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1	Introduction
In this contribution, we propose the text descriptions of RC based methodology to [1] aligning with [2-3].
2	Conclusion
The following proposal is made in this contribution:
Proposal 1: Approve the text proposal below.
3	References
[1] [bookmark: _Hlk60761037][bookmark: issueDate]3GPP TR 38.834 V0.3.0  (2022-01)
[2] 3GPP TS 37.544 V16.2.0 (2021-09)
[3] 3GPP TR 37.902 V16.0.0 (2020-06)
4	Appendix –Text Proposal to TS 38.834 v0.3.0

[bookmark: OLE_LINK31]--------------Start of text proposal 1-------------
[bookmark: _Toc94176069]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
Abbreviation format (EW)
DUT	Device Under Test
EIRP 	Effective Isotropic Radiated Power
EUT	Equipment Under Test
FR1	Frequency Range 1
FS	Free Space
LME	Laptop Mounted Equipment
LEE	Laptop Embedded Equipment
NSA	Non-Standalone, a mode of operation where operation of an other radio is assisted with an other radio 
OTA	Over The Air
SA	Standalone
TRP	Total Radiated Power
TRS	Total Radiated Sensitivity
UE	User Equipment
RC	Reverberation Chamber

--------------End of text proposal 1-------------


--------------Start of text proposal 2-------------
[bookmark: _Toc94176078]5	Performance metrics 
[bookmark: _Toc94176079]5.1	Definition of the Total Radiated Power (TRP)
Transmitter power measurements shall be performed using the Total Radiated Power (TRP) as the measurement metric.
This definition will be used to calculate the Total Radiated Power (TRP) value of NR FR1 DUT. 
The TRP is defined as:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]			(5.1)
Where the effective isotropic radiated power (EIRP) is defined as
  		   	           	 (5.2)
Where  is the product of the power delivered to the antenna and the antenna’s power gain.
The TRP can also be calculated from Rayleigh faded samples of the total power transmitted from the UE. The measurement of transmitter performance in an isotropic Rayleigh fading environment is based on sampling the radiated power of the UE for a discrete number of field combinations in the chamber. The average value of these statistically distributed samples is proportional to the TRP and by calibrating the average power transfer function, an absolute value of the TRP can be obtained. Thus

			(5.3)





where  is the reference power transfer function for fixed measurement antenna n,  is the reflection coefficient for fixed measurement antenna n and  is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in Clause 7.2.  is the average power measured by fixed measurement antenna n and can be calculated using the following expression:

			 (5.4)


where  is sample number m of the complex transfer function measured with fixed measurement antenna n and  is the total number of samples measured for each fixed measurement antenna.
Note that all averaging must be performed using linear power values (e.g. measurements in Watts).

[bookmark: _Toc94176080]5.2	Definition of Total Radiated Sensitivity (TRS)
Receiver sensitivity measurements shall be performed using data throughput as the measurement metric. The DUT’s receiver sensitivity corresponds to the minimum downlink signal power required to provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel (RMC).
This definition will be used to calculate the Total Radiated Sensitivity (TRS) value of NR FR1 DUT. 
The TRS is defined as:
               	   (5.35)
Where the effective isotropic sensitivity (EIS) is defined as the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each sampling point.
The TRS can also be calculated from measurements in a Rayleigh fading 3 dimensional isotropic environment with in average uniform elevation and azimuth distribution. The calculation of the TRS is in this case based on searching for the lowest power received by the UE/MS for a discrete number of field combinations in the chamber that gives a BER that is better than the specified target BER level. By calibrating the average power transfer function, an absolute value of the TRS can be obtained. The following expression can be used to find the TRS.

			(5.6)




where  is the reference power transfer function for fixed measurement antenna n,  is the reflection coefficient for fixed measurement antenna n and  is the path loss in the cables connecting the measurement receiver to fixed measurement antenna n. These parameters are calculated from the calibration measurement and are further discussed in Clause 7.2.  is calculated by using the following equation:

			(5.7)


where  is the m:th value of the transfer function for fixed measurement antenna n, which gives the BER threshold.  is the total number of values of the BER threshold power measured for each fixed measurement antenna.
--------------End of text proposal 2-------------


--------------Start of text proposal 3-------------
7	Test setup and calibration
[bookmark: _Toc94176087]7.1		General
[bookmark: _Toc94176088]7.2	Test setup
For FR1 TRP TRS testing, both Single-antenna and multiple-antennas anechoic chambers can both be applied. In Figure 7.2-1, an example TRP TRS test system with combined axes system is presented. 
[image: ]
Figure 7.2-1: Example of a FR1 TRP TRS anechoic chamber OTA test system with combined axis
In Figure 7.2-2, an example TRP TRS test system with distributed axes system is presented. 
[image: ]
Figure 7.2-2: Example of a FR1 TRP TRS anechoic chamber OTA test system with combined axis
For the reverberation chamber method, a schematic picture of the test setup is provided in Figure 7.2-3.
[image: ]
Figure 7.2-3: Example of a FR1 TRP TRS reverberation chamber OTA Test System 

