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1. Introduction

The purpose of this discussion paper is the following:

· Summarize RAN 4 LS to RAN 5 R4-1904963 on demodulation of FR2 UE UL by TE. 
· Propose a RAN 5 choice of solution which allows for correct demodulation of the UL when using TE with a single polarization receiver.
· Propose implementation of the (proposed) chosen solution.

2. Discussion

2.1.1. Summary of RAN 4 LS to RAN 5: R4-1904963
· 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 receiver.
· RAN4 has identified that TE with a single polarization receiver may not be able to demodulate the UL of an FR2 UE that utilizes allowable diversity schemes in conjunction with simultaneous transmission in both polarizations.
· RAN4 identified 4 options in LS R4-1904963 to allow TE to reliably demodulate UL.
· RAN 5 to choose a suitable option and its implementation.
· RAN5 to guide RAN4 on need to commence work on requirements to support option 4.
	Option 
	Description
	Applicability
	Detail

	1
	TE must adopt dual polarization coherent receivers
	Future Release
	Core requirements remain applicable. Feasibility is FFS

	2
	TE must adjust the alignment of its single polarization receiver to optimal angle for DUT
	Future Release
	Core requirements remain applicable. Feasibility is FFS

	3
	UE must disable frequency diversity schemes during compliance test
	Rel-15
	Core requirements remain applicable

	4
	UE must disable simultaneous transmission in two polarizations during compliance test 
	Rel-15
	RAN4 has not defined new requirements for UEs that have to modify their behaviour per this option. FFS applicability to all UE types.


2.1.2. Proposed RAN 5 choice
OTA testing of FR2 UEs, require an OTA-capable receiver in the TE that is insensitive to the orientation of the polarization axes of the UE. An OTA-capable receiver needs to be a dual pol receiver that coherently combines the signals captured in two orthogonal polarizations. As shown in [1], a TE system can insert spectral flatness artefacts (misalignment between the TE’s and UE’s pol axes, and frequency diversity choices made by the UE) into the UL signal captured in only one polarization [2]. These artefacts in spectral flatness contribute significantly as 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 MU associated with spectral flatness. This behaviour identifies the single pol. topology as not being suitable as a true OTA receiver.

Observation 1: TE with single pol. receiver topology cannot reliably verify performance of an FR2 UE that employs allowable diversity schemes. 
Observation 2: All conformance tests (SIG, RF, DEMOD, RRM) can be impacted if UE enables allowable UL transmit diversity schemes when using TE with single pol. receiver topology. Some impacted test cases (not comprehensive list) are identified and listed below: 

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)

In [3] R4 LS to R5 provides options to enable meaningful verification. In this discussion paper, we evaluate these options and propose a complete test solution for the OTA test problem associated with demodulating UL.
Observation 3: Observations made with respect to the four options presented in LS R4-1904963 are summarised below:

· Option 1 is the preferred and ideal solution as it is the only topology with true OTA capability. But this option may be applicable for future releases and may not be feasible for Rel-15 timeline TE vendor point of view.
· Option 2 may be applicable for future releases may not be feasible for Rel-15 timeline TE vendor point of view. 

· Option 3 proposes the UE to suspend any allowable UL diversity schemes during conformance tests. This option does not require changes to core requirement may be the only practical for Rel-15.

· Option 4 proposes the UE to use only one polarization for UL transmission during conformance tests only. This option requires a new RAN 4 action item and possibly a parallel set of specs. Option 4 may not be practical in the Rel-15 timeframe.

Proposal 1: Choose option 3 (from section 2.1.2 of this paper) => To account for the single pol. receiver topology of rel. 15 TE, the UE shall be allowed to disable its diversity schemes for the duration of any compliance test that requires demodulation of UL.
Proposal 2: Given option 3 implementation is the best (perhaps only) option feasible in Rel-15 timeframe and given that parallel specs are not desirable and not good use of RAN4/RAN5 time, RAN5 to notify RAN4 no need to commence work on requirements to support option 4.

2.1.3. RAN 5 implementations
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 conformance spec. If proposal 1 is agreed in RAN 5, this paper further proposes the following options as RAN 5 implementation to proposal 1. 

Option A: The UE should disable UL transmit diversity schemes for all conformance tests until Rel X timeframe, after which the TE capability will include dual polarization receiver implementation. This option requires following updates in relevent specs:

· Add generalized language in the common sections of 38.508-1 and 38.521-2, for example: “The all FR2 conformance testing, the UE under test shall disable UL Tx diversity schemes for all conformance tests until Rel-16, which is when dual pol Rx TE implementation is expected to be available.”
· Add a PICS in 38.508-2 to tell a UE vendor to disable UL transmit diversity during execution of conformance tests. 
· Add a NOTE in 38.522 applicability spec to disable UL transmit diversity until Rel X, after which a TE will be capable with dual polarization receiver implementation. 
Option B: Signal TE receiver capability in SIB2. This option requires RAN2 to enable such signalling and hence is an unlikely option for Rel-15 timeframe.
Option C: Add conformance test function “after NR connection setup” to signal the UE about TE receiver capability. But unless TE signals its receiver capability via UE TEST LOOP or ACTIVATE TEST MODE function, link between TE and UE might be unreliable and can be lost. Hence signalling via a test function after NR connection setup is not a good option as it does not provide a stable test setup.

Option D: For NSA, use LTE signalling via conformance test function to signal the TE receiver capability to the UE. This option overcomes the option 3 limitations but requires updates to LTE signalling to solve a temporary Rel-15 NR specific problem and hence undesirable.  
Proposal 3: Choose Option A (from section 2.1.3 of this paper) and update relevant specs to indicate that the UE should disable UL transmit diversity schemes for all FR2 conformance tests until Rel-16, which is when dual pol Rx TE implementation is expected to be available.
3. Conclusion
Proposal 1: Choose Option 3 (from section 2.1.2 of this paper) => To account for the single pol. receiver topology of rel. 15 TE, the UE shall be allowed to disable its diversity schemes for the duration of any compliance test that requires demodulation of UL.

Proposal 2: Given option 3 implementation is the best (perhaps only) option feasible in Rel-15 timeframe and given that parallel specs are not desirable and not good use of RAN4/RAN5 time, RAN5 to notify RAN4 no need to commence work on requirements to support option 4.
Proposal 3: Choose Option A (from section 2.1.3 of this paper) and update relevant specs to indicate that the UE should disable UL transmit diversity schemes for all FR2 conformance tests until Rel-16, which is when dual pol Rx TE implementation is expected to be available.
4. References
[1] R4-1813367, ‘OTA Test Considerations for UE Transmit Signal Quality in FR2’, Qualcomm, RAN WG4#88Bis, Chengdu, China, 08-12 Oct, 2018
[2] R4-1804462, ‘On OTA EVM Measurements’, R&S, RAN WG4 #86Bis, Melbourne Australia, Apr. 2018
[3] R4-1904963, ‘LS on demodulation of FR2 UE UL by TE’, Qualcomm, RAN WG4#90Bis, Xi’an, China, April 8-12 2019
