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Introduction
Following the discussion and proposals presented in [2], this contribution is introducing the TP for the additional transmitter test cases applicable to PWS in TR 37.941. 
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< Unchanged Text Deleted >

< Beginning of Changes - 9.4 OTA E-UTRA DL RS power >
[bookmark: _Toc32332098][bookmark: _Toc34696772][bookmark: _Toc21086263][bookmark: _Toc29768700]9.4.5		Plane Wave Synthesizer 
[bookmark: _Toc32332099][bookmark: _Toc34696773][bookmark: _Toc21086264][bookmark: _Toc29768701]9.4.5.1	Measurement system description
Measurement system description is captured in subclause 7.6. 
[bookmark: _Toc32332100][bookmark: _Toc34696774]9.4.5.2 	Test procedure
[bookmark: _Toc32332101][bookmark: _Toc34696775]9.4.5.2.1	Stage 1: Calibration
Calibration procedure for the Plane Wave Synthesizer is captured in subclause 8.6.
[bookmark: _Toc32332102][bookmark: _Toc34696776][bookmark: _Toc21086266][bookmark: _Toc29768703]9.4.5.2.2	Stage 2: BS measurement 
The testing procedure consists of the following steps:
1)	Set up BS in place of SGH from calibration stage. Align BS with beam peak direction of range antenna.
2)	Configure TX branch and carrier according to maximum power requirement and test configuration.
3)	Set the BS to transmit the applicable test signal.
4)	Measure the PDL_RS which is the measured signal power of DL RS EIRP (in the beam peak direction).
5)	Calculate EIRPDL_RS using the following equation:
	EIRPDL_RS_p(x) = PDL_RS_meas + LA→C.
And
EIRPDL_RS = EIRPDL_RS_p1 + EIRPDL_RS_p2 where the declared beam is the measured signal for any two orthogonal polarizations (denoted p1 and p2).
6)	Repeat steps 2-5 for all conformance test beam direction pairs and test conditions.
[bookmark: _Toc32332103][bookmark: _Toc34696777][bookmark: _Toc21086268][bookmark: _Toc29768705]9.4.5.3	MU value derivation, FR1 
As the DL RS power is an absolute measurement most of the uncertainties form the EIRP accuracy remain the same. Also it can be noted that the measured signal is a wanted signal and hence will be beam formed in the same way as the wanted signal, hence any errors which may be dependent on the beam shape will be the same as for the EIRP accuracy measurement.
Table 9.4.5.3-1: PWS MU value derivation for OTA E-UTRA DL RS power measurement
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.

[bookmark: _Toc32332110][bookmark: _Toc34696784][bookmark: _Toc21086277][bookmark: _Toc29768714]9.4.56		Maximum accepted test system uncertainty 
Maximum test system uncertainties derivation methodology was described in subclause 5.1. The maximum accepted test system uncertainty values was derived based on test system specific values.
According to the methodology referred above, the common maximum accepted test system uncertainty values for the OTA E-UTRA DL RS power test can be derived from values captured in table 6.4.5-1, separately for each of the defined frequency ranges. The common maximum values are applicable for all test methods addressing OTA E-UTRA DL RS power test requirement. Based on the input values, the expanded uncertainty ue (1.96σ - confidence interval of 95 %) values were derived.
Table 9.4.5-1: Test system specific measurement uncertainty values for the OTA E-UTRA DL RS power test
	
	Expanded uncertainty ue (dB)

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz
	4.2GHz < f  ≦ 6GHz

	Indoor Anechoic Chamber
	
	
	

	Compact Antenna Test Range
	
	
	

	Near Field Test Range
	
	
	

	Common maximum accepted test system uncertainty
	1.3
	1.5
	1.5



[bookmark: _Toc34696785]9.4.67		Test Tolerance for OTA E-UTRA DL RS power
The TT was decided to be the same as the MU in FR1.
Table 9.4.6-1: Test Tolerance values for the OTA E-UTRA DL RS power
	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz
	4.2GHz < f  ≦ 6GHz

