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<<< START OF CHANGES >>>
2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TR 38.827: “Study on radiated metrics and test methodology for the verification of multi-antenna reception performance of NR User Equipment (UE)”.
[3]	3GPP TS 38.101-1: "NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone"
[4]	3GPP TS 38.101-3: "NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1 and Range 2 Interworking operation with other radios"
[5]	3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception"
[6]	3GPP TS 38.508-1: "5GS; User Equipment (UE) conformance specification; Part 1: Common test environment"
[7]	3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHz"
[8]	F. Zhang, L. Hentilä, P. Kyösti and W. Fan, "Millimeter-wave New Radio Test Zone Validation for MIMO Over-the-air Testing," in IEEE Transactions on Antennas and Propagation, doi: 10.1109/TAP.2021.3111326.
[9]	3GPP TS 38.101-4: "NR; User Equipment (UE) radio transmission and reception; Part 4: Performance requirements"
[10]	3GPP TS 38.151: “Multiple Input Multiple Output (MIMO) Over-the-Air (OTA) performance requirements for NR UEs”
[11]	3GPP TS 38.561: “UE TRP (Total Radiated Power) and TRS (Total Radiated Sensitivity) requirements and test methodologies for FR1 (NR SA and EN-DC)”

<<< Skip Unchanged Sections >>>
6.1.2 Total Radiated Multi-Antenna Sensitivity (TRMS)

The average TRMS of free space data mode portrait (FS DMP), free space data mode landscape (FS DML), and free space data mode screen up (FS DMSU), is defined as the FR1 MIMO OTA requirement. The averaging shall be done in linear scale for the TRMS results at these DUT positions, according to the formula:


