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Introduction
During the last RAN4 meeting, [1] outlined the framework to extend the Radiated Two Stage (RTS) method for rank 4 (4Rx) requirements and for a frequency extension to 7.25GHz. In the meantime, we performed 4×4 RTS MIMO OTA tests on commercial devices with 4 independent downlink streams. Good isolation levels (larger than 15dB isolation between any wanted signal and cross-talk signal) and full throughput for UMa and UMi channel models were achieved with this RTS setup. 
The Absolute Data Throughput Framework (ADTF) concept introduced in [2] allows for a given MIMO OTA testing method to emulate the specified network and channel propagation characteristics based on an absolute data throughput metric. The difference between the conducted tests which take into account the known reference antenna patterns and the radiated tests is a measure of the accuracy of the test methodology to emulate the channel model. The ADTF framework was extended in this paper to 4x4 MIMO and performed for LTE FDD Band 3 and LTE TDD Band 39. The maximum throughput with UMa and UMi channel models were be achieved for 4 layers and the differences between cable-conducted and radiated test results were small which proves the RTS setup for 4x4 MIMO is correct. 
This proposal will introduce the test setup and parameter configurations for the tests performed. Due to the sensitivity of the absolute performance results, only relative differences between conducted and radiated test results are included in this contribution.
RTS MIMO OTA System Setup for 4x4 Test
System Setup
To support four receivers (for the 2 x 4 or 4 x 4 configuration) for the MIMO OTA RTS test methodology, at least two cross-polarized probe antennas located at different positions are required. Figure 1 shows the coordinate system and general probe configuration. The two dual-polarized probe antennas are placed on a circular arc around the DUT in the y-z plane with each dual-polarized probe antennas paced arbitrarily on the arc. The 4 RX DUT is placed in the centre of the arc and can be rotated in the x-y plane. This distributed axes system is able to perform the 3D antenna pattern measurements which can then be used to determine the transmission paths between the four probe antennas/polarizations and the four DUT antennas. The transmission matrix, H, is then described by a 4 x 4 matrix. Changing the probe antenna positions and/or rotating the DUT alters the transmission matrix. To perform the second stage RTS test, it is only necessary to find one transmission matrix which can achieve sufficient isolation after applying an inverted channel matrix using an internal or external channel emulator. 
The system setup for the proposed 4x4 RTS MIMO OTA system is shown in Figure 2, which is based on very simple one-box MIMO OTA test solution. Four downlink signals from the Keysight UXM are fed to the probe antennas while the uplink signal is introduced by the communication antenna via the UXM Rx input port. Depending on chamber size and path losses, amplifiers may be needed for downlink and uplink. Both the MIMO fading channel model emulation and inverse matrix are implemented in the UXM without the need of external channel emulation.    



[bookmark: _Ref793875]Figure 1: Coordinate System Definition
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[bookmark: _Ref794386]Figure 2: 4x4 RTS MIMO OTA System setup
Base Station Parameters
For the 4 x 4 MIMO OTA measurements, most BS parameters follow the suggestions in Table 7.1-1 and 7.1-2 from [2] for 2 x 2 MIMO OTA testing. Since the number of layers is extended to 4 (from 2), the maximum theoretical throughput is also doubled. The BS settings to reflect this change are illustrated in Figure 3, a screenshot of the UXM. 
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[bookmark: _Ref794953]Figure 3: UXM screen capture of transmission mode settings

[bookmark: _GoBack]Different PDSCH power offsets relative to RS EPRE were also implemented: PA = -6, PB = 3; PA = -6, PB =1; PA = -3, PB = 1. It was found that the DUT exhibited different performance for different PA and PB combinations. Table 1 and Table 2 match the tables in [2], but the changes for the 4 x 4 configuration are highlighted in yellow.      
[bookmark: _Ref795222]Table 1: Settings for FDD eNodeB emulator
	eNodeB settings (Note 1)
	Unit
	Value 

	Physical channel

	Connection mode of UE
	
	Connection established

	DL MIMO mode
	
	4 x 4 open loop spatial multiplexing

	Duplex mode
	
	FDD

	Schedule type
	
	Reference Measurement Channel (RMC)

	Reference Channel
	
	R.35 

	Bandwidth DL
	MHz
	10

	Number of RBs DL
	
	50

	Start RB DL
	
	0

	Modulation DL
	
	64QAM

	Maximum Theoretical Throughput
	Mbps
	70.11

	TBS Idx DL
	
	18 (RMC defined, Note 2)

	Bandwidth UL
	MHz
	10

	Number of RBs UL
	
	50

	Start RB UL
	
	0

	Modulation UL
	
	QPSK

	TBS Idx UL
	
	6 (RMC defined)

	Transmit power control
	dBm
	-10/10 MHz, open loop (Note 3)