	Test Tolerance (dB)
	2.5
	2.6
	2.6



< End of Changes - 9.4 OTA E-UTRA DL RS power >

< Unchanged Text Deleted >

< Beginning of Changes - 9.5 OTA output power dynamics >

[bookmark: _Toc32332119][bookmark: _Toc34696794][bookmark: _Toc21086287][bookmark: _Toc29768724][bookmark: _Toc32332131][bookmark: _Toc34696806][bookmark: _Toc21086301][bookmark: _Toc29768738]9.5.5		Plane Wave Synthesizer 
[bookmark: _Toc32332120][bookmark: _Toc34696795]9.5.5.1	Measurement system description
Measurement system description is captured in subclause 7.6. 
[bookmark: _Toc32332121][bookmark: _Toc34696796]9.5.5.2	Test procedure
[bookmark: _Toc32332122][bookmark: _Toc34696797]9.5.5.2.1	Stage 1: Calibration
Calibration procedure for the Plane Wave Synthesizer is captured in subclause 8.6.
[bookmark: _Toc32332123][bookmark: _Toc34696798]9.5.5.2.2	Stage 2: BS measurement 
Reference procedure in subclause 9.4.5.2.2 where in step 4 the appropriate measurement is:
The appropriate test parameter in step 4 for the output power dynamics vary depending on the specific measurement as described for the conducted measurement in each case however the EIRP measurement is made on both polarisations and added as follows:
	EIRPmeas_p(x) = Pmeas_p(x) + LA→C.
and
	EIRPmeas = EIRPmeas_p1 + EIRPmeas_p2
where the declared beam is the measured signal for any two orthogonal polarizations (denoted p1 and p2).
Furthermore, the measurement is performed twice; once with the BS transmitting at Prated,c,EIRP on all PRBs (in case of NR) and then a second time with the BS transmitting on a single PRB. Both measurements are made in the same conformance direction in the same calibrated test setup. The ratio of these two EIRP levels is used to assess compliance for the OTA total power dynamic range.
[bookmark: _Toc32332130][bookmark: _Toc34696805][bookmark: _Toc21086299][bookmark: _Toc29768736]9.5.5.3	MU value derivation, FR1 
As the output power dynamics are relative measurements most of the uncertainties form the EIRP accuracy cancel out as the same error will be applied to both of the measured OTA signals. 
The uncertainty budget descriptions are the same as those in table 9.2.6.3-1 with the addition descriptions in table 9.5.5.3-1.
The MU uncertainty assessment is shown in table 9.5.5.3-1, zero values have been omitted in the table for the sake of space, but still be considered as part of the budget.
Table 9.5.5.3-1: PWS MU value derivation for OTA total power dynamic range measurement
	Editor’s note: placeholder for the MU table based on the Excel spreadsheet.

9.5.56		Maximum accepted test system uncertainty 
Maximum test system uncertainties derivation methodology was described in subclause 5.1. The maximum accepted test system uncertainty values was derived based on test system specific values.
According to the methodology referred above, the common maximum accepted test system uncertainty values for the OTA output power dynamics tests can be derived from values captured in tables 6.5.5-1 to 6.5.5-5, separately for each of the defined frequency ranges. The common maximum values are applicable for all test methods addressing certain OTA output power dynamics test requirement. Based on the input values, the expanded uncertainty ue (1.96σ - confidence interval of 95 %) values were derived.
The output power dynamic range MU for FR1 for up to 4.2 GHz was agreed to be the same as for eAAS WI. It is expected that the measurement chamber setup, calibration and measurement procedures and the MU budget will be identical for E-UTRA and NR.
Furthermore, for the frequency range 4.2 – 6 GHz, the chamber and instrument uncertainties are the same as those for the frequency range 3 – 4.2 GHz, assuming testing of a BS designed for operation in licensed spectrum. The MU value was agreed to be +/- 0.4 dB for all bands up to 6 GHz.
For FR2: Similarly to FR1, since the OTA output power dynamic range requirement is a relative measurement, only the test equipment uncertainty is of importance. Based on expected test equipment uncertainty, the output power dynamic range MU for FR2 was decided to be +/- 0.4 dB (same as for FR1).
Table 9.5.5-1: Test system specific measurement uncertainty values for the OTA E-UTRA and NR dynamic range test
	
	Expanded uncertainty ue (dB)

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz
	4.2GHz < f  ≦ 6GHz

	Indoor Anechoic Chamber
	
	
	

	Compact Antenna Test Range
	
	
	

	Common maximum accepted test system uncertainty
	0.4
	0.4
	0.4



Table 9.5.5-2: Test system specific measurement uncertainty values for the UTRA power control steps test
	
	Expanded uncertainty ue (dB)

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz
	4.2GHz < f  ≦ 6GHz

	Indoor Anechoic Chamber
	
	
	

	Compact Antenna Test Range
	
	
	

	Common maximum accepted test system uncertainty
	0.1
	0.1
	0.1



Table 9.5.5-3: Test system specific measurement uncertainty values for the UTRA power control dynamic range test
	
	Expanded uncertainty ue (dB)

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz
	4.2GHz < f  ≦ 6GHz

	Indoor Anechoic Chamber
	
	
	

