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1	Introduction
This contribution provides the text proposals for 2Tx related test configurations. 
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3	Text Proposal to TR 38.870
[bookmark: OLE_LINK31]
--------------Start of text proposal 1-------------
[bookmark: _Toc144127315]7	Anechoic Chamber method (Reference method)
[bookmark: _Toc144127316]7.1	General
This Clause define the test method with Anechoic Chamber system, which is agreed as a reference method for FR1 TRP and TRS testing. 
[bookmark: _Toc144127317]7.2	Test setup 
<Editor’s note: includes test setup description for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA,>
For FR1 TRP TRS testing, both Single-antenna and multiple-antennas anechoic chambers can 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 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 OTA test system with distributed axis

[bookmark: _Toc144127318]7.3	Calibration procedure 
 <Editor’s note: includes calibration for the chamber >
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 7.3-1: Example FR1 TRP TRS 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 7.3-1.
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.
[bookmark: _Toc144127319]7.4	TRP Test procedure 
 <Editor’s note: includes test procedure for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA,>
[bookmark: _Toc144127320]7.4.1	General
For TRP and TRS testing in SA or EN-DC mode, measurements should be only performed at NR carrier. The LTE link antenna in EN-DC mode is used to provide a stable LTE link to the DUT without precise path loss or polarization control.
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 5.1.1.
For TRP measurement, the evaluations shall be performed at maximum transmit power.
[bookmark: _Toc144127321]7.4.2	TRP test procedure for NR 1Tx configuration
[bookmark: _Toc21020167][bookmark: _Toc29812999][bookmark: _Toc29813265][bookmark: _Toc52565483][bookmark: _Toc144127322]7.4.2.1	UE configuration
<Editor’s note: RedCap configuration can be further added, mainly the band parameters>
[bookmark: _Hlk103727141]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.  
For Standalone, 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. The measurement should be carried out based on the detailed test parameters for each band, as defined in Clause 4.3.
For EN-DC, the SS and DUT shall be configured per TS 38.521-3 [6], Section 6.2B.1 (UE Maximum Output Power for EN-DC) using the default settings specified in TS 38.521-3 [6] 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 Clause 4.3. The UL output power of LTE carrier should be set as a constant power of 10dBm, while measuring NR at maximum output power, i.e., with fixed p-MaxEUTRA-r15=10 dBm, and p-NR-FR1 not configured.
[bookmark: _Toc144127323]7.4.2.2	Test procedure
<Editor’s note: in general, RedCap test procedure is the same except for forearm positioning.>
For UE configured with 1Tx for NR carrier, SA or EN-DC mode, 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 following steps 1 and 2 in section 6.2.1.4.2 of TS 38.521-1 [5] and ensure the DUT transmits with its maximum power.
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 5.1.1.
[bookmark: _Toc144127324]7.4.3	TRP test procedure for NR 2Tx configuration
<Editor’s note: this clause defines test procedure for single-layer UL MIMO, TxD >
[bookmark: _Toc144127325]7.4.3.1	UE configuration
TBDIn general, the UE 2Tx configuration can be categorized into two test cases, i.e., TxD and UL-MIMO. 
For TxD test case, the TRP should be measured with all the Tx antenna ON. For SA, the NR System Simulator (SS) and DUT shall be configured per TS 38.521-1 [5], section 6.2G.1 (UE maximum output power for Tx Diversity) 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 Clause 4.3 of this TR. FFS phase issue between 2Tx antennas under TxD configuration.
For single-layer UL-MIMO,  the baseline TRP measurement should be performed with all the Tx antenna ON. The detailed TPMI configuration for each UE type is as following: 
	-	For non-coherent UE support fullpowerMode1, fixed TPMI index =2 as baseline configuration
-	For non-coherent UE does not support fullpowerMode1, single-layer UL-MIMO TRP testing is not required.
-	For coherent UE, TBD
[bookmark: _Toc144127326]7.4.3.2	TxD TRP Test procedure
TBD
For UE configured with 2Tx for TxD mode, the measurement procedure of TRP 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 following steps 1 and 2 in section 6.2G.1.4.2 of TS 38.521-1 [5] and ensure the DUT transmits with its maximum power.
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 5.1.1.

