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1	Introduction
In RAN#104 meeting, the WF for Rel 18 TRP TRS WI outlined the agreements for the Reverberation Chamber (RC) test methodology [1]. 
In this contribution, we propose initial text to section 8 of TR 38.870 for capturing these agreements within the skeleton framework previously approved.
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[2] 3GPP TR 37.941, “Universal Mobile Telecommunications System (UMTS); LTE; 5G; Radio Frequency (RF) conformance testing background for radiated Base Station (BS) requirements”, 2022.
[3] 3GPP TS 34.114, “User Equipment (UE) / Mobile Station (MS) Over The Air (OTA) antenna performance”, 2016.
[4] 3GPP TR 25.914, “Technical Specification 3rd Generation Partnership Project; Technical Specification Group Radio Access Networks; Measurements of Radio Performances for UMTS Terminals in Speech Mode”, 2022.
[5] 3GPP TR 37.902, “Technical Specification Group Radio Access Network; Measurements of User Equipment (UE) radio performances for LTE/UMTS terminals; Total Radiated Power (TRP) and Total Radiated Sensitivity (TRS) test methodology”, 2022. 
3		TP to TR 38.870
The following text for TR 38.870 is proposed for approval:

<<  Start of text proposal >>
[bookmark: _Toc120868676]5.1.2	Definition of the Total Radiated Power (TRP) for RC method  
TRP is a measurement of transmitter performance in an isotropic Rayleigh fading environment that is based on sampling the radiated power of the UE/MS 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.  The TRP with Reverberation Chamber method is defined as:



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


Where  is sample number  of the complex transfer function measured with the fixed measurement antenna and  is the total number of samples measured.

5.2.2	Definition of the Total Radiated Power (TRS) for RC method  
The calculation of TRS is in based on searching for the lowest power received by the UE for a discrete number of field combinations in the chamber. The downlink power received by the UE at each discrete field combination that provides a BER (or BLER) which is better than the specified target BER/BLER level shall be averaged with other such measurements using different field combinations. By calibrating the average power transfer function, an absolute value of the TRS can be obtained when the linear values of all downlink power levels have been averaged.

The TRS with Reverberation Chamber method is defined as:



Where  is the reference power transfer function for the fixed measurement antenna, is the reflection coefficient for the fixed measurement antenna and  is the path loss in the cables connecting the measurement receiver to fixed measurement antenna. The parameters are calculated from the calibration measurement and are further discussed in calibration section. is the output power from the base station emulator when it is adjusted to give the specified digital error rate or throughput from the DUT for mode-stirring sample 

<<  Unchanged sections not included  >>
[bookmark: _Toc120868721]8	Reverberation Chamber method (Alternate method)
[bookmark: _Toc47103328][bookmark: _Toc120868722]8.1	General 
<Editor’s note: Detailed structure of the subclause is TBD. Applicability of alternative test methodology can be defined in this clause >
This clause defines the test method with a Reverberation Chamber (RC) system as an alternate method for FR1 TRP and TRS testing.

[bookmark: _Toc120868723]8.2	Test setup 
<Editor’s note: includes test setup description,>
A reverberation chamber (RC) is an electrically large shielded metal enclosure that employs one or several "stirring" methods to randomize the fields, such as moving paddles, turntables, etc. In this way, a large number of uncorrelated samples is obtained. The volume in the room where the field is well-stirred is the working volume. Here the E-field, averaged over an entire stirring cycle, is independent of the location in the room, i.e., the field is spatially uniform.
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Figure 8.2-1: Test setup diagram   
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Figure 8.2-2: S-parameter test setup diagram   




[bookmark: _Toc120868724]8.3	Chamber characterization 
<Editor’s note: includes test description for e.g., S-Parameters, Coherence Bandwidth, Power Transfer Function >
8.3.1	S-parameters and power transfer functions
Measurements of S-parameters in the reverberation chamber and derivations of power transfer functions are explained in detail in the calibration procedure. 
8.3.2	Chamber loading for coherence bandwidth
The reverberation chamber can be loaded to control the power delay profile or coherence bandwidth in the chamber. However, the reverberation chamber should not be loaded to such an extent that the mode statistics in the chamber are impaired. It is important to keep the same loss profile in the chamber during calibration, measurement and test, in order not to change the average power transfer function between these two cases. Examples of lossy objects are blocks of RF absorber, head and hand phantoms. Configuration should be calculated to achieve a minimum of [TBD]