[bookmark: _Toc94176089]7.3	Calibration procedure 
7.3.1	Calibration procedure for anechoic chamber method
The relative power values of the measurement points will be transformed to absolute radiated power values (in dBm) by performing a range path loss calibration measurement. The system needs to be calibrated by using a reference calibration antenna with known gain values. In the range path loss calibration measurement, the reference antenna is measured in the same place as the DUT, i.e. the center of the QZ, and the attenuation of the complete transmission path () from the DUT to the measurement receiver/BS simulator is calibrated out.
[image: ]
Figure 27.3-1: Example FR1 TRP TRS anechoic chamber calibration setup
The calibration measurement is repeated for each measurement path (two orthogonal polarizations and each signal path). The range path loss calibration measurement is performed in a two-step process including total path loss measurement and cable calibration.
Step 1: Cable calibration: the measurement of path loss LDE , by connecting the cable from D to E to the two ports of VNA, and measure the cable path loss.
Step 2: Total path loss measurement: the measurement of total path loss LBC;
1. Place the reference calibration antenna (e.g. reference dipole) in the center of the test zone aligned with θ polarization of the measurement antenna, connected to a VNA port E, with the other VNA port C connected to the input of the Switch box – in Figure 2.
2. Configure the proper output power of VNA.
3. Measure the response LCE of each path from each θ polarization of the measurement antenna to the reference antenna in the center of QZ.
4. Repeat the steps 1 to 3 with the reference antenna aligned with the ϕ polarization of the measurement antenna.
Then, the  , Where LDE  is cable loss from D to E.  is the gain or efficiency of the calibration antenna at the frequency of interest. In TRP and TRS measurements point C is connected to the calibrated input/output port of measurement receiver.
This range path loss calibration procedure is common to both SA and EN-DC measurements.
7.3.2	Calibration procedure for reverberation chamber method
For the reverberation chamber method, all polarizations and transmission paths are included in one calibration measurement. The calibration antenna can be place in an arbitrarily position, as long as it is placed 0.5 wavelengths from other metallic objects and 0.7 wavelengths from absorbing objects. An illustration of the measurement setup for this procedure is shown in Figure 7.3-2.
The purpose of the calibration measurement is to determine the average power transfer function in the chamber, mismatch of fixed measurement antennas and path losses in cables connecting the power sampling instrument and the fixed measurement antennas. Preferably a network analyzer is used for these measurements. Recommended calibration antennas are dipoles tuned to the frequency band of interest.
In general, the calibration of a reverberation chamber is performed in three steps:
1.	Measurement of S-parameters through the reverberation chamber for a complete stirring sequence
2.	Calculation of the chamber reference transfer function
3.	Measurement of connecting cable insertion loss
If several setups are used (e.g. empty chamber, chamber with head or hand phantom, etc.), steps 1 and 2 must be repeated for each configuration. The calibration measurement setup is shown in Figure 7.3-2.