	Compact Antenna Test Range
	
	
	

	Common maximum accepted test system uncertainty
	1.1
	1.1
	1.1



Table 9.5.5-4: Test system specific measurement uncertainty values for the UTRA total power dynamic range test
	
	Expanded uncertainty ue (dB)

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz
	4.2GHz < f  ≦ 6GHz

	Indoor Anechoic Chamber
	
	
	

	Compact Antenna Test Range
	
	
	

	Common maximum accepted test system uncertainty
	0.3
	0.3
	0.3



Table 9.5.5-5: Test system specific measurement uncertainty values for the UTRA IPDL time mask test
	
	Expanded uncertainty ue (dB)

	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz
	4.2GHz < f  ≦ 6GHz

	Indoor Anechoic Chamber
	
	
	

	Compact Antenna Test Range
	
	
	

	Common maximum accepted test system uncertainty
	0.7
	0.7
	0.7



An overview of the MU values for all the requirements is captured in clause 16. 
[bookmark: _Toc32332132][bookmark: _Toc34696807]9.5.67		Test Tolerance for OTA output power dynamics
Considering the methodology described in subclause 5.1, Test Tolerance values for OTA output power dynamics were derived based on values captured in subclause 9.5.5.
The TT was decided to be the same as the MU in FR1.


< End of Changes - 9.5 OTA output power dynamics >

< Unchanged Text Deleted >

< Beginning of Changes - 9.6 OTA transmitted signal quality: Frequency error >

[bookmark: _Toc32332141][bookmark: _Toc34696816][bookmark: _Toc21086309][bookmark: _Toc29768746][bookmark: _Toc32332153][bookmark: _Toc34696828][bookmark: _Toc21086319][bookmark: _Toc29768756]9.6.5		Plane Wave Synthesizer 
[bookmark: _Toc32332142][bookmark: _Toc34696817][bookmark: _Toc21086310][bookmark: _Toc29768747]9.6.5.1	Measurement system description
Measurement system description is captured in subclause 7.6. 
[bookmark: _Toc32332143][bookmark: _Toc34696818]9.6.5.2 	Test procedure
[bookmark: _Toc32332144][bookmark: _Toc34696819]9.6.5.2.1	Stage 1: Calibration
Calibration procedure for the Plane Wave Synthesizer is captured in subclause 8.6.
[bookmark: _Toc32332145][bookmark: _Toc34696820]9.6.5.2.2	Stage 2: BS measurement 
As the frequency error is tested together with EVM, the measurement procedure is same with EVM. The testing procedure consists of the following steps:
1) Align BS with boresight of range antenna. 
2) Configure TX branch and carrier according to required test configuration.
3) Measure frequency error of each carrier arriving at the measurement equipment (such as a spectrum analyzer or equivalent instrument). 
4) Repeat steps 2 - 3 for all conformance test direction as declared by the manufacturer in TS 37.145-2 [4] or TS 38.141-2 [6]. 
5) Repeat steps 2 - 4 for all applicable conformance test models. 
NOTE:	All the discussions above are based on the measurement pre-condition of reference clock synchronized between measurement system with RF frequency signal.
[bookmark: _Toc21086313][bookmark: _Toc29768750][bookmark: _Toc32332146][bookmark: _Toc34696821]9.6.5.3	MU value derivation 
The uncertainty in the power accuracy of the OTA test chamber will not affect the frequency error uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the frequency error measurement uncertainty.
The conducted MU value is adopted for the OTA MU.
9.6.56		Maximum accepted test system uncertainty 
The uncertainty in the power accuracy of the OTA test chamber will not affect the frequency error uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the frequency error measurement uncertainty. The frequency error MU is ±12 Hz.
The MU for FR1 for frequency error for up to 4.2 GHz was agreed to be the same as for eAAS WI. It is expected that the measurement chamber setup, calibration and measurement procedures and the MU budget will be identical for E-UTRA and NR.
Furthermore, for the frequency range 4.2 – 6 GHz, the chamber and instrument uncertainties are the same as those for the frequency range 3 – 4.2 GHz, assuming testing of a BS designed for operation in licensed spectrum.
For FR2, similarly to FR1, as long as the link budget is sufficient to provide a signal at the test equipment that is within its operating range, then the signal quality requirements MU depends only on the test equipment MU. In the beam center, for a CATR, there is sufficient link budget and thus the MU was decided based on expected test equipment performance.
The MU values are ± 12 Hz for frequency error. 
An overview of the MU values for all the requirements is captured in clause 16. 
[bookmark: _Toc32332154][bookmark: _Toc34696829]9.6.67		Test Tolerance for frequency error
Considering the methodology described in subclause 5.1, Test Tolerance values for frequency error were derived based on values captured in subclause 9.6.5.
The TT values were agreed to be the same as the MU values.
Frequency range specific Test Tolerance values for the frequency error test are defined in table 9.7.6-1.
Table 9.6.6-1: Test Tolerance values for frequency error, FR1
	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz
	4.2GHz < f  ≦ 6GHz