8.3.2.1	Coherence bandwidth calculation
TBD

8.3.3	Chamber spatial uniformity
The uncertainty contribution value shall be determined by repeated calibration measurements for nine different positions and orientations of the calibration antenna in order to determine the statistical variation as a function of frequency, or at least at the frequencies where the chamber shall be used. This uncertainty contribution value can be assumed to have a normal distribution.

The nine calibration configurations refer to nine reference antenna positions. The operator can select a reference plane and orient the antenna at three different angles, preferably at three orthogonal orientations (e.g., 45 degrees, -45 degrees, and horizontal plane), then three different elevation levels should be selected for each orientation (e.g., high, medium, and low positions). This results in 9 measurements for each pair of position and elevation plane. It is recommended that a directional antenna not be aligned with the absorbers if they are present in RC [3].

The uncertainty will depend on chamber size, frequency, stirrer sequence, stirrer types and shapes, polarization stirring (if any), and the degree of chamber loading. All these factors must remain the same for all nine calibration measurements. The uncertainty will also depend on frequency stirring bandwidth (if any), but the effects of different amounts of frequency stirring can be studied with the same sets of calibration data as when no frequency stirring is applied.

The nine net average power transfer functions of all or some of the nine calibration configurations for each loading case shall be averaged to provide a good reference level. Frequency stirring can only be applied to improve the reference level. Therefore, the uncertainty shall be found by computing the average and standard deviation of the net average power transfer function of each of the nine reference (antenna) positions and orientations (without frequency stirring) around the reference level (which can be frequency stirred if it gives better overall accuracy).

The data obtained during these reference measurements can be used for analysis of the chamber’s systematic and deterministic contribution to . Such analysis can help determine possible uncertainty sources in chambers where the “chamber statistics” portion of the uncertainty analysis is too high to fulfil the total uncertainty criterion. The normalized standard deviation is calculated using the following expression:


where

is the standard deviation of the power transfer function over T different calibration antenna positions. is the reference power transfer function for position t of the calibration antenna. 

This is the average power transfer function over the T calibration positions. 


[bookmark: _Toc120868725]8.4	Calibration procedure 
 <Editor’s note: includes calibration for the chamber >

This procedure to measure S-parameters through the reverberation chamber must be performed for each measurement setup in which the loading of the chamber has been changed. Examples of objects that change the loading are phantoms, absorbers, antennas, etc. The calibration procedure must be repeated for each frequency range as defined above. Therefore, it is advantageous if the vector network analyzer can be configured to a frequency sweep covering the defined frequencies, so that all frequencies of interest can be measured with a minimal number of measurements runs. 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, e.g., TRP and TRS measurements. Also, if the EUT is large and/or contains many antennas, it may represent a noticeable loading of the chamber. It should then be placed in the chamber and turned on during the calibration.

[image: ]
Figure 8.4-1 S-parameter measurement setup in the RC, using a vector network analyzer. 


1. Place the calibration antenna in the chamber. The calibration antenna should be 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 reflective and/or absorbing material such as walls, mode-stirrers, head phantom, or other object. This is to ensure 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 from reflective objects and 0.7 wavelengths from absorbing objects at the lowest operating frequency. More directive calibration antennas should be oriented towards the center of the chamber. The calibration antenna should remain in the chamber during the TRP/TRS measurements.

2. Calibrate the vector network analyzer with a full 2-port calibration in such a way that the vector complex S-parameters between the ports of the fixed measurement antenna and the calibration antenna can be accurately measured. Preferably, the vector 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 (lower) frequency resolution.