Figure 7.3-2: Example FR1 TRP TRS reverberation chamber calibration setup


[bookmark: _Toc516760102][bookmark: _Toc68601232]7.3.1.1	Measurement of S-parameters through the chamber for a complete stirring sequence 
This step will measure S-parameters through the reverberation chamber through a complete stirring sequence. This information is required to determine the chamber’s reference transfer function. The procedure must be performed separately for each measurement setup of which the loading of the chamber has been changed. The calibration procedure must be repeated for each frequency as defined above. Therefore, it is advantageous if the network analyzer can be set to a frequency sweep covering the defined frequencies, so that all frequencies of interest can be measured with a minimal number of measurement runs.
i.	Place all objects into the RC which will be used during TRP or TRS measurements, including a head phantom, hand phantom and fixture for the EUT. This ensures that the loss in the chamber, which determines the average power transfer level, is the same during both calibration and test measurements. Also, if the EUT is large or contains many antennas, it may represent a noticeable loading of the chamber. It should then be present in the chamber and turned on during the calibration.
ii.	Place the calibration antenna inside the chamber. The calibration antenna is preferably mounted on a low-loss dielectric fixture, to avoid effects from the fixture itself which may affect the EUT’s radiation efficiency and mismatch factor. The calibration antenna must be placed in the chamber in such a way that it is far enough from any walls, mode-stirrers, head phantom, hand phantom, or other object, such that the environment for the calibration antenna (taken over the complete stirring sequence) resembles a free space environment. “Far enough away” depends on the type of calibration antenna used. For low gain nearly omni-directional antennas like dipoles, it is normally sufficient to ensure that this spacing is larger than 0.5 wavelengths. More directive calibration antennas should be situated towards the centre of the chamber. The calibration antenna should be present in the chamber during the TRP/TRS measurements.
iii.	Calibrate the network analyzer with a full 2-port calibration in such a way that the vector S-parameters between the ports of the fixed measurement antenna and the calibration antenna can be accurately measured. Preferably, the network analyzer is set to perform a frequency sweep at each stirrer position. This will enable calibration of several frequency points during the same stirring sequence, thereby reducing calibration time. This will also enable frequency stirring, i.e., averaging the measured power transfer function over a small frequency bandwidth around each measured frequency point (moving frequency window). This will increase accuracy at the expense of frequency resolution.
iv.	Connect the antennas and measure the S-parameters for each stirrer position and each fixed measurement antenna.
The number of stirrer positions in the chosen stirring sequence, i.e. the number of S-parameter samples at each frequency point, should be chosen in such a way that it is large enough to yield an acceptable statistical contribution to the total measurement uncertainty. As a guideline it should be larger than 100, preferable 200 or 400 to ensure that the number of independent samples is not severely limited by the total number of samples measured. The number of independent samples, which is a subset of all samples, determines the statistical contribution to the expanded accuracy (which is two times the standard deviation). This should be not less than 100 to ensure an expanded accuracy better than 0.5 dB. The number of independent samples depends on the operating frequency, volume of the chamber, efficacy of the chamber’s stirrers, the level of loading by absorbing objects, and whether or not frequency stirring is used.
The sequence of moving the stirrers to different positions may be either step-wise (stopping stirrer for each sample) or continuous (sampling on-the-fly). With continuous stirring it may not be possible to characterize the chamber over a wide frequency band at the same time.
[bookmark: _Toc516760197][bookmark: _Toc68601327]7.3.1.2	Calculation of the chamber reference transfer function
From the S-parameters obtained in the calibration measurement, the chamber reference transfer function for fixed antenna n can be calculated. The reflection coefficient for fixed antenna n can be calculated by the following equation,

			(7.1)
Thus, the chamber reference transfer function can be calculated by the following equation,

			(7.2)



where M is the total number of samples of the transfer function measured for each fixed measurement antenna and     is sample number m of the transfer function for measurement antenna n. Moreover,  is the complex average of the calibration antenna reflection coefficient. Finally,  is the radiation efficiency of the calibration antenna.
NOTE:	The radiation efficiency of the fixed antenna is not corrected for because it will be the same both during calibration and measurements. Therefore, the fixed antenna’s radiation efficiency will not affect the final results. The same can be said about the mismatch factor of the fixed measurement antennas, but it is still advantageous to correct for this factor if frequency stirring is applied to improve accuracy.
7.3.1.3	Cable calibration
This measurement step will calibrate the power loss of the cable needed to connect the instrument used to measure the received power at the fixed measurement antenna during TRP measurements, and to generate the power radiated by the fixed antenna during TRS measurements.
i.	Disconnect the cables between the VNA and the chamber.
ii.	Connect the cables one-by-one between the two ports of the network analyzer. The VNA must be calibrated at its own two ports.


iii.	Measure the frequency response of the transmission S-parameter ( or ) of the cable.

iv.	Save the power transfer values () of the frequency response curve for the test frequencies and cables positions, etc).
Calibration shall be performed yearly or if any equipment in the measurement system is changed.
--------------End of text proposal  3-------------


