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Introduction
Recent RAN4 contributions [1-6] discussed potential implementations of systems for NR UE RF conformance and performance testing, primarily for the EIRP/EIS test metrics. 
The most recent UE RF testability WF [7] asked for proposals on suitable baseline testing setups for NR UE TX and RX requirements. This baseline system can be considered a “super system” capable of measuring every UE RF requirement while a subset of the components in the baseline testing setup are capable of measuring select UE RF requirements. 
This contribution provides an overview of suitable baseline systems for TRP/TRS metrics and how the systems scale for the EIRP/EIS metrics.
Baseline System
The baseline system shall be capable to assess every UE RF test requirement based either on the TRP/TRS or the EIRP/EIS metrics. The most challenging test metrics from a system perspective are the TRP/TIS metrics as they involve the most thorough analysis and the most complex setup. As proposed in [3], those test metrics require an assessment of the RF performance in directions different than the centre of the beam direction, e.g., blocking or SEM tests. In order to assess the 3D UE RF performance, the centre of the beam needs to be steered around the UE in 3D and the measurements off of the main beam direction need to be repeated. During the evaluation of the UE RF performance at directions away from the main beam direction, the beam needs to remain static, i.e., the beam direction is not allowed to change. The overall conformance/performance metric could then be a function of the individual, multi-point/3D metrics, e.g., averaging, maximum, minimum, etc. 
A far-field system for TRP/TRS metrics test is shown in Figure 1a with the beam steered in the direction of the link antenna while the UE RF measurement is performed in a direction different than the centre of the beam with a separate measurement antenna. The scaled down version of the baseline system for the EIRP/EIS metrics is shown in Figure 1b. Instead of the traditional single-point tests at the peak of the static antenna pattern, EIRP/EIS test metrics for NR likely require an evaluation of the transmitter/receiver performance with the antenna beam steered towards a variety of points on a 3D surface. Instead of separate link and measurement antennas, a single, combined link&measurement antenna is used to steer the beam and to assess the RF performance at the centre of the beam. 
The baseline system therefore requires two different antennas, link and measurement, that need to have separate/independent positioning control. 
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Figure 1: Schematic setup of the a) baseline system with separate link and measurement antennas for TRP/TRS metrics, b) subset of the baseline system with combined link and measurement antennas for EIRP/EIS metrics.

[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Suitable System Implementations with Full Signalling
This section outlines suitable system implementations for the baseline far-field systems outlined in Section 2 and highlights how subsets of the respective systems could be used to measure select UE RF requirements. Here, it is assumed that the communication with the UE is based on full signalling using a communication tester at frequencies exceeding 6 GHz. It is furthermore assumed that the depicted antennas are dual-polarized. 
Circular Positioning Control of Measurement and Link Antennas 
Figure 2a illustrates a circular positioning control for the measurement and link antennas, respectively, with both circular arcs in the same plane. The UE positioning control is based on a 2-axis positioner.
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[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 2: a) Positioning control illustration using circular positioners for the measurement and link antennas; UE positioning control is based on a 2-axis positioner, b) example implementation using two antenna masts with common axis of rotation around the UE.
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49]Practical implementations for such a system could be based on the link and measurement antennas each mounted either on separate masts attached to high-precision positioners with common axis of rotation, as shown in Figure 2b. Another set of positioner might be required that allows each antenna to be rotated around its axis to match the desired polarization of the transmitted or received signals. In lieu of rotating the antenna around its axis, a 2-way splitter with variable attenuation control could be used to adjust the polarizations. Alternatively, this system could be implemented by placing multiple probes on a vertical ring and using electrical switching to select the respective measurement and link antennas from the array of probes. Additionally, 2-way splitters with variable attenuation control will be required to match the desired polarization of the transmitted or received signals. However, since a very large number of probes would be required to achieve a very fine angular resolution and a very complex switching and splitter network would be necessary, such an implementation might be cost prohibitive.
The disadvantages of this implementation are for the most part the 2-axis positioner requirements for the UE as these positioners usually have UE weight and size limitations, long setup times, as well as impact on RF performance due to the antenna mast. Additionally, this setup does not lend itself to test time optimizations and to scalability for EIRP/EIS metrics as outlined below. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]If only a subset of RF requirements needs to be tested, e.g., the EIRP/EIS metrics, the above system can be scaled down by using a single circular positioner for the combined link&measurement antenna. The need to rotate the dual-polarized antenna around its own axis is no longer required. Additionally, the 2-axis positioner for the UE positioning control could be replaced by a turntable that rotates the device in azimuth only. A suitable implementation is shown in Figure 3. The system can be reduced further by implementing a half-circular positioning control for the antenna (with a range of motion from top to bottom). 
[image: ]
Figure 3: Positioning control illustration using circular positioner for combined link&measurement antenna for the EIRP/EIS test metric; UE positioning control is achieved using a turntable
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Partial Spherical Positioning Control of Measurement and Link Antennas 
[bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK23][bookmark: OLE_LINK24]Figure 4 illustrates a partial spherical positioning control for the measurement and link antennas, respectively. The UE positioning control is based on a turntable that rotates the device in azimuth only. 

