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Introduction
In this contribution we provide TP to External TR on OTA BS testing for the TX directional requirements section. 
Technical content is based on the draft TR shared on the RAN4 Drafts reflector before the e-meeting. Technical content is sourced from the following legacy TRs (indicated by individual Track Changes IDs), with additional text corrections applied by the Rapporteur: 
· TR 37.842, v13.3.0
· TR 37.843, v15.6.0
· TR 38.817-02, v15.6.0
Structure of sections is based on the TR Skeleton as in [2].
The MU / TT values in the text were highlighted for the purpose of values cross-checking in the final version of the TR, once the MU and TT sections are completed with corrected and updated inputs from the Excel spreadsheet. 
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TP to the External TR on OTA BS testing
------------------------------ Modified section ------------------------------
[bookmark: _Toc32332035]9	TX directional requirements

[bookmark: _Toc21086240][bookmark: _Toc29768676]
[bookmark: _Toc21086241][bookmark: _Toc29768677][bookmark: _Toc32332036]9.1	General


Most TX directional requirements require demodulation of the transmitted signal using the “global in-channel TX test” as described e.g. in annex L of TS 38.141-2 [6] for NR. 
For simplicity since Lpath requirements do not all use the same RAT-specific test models, the OTA test procedures have been kept general by using “applicable test signal” where the RAT-specific test models can be found in AAS BS or NR BS test specifications TS 37.145-2 [4] and TS 38.141-2 [6], respectively.

Some requirements are differential and hence many of the calibration and OTA measurement uncertainties may cancel. These are investigated on a case by case basis.
NOTE 1: 	All the calibration and test procedures are valid for FR1 as well as FR2, unless otherwise stated. 
NOTE 2: 	All the MU and TT values derivations are valid for Normal test conditions, unless otherwise stated.
NOTE 3:	The FR2 MU assessment was carried out using a CATR chamber only however other chamber types are not precluded if suitable MU assessment is done.

[bookmark: _Toc21086242][bookmark: _Toc29768678][bookmark: _Toc32332037]9.2	EIRP accuracy, Normal test conditions
[bookmark: _Toc21086243][bookmark: _Toc29768679][bookmark: _Toc32332038]9.2.1		General
Subclause 9.2 captures MU and TT values derivation for the EIRP accuracy directional requirement in Normal test conditions. 
For the MU and TT values derivation for the EIRP accuracy in Extreme test conditions, refer to subclause 9.3. Specification of Normal and Extreme test conditions is captured in TS 38.141-2 [6] for NR BS (i.e. BS type 1-O and BS type 2-O), and in TS 37.145‑2 [4] for OTA AAS BS.

[bookmark: _Toc32332039]9.2.2		Indoor Anechoic Chamber

[bookmark: _Toc478460621][bookmark: _Toc21086244][bookmark: _Toc29768680]
[bookmark: _Toc32332040]9.2.2.1	Measurement system description
Measurement system description is captured in subclause 7.2.1. 




[bookmark: _Toc32332041]9.2.2.2 	Test procedure



[bookmark: _Toc32332042]9.2.2.2.1	Stage 1: Calibration









Calibration procedure for the Indoor Anechoic Chamber is captured in subclause 8.2 with the calibration system setup for TX requirements depicted in figure 8.2-1.
[bookmark: _Toc32332043]9.2.2.2.2	Stage 2: BS measurement
The testing procedure consists of the following steps:
1)	Uninstall the reference antenna and install the BS with the manufacturer declared coordinate system reference point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate system orientation of the BS is set to be aligned with the testing system.
2)	Set the BS to generate the tested beam with the beam peak direction intended to be the same as the testing direction.
3)	Rotate the BS to make the testing direction aligned with the direction of the receiving antenna.
4)	Set the BS to transmit the test signal at the maximum power according to applicable test model. 
5)	Measure the mean power for each carrier arriving at the measurement equipment connector, denoted by PR_EIRP, D, which is defined as 
measured mean power for each carrier at the measurement equipment connector at the reference point D in figure 7.2.1-1.
6)	Calculate the EIRP with the following formula:
	EIRP = PR_EIRP, D + LEIRP_cal, A→D
7)	Calculate total EIRP = EIRPp1 + EIRPp2 where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).
8)	Repeat the above steps 2 - 7 per conformance test beam direction pair.



[bookmark: _Toc32332044]9.2.2.3	MU value derivation, FR1
Table 9.2.2.3-1 captures derivation of the expanded measurement uncertainty values for EIRP accuracy measurements in Indoor Anechoic Chamber (Normal test conditions, FR1).
Table 9.2.2.3-1: Indoor Anechoic Chamber measurement uncertainty value derivation for EIRP accuracy measurements, Normal test conditions, FR1
[bookmark: _Toc32332045]Editor’s note: placeholder for the MU table based on the Excel spreadsheet. 



[bookmark: _Toc32332046]9.2.3		Compact Antenna Test Range
[bookmark: _Toc32332047]9.2.3.1	Measurement system description
Measurement system description is captured in subclause 7.3. 







[bookmark: _Toc32332048]9.2.3.2	Test procedure
[bookmark: _Toc32332049]9.2.3.2.1	Stage 1: Calibration
Calibration procedure for the Compact Antenna Test Range is captured in subclause 8.3 with the calibration system setup for TX requirements depicted in figure 8.3-1.














[bookmark: _Toc32332050]9.2.3.2.2	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 test signal according to applicable test model.
4)	Measure mean power (Pmeas) of each carrier arriving at the measurement equipment (such as a spectrum analyzer or power meter) denoted in figure 8.3-1.
5)	Calculate EIRP, where EIRP = Pmeas + LA→B.
6)	Calculate total EIRP = EIRPp1 + EIRPp2 where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).
7)	Repeat steps 2 - 6 for all conformance test beam direction pairs.

[bookmark: _Toc21086245][bookmark: _Toc29768681]
[bookmark: _Toc21086246][bookmark: _Toc29768682]


[bookmark: _Toc21086247][bookmark: _Toc29768683][bookmark: _Toc32332051]9.2.3.3	MU value derivation, FR1
Table 9.2.3.3-1 captures derivation of the expanded measurement uncertainty values for EIRP accuracy measurements in CATR (Normal test conditions, FR1).
Table 9.2.3.3-1: CATR MU value derivation for EIRP accuracy measurements, Normal test conditions, FR1
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.


[bookmark: _Toc32332052]9.2.3.4	MU value derivation, FR2
The MU assessment was carried out using a CATR chamber only however other chamber types are not precluded if suitable MU assessment is done.

A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures.
Table 9.2.3.4-1 captures derivation of the expanded measurement uncertainty values for EIRP accuracy measurements in CATR (Normal test conditions, FR2).

Table 9.2.3.4-1: CATR MU value derivation for EIRP accuracy measurements, Normal test conditions, FR2
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.

[bookmark: _Toc32332053][bookmark: _Toc21086248][bookmark: _Toc29768684]9.2.4		One Dimensional Compact Range
[bookmark: _Toc32332054]9.2.4.1	Measurement system description
Measurement system description is captured in subclause 7.4. 
[bookmark: _Toc32332055]9.2.4.2	Test procedure
[bookmark: _Toc32332056]9.2.4.2.1	Stage 1: Calibration
Calibration procedure for the One Dimensional Compact Range is captured in subclause 8.4.
[bookmark: _Toc32332057]9.2.4.2.2	Stage 2: BS measurement
The testing procedure consists of the following steps:

1)	Connect the receive network of the compact probe to the measurement equipment.
2)	Calibrate the test range, using a reference antenna with standard gain installed in the quiet zone of the probe and measure the path loss between reference antenna and the measurement equipment.
3)	Install the BS in the quiet zone of the probe with its manufacturer declared coordinate system reference point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate system orientation of the BS is set to be aligned with testing system.
4)	Align with the required conformance steering directions.
5)	Set the BS to transmit at maximum EIRP appropriate to conformance steering directions according to the manufacturer declaration.
6)	Measure the received power at the probe and thus the EIRP of the BS.
7)	Calculate total EIRP = EIRPp1 + EIRPp2 where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).

8)	Repeat test steps 2 - 7 for all declared beams and corresponding conformance steering directions.



[bookmark: _Toc32332058]9.2.4.3	MU value derivation, FR1 
Table 9.2.4.3-1 captures derivation of the expanded measurement uncertainty values for EIRP accuracy measurements in One Dimensional Compact Range.
Table 9.2.4.3-1: One Dimensional Compact Range MU value derivation for EIRP accuracy measurements, FR1
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.

[bookmark: _Toc32332059]9.2.5		Near Field Test Range
[bookmark: _Toc478460624]
[bookmark: _Toc32332060]9.2.5.1	Measurement system description 
Measurement system description is captured in subclause 7.5. 





[bookmark: _Toc32332061]9.2.5.2	Test procedure
[bookmark: _Toc32332062]9.2.5.2.1	Stage 1: Calibration
Calibration procedure for the Near Field Test Range is captured in subclause 8.5.