	Test Tolerance (Hz)
	12
	12
	12



Table 9.6.6-2: Test Tolerance values for frequency error, FR2
	
	24.25<f
<29.5GHz
	37<f
<40GHz

	Test Tolerance (Hz)
	12
	12



An overview of the TT values for all the requirements is captured in clause 17.

< End of Changes - 9.6 OTA transmitted signal quality: Frequency error >

< Unchanged Text Deleted >

< Beginning of Changes - 9.7 OTA transmitted signal quality: EVM >

[bookmark: _Toc32332163][bookmark: _Toc34696838][bookmark: _Toc21086329][bookmark: _Toc29768766][bookmark: _Toc32332175][bookmark: _Toc34696850][bookmark: _Toc21086344][bookmark: _Toc29768781]9.7.5		Plane Wave Synthesizer 
[bookmark: _Toc32332164][bookmark: _Toc34696839]9.7.5.1	Measurement system description
Measurement system description is captured in subclause 7.6. 
[bookmark: _Toc32332165][bookmark: _Toc34696840]9.7.5.2 	Test procedure
[bookmark: _Toc32332166][bookmark: _Toc34696841]9.7.5.2.1	Stage 1: Calibration
Calibration procedure for the Plane Wave Synthesizer is captured in subclause 8.6.
[bookmark: _Toc32332167][bookmark: _Toc34696842]9.7.5.2.2	Stage 2: BS measurement 
Reference procedure in subclause 9.4.5.2.2 where in step 4 the appropriate measurement parameter is the EVM for the applicable test case and the specific test models. In this case, however testing should be carried out in the OTA conformance reference direction, not the beam peak direction of the OTA peak directions set reference direction.
[bookmark: _Toc32332168][bookmark: _Toc34696843]9.7.5.3 	MU value derivation, FR1
Editor’s note: placeholder for the MU derivation.

9.7.56		Maximum accepted test system uncertainty 
Without consideration of any phase uncertainty, the amplitude error analysis shows the conducted MU of 1% can be maintained for the OTA MU (subject to the clarification noted in the limitations clause that the reported EVM may be greater than the real EVM due to the difference between near field and far field EVM values. The extent of such a difference is dependent on the architecture of the BS). 
NOTE :	Analysis of the phase uncertainties indicates that the contributions are not significant to affect the final MU value, however if future work indicates that phase or any other errors not related to amplitude calibration may affect the EVM measurement uncertainty the MU analysis may be re-examined.
The MU for FR1 for EVM for 0 - 4.2 GHz was agreed to be the same as for eAAS WI. It is expected that the measurement chamber setup, calibration and measurement procedures and the MU budget will be identical for E-UTRA and NR.
Furthermore, for the frequency range 4.2 – 6 GHz, the chamber and instrument uncertainties are the same as those for the frequency range 3 – 4.2 GHz, assuming testing of a BS designed for operation in licensed spectrum.
For FR2, similarly to FR1, as long as the link budget is sufficient to provide a signal at the test equipment that is within its operating range, then the signal quality requirements MU depends only on the test equipment MU. In the beam center, for a CATR, there is sufficient link budget and thus the MU was decided based on expected test equipment performance.
The MU values are 1% for EVM. 
An overview of the MU values for all the requirements is captured in clause 16. 
[bookmark: _Toc32332176][bookmark: _Toc34696851]9.7.67		Test Tolerance for EVM
Considering the methodology described in subclause 5.1, Test Tolerance values for EVM were derived based on values captured in subclause 9.7.5.
The TT values were agreed to be the same as the MU values.
Frequency range specific Test Tolerance values for the EVM test are defined in table 9.7.6-1.
Table 9.7.6-1: Test Tolerance values for EVM, FR1
	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz
	4.2GHz < f  ≦ 6GHz

	Test Tolerance (%)
	1
	1
	1



Table 9.7.6-2: Test Tolerance values for EVM, FR2
	
	24.25<f
<29.5GHz
	37<f
<40GHz

	Test Tolerance (%)
	1
	1



An overview of the TT values for all the requirements is captured in clause 17.

