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<<< START OF CHANGES >>>
6	FR1 MIMO OTA Performance
[bookmark: _Toc130286893][bookmark: _Toc152252658]6.1	General
[bookmark: _Toc130286894][bookmark: _Toc152252659]6.1.1	Definition of MIMO throughput
The MIMO throughput is defined here as the time-averaged number of correctly received transport blocks in a communication system running an application, where a Transport Block is defined in the reference measurement channel. From OTA perspective, this is also called MIMO OTA throughput. It will be used as the baseline figure of merit for FR1 and FR2 MIMO OTA testing.
The MIMO OTA throughput is measured at the top of physical layer of NR system under the use of FRC, the SS transmit fixed-size payload bits to the DUT. The DUT signals back either ACK or NACK to the SS. The SS then records the following:
-	number of ACKs;
-	number of NACKs; and
-	number of DTX slots.
Hence the MIMO (OTA) throughput can be calculated as:
[image: ]
Where Transmitted TBS is the Transport Block Size transmitted by the SS, which is fixed for an FRC during the measurement period. Measurement Time is the total composed of successful slots (ACK), unsuccessful slots (NACK) and DTX-symbols.
The time-averaging is to be taken over a time period sufficiently long to average out the variations due to the fading channel. Therefore, this is also called the average MIMO OTA throughput. The throughput should be measured at a time when eventual start-up transients in the system have evanesced.
[bookmark: _Toc130286895][bookmark: _Toc152252660]6.1.2	Total Radiated Multi-Antenna Sensitivity (TRMS)
Editor’s note: The test case is incomplete. TT is pending further analysis.
6.1.2.1 Test Purpose
The purpose of this test is to ensure that the UE meets the TRMS minimum performance requirements.
6.1.2.2 Test Applicability
This test case applies to all types of NR UE release 17 and forward. See clause 4.2 for additional applicability. 
6.1.2.3 Minimum Conformance Requirements
Editor's Note: TRMS values for n28/n79 are pending in RAN4 spec TS38.151.
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 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 -80 dBm/15 kHz (or equivalent -77 dBm/30 kHz) for FR1 MIMO OTA.
The TRMS shall be measured at the mid channel as specified in 3GPP TS 38.508-1 [4], subclause 4.3.1. The average TRMS shall be lower than the average TRMS requirements specified in Clause 6.2.
[bookmark: OLE_LINK5]The additional criterion in azimuthal orientations shall be met:
-	The EUT has to 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 has to 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.
FR1 TRMS minimum performance requirements for NR handheld UEs operating in SA mode in free space and the primary mechanical mode for 70% DL throughput with the corresponding measurement configurations (i.e. channel model and gNB configuration) specified in clause C.1 and clause E.1 are defined in Table 6.1.2.3-1.
Table 6.1.2.3-1: FR1 TRMS minimum performance requirements for NR handheld UEs operating on SA mode in free space and the primary mechanical mode
	NR bands
	Bandwidth (MHz)
	MIMO layer
	Channel model
	Reference channel
	TRMSaverage,70

	n28
	10
	2x2
	FR1 UMi CDL-C
	R.PDSCH.1-3.1 FDD
	[…] dBm/15kHz

	n41
	40
	4x4
	FR1 UMa CDL-C
	R.PDSCH.2-2.4 TDD
	-93.3 dBm/30kHz

	n78
	40
	4x4
	FR1 UMa CDL-C
	R.PDSCH.2-2.4 TDD
	-94.8 dBm/30kHz

	n79
	40
	4x4
	FR1 UMa CDL-C
	R.PDSCH.2-2.4 TDD
	[…] dBm/30kHz



6.1.2.4 Test Description
6.1.2.4.1 Initial Conditions
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state. 
A radio communications tester or a corresponding device is used as a gNB simulator to setup calls to the DUT according to Clause D.1. 
Channel model shall be set according to Clause C.1 and the emulated BS beam configuration shall be set according to Clause C.2.
Chamber environment constraints shall be the same as described in Clause A.2.1. The coordinate system shall match that of Clause A.3.
Environmental conditions from Annex E shall apply.
The positioning of the device under test within the test volume shall be set as defined in Clause A.3.
The calibration procedure is specified in Clause A.2.2.
Initial conditions are a set of test configurations the UE shall be tested in and the steps for the SS to take with the UE to reach the correct measurement state for each test case.
1)	Ensure environmental requirements of Annex E are met.
2)	Configure the test system according to Annexes C and D for the applicable test case.
3)	Verify the implementation of the channel model as specified in clause C.3.
4)	Position the UE in the chamber according to clause 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.
6.1.2.4.2 Test Procedure
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 clause A.3.
4)	The postprocessing method to calculate the average MIMO Throughput is defined in clause 6.
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.
6.1.2.4 Test Requirements
Editor's Note: TRMS values for n28/n79 are pending in RAN4 spec TS38.151.
The test requirements are shown in Table 6.1.2.4-1.
Table 6.1.2.4-1: FR1 TRMS test requirements for NR handheld UEs operating on SA mode in free space and the primary mechanical mode
	NR bands
	Bandwidth (MHz)
	MIMO layer
	Channel model
	Reference channel
	TRMSaverage,70

	n28
	10
	2x2
	FR1 UMi CDL-C
	R.PDSCH.1-3.1 FDD
	[…] dBm/15kHz

	n41
	40
	4x4
	FR1 UMa CDL-C
	R.PDSCH.2-2.4 TDD
	-93.3 dBm/30kHz + TT

	n78
	40
	4x4
	FR1 UMa CDL-C
	R.PDSCH.2-2.4 TDD
	-94.8 dBm/30kHz +TT

	n79
	40
	4x4
	FR1 UMa CDL-C
	R.PDSCH.2-2.4 TDD
	[…] dBm/30kHz



[bookmark: _Toc130286896][bookmark: _Toc152252661]6.2	Minimum requirementVOID
Editor's Note: TRMS values for n28/n79 are pending in RAN4 spec TS38.151.

FR1 TRMS minimum performance requirements for NR handheld UEs operating on SA mode in free space and the primary mechanical mode for 70% DL throughput with the corresponding measurement configurations (i.e. channel model and gNB configuration) specified in clause C.1 and clause E.1 are defined in Table 6.2-1.
Table 6.2-1: FR1 TRMS minimum performance requirements for NR handheld UEs operating on SA mode in free space and the primary mechanical mode
	NR bands
	Bandwidth (MHz)
	MIMO layer
	Channel model
	Reference channel
	TRMSaverage,70

	n28
	10
	2x2
	FR1 UMi CDL-C
	R.PDSCH.1-3.1 FDD
	[…] dBm/15kHz

	n41
	40
	4x4
	FR1 UMa CDL-C
	R.PDSCH.2-2.4 TDD
	-93.3 dBm/30kHz

	n78
	40
	4x4
	FR1 UMa CDL-C
	R.PDSCH.2-2.4 TDD
	-94.8 dBm/30kHz

	n79
	40
	4x4
	FR1 UMa CDL-C
	R.PDSCH.2-2.4 TDD
	[…] dBm/30kHz


<<< Skip Unchanged Sections >>>
[bookmark: _Toc130286902][bookmark: _Toc152252667]A.2.3	Test procedureVOID
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 E are met.
2)	Configure the test system according to Annexes C, D and E for the applicable test case.
3)	Verify the implementation of the channel model as specified in clause C.3.
4)	Position the UE in the chamber according to clause 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 clause A.3.
4)	The postprocessing method to calculate the average MIMO Throughput is defined in clause 6.
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.
<<< END OF CHANGES >>>
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