[bookmark: _Hlk503780345]3GPP TSG-RAN4  #90Bis																	     	R4-1902855
Xi’an, CN, 8-12 Apr 2019

Source: 	Qualcomm Incorporated
Title: 	OTA Test Considerations for UL in FR2
Agenda item:	6.5.11.8.1
Document for:	Approval
Introduction
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 [1], we showed how the TE system can insert spectral flatness artefacts into the UL when it relies on UL captured in only one polarization [3]. This behaviour identifies the single pol. topology as not being suitable for a true OTA receiver.
In [2] we laid out some options to enable meaningful verification for all UE implementations with a non-OTA capable TE system. In this contribution, we further develop the options that were down-selected in RAN4#90, and then, propose a complete solution for the OTA test problem associated with demodulating UL.
Discussion
We showed in [1] 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.
Spectral flatness problem due to single pol. receiver
Figures 2.1-1 shows simulated PSD captured by a single-pol. TE antenna in each of 2 orthogonal polarization positions, as a function of TE antenna misalignment. The UE is assumed to transmit over a 10RB allocation with flat PSD, using a delay diversity scheme. In this example, the diversity delay is 1.66% of symbol duration (without CP). This delay is considerable smaller than the CP, which is about 7% of symbol duration; this type of diversity scheme is hence considered transparent. For rel. 15, a UE may use transparent diversity schemes in its UL, as documented in [1]. 
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Figure 2.1-1: Spectral Flatness captured by TE in each polarization, as a function of TE antenna misalignment, for short delay diversity.
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. 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). Noting the agreement in [3], which allows rel.15 TE to have single pol. receivers, we observe the following:  
Observation 1: Spectral flatness, as measured by rel 15 TEs, has significant MU. This MU is due to demodulation of UL signal captured in a single polarization.
The figures show spectral flatness MU is high enough (+3/-infinity dB, due to theoretical nulls) to prevent any meaningful verification. 
Observation 2: TE with single pol. receiver topology cannot reliably verify performance of an FR2 UE that employs allowable diversity schemes.
A counter-balancing perspective is that it is also not practical to suspend compliance verification for affected tests altogether due to the short coming above.  
Proposal for verification testing of FR2 UEs with single pol. TE
The mechanism that causes the flatness artefact illustrated in figures 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 
In [1], we proposed 4 options to enable reliable demodulation of UL in TE. Online discussion of [1] narrowed choices down to #3 and #4, as excerpted from chairman’s notes from RAN4#90 
R&S: Option 1 is not feasible from TE vendor point of view. The concept of Option 2 has not been discussed yet so far so that this also is not feasible. Thus, we can further discuss 3 and 4. There is a relevant paper from KS&R&S for Testability SI.
Qualcomm: we agree with that option 1 is difficult within Rel15 time frame. We can further discuss Option 3 and 4, but we need to solve this issue as soon as possible.
R&S: we are fine to discuss how to solve this issue.
Note: Specific AI is set in the next meeting to addresss this.


We reproduce options 3 and 4 referenced above in Table 2.2-1.
	Option
	Detail
	Pro
	Con

	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.
Test mode is further removed from mission mode.
EIRP range requirement for EVM test will be impacted.


