmark: _Toc37324297][bookmark: _Toc45889820][bookmark: _Toc52196480][bookmark: _Toc52197460][bookmark: _Toc53173183][bookmark: _Toc53173552][bookmark: _Toc61119552][bookmark: _Toc61119934][bookmark: _Toc67925993][bookmark: _Toc75273631][bookmark: _Toc76510531][bookmark: _Toc83129688]6.4.2.3.4	In-band emissions for power class 3
The average of the in-band emission measurement over 10 sub-frames shall not exceed the values specified in Table 6.4.2.3.4-1 for power class 3 UEs.
Table 6.4.2.3.4-1: Requirements for in-band emissions for power class 3
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	



	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-25
	Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	Output power ≤ 10 dBm
	

	Carrier leakage
	dBc
	-25
	Output power > 0 dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-13 dBm ≤ Output power ≤ 0 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 (- 25 dB) and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. 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. For Pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to the measured power in the allocated RB with highest PSD
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 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 in the RBs containing the DC frequency but excluding any allocated RB.
NOTE 6:	LCRB is the Transmission Bandwidth (see Clause 5.3).
NOTE 7:	NRB is the Transmission Bandwidth Configuration (see Clause 5.3).
NOTE 8:	EVM s the limit for the modulation format used in the allocated RBs.
NOTE 9:	RB is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. RB = 1 or RB = -1 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:	All powers are EIRP in beam peak direction.



The global in-channel TX-Test takes the case into account, where the carrier is in-between two RBs:
This can be one RB or one pair of RBs, depending whether the DC carrier is inside an RB or in-between two RBs.
Therefore, for the MU assessment the effective measurement bandwidth of two RBs has to be considered. 
Based on the SNRtotal and signal levels for ACLR in [5], the assumed total channel noise is provided in Table 1. 
[bookmark: _Ref31296795][bookmark: _Ref31296744]Table 1: Total channel noise based on ACLR for 400 MHz channel bandwidth
	Bands
	frequency range
	single channel noise power (dBm)

	n257, n258, n261
	24.25 - 29.5
	-7.6

	n260
	37.0 - 40.0
	-5.5



Carrier leakage is tested with mid CHBW which is typically 200 MHz. 
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 1: Apply highest SCS for the carrier leakage test case.
Carrier leakage will be tested with an SCS of 120 kHz resulting in an effective measured bandwidth of 2.88 MHz for 2RBs. 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 power window is determined as 19.7 dB.
Proposal 2: Apply a power window of 19.7 dB for the carrier leakage test case.
With the power window of proposal 2, 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.  Thus, applying the carrier leakage requirement is equivalent to worst case power of 6.15 dBm – 25 dB = -18.85 dBm. Based on a measurement bandwidth of 2RBs this results in an SNR of 10.17 dB and 8.07 dB, for FR2a and FR2b, respectively. The associated influence of noise is 0.40 and 0.63 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)
	0.40

	30
	Influence of noise (32.125GHz < f ≤ 40.8GHz)
	0.63

	31
	Beam peak search
	0.00

	Total measurement uncertainty
	Value

	EIRP total measurement uncertainty (23.45GHz ≤ f ≤ 32.125GHz)  [dB]
	5.64

	EIRP total measurement uncertainty (32.125GHz < f ≤ 40.8GHz)  [dB]
	5.87

	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 3: 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 3.67 dB (FR2a) and 3.82 dB (FR2b).
Proposal 4: Apply TT = 0.65 x MTSUIFF for carrier leakage resulting in TT of 3.68 dB (FR2a) and 3.82 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.
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: Apply highest SCS for the carrier leakage test case.
Proposal 2: Apply a power window of 19.7 dB for the carrier leakage test case.
Proposal 3: 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 4: Apply TT = 0.65 x MTSUIFF for carrier leakage resulting in TT of 3.68 dB (FR2a) and 3.82 dB (FR2b).
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