[bookmark: _Toc32332063]9.2.5.2.2	Stage 2: BS measurement

The testing procedure consists of the following steps:
1)	BS near field radiation pattern measurement: this is performed with the BS transmitting a defined modulated signal, as defined in appropriate conformance test specification.
2)	BS near field to far field transformation: the near field power calibration is applied.
The near field to far field transformation is a mathematical computation which is applied to the near field measured radiation pattern in order to compute the far field radiation pattern. It is typically performed expanding the measured near field over a set of orthogonal basis functions. The near to far field transform is then performed in two steps:
1)	Expansion (or projection) of the measured near field (i.e. Emeas(r)) over a set of orthogonal basis functions (i.e. Fbasis(r)) in order to evaluate the transformed spectrum:
	Emeas(r) = Spectrum * Fbasis(r)
2)	FF (i.e. EFF) computation using the previously calculated spectrum and with the basis functions evaluated at r∞ (i.e. Fbasis(r  ∞)): 
	EFF = Spectrum * Fbasis(r  ∞)
When performing the near field to far field transformation, the gain calibration is applied so that the near field pattern will be transformed from relative power (i.e. dB) to absolute power (i.e. dBm). In this specific case, the EIRP far field pattern is expressed in terms of the absolute power radiated by the BS in the declared beam:
1)	BS radiated transmit power: once the full 3D far field EIRP pattern has been computed, the radiated transmit power can be derived.



[bookmark: _Toc32332064]9.2.5.3	MU value derivation, FR1
Table 9.2.5.3-1 captures derivation of the expanded measurement uncertainty values for EIRP accuracy measurements in Near Field Test Range.

Standard uncertainty values for the signal generator, network analyzer and reference antenna are according to the test equipment uncertainty values, as captured in annex C.

Table 9.2.5.3-1: NFTR measurement uncertainty value derivation for EIRP accuracy measurements, FR1
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
[bookmark: _Toc32332065]9.2.6		Plane Wave Synthesizer 
[bookmark: _Toc32332066]9.2.6.1	Measurement system description 
Measurement system description is captured in subclause 7.6. 
[bookmark: _Toc32332067]9.2.6.2	Test procedure
[bookmark: _Toc32332068]9.2.6.2.1	Stage 1: Calibration
Calibration procedure for the Plane Wave Synthesizer is captured in subclause 8.6 with the calibration system setup for TX requirements depicted in figure 8.6-1.
[bookmark: _Toc32332069]9.2.6.2.2	Stage 2: BS measurement
The testing procedure consists of the following steps:


[bookmark: _Toc21086250][bookmark: _Toc29768686]


1)	Install the BS with the manufacturer declared coordinate system reference point in the same place as the phase center of the reference antenna A as shown in figure 7.6.1-1. The manufacturer declared coordinate system orientation of the BS is set to be aligned with the testing system.
2)	Set the BS to generate the tested beam with the applicable test model with the beam peak direction intended to be the same as the testing direction.
3)	Measure mean power (Pmeas) at the measurement equipment (such as a spectrum analyzer or power meter) denoted in figure 9.2.6.2.2-1.
4)	Calculate EIRP, where EIRP = Pmeas + LC→A.
5)	Calculate total EIRP = EIRPp1 + EIRPp2 where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).

6)	Repeat steps 2 - 5 for all conformance test beam direction pairs and test conditions.


[bookmark: _Toc29768687]

[bookmark: _Toc21086251][bookmark: _Toc29768688]
[bookmark: _Toc21086252][bookmark: _Toc29768689]


[bookmark: _Toc21086253][bookmark: _Toc29768690][bookmark: _Toc32332070]9.2.6.3	MU value derivation, FR1
Table 9.2.6.3-1 captures derivation of the expanded measurement uncertainty values for EIRP accuracy measurements in PWS.

Table 9.2.6.3-1: PWS measurement uncertainty value derivation for EIRP accuracy measurements, FR1
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
[bookmark: _Toc32332071]9.2.7		Maximum accepted test system uncertainty

[bookmark: _Toc478460625]
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 EIRP accuracy test can be derived from values captured in table 9.2.7-1, separately for each of the defined frequency ranges. The common maximum accepted test system uncertainty values are applicable for all test methods addressing EIRP accuracy test requirement in Normal test conditions. Based on input values in table 9.2.7-1, the expanded uncertainty ue (1.96σ - confidence interval of 95 %) values were derived for frequency ranges as below:
· For the frequency range up to 4.2 GHz (with the breakdown point at 3 GHz), the same MU values as for E‑UTRA in TS 37.145-2 [4] were adopted also for NR operation below 4.2 GHz. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same. The MU value was thus agreed to be 1.1 dB for up to 3 GHz bands.
· For the frequency range 4.2 - 6 GHz, all MU factors including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ. The MU value was thus agreed to be 1.3 dB for 3 – 6 GHz bands. The MU in 4.2 - 6 GHz is valid for BS designed to operate in licensed spectrum.
· Based on CATR inputs in subclause 9.2.3.4, for the frequency range 24.25 < f < 29.5 GHz the MU was decided to be 1.7 dB.
· 
· Based on CATR inputs in subclause 9.2.3.4, for the frequency range 37 < f < 40 GHz the MU was decided to be 2.0 dB.


Table 9.2.7-1: OTA test system specific measurement uncertainty values for the EIRP accuracy, FR1, Normal test conditions
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Editor’s note: placeholder for the MU table based on the Excel spreadsheet.

Table 9.2.7-2: OTA test system specific measurement uncertainty values for the EIRP accuracy, FR2, Normal test conditions
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.

An overview of the MU values for all the requirements is captured in clause 16. 
[bookmark: _Toc478460626][bookmark: _Toc32332072]9.2.8		Test Tolerance for EIRP accuracy, Normal test conditions
Considering the methodology described in subclause 5.1, Test Tolerance values for EIRP were derived based on values captured in subclause 9.2.7.
The TT was decided to be the same as the MU for EIRP accuracy in FR1.
The TT was decided to be the same as the MU for EIRP accuracy in FR2.
Frequency range specific Test Tolerance values for the EIRP accuracy test are defined in table 9.2.8-1.

Table 9.2.8-1: Test Tolerance values for the EIRP accuracy in Normal test conditions, FR1 
	
	
	
	
	

	
	
	
	
	


Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
Table 9.2.8-2: Test Tolerance values for the EIRP accuracy in Normal test conditions, FR2 
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
An overview of the TT values for all the requirements is captured in clause 17.
[bookmark: _Toc32332073]9.3	EIRP accuracy, Extreme test conditions

[bookmark: _Toc21086254][bookmark: _Toc29768691]
[bookmark: _Toc21086387][bookmark: _Toc29768824]
[bookmark: _Toc21086388][bookmark: _Toc29768825][bookmark: _Toc32332074]9.3.1		General
Subclause 9.3 captures MU and TT values derivation for the EIRP accuracy directional requirement in Extreme test conditions. 
For the MU and TT values derivation for the EIRP accuracy in Normal test conditions, refer to subclause 6.2. Specification of Normal and Extreme test conditions is captured in TS 38.141-2 [6] for NR BS (i.e. BS type 1-O and BS type 2-O), and in TS 37.145‑2 [4] for OTA AAS BS.

[bookmark: _Toc21086389][bookmark: _Toc29768826][bookmark: _Toc32332075]9.3.2		Indoor Anechoic Chamber
[bookmark: _Toc32332076]9.3.2.1	Measurement system description
[bookmark: _Toc21086390][bookmark: _Toc29768827]Measurement system description is captured in subclause 7.2.2. 

[bookmark: _Toc32332077][bookmark: _Toc21086391][bookmark: _Toc29768828]9.3.2.2 	Test procedure
[bookmark: _Toc32332078]9.3.2.2.1	Stage 1: Calibration
Calibration shall be done with the same procedure as in subclause 8.2 (i.e. EIRP accuracy calibration procedure for Normal test conditions) to ensure that the SNR at the measurement equipment input is appropriate for the measurement of the requirement and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc21086392][bookmark: _Toc29768829][bookmark: _Toc32332079]9.3.2.2.2	Stage 2: BS measurement
Reference procedure in subclause 9.2.2.2.2 (i.e. EIRP accuracy measurement procedure for Normal test conditions).
[bookmark: _Toc21086393][bookmark: _Toc29768830]
[bookmark: _Toc21086394][bookmark: _Toc29768831]


[bookmark: _Toc21086395][bookmark: _Toc29768832][bookmark: _Toc32332080]9.3.2.3	MU value derivation, FR1
Table 9.3.2.3-1: Indoor Anechoic Chamber measurement uncertainty value derivation for EIRP accuracy measurements in Extreme test conditions, FR1 
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
9.3.2.4	MU value derivation, FR2
Table 9.3.2.4-1: Indoor Anechoic Chamber measurement uncertainty value derivation for EIRP accuracy measurements in Extreme test conditions, FR2 
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.

[bookmark: _Toc21086396][bookmark: _Toc29768833][bookmark: _Toc32332081]9.3.3		Compact Antenna Test Range 

[bookmark: _Toc32332082][bookmark: _Toc21086397][bookmark: _Toc29768834]9.3.3.1	Measurement system description
Measurement system description for the CATR measurement in the Extreme test environment is captured in subclause 7.3.2. 

[bookmark: _Toc32332083][bookmark: _Toc21086398][bookmark: _Toc29768835]9.3.3.2	Test procedure
[bookmark: _Toc32332084]9.3.3.2.1	Stage 1: Calibration
The CATR calibration for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures.