[image: ]
Figure 4: Positioning control illustration using partial spherical positioners for measurement and link antennas; UE positioning control is based on a turntable.
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Practical implementations of such positioning control could be based on the link and measurement antennas each mounted on 6-axis robot positioners, as illustrated in Figure 5. Alternatively, this system could be implemented by installing a very large number of probes on a partial spherical surface around the UE and using electrical switching to select the measurement and link antenna from the array of probes. However, since a very large number of probes would be required to achieve a very fine angular resolution and a very complex switching network would be necessary, such an implementation might be cost prohibitive.
Due to the partial spherical coverage, the link and measurement antennas might have to switch its designation during the measurement, i.e. the link antenna shown in Figures 4 and 5 might become the measurement antenna and vice versa.  
If only a subset of RF requirements needs to be tested, e.g., using the EIRP/EIS metrics, this system can be simplified easily by only using a single partial spherical positioner for the combined link&measurement antenna. The turntable for the UE positioning control would still be required.
The disadvantage of this system is the slightly increased complexity of the positioning control for the measurement and link antennas. However, this system is suitable for test time optimizations due to the relatively large coverage of the antennas, fast positioning of the antennas as well as the fast positioning of the UE using a turntable. Setup times are also fast as the UE only can be placed on a turntable quickly instead of having to mount it on a 2-axis positioner. As outlined above, typical implementations can be scaled easily from the baseline system for TRP/TRS metrics to a system for EIRP/EIS metrics and vice versa.
 [image: ] 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Figure 5: Example implementation of positioning control using partial spherical positioners for measurement and link antennas utilizing a set of 6-axis robot positioners; UE positioning control is based on a turntable
Full Spherical Positioning Control of Measurement and Link Antennas 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Figure 6 illustrates a positioning control concept that relies on full spherical positioning control for the measurement and link antennas, respectively. Here, the UE will not require any positioning control and can be placed on a static table. 
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[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Figure 6: Positioning control illustrations using full spherical positioning control for measurement and link antennas; no UE positioning control is required
Practical implementations for such a system could be based on the link and measurement antennas each mounted on a 6-axis robot positioner placed on a circular rail centred around the UE to extend the range of motion of the antenna arms. Alternatively, this system could be implemented by installing a very large number of probes on a spherical surface around the UE and using electrical switching to select the measurement and link antenna from the array of probes. However, since a very large number of probes would be required to achieve a very fine angular resolution and a very complex switching network would be necessary, such an implementation might be cost prohibitive.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]If only a subset of RF requirements needs to be tested, e.g., the EIRP/EIS metrics, the positioning control for one antenna can be dropped and only a single 3D positioning control for the combined link&measurement antenna would be needed; however, a significant reduction in complexity is unlikely.
The key disadvantage of this system is the high complexity of the positioning control for the measurement and link antennas and the limited reduction in complexity and cost if only a subset of RF requirements, e.g., EIRP/EIS, needs to be tested. 
Suitable System Implementations using Test-Mode Communication
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]This section briefly outlines how the systems introduced in Section 3 can be simplified if the communication with the UE is based on a test mode/interface [8]. Here, the communication is established via the link over a RAT different than NR, e.g., LTE, for non-stand-alone NR UEs or over a lower frequency NR link for stand-alone NR UEs [9] using pre-defined commands, such as the Fixed/Adaptive beam operation selection. As the UE radiation pattern for that link is assumed to be fairly omnidirectional and therefore not as directional as the UE NR pattern at frequencies exceeding 6 GHz, no special positioning control for the link antenna is required. Generally, it is suggested to integrate the link antenna on the turntable (if applicable) to provide stable link conditions. Suitable positioning controls for the three different implementations outlined in Section 3 are illustrated in Figure 7. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: _GoBack]For systems that rely on test-mode communication only, the traditional distributed axes, conical cut system approach, Figure 7a, would be the most suitable solution. However, if non-signalling and signalling tests are required, the system with the partial spherical positioning control for the measurement antenna seems the most suitable candidate architecture in terms of complexity, test time optimization, cost, and scalability.
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(c)
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Figure 7: Positioning control illustrations for the measurement antenna when communication with UE is based on test mode over a non-NR RAT: a) circular positioning control, b) partial spherical positioning control, c) full spherical positioning control.

Conclusions
A variety of positioning control implementations for a baseline system suitable for TRP/TRS metrics have been reviewed in Section 3 for full signalling and in Section 4 for operation using a test mode/test interface over a non-NR RAT. Each implementation was investigated how it would scale if only a subset of RF requirements needs to be tested, e.g., the EIRP/EIS metrics. The system with the partial spherical positioning control for the antennas seems the most suitable candidate architecture in terms of complexity, cost, test time optimization, and scalability.
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