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Introduction
In an earlier contribution [1], we identified a potential problem in OTA verification of any RF requirement that requires demodulation at the TE. The problem stems from three contributing factors that come together in FR2: UL transmission in both polarizations, allowable transmit diversity schemes and TE measurement in a single polarization.
In this contribution, we analyse our options for verification testing with the constraints listed above.
Discussion
As discussed in [1], an FR2 UE is not precluded from transmitting its UL signal in mutually orthogonal polarizations simultaneously. Additionally, it can incorporate transparent diversity schemes. 
In an OTA context of EVM testing, it was agreed in [2] that EVM would be evaluated separately for each polarization of the measurement antenna, and that the EVM requirement shall be met in at least one of those polarizations. Note that the general condition is that a UE’s UL polarization axes are not aligned with those of the TE. 
When a UE’s UL signal is captured per [2], without benefit of coherent combining across two mutually orthogonal polarizations, the combination of UL polarization diversity and certain transparent frequency-domain diversity schemes can cause artefacts in the signal’s spectral flatness. This effect needs consideration because it can impact compliance with spectrum flatness requirements, and IBE. 
In [1], we proposed that in order to enable proper verification of tests requiring demodulation of the UL signal:
Proposal: Measurement at the TE should be performed concurrently in mutually orthogonal polarization angles, to accommodate UEs that implement allowable diversity schemes in conjunction with polarization diversity in the UL.

Online discussion was captured in the Chairman’s notes:
Apple: we agree with that measurement should be concurrently done. This should be done in other requirements as well. We can discuss this more generally.
R&S: we disagree with this proposal. it is very easy to say that combining etc..actually the proposal is not a practical way. 
KS: we have a similar view with R&S. That aspect was discussed in our other paper.
Qualcomm: For R&S and KS, we understand their concern. 


Unfortunately, this problem of proper verification of tests requiring demodulation of the UL signal remains unresolved. We revisit this problem, first by describing the phenomenon, and its effects, followed by options to address the problem.
Spectral Flatness Problem
Figure 2.1-1 shows simulated PSD captured by a TE antenna, as a function of TE antenna misalignment, for a delay diversity scheme across a 10RB allocation. In this example, the delay was about 0.83% of symbol duration (without CP). This delay is considerable smaller than the CP, which is about 7% of symbol duration. i.e The delay is ‘short’ and considered transparent.
[image: ]
Figure 2.1-1: Spectral Flatness captured by TE in a single polarization, as a function of TE antenna misalignment, for short delay diversity.
The figure above illustrates the problem of testing OTA in conjunction with delay diversity, dual pol UL signal and 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 as having significant amplitude flatness degradation. The trend is symmetric around 45degrees of misalignment, which is a worst-case misalignment.
This problem can impact all tests in Section 6.4 of TS38.101-2 (Transmit Modulation Quality), among others.  
Proposals for verification
The mechanism that causes the flatness artefact illustrated in figure 2.1-1 can be disabled by removing one of the 3 contributing factors:
a) UL transmission in both polarizations
b) allowable transmit diversity schemes
c) TE measurement in a single polarization 
We now investigate the ramifications of removing each contribution factor, to enable verification of Transmit Modulation Quality requirements in FR2. Table 2.2-1 lists the test and verification options.
	Option
	Detail
	Pro
	Con

	1
(remove contributing factor c)
	Twin Coherent Receivers in TE. TE must coherently combine the signals captured concurrently in two orthogonal polarizations
	Test condition best mimics signal as seen by gNB 
	TE vendors have ruled this ‘impractical’ for rel.15 due to complexity; see section 2. (Discussion)

	2
(suppress contributing factor c)
	Single TE receiver chain, TE must search for optimal polarization angle to collect UL signal
	Theoretically, the flatness artefact can be reduced to insignificance based on being able to receive output from only one of the UE’s polarization, and rejection of the other 
	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.
There is flatness uncertainty associated with how well TE antenna alignment can be achieved.
This scheme places an indirect requirement on strength of unintended cross-pol fields being launched by the UE
EIRP range requirement for EVM test will be impacted.

	3
(remove contributing factor b)
	Single TE receiver chain + restriction on the UE’s performance to disable frequency diversity schemes
	Robust way to disable flatness problem
	Requires test-specific operation (testing cannot be done in true mission mode). 
There is mild ask of the UE to balance electrical length difference in its two polarizations 

	4
(remove contributing factor a)
	Single TE receiver chain + restriction on the UE’s performance to disable polarization diversity 
	Robust way to disable flatness problem
	Requires intrusive test-only mode on UE. FFS if it can be made general enough to cover all UE implementations.
[bookmark: _GoBack]Test mode is further removed from mission mode.
EIRP range requirement for EVM test will be impacted.


Table 2.2-1: Verification Options for Transmit Modulation Quality Testing for FR2
The options fall into 2 broad categories:
· Adopt a requirement that tests the UE in mission mode, but possibly have no immediate way to verify (option1)
· Adopt a modified requirement (perhaps with certain non-mission mode UE restrictions) that can be verified (options 2, 3 and 4).
Our first choice in terms of quality of requirement remains option #1. 
Proposal 1: Choose option 1 of Table 2.2-1
As noted however, if this option is held back by technical difficulties in the rel. 15 time frame, a fall-back strategy must be determined. Perhaps a debate on the options provided above can serve as a start to this activity.
Conclusion
In FR2, when a UE implements allowable diversity schemes, in conjunction with polarization diversity, measurement in a single polarization TE antenna can cause artefacts in flatness of measured spectrum. These artefacts are a function of UE implementation (specific diversity scheme chosen) and angular misalignment between TE antenna and UE polarization axes.
To combat the flatness-degrading mechanism, we propose a verification solution that requires coherent combing across two receive chains in the TE, one assigned to each of two measured polarizations:
Proposal 1: Choose option 1 of Table 2.2-1
If practical limitations make this option infeasible for rel. 15, we recommend further debate on options 2, 3 and 4.
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