Calibration shall be done with the same procedure shown in 6.2.3.3.1 (i.e. EIRP accuracy calibration procedure for Normal test conditions) to ensure that the SNR at the measurement equipment input is appropriate for the measurement of the requirement and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc21086399][bookmark: _Toc29768836][bookmark: _Toc32332085]9.3.3.2.2	Stage 2: BS measurement
The CATR test setup and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures.
Reference procedure in subclause 9.2.3.2.2 (i.e. EIRP accuracy measurement procedure for Normal test conditions).
[bookmark: _Toc21086400][bookmark: _Toc29768837]
[bookmark: _Toc21086401][bookmark: _Toc29768838]


[bookmark: _Toc21086402][bookmark: _Toc29768839][bookmark: _Toc32332086]9.3.3.3	MU value derivation, FR1
Table 9.3.3.3-1: CATR MU value derivation for EIRP accuracy measurements in Extreme test conditions
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
[bookmark: _Toc32332087]9.3.3.4	MU value derivation, FR2
Table 9.3.3.4-1: CATR MU value derivation for EIRP accuracy measurements in Extreme test conditions, FR2


Editor’s note: placeholder for the MU table based on the Excel spreadsheet.

[bookmark: _Toc21086403][bookmark: _Toc29768840][bookmark: _Toc32332088]9.3.4		Maximum accepted test system uncertainty
For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA in TS 37.145-2 [4] were adopted. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same.
For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
The MU value was thus agreed to be 2.5 dB for up to 3 GHz bands and 2.6 dB for 3 – 6 GHz bands. The MU in 4.2 - 6 GHz is valid for BS designed to operate in licensed spectrum.
For FR2, for the direct far field method the MU budget is very similar to the existing MU budget for the EIRP accuracy requirement. However there are a number of additional sources of uncertainty due to the environmental enclosure that need to be added to the budget. For FR2 only the CATR MU budget has been assessed however other suitable camber types are not precluded.
Based on the above evaluation, the MU was decided to be 3.1 dB for the frequency range 24.25 < f < 29.5 GHz and 3.3 dB for the frequency range 37 < f < 40 GHz.
Test system specific measurement uncertainty values for the EIRP accuracy in Extreme test conditions are summarised in table 9.3.4-1.
Table 9.3.4-1: Test system specific measurement uncertainty values for the EIRP accuracy in Extreme test conditions, FR1 
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
Table 9.3.4-2: Test system specific measurement uncertainty values for the EIRP accuracy in Extreme test conditions, FR2
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
An overview of the MU values for all the requirements is captured in clause 16. 
[bookmark: _Toc32332089]9.3.5		Test Tolerance for EIRP accuracy, Extreme test conditions
Considering the methodology described in subclause 5.1, Test Tolerance values for EIRP were derived based on values captured in subclause 9.3.4.
The TT was decided to be the same as the MU for EIRP accuracy in FR1.
The TT was decided to be the same as the MU for EIRP accuracy in FR2.

Frequency range specific Test Tolerance values for the EIRP accuracy test are defined in table 9.3.5-1.
Table 9.3.5-1: Test Tolerance values for the EIRP accuracy in Extreme test conditions, FR1 
	
	
	
	

	
	
	
	


Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
Table 9.3.5-2: Test Tolerance values for the EIRP accuracy in Extreme test conditions, FR2 
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
An overview of the TT values for all the requirements is captured in clause 17.

[bookmark: _Toc32332090]9.4	OTA E-UTRA DL RS power

[bookmark: _Toc21086255][bookmark: _Toc29768692][bookmark: _Toc32332091]9.4.1	General
Subclause 9.3 captures MU and TT values derivation for the OTA E-UTRA DL RS power directional requirement. 

DL RS power is an E-UTRA specific measurement applicable to the OTA AAS BS, and it is defined as:
· The DL RS power is the resource element power of the Downlink Reference Symbol at the RIB transmitting the DL RS for a cell.
· The absolute DL RS power is indicated on the DL-SCH. The absolute accuracy is defined as the maximum deviation between the DL RS power indicated on the DL-SCH and the DL RS power of each E-UTRA carrier.
As such it is an absolute power (i.e. EIRP) measurement of a single RE.
It is assumed that the value broadcast on DL-SCH is a conducted or TRP value, since the power is measured at the antenna connector. To facilitate efficient testing, OTA DL RS power is tested by measuring EIRP as a directional requirement, and compared with a declared DL RS EIRP derived from the power broadcast on the DL-SCH and the BS directivity in the direction to be tested. This is sufficient to demonstrate the ability of the physical layer to deliver accurate RS power.
As the requirement is based on absolute directional power the absolute level will be subject to the same calibration and measurement errors as the EIRP measurement (in Normal test conditions). However as the measurement is for a single RE it is necessary to demodulate the received signal and this is done at the same time as the OTA EVM test using the “global in-channel TX test” as described in annex L of 
TS 38.141-2 [6] for NR.
The demodulated power accuracy test is not as accurate as the power measurement using a power meter for the EIRP accuracy test.
The MU is calculated by using the conducted MU in the MU uncertainty budget in place of the RF measurement equipment.
[bookmark: _Toc21086256][bookmark: _Toc29768693][bookmark: _Toc32332092]9.4.2		Indoor Anechoic Chamber
[bookmark: _Toc32332093]9.4.2.1	Measurement system description
Measurement system description is captured in subclause 14.1.

[bookmark: _Toc32332094][bookmark: _Toc21086257][bookmark: _Toc29768694]9.4.2.2 	Test procedure
[bookmark: _Toc32332095]9.4.2.2.1	Stage 1: Calibration
Calibration procedure for the Indoor Anechoic Chamber is captured in subclause 8.2 with the calibration system setup for TX requirements depicted in figure 8.2-1.





[bookmark: _Toc21086258][bookmark: _Toc29768695]













[bookmark: _Toc32332096][bookmark: _Toc21086259][bookmark: _Toc29768696]9.4.2.2.2	Stage 2: BS measurement 
The testing procedure consists of the following steps:
1)	Uninstall the reference antenna and install the BS with the manufacturer declared coordinate system reference point in the same place as the phase centre of the reference antenna. The manufacturer declared coordinate system orientation of the BS is set to be aligned with the testing system.
2)	Set the BS to generate the tested beam with the beam peak direction intended to be the same as the testing direction.
3)	Rotate the BS to make the testing direction aligned with the direction of the receiving antenna.
4)	Set the BS to transmit the test signal at the maximum power according to applicable test model. 
Measure the appropriate test parameter 
5)	Measure the PDL_RS, which is the measured signal power of DL RS EIRP (in the beam peak direction).
6)	Calculate the EIRPDL_RS with the following formula:


	EIRPDL_RS = PDL_RS + LTX_cal, A→D
and
EIRPDL_RS = EIRPDL_RS_p1 + EIRPDL_RS_p2 where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).
7)	Repeat steps 2 - 6 for all conformance test beam direction pairs and test conditions.

[bookmark: _Toc21086260][bookmark: _Toc29768697]
[bookmark: _Toc21086261][bookmark: _Toc29768698][bookmark: _Toc32332097]9.4.2.3	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.


[bookmark: _Toc21086262][bookmark: _Toc29768699]
Table 9.4.2.3-1: Indoor Anechoic Chamber measurement uncertainty value derivation for OTA E-UTRA DL RS power measurement
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
[bookmark: _Toc32332098][bookmark: _Toc21086263][bookmark: _Toc29768700]9.4.3		Compact Antenna Test Range 
[bookmark: _Toc32332099][bookmark: _Toc21086264][bookmark: _Toc29768701]9.4.3.1	Measurement system description
Measurement system description is captured in subclause 14.2. 
[bookmark: _Toc32332100]9.4.3.2 	Test procedure
[bookmark: _Toc32332101]9.4.3.2.1	Stage 1: Calibration
Calibration procedure for the Compact Antenna Test Range is captured in subclause 15.2.





[bookmark: _Toc21086265][bookmark: _Toc29768702]














[bookmark: _Toc21086266][bookmark: _Toc29768703][bookmark: _Toc32332102]9.4.3.2.2	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.
4)	Set the BS to transmit the applicable test signal.
5)	Measure the PDL_RS which is the measured signal power of DL RS EIRP (in the beam peak direction).
6)	Calculate EIRPDL_RS using the following equation:
	EIRPDL_RS_p(x) = PDL_RS_meas + LA→B.
And
EIRPDL_RS = EIRPDL_RS_p1 + EIRPDL_RS_p2 where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).
7)	Repeat steps 2-6 for all conformance test beam direction pairs and test conditions.




[bookmark: _Toc21086267][bookmark: _Toc29768704]
[bookmark: _Toc21086268][bookmark: _Toc29768705][bookmark: _Toc32332103]9.4.3.3	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.


[bookmark: _Toc21086269][bookmark: _Toc29768706]
Table 6.4.3.4-1: CATR 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: _Toc21086270][bookmark: _Toc29768707][bookmark: _Toc32332104]9.4.4		Near Field Test Range
[bookmark: _Toc32332105]9.4.4.1	Measurement system description
[bookmark: _Toc21086271][bookmark: _Toc29768708]Measurement system description is captured in subclause 14.4. 
[bookmark: _Toc32332106]9.4.4.2	Test procedure
[bookmark: _Toc32332107]9.4.4.2.1	Stage 1: Calibration
Calibration procedure for the Near Field Test Range is captured in subclause 15.4.





