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1.
Introduction
UL OTA testing of FR2 UEs, unsurprisingly, requires an OTA-capable receiver in the TE that is insensitive to the orientation of the polarization axes of the UE. An OTA-capable receiver is a dual pol receiver that coherently combines the signals captured in two orthogonal polarizations. 

In an earlier contribution [2], we showed how the TE system can insert spectral flatness artefacts into the UL when it relies on UL captured in only one polarization. This behaviour identifies the single pol. topology as not being suitable for a true OTA receiver.

In this contribution, we share our view on achieving the objective to ‘Define solutions to minimize the impact of polarization basis mismatch between the TE and DUT on the RF testing’ in the SI for enhanced test methods in FR2 [1].
2. 
Discussion
All RF requirements in TS38.101-2 that require demodulation of UL were defined with the assumption that the UE’s measured UL signal is not coloured by the test equipment (TE). This requirement implies a dual polarization OTA-capable receiver in the TE. We showed in [2] that when a receiver captures a UE’s UL signal in a single polarization, its perspective on the UL signal’s spectral flatness can be significantly impacted by artefacts related to misalignment between the TE’s and UE’s polarization axes, and frequency diversity choices made by the UE. These artefacts in spectral flatness contribute significantly to MU for EVM, IBE and EVM equalizer spectral flatness tests. In contrast, a true OTA-capable receiver captures the UE’s UL signal in orthogonal polarizations and coherently combines them to recover the original signal; it does not have significant additional MU associated with spectral flatness.
In the subsections below, we summarize for convenience the technical problem with single pol. TE receivers (as agreed for Rel-15) and discuss options to rectify the problem.
2.1 
Rel-15 TE receiver problem
We first shared our study on the impact of a single pol. receiver on the measured UL launched from a rel-15 UE over a year ago [3]. The UE in the example used transparent frequency diversity in addition to polarization diversity to transmit a uniform PSD UL. Figures 2.1-1 shows the simulated PSD captured by a single-pol. TE antenna in each of 2 orthogonal polarization positions, as a function of TE antenna misalignment. The 2 orthogonal positions correspond to how the TE would typically capture UL during compliance testing per existing methodology in TS38.521-2. 
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Figure 2.1-1: Spectral Flatness captured by TE in each polarization, as a function of TE antenna misalignment, for UEs using allowed diversity schemes.
Note that the PSDs captured in the two orthogonal polarizations have complementary shapes, indicating that the signal can be recovered by proper combining, as would be the case in a true OTA receiver. Further, the amount of power in each SC remains the same when considered cumulatively across both polarizations. 
The figures above illustrate the problem of OTA testing with a single polarization TE antenna: Even when a UE transmits an UL signal with a perfectly flat PSD in both polarizations, the TE can misconstrue the signal collected in any one polarization as having significant amplitude variation. This variation is a function of angular misalignment between the UE’s polarization axes, and the TE’s polarization axes. This mechanism is an additional component of measurement uncertainty (MU) associated with the TE’s demodulation of UL. This problem can impact all tests in Section 6.4 of TS38.101-2 (Transmit Modulation Quality), and any other tests that require demodulation of UL (most DL tests). The figures show spectral flatness MU is high enough (+3/-infinity dB, due to theoretical nulls) to prevent any meaningful verification. 

Observation 1: TE with single pol. receiver topology cannot reliably verify UL modulation performance of an FR2 UE.

Discussion in RAN4 led to an LS to RAN5 [5] to communicate the problem with single-pol TE receivers. In response, RAN5 included in TS38.521-2 and -3 the following sweeping restriction applicable exclusively during compliance testing:


For conformance testing of all test cases in this specification, the UE under test shall disable UL Tx diversity schemes.
RAN5 devised this work-around under multiple constraints to enable some form of verification, and their work is much appreciated. Unfortunately, the work-around allows the UE to be verified in a test-specific configuration that could differ from its fielded configuration. 

Observation 2: RAN5 verification methods allow the UE to be verified in a test-specific configuration that could differ from its fielded configuration.
As a standard, we believe this allowed inconsistency in UE configuration between performance verification and actual deployment in the field is ripe for amending. 
2.2 
Rel-16 TE receiver proposals
In [4], we identified 4 methods to address the OTA demodulation problem faced by the TE. These methods have been pared down to those that can enable reversal of the test-only restriction captured in observation 2.
	Option
	Detail
	Pro
	Con

	1


	OTA receiver in TE. TE must coherently combine the signals captured concurrently in two orthogonal polarizations
	1. Test condition best mimics signal as seen by gNB 
2. Naturally enables 2-layer MIMO testing (future expandability)
3. Depending on implementation, noise floor improvements are possible.
	TE front end complexity grows, but remains firmly in the realm of the implementable – example: gNB front end implementation

	2


	TE retains single receiver chain, TE must search for optimal polarization angle to collect UL signal from just one UL polarization. It must ignore signal from other UL polarization.
	1. The flatness artefact can be reduced based on being able to receive output from only one of the UE’s polarization, and rejection of the other.
2. Relatively simple to implement in TE, electrically
	1. There are at least as many optimal angles as there are active UE UL polarizations. FFS how to determine best TE antenna angle for test.

2. There is flatness uncertainty associated with how well TE antenna alignment can be achieved.

3. This scheme places an indirect requirement on strength of unintended cross-pol fields being launched by the UE – which is not in scope
4. EIRP range requirement for EVM test will be impacted.
5. Greater mechanical complexity of TE


Both options involve significant development or study. Option 2 however has significant drawbacks that interfere with performance verification, as listed in the ‘cons’ column above. It remains saddled with additional mechanisms that contribute to MU, due to the TE’s inherent inability to contend with signals from a UL polarization that it intends to ignore. Importantly, it will penalize UEs for cross-pol fields when a gNB receiver will not. This feature is a fatal flaw in option 2, because it would indirectly impose a core requirement. It is also a temporary crutch that will be outmoded when 2-layer UL performance verification becomes a reality. In our view, option 2 is not the best use of development resources.
Proposal 1: FR2 TE topology shall be enhanced by adopting dual polarization coherent receivers for rel-16.
3.
Conclusion
All RF requirements in TS38.101-2 that require demodulation of UL were defined with the assumption that the UE is measured by test equipment (TE) with a dual polarization OTA-capable receiver. Single-pol TE receivers, as agreed for rel-15 remain incapable of robust demodulation of UL signals from FR2 UEs. 
Observation 1: TE with single pol. receiver topology cannot reliably verify UL modulation performance of an FR2 UE.
3GPP has devised a work-around that allows some form of verification of UE performance, even if it is not directly relevant to fielded configuration.
Observation 2: RAN5 verification methods allow the UE to be verified in a test-specific configuration that could differ from its fielded configuration.
There are 2 options to overcome the single pol. receiver limitation that prevents verification of UE in fielded configuration. The obvious option to overcome the single-pol receiver limitation is to use dual pol. coherent receivers in the TE. It is a more robust solution, with better long-term utility and potential for lower MU than polarization alignment.
Proposal 1: FR2 TE topology shall be enhanced by adopting dual polarization coherent receivers for rel-16.
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