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Introduction
At 3GPP RAN4 WG4 meeting #86 bis (April 2018) the RTS test method was approved in 37.144 and 37.544 as a harmonized MIMO OTA test method, applicable for both TDD and FDD bands [1]. In NR UE OTA test method discussions for FR2, the wireless cable method (the second stage of RTS) was agreed as the baseline measurement setup for UE demodulation and CSI characteristics testing [2] for rank 2 with cross-polarized transmission in a line of sight channel. 

For LTE, MIMO OTA requirements and test methods specified rank 2 MIMO with a 2D spatial channel model, and the frequency was limited to sub-6GHz. For FR1, NR demodulation requirements are expected for rank 4 in a 3D spatial channel. At RAN4 #88bis (October 2018) it was agreed that RTS should be enabled as a test method at FR1 by specifying the necessary ATF in 38.215 and 38.509. This paper outlines the work to date in extending the RTS method for rank 4 (4Rx) requirements, and the frequency extension to 7.25GHz.     
 Extending RTS Test from 2Rx to 4Rx 

To extend the RTS method for UE with 4Rx branches it is necessary to have four probe antennas (or alternatively, 2 dual-polarized probes) in the anechoic chamber rather than the current two probes (or sing dual-polarized probe). The extension to four probes depends on whether it is feasible to find an inverse matrix to create 4 orthogonal radiated links (wireless cables) to the UE with better than 15 dB isolation. In [3], analyses of the feasibility of four probes based on the condition number of the transmission matrix using measured 4 Rx antenna patterns was provided. Recent experiments on real devices show better than 15dB isolation is achieved for FDD and TDD bands, which proves that it is feasible to support 4x4 using RTS method. 


Table 1 provides some experimental data on commercial 2 x 2 devices to illustrate the relationship between transmission matrix, condition number and achieved isolation level. The first column shows the transmission matrix condition number for that test orientation, and the second column gives the isolation level achieved in the second stage radiated test. This table demonstrates that > 15 dB isolation can be achieved when the condition number is smaller than 3. For the 2 x 2 configuration, one dual-polarized probe antenna with V and H polarization was used.

Table 1. Condition number vs achieved isolation level

	Condition number
	Isolation Level (dB)

	1.8466
	Rx0 to Rx1: 37.2;  Rx1 to Rx0:  40.9

	2.4751
	Rx0 to Rx1: 29.5; Rx1 to Rx0:   23.5

	2.9916
	Rx0 to Rx1: 23.5;  Rx1 to Rx0:  21.9



To support four receivers (for the 2 x 4 or 4 x 4 configuration), two cross-polarized probe antennas located on different positions showing as Figure 1 are proposed. By analysing the condition number of the transmission matrix between the DUT antennas with two cross-polarized probe antennas a sense of whether it is feasible to extend RTS to support the four-receiver case is possible.  By assuming the two dual-polarized probe antennas can be placed in a circle around the DUT on the y-z plane, a DUT with four antennas can be rotated in the x-y plane, then the transmission paths between the four probe antennas and the four DUT antennas can be described by a 4 x 4 matrix. Changing the probe antenna positions and/or rotating the DUT can modify the transmission matrix. To perform the second stage test, it is only necessary to find one transmission matrix which can achieve sufficient isolation. Figure 2a shows the measured condition numbers for one DUT with four antennas when the DUT is fixed and the different pairs of probe antennas with varying angular spacing.  Figure 2b shows the measured condition numbers for all the cases when the DUT is rotated to different planes with phi = 0,3, 6, …, 177 degrees. 


Figure 1. Coordinate System Defintion
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(a)                                                        (b)
Figure 2. (a) Plane with Phi = 0o (b) Multiple planes with phi =[0:3:177]o

Figure 2 demonstrates that it is not too difficult to find a good transmission matrix with condition number smaller than 3 for these possible positions/orientation, so for this example DUT antenna system, the RTS test method can be scaled to four receivers. This analysis is based on antennas designed for 3.5GHz;  the isolation becomes easier at higher frequencies. Other analysis has shown sufficient isolation is also possible below 1 GHz although that is not a frequency range likely to be used for rank 4 MIMO.

Regarding channel modelling aspects, the extension to 3D required for NR by 38.901 is not an issue for the RTS method; however, the 3D UE antenna pattern needs to be measured with the ATF. 



Extending RTS Test from sub-6GHz to 7.25GHz 
For RTS test method test zone is not a problem even for larger devices because it only needs satisfy far-field requirement for the 1st stage antenna pattern, then when the test frequency is extended to 7.25GHz, the traditional chamber size for sub-6GHz UE test can still satisfy far-field antenna pattern test, also will not impact the second stage wireless connection.  
Conclusion
Based on above analysis, this paper shows that the RTS method is scalable for 4Rx MIMO OTA testing at 7.25GHz.  Additional isolation measurements with real UE will provide further evidence the method is robust. In conclusion, current evidence shows that the 2D rank 2 RTS systems defined for LTE can scale up to rank 4 (4Rx) and 7.25 GHz as well as providing arbitrarily complex 3D channel.

The only technical limitation for RTS is that unlike MPAC it will not be applicable to UE with active antennas. 
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