[bookmark: _Toc21086272][bookmark: _Toc29768709]












[bookmark: _Toc32332108][bookmark: _Toc21086273][bookmark: _Toc29768710]9.4.4.2.2	Stage 2: BS measurement 

The testing procedure consists of the following steps:
1)	BS near field radiation pattern measurement: this is performed with the BS transmitting a defined modulated signal, as defined in applicable conformance test specification.
a)	DL RS is measured during near field radiation pattern measurement and used as the basis for the NF to FF transformation.
2)	BS near field to far field transformation: the near field power calibration is applied.
The near field to far field transformation is a mathematical computation which is applied to the near field measured radiation pattern in order to compute the far field radiation pattern. It is typically performed expanding the measured near field over a set of orthogonal basis functions. The near to far field transform is then performed in two steps:
1)	Expansion (or projection) of the measured near field (i.e. Emeas(r)) over a set of orthogonal basis functions (i.e. Fbasis(r)) in order to evaluate the transformed spectrum:
	Emeas(r) = Spectrum * Fbasis(r)
2)	FF (i.e. EFF) computation using the previuosly calculated spectrum and with the basis functions evaluated at r∞ (i.e. Fbasis(r  ∞)): 
	EFF = Spectrum * Fbasis(r  ∞)
When performing the near field to far field transformation, the gain calibration is applied so that the near field pattern will be transformed from relative power (i.e. dB) to absolute power (i.e. dBm). In this specific case, the EIRP far field pattern is expressed in terms of the absolute power radiated by the BS in the declared beam:
1)	DL RS power EIRP: once the full 3D far field EIRP pattern has been computed, the DL RS power EIRP can be derived at the beam peak direction according to the declared beam direction pair.
[bookmark: _Toc21086274][bookmark: _Toc29768711]
[bookmark: _Toc21086275][bookmark: _Toc29768712]



[bookmark: _Toc21086276][bookmark: _Toc29768713][bookmark: _Toc32332109]9.4.4.3	MU value derivation, FR1
Table 9.4.4.3-1: NFTR measurement uncertainty 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: _Toc21086277][bookmark: _Toc29768714]9.4.5		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
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
9.4.6		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 
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.

[bookmark: _Toc21086278][bookmark: _Toc29768715][bookmark: _Toc32332111]9.5	OTA output power dynamics
[bookmark: _Toc21086279][bookmark: _Toc29768716][bookmark: _Toc32332112]9.5.1		General
Subclause 9.5 captures MU and TT values derivation for the OTA output power dynamics directional requirement. 

There are a number of UTRA and E-UTRA dynamic power requirements, they are all relative requirements which specify the dynamic range and step size accuracy of UTRA code domain channels and E-UTRA RE’s.
As the requirements are differential many of the measurement uncertainty values may cancel out however, in some cases demodulated signal power level (code domain power or RE power) are compared to maximum carrier power. As such the differential measurements may use different test equipment setting and hence not all test equipment uncertainties are cancelled out.
In all cases the measured signal are wanted signals and will be subject to the same beam forming as the main beam.


[bookmark: _Toc21086280][bookmark: _Toc29768717][bookmark: _Toc32332113]9.5.2		Indoor Anechoic Chamber 
[bookmark: _Toc32332114][bookmark: _Toc21086281][bookmark: _Toc29768718]9.5.2.1	Measurement system description
Measurement system description is captured in subclause 14.1. 
[bookmark: _Toc32332115]9.5.2.2 	Test procedure
[bookmark: _Toc32332116]9.5.2.2.1	Stage 1: Calibration
Calibration procedure for the Indoor Anechoic Chamber is captured in subclause 15.1.
[bookmark: _Toc32332117]9.5.2.2.2	Stage 2: BS measurement


[bookmark: _Toc21086282][bookmark: _Toc29768719]

[bookmark: _Toc21086283][bookmark: _Toc29768720]
Reference procedure in subclause 6.4.2.2.2 where in step 6 the appropriate measurement is:
The appropriate test parameter in step 6 for the output power dynamics vary depending on the specific measurement as described for the conducted measurement in TS 37.145-1 in each case however the EIRP measurement is made on both polarisations and added as follows:
	EIRPmeas_p(x) = Pmeas_p(x) + LA→B
and
	EIRPmeas = EIRPmeas_p1 + EIRPmeas_p2 
where the declared beam is the measured signal at port 1 (p1) and port 2 (p2).
Furthermore, the measurement is performed twice; once with the BS transmitting at Prated,c,EIRP on all PRBs 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: _Toc21086284][bookmark: _Toc29768721]
[bookmark: _Toc21086285][bookmark: _Toc29768722][bookmark: _Toc32332118]9.5.2.3	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. 
This includes all calibration errors, misalignment errors, impedance mismatch and mutual coupling.
As the both the measured OTA signal will have the same beam pattern quiet zone errors, phase curvature errors also can be expected to be the same for both signals.
The uncertainty budget descriptions are the same as those in table 6.4.2.3-1 with the addition descriptions in table 6.5.2.3-1.


[bookmark: _Toc21086286][bookmark: _Toc29768723]
The MU uncertainty assessment is shown in table 6.5.2.4-1, zero values have been omitted in the table for the sake of space, but still be considered as part of the budget.
Table 9.5.2.3-1: Indoor Anechoic Chamber measurement uncertainty value derivation for OTA total power dynamic range measurement
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
The same uncertainty assessments have been carried out for the UTRA dynamic range requirements, i.e.
- Power control steps, 
- Power control dynamic range, 
- Total power dynamic range, 
- IPDL Time mask. 
In each case the uncertainty for the conducted measurement is the same as that for the conducted MU in TS 25.141 [2] as follows:
- Power control steps, Uncertainty of conducted measurement = 0.1 dB, Expanded OTA uncertainty = 0.15 dB.
- Power control dynamic range, Uncertainty of conducted measurement = 1.1 dB, Expanded OTA uncertainty = 1.11 dB.
- Total power dynamic range, Uncertainty of conducted measurement = 0.3 dB, Expanded OTA uncertainty = 0.32 dB.
- IPDL Time mask, Uncertainty of conducted measurement = 0.7dB, Expanded OTA uncertainty = 0.71 dB.
[bookmark: _Toc21086287][bookmark: _Toc29768724][bookmark: _Toc32332119]9.5.3		Compact Antenna Test Range 
[bookmark: _Toc32332120]9.5.3.1	Measurement system description
Measurement system description is captured in subclause 14.2. 
[bookmark: _Toc32332121]9.5.3.2	Test procedure
[bookmark: _Toc32332122]9.5.3.2.1	Stage 1: Calibration
Calibration procedure for the Compact Antenna Test Range is captured in subclause 15.2.
[bookmark: _Toc32332123]9.5.3.2.2	Stage 2: BS measurement 

[bookmark: _Toc21086288][bookmark: _Toc29768725]

[bookmark: _Toc21086289][bookmark: _Toc29768726]

[bookmark: _Toc21086290][bookmark: _Toc29768727]
Reference procedure in subclause 6.4.3.2.2 where in step 6 the appropriate measurement is:
The appropriate test parameter in step 6 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→B.
and
	EIRPmeas = EIRPmeas_p1 + EIRPmeas_p2
where the declared beam is the measured signal at port 1 (p1) and port 2 (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: _Toc21086291][bookmark: _Toc29768728]
[bookmark: _Toc21086292][bookmark: _Toc29768729][bookmark: _Toc32332124]9.5.3.3	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. 
This includes all calibration errors, misalignment errors, impedance mismatch and mutual coupling.
As the both the measured OTA signal will have the same beam pattern quiet zone errors, phase curvature errors also can be expected to be the same for both signals.
The uncertainty budget descriptions are the same as those in table 6.4.3.3-1 with the addition descriptions in table 6.5.3.3-1.


[bookmark: _Toc21086293][bookmark: _Toc29768730]
The MU uncertainty assessment is shown in table 6.5.3.4-1, zero values have been omitted in the table for the sake of space, but still be considered as part of the budget.
Table 9.5.3.3-1: CATR MU value derivation for OTA total power dynamic range measurement
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
The same uncertainty assessments have been carried out for the UTRA dynamic range requirements, i.e.
· Power control steps, 
· Power control dynamic range, 
· Total power dynamic range, 
· IPDL Time mask. 
In each case the uncertainty for the conducted measurement is the same as that for the conducted MU in TS 25.141 [2] as follows:
· Power control steps: Uncertainty of conducted measurement = 0.1 dB, Expanded OTA uncertainty = 0.1 dB.
· 
· Power control dynamic range: Uncertainty of conducted measurement = 1.1 dB, Expanded OTA uncertainty = 1.1 dB.
·  
· Total power dynamic range: Uncertainty of conducted measurement = 0.3 dB, Expanded OTA uncertainty = 0.3 dB.
· 
· IPDL Time mask: Uncertainty of conducted measurement = 0.7 dB, Expanded OTA uncertainty = 0.7 dB.
[bookmark: _Toc21086294][bookmark: _Toc29768731][bookmark: _Toc32332125]9.5.4		Near Field Test Range
[bookmark: _Toc32332126]9.5.4.1	Measurement system description
Measurement system description is captured in subclause 14.4. 
[bookmark: _Toc32332127]9.5.4.2 	Test procedure
[bookmark: _Toc32332128]9.5.4.2.1	Stage 1: Calibration
Calibration procedure for the Near Field Test Range is captured in subclause 15.4.
[bookmark: _Toc32332129]9.5.4.2.2	Stage 2: BS measurement

[bookmark: _Toc21086295][bookmark: _Toc29768732]

[bookmark: _Toc21086296][bookmark: _Toc29768733]