--------------Start of text proposal 4-------------
[bookmark: _Toc47103329][bookmark: _Toc94176093]8.2	Total Radiated Power (TRP)
[bookmark: _Toc21020166][bookmark: _Toc29812998][bookmark: _Toc29813264][bookmark: _Toc52565482][bookmark: _Toc94176094]8.2.1	Test Conditions
For the anechoic chamber based measurement proceduresThe the TRP of the DUT is measured by sampling the radiated transmit power of the DUT with three-dimensional scan at various locations surrounding the device. The measurement is performed with a constant sampling step of 15 degrees in both theta () and phi () axes for TRP measurement. This accounts for a total of 266 measurements for each of two orthogonal polarizations since measurements at theta = 0 and 180 degrees only require one measurement each. For some test system can not measure 180º EIRP, then the extrapolation approach can be adopted when generating the 3D antenna pattern. All of the measured power values will be integrated to TRP, as defined in Clause 5.1.
When measuring TRP in an isotropic Rayleigh fading environment, 100 independent samples can be considered sufficient for ensuring an expanded accuracy better than 0.5dB. Observe that it might be necessary to collect more samples than this during a measurement sequence in order to ensure a sufficient number of independent samples, since all collected samples might not be independent. The number of samples to be collected during a measurement sequence for each chamber should be chosen so that the overall measurement uncertainty is within the specified limits.
[bookmark: _Toc94176095]8.2.2	UE configurations
For devices containing multiple Tx antennas, the Tx Antenna Switching (TAS) function should be OFF, and the TRP should be measured for each Tx antenna individually. The antenna with better TRP is identified as the primary antenna, and the corresponding TRP result will be used to determine the pass/fail compliance. Otherwise the primary antenna should be selected based on manufacturer declaration. To ensure the TAS OFF testing, the manufacture should provide either software/guidance to lab to control which Tx antenna is used, or the pre-configured DUT locked at primary antenna.  
The NR System Simulator (SS) and DUT shall be configured per TS 38.521-1 [5], section 6.2 (Transmitter Power) using the default settings specified in TS 38.521-1 [5] and TS 38.508-1 [7] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Table 4.3-1.
The NR SS should send continuous uplink power control “up” commands to the DUT to ensure the DUT's transmitter is at maximum output power during the TRP test.
[bookmark: _Toc94176096]8.2.3	Test procedure
For TRP measurement, the evaluations shall be performed at maximum transmit power. 
For the anechoic chamber method The the measurement procedure includes the following steps:
1) Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2) Connect the SS with the DUT through the link antenna.
3) Measure the power at each measurement point, and calculate  by adding the composite loss of the entire transmission path.
The TRP value is calculated using the TRP integration approaches outlined in Clause 5.1.
For the reverberation chamber method, the measurement procedure includes the following steps:
1) Place the DUT inside the RC.
2) Connect the SS with the DUT through the fixed measurement antenna.
3) Measure a sufficient number of independent samples.
The TRP value is calculated using the equations outlined in Clause 5.1.
--------------End of text proposal 4-------------


--------------Start of text proposal 5------------
[bookmark: _Toc94176097]8.3	Total Radiated Sensitivity (TRS)
[bookmark: _Toc94176098]8.3.1	Test Conditions
The TRS of the DUT is measured by sampling effective isotropic sensitivity (EIS) of the DUT with three-dimensional scan at various locations surrounding the device. The measurement is performed with a constant sampling step of 30 degrees in both theta () and phi () axes for TRS measurement. 
EIS, or receiver sensitivity measurements, is defined as the minimum downlink signal power received at the UE antenna input required to provide a data throughput rate greater than or equal to 95% of the maximum throughput of the reference measurement channel (RMC) (the maximum throughput is per Appendix A of TS 38.521-1 [5]).
When measuring TRS in an isotropic Rayleigh fading environment, 100 independent samples can be considered sufficient for ensuring an expanded accuracy better than 0.5dB. Observe that it might be necessary to collect more samples than this during a measurement sequence in order to ensure a sufficient number of independent samples, since all collected samples might not be independent. The number of samples to be collected during a measurement sequence for each chamber should be chosen so that the overall measurement uncertainty is within the specified limits.
[bookmark: _Toc94176099]8.3.2	UE configurations
For TRS measurement, no specific setting is needed for Rx antennas. By default, the maximum number of Rx antennas supported at each band should be enabled during the TRS test. 
The NR System Simulator (SS) and DUT shall be configured per section 7.3 (Reference Sensitivity) of TS 38.521-1 [5] using the defaults specified in TS 38.521-1 [5] and TS 38.508-1 [7] as applicable. The measurement should be carried out based on the detailed test parameters for each band, as defined in Table 4.3-2.
The NR SS should send continuous uplink power control “up” commands to the DUT to ensure the DUT's transmitter is at maximum output power during the TRS test.
[bookmark: _Toc94176100]8.3.3	Test procedure
For TRS measurement, the evaluations shall be performed at maximum transmit power. 
For the anechoic chamber method theThe measurement procedure includes the following steps:
1) Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2) Connect the SS with the DUT through the measurement antenna.
3) Determine each EIS, i.e., the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each sampling point. The downlink power step size shall be no more than 0.5 dB when the RF power level is near the NR sensitivity level.
The TRS value is calculated using the equation outlined in Clause 5.2.
For the reverberation chamber method, the measurement procedure includes the following steps:
1) Place the DUT inside the RC.
2) Connect the SS with the DUT through the fixed measurement antenna.
3) Determine each received power, i.e., the minimum power level at which the throughput exceeds or equal to 95% of the maximum throughput of the specified RMC, at each independent sample. The downlink power step size shall be no more than 0.5dB when the RF power level is near the NR sensitivity level.
The TRS value is calculated using the equations outlined in Clause 5.2.
--------------End of text proposal 5-------------
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