3. Place the calibration antenna in the chamber and connect it through the cables. The same procedure should be done for measurement antenna, if necessary. Measure the S-parameters for each fixed measurement antenna. The number of stirrer positions 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. To this aim, at least 250 uncorrelated samples shall be used.
8.4.1	Calculation of the chamber reference transfer function
From the S-parameters obtained in the calibration measurement, the chamber reference transfer function for fixed antenna  can be calculated. The chamber reference transfer function for a fixed measurement antenna can be calculated as

Where  is total number of stirrer positions,  is S-parameter sample number i.e., sampled at stirrer position , the operator  denotes the absolute value, the operator     acting on parameter  denotes the average of complex parameters  over mode stirring sequence,  is the reflection coefficient for calibration antenna,  is sample number  of the transfer function for the measurement antenna,  is the radiation efficiency of the calibration antenna, and  is the reflection coefficient for the fixed antenna and can be calculated as 

Where   is sample number  of the reflection coefficient for a fixed antenna and  is the average of reflection coefficient. 

Note that 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.


[bookmark: _Toc120868726]8.5	TRP Test procedure 
 <Editor’s note: includes test procedure for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA,>

8.5.1	TRP for SA and EN-CD
8.5.1.1	Test conditions
The TRP of the DUT is measured by sampling the S-parameters through a mode-stirring sequence and using these parameters to estimate the average power measured by any fixed measurement antenna. This data is used to determine the TRP values measured in the reverberation chamber. The measurement is performed with a step-mode stirring sequence and a frequency stirrer can be used.
8.5.1.2	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. 

The NR System Simulator (SS) and DUT shall be configured per TS 38.521-1 [5], section 6.2.1 (UE maximum output power) using the default settings specified in TS 38.521-1 [5] and TS 38.508-1 [7] as applicable. 
8.5.1.3	Test procedure 
For TRP measurement, the evaluations shall be performed at maximum transmit power. The measurement procedure includes the following steps:
1. Place the DUT inside the test zone.
2. Connect the DUT through the cables/chamber to the instrument and ensure the DUT is transmitting at its maximum power.
3. Measure the power at each measurement point, and calculate the TRP by averaging over the sampling sequence. The loss of the entire transmission path must be compensated.

The TRP value is calculated using the TRP equation in the definition outlined in 5.2.1.
[bookmark: _Toc120868727]8.6	TRS Test procedure 
 <Editor’s note: includes test procedure for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA,>

8.6.1   TRP for SA and EN-CD
8.6.1.1   Test conditions
The TRS of the DUT is based on searching for the lowest power received by UE for a discrete number of field combinations in the chamber. The power received by the UE at each discrete field combination that provides a BER (or BLER) which is better than the specified target BER/BLER level shall be averaged with other such measurements using different field combinations. The TRS of the DUT is estimated by measuring the transfer function for each fixed measurement antenna, which gives the BER threshold. 
8.6.1.2   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 7.3.2 (Reference sensitivity power level) of TS 38.521-1 [5] using the defaults specified in TS 38.521-1 [5] and TS 38.508-1 [7] as applicable. 
8.6.1.3   Test procedure 
For TRS measurement, the evaluations shall be performed at maximum transmit power. 
The measurement procedure includes the following steps:
1. Place the DUT inside the test zone.
2. Connect the DUT through the cables/chamber to the instrument and ensure the DUT is transmitting at its maximum power.
3. Follow steps 1 through 4 in section 7.3.2.4.2 of TS 38.521-1 [5], with the following exception: determine each EIS, i.e., by adjusting the downlink signal level until 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.
4. The TRS value is calculated using the equation outlined in 5.2.2

[bookmark: _Toc120868728]8.7	Test Volume 
 <Editor’s note: includes definition of test volume >
The reverberation chamber shall have a volume large enough to support the number of modes needed for the stated accuracy at the lowest operating frequency. If the UE/MS is moved around in the chamber during the measurement, the volume of the reverberation chamber can be reduced. In addition to the physical chamber size considerations, the test volume of the chamber must be large enough to place a reference antenna/test object at a minimum distance of one-half wavelength, i.e., λ/2 from the chamber walls, mode stirrers, and other electromagnetic reflective objects within the chamber, and 0.7 wavelengths from absorbing objects at the lowest test frequency.

<< End of text proposal>>
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Figure 7.8.1-1: Setup for characterization of a reverberation chamber
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Figure E.1: Schematic picture of the reverberation chamber measurement setup