[bookmark: _Toc21086297][bookmark: _Toc29768734]
The measurement procedure consists of the following steps:
1)	Measure full DL RS pattern according to the procedure in subclause 6.4.4.3.2.
2)	From the beam peak direction:
 Measure the appropriate test parameter as specified for the conducted measurement. However the signal power is measured for both polarizations.
[bookmark: _Toc21086298][bookmark: _Toc29768735]
[bookmark: _Toc21086299][bookmark: _Toc29768736][bookmark: _Toc32332130]9.5.4.3	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 6.4.4.4-1 (excluding uncertainties from the NF to FF transformation, since the transformation is not needed) with the addition descriptions in table 6.5.4.3-1:


[bookmark: _Toc21086300][bookmark: _Toc29768737]
The MU uncertainty assessment is shown in table 6.5.4.4-1, zero values have been omitted in the table for the sake of space, but still be considered as part of the budget.
Table 9.5.4.3-1: NFTR MU value derivation for OTA E-UTRA total power dynamic range measurement
	Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
[bookmark: _Toc32332131][bookmark: _Toc21086301][bookmark: _Toc29768738]9.5.5		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
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
Table 9.5.5-2: Test system specific measurement uncertainty values for the UTRA power control steps test
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
Table 9.5.5-3: Test system specific measurement uncertainty values for the UTRA power control dynamic range test
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
Table 9.5.5-4: Test system specific measurement uncertainty values for the UTRA total power dynamic range test
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
Table 9.5.5-5: Test system specific measurement uncertainty values for the UTRA IPDL time mask test
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
An overview of the MU values for all the requirements is captured in clause 16. 
[bookmark: _Toc32332132]9.5.6		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

.
Table 9.5.6-1: Test Tolerance values for the OTA output power dynamic range, FR1
	
	
	
	
	

	
	
	
	
	


Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
Table 9.5.6-2: Test Tolerance values for the OTA output power dynamic range, FR2 
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
Table 9.5.6-3: Test Tolerance values for the UTRA power control steps
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
Table 9.5.6-4: Test Tolerance values for the UTRA power control dynamic range
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
Table 9.5.6-5: Test Tolerance values for the UTRA total power dynamic range
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
Table 9.5.6-6: Test Tolerance values for the UTRA IPDL time mask
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.

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

[bookmark: _Toc21086302][bookmark: _Toc29768739][bookmark: _Toc32332133]9.6	OTA transmitted signal quality: Frequency error
[bookmark: _Toc21086303][bookmark: _Toc29768740][bookmark: _Toc32332134]9.6.1		General
Subclause 9.6 captures MU and TT values derivation for the OTA frequency error directional requirement. 

Frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.
Frequency error is not affected by any time or frequency varying amplitude errors. It is possible that some aspects of the OTA environment may impact the signal fidelity; for example, ripple in a quiet zone relates to reflections in the chamber and may create a frequency specific ripple. It is not expected that such effects would have any significant impact on the frequency error As long as the signal is large enough the only measurement uncertainty will be associated with the measurement equipment. It is important that considering the chamber path loss and gain of the measurement antenna and equipment, the test equipment is provided with a sufficient RX power level. As a guide, measurement equipment vendors quote EVM accuracy down to approx. -20 dBm input power for E-UTRA signals.

Few typical BS output power levels and antenna arrangements for different BS classes are captured in table 9.6.1-1:
Table 9.6.1-1: Typical BS output power levels
	BS class
	Pout (dBm)
	G_AAS (dBi)
	L_ant
(m)
	d_FF
(m)
	FSPL
(dB)
	G_RX (dBi)
	P_RX (dBm)

	WA BS
	43
	17
	1
	13.33
	60.96
	9
	8.04

	MR BS
	38
	9
	0.5
	6.67
	54.94
	9
	1.06

	LA BS
	24
	5
	0.2
	2.67
	46.98
	9
	-8.98



It can be seen that there is considerable margin over -20 dBm for the received power level, so it seems unlikely that this will cause any measurement problems.
As the OTA test system is not expected to substantially affect the measurement accuracy for frequency error the existing conducted MU can be used.
[bookmark: _Toc21086304][bookmark: _Toc29768741][bookmark: _Toc32332135]9.6.2		Indoor Anechoic Chamber 
[bookmark: _Toc32332136]9.6.2.1	Measurement system description
Measurement system description is captured in subclause 14.1. 
[bookmark: _Toc32332137]9.6.2.2 	Test procedure
[bookmark: _Toc32332138]9.6.2.2.1	Stage 1: Calibration
Calibration procedure for the Indoor Anechoic Chamber is captured in subclause 15.1.
[bookmark: _Toc32332139]9.6.2.2.2	Stage 2: BS measurement

[bookmark: _Toc21086305][bookmark: _Toc29768742]

[bookmark: _Toc21086306][bookmark: _Toc29768743]

[bookmark: _Toc21086307][bookmark: _Toc29768744]
Reference procedure in subclause 6.4.2.2.2 where in step 6 the appropriate measurement parameter is frequency error. 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: _Toc21086308][bookmark: _Toc29768745][bookmark: _Toc32332140]9.6.2.3	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.
[bookmark: _Toc21086309][bookmark: _Toc29768746][bookmark: _Toc32332141]9.6.3		Compact Antenna Test Range 
[bookmark: _Toc32332142][bookmark: _Toc21086310][bookmark: _Toc29768747]9.6.3.1	Measurement system description
Measurement system description is captured in subclause 14.2. 
[bookmark: _Toc32332143]9.6.3.2 	Test procedure
[bookmark: _Toc32332144]9.6.3.2.1	Stage 1: Calibration
Calibration procedure for the Compact Antenna Test Range is captured in subclause 15.2.
[bookmark: _Toc32332145]9.6.3.2.2	Stage 2: BS measurement 

[bookmark: _Toc21086311][bookmark: _Toc29768748]

[bookmark: _Toc21086312][bookmark: _Toc29768749]
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]9.6.3.3	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.
[bookmark: _Toc21086314][bookmark: _Toc29768751][bookmark: _Toc32332147]9.6.4		Near Field Test Range
[bookmark: _Toc32332148]9.6.4.1	Measurement system description
Measurement system description is captured in subclause 14.4. 

[bookmark: _Toc21086315][bookmark: _Toc29768752]
In case of OTA Frequency Error type of measurements, NF to FF transform is not needed. Frequency Error is measured in Near Field for the declared direction.
[bookmark: _Toc32332149][bookmark: _Toc21086316][bookmark: _Toc29768753]9.6.4.2	Test procedure
[bookmark: _Toc32332150]9.6.4.2.1	Stage 1: Calibration
Calibration procedure for the Near Field Test Range is captured in subclause 15.4 

to ensure that the SNR at the measurement equipment input is appropriate and the reception signal level at the measurement equipment is within the dynamic range of measurement equipment.
[bookmark: _Toc32332151][bookmark: _Toc21086317][bookmark: _Toc29768754]9.6.4.2.2	Stage 2: BS measurement 


The testing procedure consists of the following steps: 
1. Align the BS with (Theta, Phi) angles corresponding to the declared conformance direction to be measured.
2.	Configure TX branch and carrier according to the manufacturer’s declared rated output power.
3.	Set the BS to transmit the test signal according to applicable test models.
4.	Measure OTA frequency error of each carrier arriving at the measurement equipment (such as a spectrum analyzer or equivalent instrument).
5.	Repeat steps 2 - 4 for other applicable test models.
For conformance tests, the OTA frequency error shall be measured at maximum power setting.
[bookmark: _Toc21086318][bookmark: _Toc29768755][bookmark: _Toc32332152]9.6.4.3	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.
[bookmark: _Toc21086319][bookmark: _Toc29768756][bookmark: _Toc32332153]9.6.5		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]9.6.6		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
	
	
	
	
	

	
	
	
	
	


Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
Table 9.6.6-2: Test Tolerance values for frequency error, FR2
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
An overview of the TT values for all the requirements is captured in clause 17.

[bookmark: _Toc21086320][bookmark: _Toc29768757][bookmark: _Toc32332155]9.7	OTA transmitted signal quality: EVM
[bookmark: _Toc21086321][bookmark: _Toc29768758][bookmark: _Toc32332156]9.7.1		General
Subclause 9.7 captures MU and TT values derivation for the OTA EVM directional requirement. 