where


Such that MODE is one of {FS_DMP, FS_DML, FS_DMSU}, and {PMODE,70,0, …, PMODE,70,11} are the measured sensitivity values at each azimuth position at the 70% throughput outage.
The reported TRMS value shall be corrected by  of the final power step search and the correction shall be noted in the test report. If the alternate sensitivity search procedure with linearization, detailed in A.2.3.1 is applied to assess the sensitivity at each grid point, no correction of TRMS shall be applied and no additional MU shall be considered.
[bookmark: _Hlk63319011]If 1 azimuth position does not result in a defined measured sensitivity at 70% throughput, SMODE,70 is calculated using the 11 measured sensitivities and the maximum downlink RS-EPRE PRS-EPRE-MAX (substitution approach) for the one missing result. PRS-EPRE-MAX is the maximum downlink RS-EPRE supported by the test system, and is defined as -80dBm/15kHz (or equivalent -77dBm/30kHz) for FR1 MIMO OTA.
The TRMS shall be measured at the mid channel as specified in TS 38.508-1 subclause 4.3.1 [7]. The average TRMS shall be lower than the average TRMS requirements specified in Clause 6.2.
[bookmark: _Hlk63319017][bookmark: OLE_LINK5]The additional criterion in azimuthal orientations shall be met:
-	The EUT must meet 70% throughput in 11 of total 12 azimuthal orientations. If the EUT fails to meet this criterion even under maximum downlink power condition (i.e. PRS-EPRE-MAX), the EUT shall fail the FR1 MIMO OTA test.
-	The EUT must meet 90% throughput in 10 of total 12 azimuthal orientations. If the EUT fails to meet this criterion even under maximum downlink power condition (i.e. PRS-EPRE-MAX), the EUT shall fail the FR1 MIMO OTA test.
<<< Skip Unchanged Sections >>>
[bookmark: _Toc97807424][bookmark: _Toc106185647][bookmark: _Toc114141536][bookmark: _Toc121935144][bookmark: _Toc124152162][bookmark: _Toc130286902]A.2.3	Test procedure
Before throughput testing, the initial conditions shall be confirmed to reach the correct measurement state for each test case. 
1.	Ensure environmental requirements of Annex F are met.
2.	Configure the test system according to Annex C, D and E for the applicable test case.
3.	Verify the implementation of the channel model as specified in Annex C.3.
4.	Position the UE in the chamber according to Annex A.3.
5.	Power on the UE.
6.	Set up the connection.
Note:	For step 3, the verification of the channel model implementation is usually performed once for each channel model as part of the laboratory accreditation process and will remain valid as long as the setup and instruments remain unchanged. Otherwise, the channel model validation may need to be performed prior to starting each throughput test. 
For throughput testing, the following steps shall be followed in order to evaluate NR MIMO OTA performance of the DUT:
1.	Measure MIMO OTA throughput from one measurement point, the maximum downlink power PRS-EPRE-MAX is defined in Clause 6.1.2. MIMO OTA throughput is the minimum downlink signal power resulting in a pre-defined throughput value, i.e., 70% and 90% of the maximum theoretical throughput.  The downlink signal power step size shall be no more than 0.5 dB when RF power level is near the NR MIMO sensitivity level. 
2.	Rotate the UE around vertical axis of the test system by 30 degrees and repeat from step 1 until one complete rotation has been measured i.e. 12 different UE azimuth rotations.
3.	Repeat the test from step 1 for each specified device orientation. A list of orientations is given in Annex A.3.
4.	The postprocessing method to calculate the average MIMO Throughput is defined in Clause 6.
[bookmark: _Hlk67951268]Note:	For step 1 of throughput testing, the measurement is not needed to start from maximum downlink power each time. To save testing time, the starting downlink power can be set as a proper value (lower than maximum downlink power supported by test system) as long as all the throughput curve curves at 12 different UE azimuth rotations can reach at least 90% of the maximum theoretical throughput.
[bookmark: _Toc528251332][bookmark: _Toc121935132][bookmark: _Toc124152150][bookmark: _Toc130286894]A.2.3.1	Alternate Sensitivity Search Procedure with Linearization
The alternate DL signal power search procedure with linearization is based on two steps. Step 1 is performed once on a set of UEs; the results from this evaluation are recorded and can be reused for every UE TRMS measurement, i.e., Step 1 does not need to be performed prior to each device measurement. 
Step 1: Polynomial characterization performed using reference measurements inside the anechoic chamber (needs to be performed just once)
a) Record radiated TP as a function of DL signal power with fine search step size (0.1 dB or less) for a few DUTs (reference measurements)
b) Normalize the TP curves and determine the polynomial coefficients of the averaged, normalized TP curves
c) Record the polynomial coefficients for the reference measurements
Step 2: Apply polynomial interpolation from the reference measurements during the sensitivity search for each grid point
a) Apply polynomial interpolation using the polynomial coefficients (from Step 1c) to the two DL signal power search measurements (one passing, one failing) with 0.5dB step size near the DL signal power threshold
b) Record the interpolated DL signal power for each grid point
c) Determine TRMS from the interpolated DL signal power measurements
<<< Skip Unchanged Sections >>>
Annex B (normative): MU Budget
Editor's Note: The final MU budget and TT will be defined in this specification and will update/replace the preliminary example MU values defined in RAN4 currently presented in B.1.
[bookmark: _Toc97807426][bookmark: _Toc106185649][bookmark: _Toc114141538][bookmark: _Toc121935146][bookmark: _Toc124152164][bookmark: _Toc130286906]B.1	MU budget of FR1 MPAC system
This clause defines the Preliminary measurement uncertainty (MU) budget for FR1 MPAC system, as shown in Table B.1-1.
Table B.1-1: Preliminary measurement uncertainty budget for FR1 MPAC system
	UID
	Description of uncertainty contribution
	Example value (410MHz<f≤3GHz) [dB]
	Example value (3GHz <f≤7.125GHz) [dB]
	Distribution of the probability
	Std Uncertainty (410MHz<f≤3GHz) [dB]
	Std Uncertainty (3GHz <f≤7.125GHz)  [dB]

	Stage 2: DUT measurement
	

	1
	Mismatch for measurement process
	0
	0
	U-Shaped
	[0]
	0

	2
	Measure distance uncertainty
	0
	0
	Normal
	[0]
	0

	3
	Quality of quiet zone
	0.65
	0.65
	Actual
	[0.65]
	[0.65]

	4
	Base Station simulator
	10.45dB
	20.75dB
	RectangularNormal
	[0.8723]
	[1.150.38]

	5
	Channel Emulator
- absolute output power
- output signal stability
- output stability with temperature
	
1.5dB
0.5dB
0.4dB
	
1.5dB
0.5dB
0.4dB
	Actual
(Normal - power;
rect-stability)
	[0.84]
	[0.84]