< End of Changes - 9.7 OTA transmitted signal quality: EVM >

< Unchanged Text Deleted >

< Beginning of Changes - 9.9 OTA occupied bandwidth >

[bookmark: _Toc32332207][bookmark: _Toc34696882][bookmark: _Toc21086372][bookmark: _Toc29768809][bookmark: _Toc32332219][bookmark: _Toc34696894][bookmark: _Toc21086386][bookmark: _Toc29768823]9.9.5		Plane Wave Synthesizer
[bookmark: _Toc32332208][bookmark: _Toc34696883]9.9.5.1	Measurement system description
Measurement system description is captured in subclause 7.6. 
[bookmark: _Toc32332209][bookmark: _Toc34696884]9.9.5.2 	Test procedure
[bookmark: _Toc32332210][bookmark: _Toc34696885]9.9.5.2.1	Stage 1: Calibration
Calibration procedure for the Plane Wave Synthesizer is captured in subclause 8.6.
[bookmark: _Toc32332211][bookmark: _Toc34696886]9.9.5.2.2	Stage 2: BS measurement 
The testing procedure consists of the following steps:
1)	Configure transmitter according to the manufacturer's declared EIRP at rated TRP. 
2)	Set the BS to transmit the test signal according to applicable test model for the tested carrier BW. 
3)	Align BS such that beam peak direction of probe antenna is aligned with the reference direction within the OTA coverage range. 
4)	Measure the OTA occupied BW for a single carrier positioned at M channel.
[bookmark: _Toc21086378][bookmark: _Toc29768815][bookmark: _Toc32332212][bookmark: _Toc34696887]9.9.5.3	MU value derivation
The MU value is the same as the conducted value given in table 9.9.1-1. 
9.9.56		Maximum accepted test system uncertainty 
For E-UTRA, the OTA occupied BW MU is the same as the conducted MU and is as follows:
1.4 MHz, 3 MHz Channel BW: 30 kHz
5 MHz, 10 MHz Channel BW: 100 kHz
15 MHz, ≥20 MHz: Channel BW: 300 kHz
For NR in FR1, the MU for the OTA occupied bandwidth depends on the roll-off of the transmitted signal and the instrument MU, not on the OTA chamber related MU. In principle, the occupied bandwidth MU was agreed to be the same as for E-UTRA. However NR covers larger BS channel bandwidths than E-UTRA, and thus additional MU relating to larger channel bandwidths were estimated. The MU was decided based on the density of power measurements within the channel bandwidth and the expected test instrument performance.
For NR in FR1, the MU was agreed to be:
+/- 100 kHz for BS channel bandwidths up to 10 MHz, 
+/- 300 kHz for 10 MHz < BS channel bandwidth ≤ 50 MHz, and 
+/- 300 kHz for 50 MHz < BS channel bandwidths ≤ 100 MHz.
For NR in FR2, based on expected test equipment performance, the MU for occupied bandwidth was decided to be:
+/- 600 kHz (same as for FR1 for channel bandwidths greater than 50 MHz).
For NR in FR2, similarly to FR1, as long as the link budget is sufficient to provide a signal at the test equipment that is within its operating range, then the occupied bandwidth MU depends only on the test equipment MU. In the beam center, for a CATR, there is sufficient link budget and thus the MU was decided based on expected test equipment performance, considering the agreed density of power measurements in the frequency domain.
An overview of the MU values for all the requirements is captured in clause 16. 
[bookmark: _Toc32332220][bookmark: _Toc34696895]9.9.67		Test Tolerance for OTA occupied bandwidth
Considering the methodology described in subclause 5.1, Test Tolerance values for OTA occupied bandwidth were derived based on values captured in subclause 8.9.5.
For NR in FR1 as well as in FR2, the TT value was agreed to be 0 Hz.
Frequency range specific Test Tolerance values for the OTA occupied bandwidth test are defined in tables 9.9.6-1 and 9.9.6-2.
Table 9.9.6-1: Test Tolerance values for the EIRP accuracy in Normal test conditions, FR1
	
	f ≦ 3GHz
	3GHz < f  ≦ 4.2 GHz
	4.2GHz < f  ≦ 6GHz

	Test Tolerance (Hz)
	0
	0
	0


 
Table 9.9.6-2: Test Tolerance values for the EIRP accuracy in Normal test conditions, FR2
	
	24.25<f
<29.5GHz
	37<f
<40GHz

	Test Tolerance (Hz)
	0
	0


 
An overview of the TT values for all the requirements is captured in clause 17.

< End of Changes - 9.9 OTA occupied bandwidth >

< Unchanged Text Deleted >
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