The Error Vector Magnitude (EVM) is defined as 
measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. The equaliser parameters are defined in appropriate annex of TS 37.145-2 [4], or TS 38.141-2 [6]. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent. 
Although EVM is represented as a % it can also be thought of as a relative power ratio in dBc, when looked at as a power ratio the effect of potential amplitude errors in the OTA chamber can be seen

[image: ]
Figure 6.7.1-1: Example of EVM as a power ratio in dB
In the example the co-channel noise is 45 dBc which equates to an EVM of 0.56%, if the measurement system were to alter the ratio between the wanted signal and the co-channel signal then this would affect the EVM result in %.
[bookmark: _Toc21086322][bookmark: _Toc29768759]




[bookmark: _Toc21086323][bookmark: _Toc29768760][bookmark: _Toc32332157]9.7.2		Indoor Anechoic Chamber 
[bookmark: _Toc32332158]9.7.2.1	Measurement system description
Measurement system description is captured in subclause 14.1.
[bookmark: _Toc32332159]9.7.2.2 	Test procedure
[bookmark: _Toc32332160]9.7.2.2.1	Stage 1: Calibration
Calibration procedure for the Indoor Anechoic Chamber is captured in subclause 15.1.
[bookmark: _Toc32332161]9.7.2.2.2	Stage 2: BS measurement 

[bookmark: _Toc21086324][bookmark: _Toc29768761]

[bookmark: _Toc21086325][bookmark: _Toc29768762]

[bookmark: _Toc21086326][bookmark: _Toc29768763]
Reference procedure in subclause 6.4.2.2.2 where in step 6 measure 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: _Toc21086327][bookmark: _Toc29768764][bookmark: _Toc32332162]9.7.2.3	MU value derivation, FR1 
As both the wanted signal and the noise signal are at the same frequency they will be measured at the same time the requirement is effectively differential and most of the OTA chamber errors will cancel out.
The wanted signal will be beam formed and hence the errors used for the EIRP accuracy will be valid, however the co-channel noise may not be beam formed and hence could suffer different errors due to the chamber quite zone, and phase profile. These items are included in both the calibration error and the measurement error, as the requirement is differential if there is a difference between the wanted and the unwanted it will only be due to the measurement phase. The calibration errors will cancel as calibration is only done one so they will be the same for both wanted and unwanted signals.
Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow beams, it may be possible that beam pointing and alignment errors could impact EVM results. 
As EVM is also dependent on the phase of the calibrated path it is possible that phase ripple in the quite zone or elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors which do not appear in a power accuracy analysis as done for EIRP accuracy. 
The potential impacts of both beam pointing misalignment and scattering within the chamber on the received waveform and measurement accuracy were investigated. The potential deviation in the measured EVM arising from beam pointing errors was examined considering a worst case scenario, in which variation in space of EVM is maximal due to the ideal signal being correlated and the distortion uncorrelated; hence the impact of misalignment error would be the difference between array gain and element gain. Even in this circumstance, alignment errors of several degrees would not lead to a significant error in the measured EVM. Considering all likely chamber sizes, for E-UTRA any scattering would fall within the cyclic prefix of the OFDM symbol and hence not cause ISI. Furthermore, the likely delay spread of any scattering would relate to coherence bandwidths much larger than any UTRA/E-UTRA channel bandwidth. Even if the scattered energy would cause interference, the interference level would anyhow not lead to a significant EVM increase. Thus it was concluded that the impact scattering within the measurement chamber would be negligible.
[bookmark: _Toc21086328][bookmark: _Toc29768765]
The uncertainty causing by power variations when measuring OTA EVM is indicated in table 6.7.2.4-1:
Table 9.7.2.3-1: IAC MU value derivation for power uncertainty aspects of OTA EVM, FR1
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
The indoor anechoic chamber budget is carried out without consideration of the measurement equipment as this MU is given in %, converting to dB gives, for example:
2% is equivalent to 20*log10(2/100) = -33.98 dB
If the unwanted signal is 0.25 dB higher than the wanted due to the test system then this will be degraded to -33.73 dB, and
	-33.73 dB is equivalent to:	10(-33.73/20) *100 = 2.06%
Additional error due to potential phase error has not been considered however the potential increase due to then OTA test equipment is well within the contribution allowable with a 1% linear MU. 
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.
[bookmark: _Toc21086329][bookmark: _Toc29768766][bookmark: _Toc32332163]9.7.3		Compact Antenna Test Range 
[bookmark: _Toc32332164]9.7.3.1	Measurement system description
Measurement system description is captured in subclause 14.2. 
[bookmark: _Toc32332165]9.7.3.2 	Test procedure
[bookmark: _Toc32332166]9.7.3.2.1	Stage 1: Calibration
Calibration procedure for the Compact Antenna Test Range is captured in subclause 15.2.
[bookmark: _Toc32332167]9.7.3.2.2	Stage 2: BS measurement 

[bookmark: _Toc21086330][bookmark: _Toc29768767]



[bookmark: _Toc21086331][bookmark: _Toc29768768]

[bookmark: _Toc21086332][bookmark: _Toc29768769]
Reference procedure in subclause 6.4.3.2.2 where in step 6 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]9.7.3.3 	MU value derivation, FR1

[bookmark: _Toc21086333][bookmark: _Toc29768770]
[bookmark: _Toc21086334][bookmark: _Toc29768771]
As both the wanted signal and the noise signal are at the same frequency they will be measured at the same time the requirement is effectively differential and most of the OTA chamber errors will cancel out.
The wanted signal will be beam formed and hence the errors used for the EIRP accuracy will be valid, however the co-channel noise may not be beam formed and hence could suffer different errors due to the chamber quite zone, and phase profile. These items are included in both the calibration error and the measurement error, as the requirement is differential if there is a difference between the wanted and the unwanted it will only be due to the measurement phase. The calibration errors will cancel as calibration is only done one so they will be the same for both wanted and unwanted signals.
Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow beams, it may be possible that beam pointing and alignment errors could impact EVM results. 
As EVM is also dependent on the phase of the calibrated path it is possible that phase ripple in the quite zone or elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors which do not appear in a power accuracy analysis as done for EIRP accuracy. 
The potential impacts of both beam pointing misalignment and scattering within the chamber on the received waveform and measurement accuracy were investigated. The potential deviation in the measured EVM arising from beam pointing errors was examined considering a worst case scenario, in which variation in space of EVM is maximal due to the ideal signal being correlated and the distortion uncorrelated; hence the impact of misalignment error would be the difference between array gain and element gain. Even in this circumstance, alignment errors of several degrees would not lead to a significant error in the measured EVM. Considering all likely chamber sizes, for E-UTRA any scattering would fall within the cyclic prefix of the OFDM symbol and hence not cause ISI. Furthermore, the likely delay spread of any scattering would relate to coherence bandwidths much larger than any UTRA/E-UTRA channel bandwidth. Even if the scattered energy would cause interference, the interference level would anyhow not lead to a significant EVM increase. Thus it was concluded that the impact scattering within the measurement chamber would be negligible.
[bookmark: _Toc21086335][bookmark: _Toc29768772]
The uncertainty causing by power variations when measuring OTA EVM is indicated in table 6.7.3.4-1:
Table 9.7.3.3-1: CATR MU value derivation for power uncertainty aspects of OTA EVM, FR1
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.
The CATR budget is carried out without consideration of the measurement equipment as this MU is given in %, converting to dB gives, for example:
2% is equivalent to 20*log10(2/100) = -33.98 dB
If the unwanted signal is 0.35 dB higher than the wanted due to the test system then this will be degraded to -33.63 dB, and
	-33.63 dB is equivalent to:	10(-33.63/20) *100 = 2.08%
Additional error due to potential phase error has not been considered however the potential increase due to then OTA test equipment is well within the contribution allowable with a 1% linear MU. 
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.
[bookmark: _Toc21086336][bookmark: _Toc29768773][bookmark: _Toc32332169]9.7.4		Near Field Test Range
[bookmark: _Toc32332170][bookmark: _Toc21086337][bookmark: _Toc29768774]9.7.4.1	Measurement system description
Measurement system description is captured in subclause 14.4. 

In case of OTA EVM type of measurements, NF to FF transform is not needed. EVM is measured in Near Field for the declared directions.
[bookmark: _Toc32332171]9.7.4.2	Test procedure
[bookmark: _Toc32332172]9.7.4.2.1	Stage 1: Calibration
Calibration procedure for the Near Field Test Range is captured in subclause 15.4.
[bookmark: _Toc32332173]9.7.4.2.2	Stage 2: BS measurement 

[bookmark: _Toc21086338][bookmark: _Toc29768775]

[bookmark: _Toc21086339][bookmark: _Toc29768776]


[bookmark: _Toc21086340][bookmark: _Toc29768777]

The testing procedure consists of the following steps:
1.	Align the BS with (Theta, Phi) angles corresponding to the declared conformance direction to be measured.
2.	Configure TX beamforming and carrier according to the manufacturer's declared rated output power.
3.	Set the BS to transmit the test signal according to the applicable test model.
4.	Measure OTA EVM of each carrier arriving at the measurement equipment (such as a spectrum analyzer or equivalent instrument).
5.	Repeat steps 3 - 4 for all conformance test beam direction pairs as declared by the manufacturer in TS 37.145-2 [4] or TS 38.141-2 [6].
6.	Repeat steps 3 - 5 for other applicable test models.

For conformance tests, EVM shall be measured at maximum and minimum power settings while frequency error, and occupied BW at only maximum power setting.
[bookmark: _Toc21086341][bookmark: _Toc29768778]
[bookmark: _Toc21086342][bookmark: _Toc29768779][bookmark: _Toc32332174]9.7.4.3	MU value derivation, FR1 
EVM is a relative measurement given that the wanted signal and noise signal are at the same frequency and measured at the same time therefore most of the OTA anechoic chamber errors will cancel out.
Nearly all of uncertainty terms for the EVM measurement and EVM calibration are the same and hence EVM is a differential or relative measurement.   
Potentially, the EVM may vary in space due to different patterns of wanted signal and distortion. Thus for narrow beams, it may be possible that beam pointing and alignment errors could impact EVM results. The importance and impact of such effects is likely to be even smaller than for far field based measurements.
As EVM is also dependent on the phase of the calibrated path it is possible that phase ripple in the quiet zone or elsewhere, which arises due to multipath reflections, may lead to frequency ripple and cause additional EVM errors which do not appear in a power accuracy analysis as done for EIRP accuracy. Analysis of the effect of such effects is that the effects will be even smaller than for far field based measurements.
[bookmark: _Toc21086343][bookmark: _Toc29768780]
The Near Field budget is carried out without consideration of the measurement equipment therefore the MU is given in % and can be converted to dB, for example:
2% is equivalent to 20*log10(2/100) = -33.98 dB
If the unwanted signal is 0.35 dB higher than the wanted due to the test system then this will be degraded to -33.63 dB, and
	-33.63 dB is equivalent to:	10(-33.63/20) *100 = 2.08%
Additional error due to potential phase error has not been considered however the potential increase due to then OTA test equipment is well within the contribution allowable with a 1% linear MU. 
For Near Field Test Range a new measurement uncertainty term shall be added to the MU. This term will take into account the fact that in Near Field the phase pattern will sum up so that the signal level is increasing while the noise level is the same. This MU term will only cause an error in the direction of increasing the reported EVM value and not decreasing it, and will depend on the implementation of the BS.