	6
	Amplifier uncertainties
	0.7dB
	0.7dB
	Rectangular
	[0.40]
	[0.40]

	7
	Random uncertainty
	0.24dB
	0.24dB
	Normal
	[0.1220]
	[0.1220]

	8
	Throughput measurement: output level step resolution
	0. 25dB
	0.25dB
	Rectangular
	[0.14]
	[0.14]

	9
	DUT sensitivity drift
	0.2
	0.2
	Rectangular
	[0.12]
	[0.12]

	10
	Signal flatness
	0
	0
	Normal
	[0]
	[0]

	Stage 1: Calibration measurement
	

	11
	Mismatch for calibration process
- loopback cable path
- system input path
- reference antenna
	0.2
	0.2
	U-Shaped
	[0.14]
	[0.14]

	12
	Reference antenna positioning misalignment
	0
	0
	Normal
	[0]
	0

	13
	Quality of quiet zone 
	0.65
	0.65
	[Rectangular]
	[0.3529]
	[0.3520]

	14
	Total uncertainty of the Network Analyzer
	0.52
	0.5
	RectangularNormal
	[0.2910]
	[0.2925]

	15
	Uncertainty of an absolute gain of the calibration antenna
	10.58
	10.58
	Normal
	[0.529]
	[0.529]

	16
	Offset of the Phase Center of the Reference Antenna 
	0
	0
	Normal
	[0]
	0

	Total Expanded Uncertainty, U, with 95% Confidence Interval 
	[3.032.33
	[3.382.45]



The detailed descriptions of each measurement uncertainty contributor are defined in in Annex B.1B.2 [2]2.
[bookmark: _Toc42175221][bookmark: _Toc46355234][bookmark: _Toc61186090][bookmark: _Toc74643368][bookmark: _Toc76540355][bookmark: _Toc82006811][bookmark: _Toc89935892][bookmark: _Toc98748812]B.2	Measurement error contribution descriptions for MPAC
[bookmark: _Toc42175222][bookmark: _Toc46355235][bookmark: _Toc61186091][bookmark: _Toc74643369][bookmark: _Toc76540356][bookmark: _Toc82006812][bookmark: _Toc89935893][bookmark: _Toc98748813]B.2.1	Mismatch for measurement process 
This term comes from the mismatch between the system input cables connecting to the base station simulator output port. For more information, see A.4.2.1 of [11].
[bookmark: _Toc42175223][bookmark: _Toc46355236][bookmark: _Toc61186092][bookmark: _Toc74643370][bookmark: _Toc76540357][bookmark: _Toc82006813][bookmark: _Toc89935894][bookmark: _Toc98748814]B.2.2	Measurement distance uncertainty 
The cause of this uncertainty contributor is due to the reduction of distance between the measurement antenna and the DUT. Given that 1.2m is defined as the minimum range length for FR1 MPAC system and the device is not offset from the axis(es) of rotation, this term could be set as 0 dB.  
[bookmark: _Toc42175224][bookmark: _Toc46355237][bookmark: _Toc61186093][bookmark: _Toc74643371][bookmark: _Toc76540358][bookmark: _Toc82006814][bookmark: _Toc89935895][bookmark: _Toc98748815]B.2.3	Quality of quiet zone 
The quality of the quiet zone procedure characterizes the quiet zone performance of the anechoic chamber, specifically the effect of reflections within the anechoic chamber including any positioners and support structures. For FR1 quality of quiet zone measurements, reference antennas of sleeve dipole or magnetic loop are used. For more information, see A.4.2.8 of [11] with the exception that only the phi-axis ripple test is performed for MIMO OTA.
[bookmark: _Toc42175225][bookmark: _Toc46355238][bookmark: _Toc61186094][bookmark: _Toc74643372][bookmark: _Toc76540359][bookmark: _Toc82006815][bookmark: _Toc89935896][bookmark: _Toc98748816][bookmark: _Toc535323215]B.2.4	Base Station simulator 
gNB emulator is used to drive a signal to the channel emulator and then to the device under test. Generally there occurs uncertainty contribution from absolute level accuracy, non-linearity and frequency characteristic of the gNB emulator.