Table 2.2-1: Down-selected options from [1] to enable reliable demodulation of UL in TE
Both down-selected options (3 and 4) entail UE behaviour modification during compliance testing to accommodate single pol receiver topology in the TE. Normally, this type of behaviour change may not adequately capture a UE’s performance as configured in the field. Here it is important to revisit our Obs. 2: TE with single pol. receiver topology cannot reliably verify performance of an FR2 UE that employs allowable diversity schemes. 
Observation3: The alternative to test-only behaviour modification is to have no meaningful test for a large fraction of the requirements, on account of the large MU associated with capture of the UL and demodulation in a single polarization. 
We hence believe that we need to develop these options with a view to implementation, non-ideal as they may be.
Option 4? 
Option 4 entails forcing the UE to use only one polarization for UL transmission during conformance tests. Some UE implementations will find the associated ‘test-only mode’ incompatible with serving the entire EIRP range, as noted in the table. This option requires a dialogue in RAN4 and possibly a parallel set of specs due to intrusive nature of the test mode. We hence do not believe option 4 is practical in the rel. 15 time frame.
Option 3 Then?
Option 3 entails forcing the UE to suspend during conformance tests, any allowable diversity schemes normally used by the UE for its UL. Since this option does not significantly affect conformance, we think option 3 is feasible. Option 1 in [1] (twin coherent receivers, appropriately combined) remains the preferred solution, because it remains the only topology with true OTA capability. Option 3 is an acceptable compromise for rel. 15, however, given the TE constraint. 
Proposal 1: To account for the single polarization receiver topology of rel. 15 TE, the UE shall be allowed to change its diversity scheme for the duration of any compliance test that requires demodulation of UL. 
It should be noted that in this proposal, the UE retains the option to not modify its behaviour during test.
How to allow UE to identify applicable tests?
In order to forestall a false failure, the UE must have knowledge of when it is being tested with TE of single pol. receiver topology and demodulation of UL is required. This special condition contrasts with mission-mode, or online operation, where the UE assumes that at the far end, there is either a complete OTA receiver that is a gNB, or a more complex TE receiver of a future release. The logical solution would be to set up a dedicated test mode and associated message to indicate if the TE has a single pol. type receiver, as agreed for rel 15. 
Observation4:  TE shall indicate to UE, prior to any compliance test that requires demodulation of UL, if its receiver is of single polarization type. 
Which tests depend on demodulation of UL?
We have identified the following requirements of TS38101-2 will be impacted due to reliance on demodulation of the UL. A UE being tested for these requirements would need the TE to indicate its topology during test, if it is of single pol. type.
1. Section 6.4x.2: Transmit modulation quality
2. Section 7.3x: Sensitivity and EIS Spherical Coverage
3. Section 7.4x: Max. Input Power
4. Section 7.5x: Adj. Channel Selectivity
5. Section 7.6x: Blocking Characteristics
6. (Any other tests that require demodulation of uplink)
What about tests that do not depend on demodulation of UL?
Note that EIRP measurements do not require demodulation of UL – Even a TE with a single pol receiver is able to measure UL power without any additional MU associated with frequency diversity, etc. For these tests, the TE need not indicate topology even if it is of single pol type. 
Now, when the TE does signal that it is of single pol type, the UE has the option to modify its behaviour, per proposals 1 and 2. The goal of compliance testing is to minimize any test-only behaviour modification. It is hence preferable that the TE limit any topology signalling only to the tests that involve demodulation of UL.
Proposal 2: A TE shall indicate to the UE if its receiver is of single polarization type only for tests involving demodulation of UL.
Signalling Details
The time line associated with establishing a new signal framework and its messaging details may make it challenging in the rel. 15 time frame. An alternative is to adopt a relatively low-impact solution. We note that the beam-lock function is an established signalling message limited to testing. It contains uncommitted bits [TS38.509 section 6.4], one of which may be used for our purpose. We hence think the beam lock message is a good vehicle to implement signalling to the UE to indicate TE topology. Ultimately, this decision comes under the purview of RAN5, but it is useful to chalk out feasibility strategies to support proposal 2. 
Proposal 3: RAN4 to send an LS to RAN5 to request implementation of proposal 2.
How to capture in the standard?
Since proposal 1 allows UE behaviour modification specifically for compliance testing with a TE that uses a single pol. receiver, it must also be captured in the standard. We propose the following generalized wording to be included in both, section 6 and section 7.
Proposal 4: (Insert wording in TS38.101-2, sections 6 and 7) All RF requirements in (TS38.101-2 section) that require demodulation of UL were defined with the assumption of test equipment (TE) with a dual polarization receiver. If the TE signals that its receiver is of single polarization type, the UE may change its UL diversity scheme. 
Conclusion
In FR2, a rel. 15 TE can insert large artefacts into the spectral shape of the UL captured in any one polarization. This mechanism can interfere with any compliance testing that involves demodulation of UL. We captured these observations as shown below:
Observation 1: Spectral flatness, as measured by rel 15 TEs, has significant MU. This MU is due to demodulation of UL signal captured in a single polarization.
Observation 2: TE with single pol. receiver topology cannot reliably verify performance of an FR2 UE that employs allowable diversity schemes.
To counter this behavior, we logically deduce that the UE must be allowed to take steps during compliance testing to disable the artefact-mechanism that manifests itself in a single-pol TE. We note that:
Observation3: The alternative to test-only behaviour modification is to have no meaningful test for a large fraction of the requirements, on account of the large MU associated with capture of the UL and demodulation in a single polarization. 
[bookmark: _GoBack]Our proposals to enable some form of verification testing for requirements that depend on demodulation of the UL are below:
Proposal 1: To account for the single polarization receiver topology of rel. 15 TE, the UE shall be allowed to change its diversity scheme for the duration of any compliance test that requires demodulation of UL.
We address how this TE-sensitive change may be implemented:
Proposal 2: A TE shall indicate to the UE if its receiver is of single polarization type only for tests involving demodulation of UL.
The details of implementation of the associated signalling comes under the purview of RAN5, so we propose: 
Proposal 3: RAN4 to send an LS to RAN5 to request implementation of proposal 2.
Finally, we note that this ‘TE-workaround’ entails allowing the UE to modify its behaviour during conformance testing. It is hence necessary to capture this allowance in the standard.
Proposal 4: (Insert wording in TS38.101-2, sections 6 and 7) All RF requirements in (TS38.101-2 section) that require demodulation of UL were defined with the assumption of test equipment (TE) with a dual polarization receiver. If the TE signals that its receiver is of single polarization type, the UE may change its UL diversity scheme.
This proposal is captured in a companion draft CR [4]. The proposed LS is present in draft form in [5].
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