NOTE:	Analysis of the phase uncertainties indicates that the contributions are not significant enough 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 need to be re-examined.
[bookmark: _Toc21086344][bookmark: _Toc29768781][bookmark: _Toc32332175]9.7.5		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]9.7.6		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
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
Table 9.7.6-2: Test Tolerance values for EVM, FR2
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
An overview of the TT values for all the requirements is captured in clause 17.
[bookmark: _Toc21086345][bookmark: _Toc29768782][bookmark: _Toc32332177]9.8	OTA transmitted signal quality: TAE
[bookmark: _Toc21086346][bookmark: _Toc29768783][bookmark: _Toc32332178]9.8.1		General
Subclause 9.8 captures MU and TT values derivation for the OTA TAE directional requirement. 

TAE is the timing difference between 2 modulated signals, either TX diversity, MIMO or CA carriers. Conducted TAE is measured as follows:
[image: ]
Figure 6.8.1-1: Conducted TAE measurement set up
As the conducted signals are combined before being input to the test equipment the OTA test is simple to implement.
[image: ]
Figure 6.8.1-2: OTA TAE measurement set up
The OTA signals are both transmitted from the BS and added at the test receive antenna. As the test paths for the 2 signals are identical there are no additional timing errors added to the test system compared to the conducted test system.
As the TAE requirement is a measure of timing difference it is not affected by the accuracy of the test system amplitude calibration and measurement uncertainties. 
As long as the signals fed into the measurement equipment are of a sufficient amplitude then the only measurement uncertainty will be that of the measurement equipment itself.
The measurement equipment requires a level of > -20 dBm to accurately carry out the TAE.
As the requirement is done for the wanted beam at full power, even for low power BS it is not anticipated the received test signal will be lower than -10 dBm.
There may be a tiny impact to signal fidelity due to scattering in the chamber, however this will be insignificant and is not expected to impact TAE.
As the OTA test system does not affect the measurement accuracy for TAE the existing conducted MU can be used.
[bookmark: _Toc21086347][bookmark: _Toc29768784][bookmark: _Toc32332179]9.8.2		Indoor Anechoic Chamber 
[bookmark: _Toc32332180]9.8.2.1	Measurement system description
Measurement system description is captured in subclause 14.1.
[bookmark: _Toc32332181]9.8.2.2 	Test procedure
[bookmark: _Toc32332182]9.8.2.2.1	Stage 1: Calibration
Calibration procedure for the Indoor Anechoic Chamber is captured in subclause 15.1.
[bookmark: _Toc32332183]9.8.2.2.2	Stage 2: BS measurement 

[bookmark: _Toc21086348][bookmark: _Toc29768785]

[bookmark: _Toc21086349][bookmark: _Toc29768786]

[bookmark: _Toc21086350][bookmark: _Toc29768787]
Reference procedure in subclause 6.4.2.2.2 where in step 6 the appropriate measurement parameter is TAE. 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: _Toc21086351][bookmark: _Toc29768788][bookmark: _Toc32332184]9.8.2.3	MU value derivation 
The uncertainty in the power accuracy of the OTA test chamber will not affect the TAE measurement uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the TAE measurement uncertainty.
The conducted MU value is adopted for the OTA MU.
[bookmark: _Toc21086352][bookmark: _Toc29768789][bookmark: _Toc32332185]9.8.3		Compact Antenna Test Range 
[bookmark: _Toc32332186]9.8.3.1	Measurement system description
Measurement system description is captured in subclause 14.2. 
[bookmark: _Toc32332187]9.8.3.2 	Test procedure
[bookmark: _Toc32332188]9.8.3.2.1	Stage 1: Calibration
Calibration procedure for the Compact Antenna Test Range is captured in subclause 15.2.
[bookmark: _Toc32332189]9.8.3.2.2	Stage 2: BS measurement 

[bookmark: _Toc21086353][bookmark: _Toc29768790]

[bookmark: _Toc21086354][bookmark: _Toc29768791]

[bookmark: _Toc21086355][bookmark: _Toc29768792]
Reference procedure in subclause 6.4.3.2.2 where in step 6 the appropriate measurement parameter is TAE. 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.
[image: ]
Figure 6.8.3.2.2-1: CATR measurement system setup for TAE 
The testing procedure consists of the following steps:
1)	Align BS with boresight of the range antenna. 
2)	Configure BS to transmit signals carrying reference signals. All beams must be pointed at the same direction. 
NOTE:	The transmitted signals should represent the beam configuration with the lowest number of beams. Each beam should be identifiable using a reference signal.
· For a BS declared to be capable of single carrier operation only, set BS to transmit according to rated beam EIRP level.
· 
· If the BS supports intra band contiguous or non-contiguous Carrier Aggregation, set BS to transmit using the applicable test configuration and corresponding power setting specified in TS 37.145-2 [4] for AAS BS, or in TS 38.141-2 [6] for NR BS.
· - If the BS supports inter band carrier aggregation, set BS to transmit, for each band, a single carrier or all carriers, using the applicable test configuration and corresponding power setting specified in TS 37.145-2 [4] for AAS BS, or in TS 38.141-2 [6] for NR BS.
3)	Measure TAE between the reference signals with signal/spectrum analyser or equivalent equipment.
[bookmark: _Toc21086356][bookmark: _Toc29768793][bookmark: _Toc32332190]9.8.3.3	MU value derivation 
The uncertainty in the power accuracy of the OTA test chamber will not affect the TAE measurement uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the TAE measurement uncertainty.
The conducted MU value is adopted for the OTA MU.
[bookmark: _Toc21086357][bookmark: _Toc29768794][bookmark: _Toc32332191]9.8.4		Near Field Test Range
[bookmark: _Toc32332192]9.8.4.1	Measurement system description
Measurement system description is captured in subclause 14.4. 

[bookmark: _Toc21086358][bookmark: _Toc29768795]
In case of OTA TAE type of measurements, NF to FF transform is not needed. TAE is measured in Near Field for the declared direction.
[bookmark: _Toc32332193][bookmark: _Toc21086359][bookmark: _Toc29768796]9.8.4.2	Test procedure
[bookmark: _Toc32332194]9.8.4.2.1	Stage 1: Calibration
Calibration procedure for the Near Field Test Range is captured in subclause 15.4.
[bookmark: _Toc32332195]9.8.4.2.2	Stage 2: BS measurement 



[bookmark: _Toc21086360][bookmark: _Toc29768797]

The testing procedure consists of the following steps:
1)	Align the BS with (Theta, Phi) angles corresponding to the declared conformance direction to be measured
2)	Configure BS to transmit signals carrying reference signals. All beams must be pointed at the same direction. 
NOTE:	The transmitted signals should represent the beam configuration with the lowest number of beams. Each beam should be identifiable using a reference signal.
· For a BS declared to be capable of single carrier operation only, set BS to transmit according to rated beam EIRP level.
· If the BS supports intra band contiguous or non-contiguous Carrier Aggregation, set BS to transmit using the applicable test configuration and corresponding power setting specified in TS 37.145-2 [4] for AAS BS, or in TS 38.141-2 [6] for NR BS.
· If the BS supports inter band carrier aggregation, set BS to transmit, for each band, a single carrier or all carriers, using the applicable test configuration and corresponding power setting specified in TS 37.145-2 [4] for AAS BS, or in TS 38.141-2 [6] for NR BS.



3)	Measure the TAE between the reference signals with signal/spectrum analyser or equivalent equipment.
[bookmark: _Toc21086361][bookmark: _Toc29768798][bookmark: _Toc32332196]9.8.4.3	MU value derivation 
Refer to subclause 9.8.3.3 for the OTA TAE measurement in CATR.
[bookmark: _Toc21086362][bookmark: _Toc29768799][bookmark: _Toc32332197]9.8.5		Maximum accepted test system uncertainty 
The uncertainty in the power accuracy of the OTA test chamber will not affect the TAE measurement uncertainty.
Possible phase variation in the chamber due to variation in the signal BW is not significant to affect the TAE measurement uncertainty.
The conducted MU value is adopted for the OTA MU, and is ±25 ns.
The MU for FR1 for TAE 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 25 ns for time alignment error. 

An overview of the MU values for all the requirements is captured in clause 16. 
[bookmark: _Toc32332198]9.8.6		Test Tolerance for TAE
Considering the methodology described in subclause 5.1, Test Tolerance values for TAE 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 TAE test are defined in table 9.8.6-1 and 9.7.6-2.
Table 9.8.6-1: Test Tolerance values for TAE, FR1
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
Table 9.8.6-2: Test Tolerance values for TAE, FR2
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
An overview of the TT values for all the requirements is captured in clause 17.