For practical reasons, in a case that a VNA is used as a calibration equipment, gNB emulator is connected to the system after the calibration measurement is performed by the VNA. Hence, the uncertainty on the absolute level of gNB emulator (transmitter device) cannot be assumed as systematic. This uncertainty will be determined from the manufacturer’s datasheet and the distribution used shall match that provided in the datasheet which are commonly quoting MUs/accuracies with a “95% confidence level” and/or a “coverage factor of 2”. In the absence of a declared distribution in the datasheet, the rectangular distribution should be used. Furthermore, the uncertainty of the non-linearity is included in the absolute level uncertainty.
[bookmark: _Toc42175226][bookmark: _Toc46355239][bookmark: _Toc61186095][bookmark: _Toc74643373][bookmark: _Toc76540360][bookmark: _Toc82006816][bookmark: _Toc89935897][bookmark: _Toc98748817]B.2.5	Channel Emulator 
The channel emulator is also working as a signal source in the NR MIMO OTA system, therefore there occurs uncertainty contribution from absolute level accuracy, non-linearity, frequency characteristic and stability of the channel emulator. These uncertainty contributions shall be taken from the manufacturer’s data sheet.
[bookmark: _Toc42175227][bookmark: _Toc46355240][bookmark: _Toc61186096][bookmark: _Toc74643374][bookmark: _Toc76540361][bookmark: _Toc82006817][bookmark: _Toc89935898][bookmark: _Toc98748818]B.2.6	Amplifier uncertainties
Any components in the setup can potentially introduce measurement uncertainty. It is then needed to determine the uncertainty contributors associated with the use of such components. For the case of external amplifiers, the following uncertainties should be considered but the applicability is contingent to the measurement implementation and calibration procedure.
-	Stability
-	An uncertainty contribution comes from the output level stability of the amplifier. Even if the amplifier is part of the system for both measurement and calibration, the uncertainty due to the stability shall be considered. This uncertainty can be either measured or determined by the manufacturers’ data sheet for the operating conditions in which the system will be required to operate.
-	Linearity
-	An uncertainty contribution comes from the linearity of the amplifier since in most cases calibration and measurements are performed at two different input/output power levels. This uncertainty can be either measured or determined by the manufacturers’ data sheet.
-	Noise Figure
-	When the signal goes into an amplifier, noise is added so that the SNR at the output is reduced with regard to the SNR of the signal at the input. This added noise introduces error on the signal which affects the Error Rate of the receiver thus the EVM (Error Vector Magnitude). An uncertainty can be calculated through the following formula:
	[image: ]
-	Where SNR is the signal to noise ratio in dB at the signal level used during the sensitivity measurement. 
-	Mismatch
-	If the external amplifier is used for both stages, measurement and calibration the uncertainty contribution associated with it can be considered systematic and constant -> 0dB. If it is not the case, the mismatch uncertainty at its input and output shall be either measured or determined by the method described in [7].
-	Gain
-	If the external amplifier is used for both stages, measurement and calibration the uncertainty contribution associated with it can be considered systematic and constant -> 0dB. If it is not the case, this uncertainty shall be considered.