	PDSCH power offset relative to RS EPRE
	dB
	PA = -6, PB = 3; PA = -6, PB =1; PA = -3, PB = 1;

	Number of HARQ transmissions
	
	1 (no HARQ re-transmissions)

	AWGN
	
	OFF

	DL power level 
(RS EPRE)
	dBm / 15 kHz
	Set at eNodeB simulator 
with correction from calibration

	Number of subframes for FOM measurement
	
	2000 minimum for static channel
20000 minimum for faded channel
(Note 4)
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Table 2: Settings for TDD eNodeB emulator
	eNodeB settings 
	Unit
	Value 

	Physical channel

	Connection mode of UE
	
	Connection established

	DL MIMO mode
	
	4 x4 open loop spatial multiplexing

	Duplex mode
	
	TDD

	Schedule tyoe
	
	Reference Measurement Channel (RMC)

	Reference Channel
	
	Table 7.1-3

	Up/Downlink Frame Configuration
	
	1

	Special Frame configuration
	
	7

	Bandwidth DL
	MHz
	20

	Number of RBs DL
	
	100

	Start RB DL
	
	0

	Modulation DL
	
	64QAM

	Maximum Theoretical Throughput
	Mbps
	58.6

	TBS Idx DL
	
	16

	Bandwidth UL
	MHz
	20

	Number of RBs UL
	
	100

	Start RB UL
	
	0

	Modulation UL
	
	QPSK

	TBS Idx UL
	
	6

	Transmit power control
	dBm
	-10/20 MHz, open loop (NOTE 2)

	PDSCH power offset relative to RS EPRE
	dB
	PA = -6, PB = 3; PA = -6, PB =1; PA = -3, PB = 1;

	Number of HARQ transmissions
	
	1 (no HARQ re-transmissions)

	AWGN
	
	OFF

	DL power level 
(RS EPRE)
	dBm / 15 kHz
	Set at eNodeB simulator 
with correction from calibration

	Number of subframes for FOM measurement
	
	2000 minimum for static channel
20000 minimum for faded channel



Channel model parameters 
For the channel model configuration, both UMi and UMa channel fading models outlined in [2] were implemented. The key difference is the BS antenna implementation: The BS antennas assumption for the 2x2 implementation in [2] were, dual polarized equal power elements with a fixed 0λ separation, 45 degrees slanted. For the 4x4 implementation, two dual identical polarized equal power elements as for 2x2 were assumed with a fixed 2 lambda separation. 
ADTF Validation by Cable-conducted test vs Radiated test
The ADTF concept is defined in [2] was used to validate the 4x4 RTS MIMO OTA test setup after extending the concept to 4x4 MIMO. The accuracy in emulating the specified network and channel propagation is validated by looking at the difference in conducted and radiated test results, i.e., the P_MODE and S_Mode results [3] for the 70% KPI.  
In the 1st stage, the DUT’s 4 Rx antenna patterns were measured in magnitude and phase using the Antenna Test Function (ATF) as shown in Figure 2.  The conducted ADTF stage test setup is illustrated in Figure 4; the UXM is performing various throughput tests with the DUT connected to the UXM via RF cables to the conducted ports while the internal channel emulator is emulating the antenna patterns measured in the 1st stage. In the radiated ADTF test, the DUT is placed inside the chamber and the test system software will identify the optimal probe antenna configuration, tune the inverse channel matrix and validate the inverse matrix can achieve >15dB isolation. Subsequently, the radiated throughput tests are performed while the internal channel emulator is emulating the antenna patterns measured in the 1st stage.        
[image: Capture1]
[bookmark: _Ref796202][bookmark: _Ref796180]Figure 4: Cable-conducted 2nd stage test setup 

The experiments were performed in LTE FDD Band 3 and LTE TDD Band 39. For all bands and UE evaluated, the maximum throughput for UMa and UMi channel models and rank 4 were achieved. The performance comparison was done for each individual angle (P_MODE) and the average results (S_MODE) over 12 rotation angles. The differences between cable-conducted and radiated test results were very small: the maximum difference on individual angle comparison (P_MODE) we observed was 0.82dB while for most cases the P_MODE and S_MODE results were within 0.5dB, which proves the presented 4x4 RTS MIMO OTA setup is correct.  
Conclusion
This proposal briefly presented the 4 x 4 RTS MIMO OTA test setup and configuration of important 4x4 parameters. The ADTF framework was used to outline the accuracy in emulating the specified network and channel propagation.  
It is assumed that RTS 4x4 MIMO OTA testing is applicable to FR1 NR MIMO in a similar fashion as outlined here for LTE. Changes to the BS antenna assumptions and channel models/scenarios are straightforward since they are implemented in baseband, e.g., the extension to 3D required for NR by 38.901 is not an issue for the RTS method and the channel models can be emulated very accurately. 
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