[bookmark: _Toc21086363][bookmark: _Toc29768800][bookmark: _Toc32332199]9.9	OTA occupied bandwidth
[bookmark: _Toc21086364][bookmark: _Toc29768801][bookmark: _Toc32332200]9.9.1		General
Subclause 9.9 captures MU and TT values derivation for the OTA occupied bandwidth directional requirement. 

Occupied BW is specified in Hz. It is defined as
 the occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage /2 of the total mean transmitted power.
Occupied BW is specified in Hz.
It is measured by taking a number of narrow band power measurements across the modulated BW and finding the half power level and hence the frequency points which correspond to the half power level. The measurement is effectively a differential measurement as total power and hence half power is found from the measured data.
The only effect the measurement chamber would have on the accuracy of the measurement were if the frequency response of the chamber were not flat, however a 40 MHz BW is unlikely to introduce any significant frequency ripple in a RF chamber (40 MHz is 4% of 1 GHz) so this effect can be ignored.
The largest error it is due to the number of measurement points taken, looking at the gap between points compared to the conducted MU:
Table 9.9.1-1: Occupied BW conducted MU
	Channel bandwidth BWChannel (MHz) 
	0.2
	1.4
	3
	5
	10
	15
	20
	>20

	Span (MHz) 
	0.4
	10
	10
	10
	20
	30
	40
	 [image: ]

	Minimum number of measurement points
	400
	1429
	667
	400
	400
	400
	400
	 [image: ]

	Gap between samples (MHz)
	0.001
	0.01
	0.01
	0.025
	0.05
	0.075
	0.1
	0.1

	Conducted MU (MHz)
	
	0.03
	0.03
	0.1
	0.1
	0.3
	0.3
	0.3



The MU is 3 to 4 time larger than the distance between the measurement points. Which allows the estimation of the 3dB point to be 1.5 to 2 steps out on each side of the modulated band width.
As the OTA system will not introduce any additional frequency error and it will not introduce any additional differential amplitude error, the MU for the OTA measurement should be the same as for the conducted requirement.
It should be noted that the signal power level at the bandwidth edge required for meeting the OBW requirement is in general at least 20dB higher than the level that is required to meet unwanted emissions requirements. Thus there is very substantial room to accommodate measurement uncertainty for the OBW requirement.
[bookmark: _Toc21086365][bookmark: _Toc29768802][bookmark: _Toc32332201]9.9.2		Indoor Anechoic Chamber 
[bookmark: _Toc32332202]9.9.2.1	Measurement system description
Measurement system description is captured in subclause 14.1.
[bookmark: _Toc32332203]9.9.2.2 	Test procedure
[bookmark: _Toc32332204]9.9.2.2.1	Stage 1: Calibration
Calibration procedure for the Indoor Anechoic Chamber is captured in subclause 15.1.
[bookmark: _Toc32332205]9.9.2.2.2	Stage 2: BS measurement 

[bookmark: _Toc21086366][bookmark: _Toc29768803]

[bookmark: _Toc21086367][bookmark: _Toc29768804]

[bookmark: _Toc21086368][bookmark: _Toc29768805]
Reference procedure in subclause 6.4.2.2.2 where in step 6 the appropriate measurements needed for calculating occupied bandwidth.
[bookmark: _Toc21086369][bookmark: _Toc29768806]
[bookmark: _Toc21086370][bookmark: _Toc29768807]
[bookmark: _Toc21086371][bookmark: _Toc29768808][bookmark: _Toc32332206]9.9.2.3	MU value derivation
The MU value is the same as the conducted value given in table 9.1-1. 
[bookmark: _Toc21086372][bookmark: _Toc29768809][bookmark: _Toc32332207]9.9.3		Compact Antenna Test Range 
[bookmark: _Toc32332208]9.9.3.1	Measurement system description
Measurement system description is captured in subclause 14.2. 
[bookmark: _Toc32332209]9.9.3.2 	Test procedure
[bookmark: _Toc32332210]9.9.3.2.1	Stage 1: Calibration
Calibration procedure for the Compact Antenna Test Range is captured in subclause 15.2.
[bookmark: _Toc32332211]9.9.3.2.2	Stage 2: BS measurement 
The testing procedure consists of the following steps:

[bookmark: _Toc21086373][bookmark: _Toc29768810]



[bookmark: _Toc21086374][bookmark: _Toc29768811]

[bookmark: _Toc21086375][bookmark: _Toc29768812]
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: _Toc21086376][bookmark: _Toc29768813]
[bookmark: _Toc21086377][bookmark: _Toc29768814]
[bookmark: _Toc21086378][bookmark: _Toc29768815][bookmark: _Toc32332212]9.9.3.3	MU value derivation
The MU value is the same as the conducted value given in table 9.1-1. 
[bookmark: _Toc21086379][bookmark: _Toc29768816][bookmark: _Toc32332213]9.9.4		Near Field Test Range
[bookmark: _Toc32332214][bookmark: _Toc21086380][bookmark: _Toc29768817]9.9.4.1	Measurement system description
Measurement system description is captured in subclause 14.4. 

In case of OTA occupied BW type of measurements, NF to FF transform is not needed. Occupied BW is measured in Near Field for the declared direction.
[bookmark: _Toc32332215][bookmark: _Toc21086381][bookmark: _Toc29768818]9.9.4.2	Test procedure
[bookmark: _Toc32332216]9.9.4.2.1	Stage 1: Calibration
Calibration procedure for the Near Field Test Range is captured in subclause 15.4.
[bookmark: _Toc32332217]9.9.4.2.2	Stage 2: BS measurement



[bookmark: _Toc21086382][bookmark: _Toc29768819]

The testing procedure consists of the following steps:
1)	Align the BS with (Theta, Phi) angles corresponding to the declared beam peak direction to be measured.
2)	Configure TX branch and carrier according to the manufacturer's declared rated output power.
3)	Set the BS to transmit the test signal according to the applicable test model.
4)	Measure OTA occupied BW of each carrier arriving at the measurement equipment (such as a spectrum analyzer or equivalent instrument).
5)	Repeat steps 3 - 4 for other applicable test models.

For conformance tests, the OTA occupied BW shall be measured at maximum power setting.
[bookmark: _Toc21086383][bookmark: _Toc29768820]
[bookmark: _Toc21086384][bookmark: _Toc29768821]
[bookmark: _Toc21086385][bookmark: _Toc29768822][bookmark: _Toc32332218]9.9.4.3	MU value derivation
The MU value is the same as the conducted value given in table 9.1-1. 
[bookmark: _Toc21086386][bookmark: _Toc29768823][bookmark: _Toc32332219]9.9.5		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]9.9.6		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 dBHz.

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 
	
	
	
	
	

	
	
	
	
	


Editor’s note: placeholder for the TT table based on the Excel spreadsheet.
Table 9.9.6-2: Test Tolerance values for the EIRP accuracy in Normal test conditions, FR2 
Editor’s note: placeholder for the TT table based on the Excel spreadsheet.

An overview of the TT values for all the requirements is captured in clause 17.
[bookmark: _Toc32332221]9.10	OTA TX OFF power and transmitter transient period
[bookmark: _Toc32332222]9.10.1	General
Subclause 9.10 captures MU and TT values derivation for the OTA TX OFF power and transmitter transient period directional requirements in FR2. 
This subclause is only applicable to the NR operation in FR2. 
OTA TX OFF power and transmitter transient period for FR1 is a co-location requirement is and captured in subclause 10.6.2.
[bookmark: _Toc32332223]9.10.2	Compact Antenna Test Range 
[bookmark: _Toc32332224]9.10.2.1	Measurement system description
The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if suitable MU assessment is done.
Measurement system description is captured in subclause 7.3.1. 
[bookmark: _Toc32332225]9.10.2.2 	Test procedure
[bookmark: _Toc32332226]9.10.2.2.1	Stage 1: Calibration
Calibration procedure for the Compact Antenna Test Range is captured in subclause 8.3.
[bookmark: _Toc32332227]9.10.2.2.2	Stage 2: BS measurement 
[bookmark: _Toc32332228]9.10.2.3	MU value derivation, FR2
The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if suitable MU assessment is done.
The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures. However, it is noted that in order to achieve the test instrument uncertainties that were assumed, calibration of the spectrum analyzer may be needed.
Table 9.10.2.3-1: Compact antenna test range uncertainty assessment for EIRP measurements for transmitter OFF power and transmitter transient period
Editor’s note: placeholder for the MU table based on the Excel spreadsheet.

[bookmark: _Toc32332229]9.10.3	Maximum accepted test system uncertainty 
The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if suitable MU assessment is done.
Based on the above evaluation and root sum square combining of the dB values for the MU, the MU was decided to be 2.9 dB for the frequency range 24.25 < f < 29.5 GHz and 3.3 dB for the frequency range 37 < f < 40 GHz.

[bookmark: _Toc32332230]9.10.4	Test Tolerance for OTA TX OFF power and transmitter transient period
Considering the methodology described in subclause 5.1, Test Tolerance values for OTA TX OFF power and transmitter transient period were derived based on values captured in subclause 9.10.3.
The TT value was agreed to be the same as the MU.

Frequency range specific Test Tolerance values for the OTA TX OFF power and transmitter transient period test are defined in table 9.10.4-1.
Table 9.10.4-1: Test Tolerance values for the EIRP accuracy, FR2
	
	
	
	
	

	
	
	
	
	


Editor’s note: placeholder for the TT table based on the Excel spreadsheet.

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

----------------------------- End of modified section ------------------------------
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