[bookmark: _Toc42175228][bookmark: _Toc46355241][bookmark: _Toc61186097][bookmark: _Toc74643375][bookmark: _Toc76540362][bookmark: _Toc82006818][bookmark: _Toc89935899][bookmark: _Toc98748819]B.2.7	Random uncertainty
This contribution is used to account for all the unknown, unquantifiable, etc. uncertainties associated with the measurements. 
Random uncertainty MU contributions are normally distributed. The random uncertainty term, by definition, cannot be measured, or even isolated completely. A fixed value of 0.4 dB is suggested for TRMS measurements to include a digital error rate uncertainty and is aligned with the random uncertainty for TRS for NR FR1 [11].
[bookmark: _Toc42175229][bookmark: _Toc46355242][bookmark: _Toc61186098][bookmark: _Toc74643376][bookmark: _Toc76540363][bookmark: _Toc82006819][bookmark: _Toc89935900][bookmark: _Toc98748820]B.2.8	Throughput measurement: output level step resolution
When output power of the communication tester is swept to reach the throughput target that defines the sensitivity threshold, the final power step resolution represents an asymmetric uncertainty contribution that can be corrected since this uncertainty is device and test system independent. The lab shall correct the TRMS results by  of the final power step search and note the correction in the test report. If the alternate DL signal power search procedure with linearization, detailed in A.2.3.1 is applied to assess the DL signal power at each grid point, no correction of TRMS shall be applied and no additional MU shall be considered.
[bookmark: _Toc42175230][bookmark: _Toc46355243][bookmark: _Toc61186099][bookmark: _Toc74643377][bookmark: _Toc76540364][bookmark: _Toc82006820][bookmark: _Toc89935901][bookmark: _Toc98748821]B.2.9	DUT sensitivity drift
Due to statistical uncertainty of throughput measurement, drift in the TRMS cannot be monitored. An uncertainty value of 0.2dB can be used, or the TRMS drift should be measured, with a setup corresponding to the actual MIMO OTA measurement.
[bookmark: _Toc42175231][bookmark: _Toc46355244][bookmark: _Toc61186100][bookmark: _Toc74643378][bookmark: _Toc76540365][bookmark: _Toc82006821][bookmark: _Toc89935902][bookmark: _Toc98748822]B.2.10	Signal flatness
For wireless technologies with wide channel bandwidths, the test system might not have a flat frequency response across the entire channel. While the range calibration corrects for any variation of frequency response as a function of the centre frequency of the channel, the broadband delivered to the test zone will be a function of the entire channel bandwidth as opposed to just the centre frequency. For more information, see A.4.2.14 of [11]
[bookmark: _Toc42175232][bookmark: _Toc46355245][bookmark: _Toc61186101][bookmark: _Toc74643379][bookmark: _Toc76540366][bookmark: _Toc82006822][bookmark: _Toc89935903][bookmark: _Toc98748823]B.2.11	Mismatch for calibration process
During calibration stage, there will be impendence mismatch between the various RF cables and components used within the system. Standing waves are created by the reflections between any two components and uncertainty in the signal level will be generated.  In general, three mismatch for calibration process should be considered:
-	Loopback cable path: This item comes from the mismatch between the reference cable and the loopback cable during the loopback cable measurement step.
-	System input path: This item comes from the mismatch between the loopback cable and the system input cable (generally the output cable after BS simulator). The reflectivity of the source output port is measured at the end of the loopback cable connecting to the system input cable.
-	Reference antenna: This item comes from the mismatch between the VNA input port and the reference antenna. The reflectivity of the VNA input port is measured at the end of the reference cable connecting to the reference antenna.
For more information, see A.4.2.1 of [11]
[bookmark: _Toc42175233][bookmark: _Toc46355246][bookmark: _Toc61186102][bookmark: _Toc74643380][bookmark: _Toc76540367][bookmark: _Toc82006823][bookmark: _Toc89935904][bookmark: _Toc98748824]B.2.12	Reference antenna positioning misalignment
This contribution originates from reference antenna alignment and pointing error. In this measurement if the maximum gain directions of the reference antenna and the receiving antenna are aligned to each other, this contribution can be considered negligible and therefore set to zero. 
[bookmark: _Toc42175234][bookmark: _Toc46355247][bookmark: _Toc61186103][bookmark: _Toc74643381][bookmark: _Toc76540368][bookmark: _Toc82006824][bookmark: _Toc89935905][bookmark: _Toc98748825]B.2.13	Total Uncertainty of the Network Analyzer
This contribution originates from all uncertainties involved transmission magnitude measurement (including drift and frequency flatness) with a network analyser. will be determined from the manufacturer’s datasheet which is now commonly quoting MUs/accuracies with a “95% confidence level” and/or a “coverage factor of 2”and the distribution used shall match that provided in the datasheet. In the absence of a declared distribution in the datasheet, the rectangular distribution should be used.
[bookmark: _Toc42175235][bookmark: _Toc46355248][bookmark: _Toc61186104][bookmark: _Toc74643382][bookmark: _Toc76540369][bookmark: _Toc82006825][bookmark: _Toc89935906][bookmark: _Toc98748826]B.2.14	Uncertainty of an absolute gain of the calibration antenna
The calibration antenna only appears in calibration phase (Stage 1). Therefore, the gain uncertainty has to be taken into account. 
This uncertainty shall come from a calibration report (which is now commonly quoting MUs/accuracies with a “95% confidence level” and/or a “coverage factor of 2”) with traceability to a National Metrology Institute with measurement uncertainty budgets generated following the guidelines outlined in internationally accepted standards. In the absence of a declared distribution in the report, the rectangular distribution should be used. 
[bookmark: _Toc42175236][bookmark: _Toc46355249][bookmark: _Toc61186105][bookmark: _Toc74643383][bookmark: _Toc76540370][bookmark: _Toc82006826][bookmark: _Toc89935907][bookmark: _Toc98748827]B.2.15	Offset of the Phase Center of the Reference Antenna
During range reference measurement, if a directional antenna is used, the uncertainty in the accuracy of positioning its phase center on the axis of rotation will directly generate an uncertainty in this part of the measurement. In practical measurement, sleeve dipoles and loops are used for FR1 calibration, then the uncertainty of this element should be 0 dB, since the phase center offset is negligible.
<<< END OF CHANGES >>>
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