7.4.3.3	Single-layer UL-MIMO TRP Test procedure
For non-coherent UE support fullpowerMode1, the test procedure for single-layer UL-MIMO TRP Testing is as following:
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 following step 4 for ULFPTx in section 6.2D.1.4.2 of TS 38.521-1 [5] with the exception of UE configuration defined in clause 7.4.3.1 and ensure the DUT transmits with its maximum power.
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 5.1.1.

For coherent UE UL-MIMO TRP testing, the test procedure is FFS.
[bookmark: _Toc144127327]7.4.4	TRP test procedure for NR CA configuration
<Editor’s note: this clause defines test procedure for CA>
[bookmark: _Toc144127328]7.4.4.1	UE configuration
TBD
[bookmark: _Toc144127329]7.4.4.2	Test procedure
TBD

[bookmark: _Toc144127330]7.5	TRS Test procedure 
 <Editor’s note: includes test procedure for both SA and EN-DC. Consider NR 1Tx, 2Tx, RedCap, and CA,>
[bookmark: _Toc144127331]7.5.1	General
For SA and EN-DC, 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]).
For TRS measurement, the evaluations shall be performed at maximum transmit power.
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. 
[bookmark: _Toc144127332]7.5.2	TRS test procedure for NR 1Tx configuration
[bookmark: _Toc144127333]7.5.2.1	UE configuration
<Editor’s note: RedCap configuration can be further added, mainly the band parameters and number of antennas>
For Standalone, 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. The measurement should be carried out based on the detailed test parameters for each band, as defined in Clause 4.
For EN-DC, the EN-DC SS and DUT shall be configured per section 7.3B.2 (Reference Sensitivity for EN-DC) of TS 38.521-3 [6], using the defaults specified in TS 38.521-3 [6] 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 Clause 4. The UL power configuration for LTE and NR is 50%-50% power splitting, i.e.,
- For PC3, p-MaxEUTRA-r15=20 dBm, and p-NR-FR1= 20dBm;
- For PC2, p-MaxEUTRA-r15=23 dBm, and p-NR-FR1= 23dBm.
Different from handheld UE, a Redcap UE is required to be equipped with a minimum of single Rx antenna and maximum of two Rx antenna.
[bookmark: _Toc144127334]7.5.2.12	Test Procedure
<Editor’s note: in general, RedCap test procedure is the same except for forearm positioning.>
For UE configured with 1Tx for NR carrier, SA or EN-DC mode, 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 measurement antenna.
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.
The TRS value is calculated using the equation outlined in Clause 5.2.2.
[bookmark: _Toc144127335]7.5.3	TRS test procedure for NR 2Tx configuration
<Editor’s note: FFS whether the TRS test procedure. >
[bookmark: _Toc144127336]7.5.3.1	UE configuration
TBDFor TRS testing of UE with TxD, the UE configuration is same as Clause 7.5.2.1, with an exception configuration that all Tx antenna shall be ON and consistently operating at maximum power level condition.
For TRS testing of UE with single-layer UL-MIMO, the UE configuration is same as Clause 7.5.2.1, with exception that all Tx antenna shall be ON, the UE shall be configured by fixed TPMI index =2  and consistently operating at maximum power level condition.

[bookmark: _Toc144127337]7.5.3.2	Test procedure
For UE TRS testing under TxD or single-layer UL-MIMO configuration, the general test procedure defined in Clause 7.5.2.2 applies.TBD
[bookmark: _Toc144127338]7.4.4	TRS test procedure for NR CA configuration
<Editor’s note: FFS the test procedure>
[bookmark: _Toc144127339]7.4.4.1	UE configuration
TBD
[bookmark: _Toc144127340]7.4.4.2	Test procedure
TBD
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