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Introduction
This contribution addresses testability aspects to minimize the impact of polarization basis mismatch between the TE and DUT on the RF testing prioritized in the Study Item on Enhanced test methods for FR2 [1].
Discussion
The Study Item Description (SID) outlines the need to define solutions to minimize the impact of polarization basis mismatch between the TE and DUT on the RF testing [1].
	2. Define solutions to minimize the impact of polarization basis mismatch between the TE and DUT on the RF testing
-	Considering polarization basis mismatch between the test equipment and UE and UE implementations which may be impacted by this mismatch
-	Study EIS test metric which can apply to different UE RF implementations considering downlink polarization sweep enhancement
- 	Limit the study of this objective to the permitted UE RF methods defined in Clause 5.2 of TR38.810
-	Possible enhancements may be described as
-	Downlink polarization sweeping by the test equipment (i.e. introducing an additional degree of freedom for polarization alignment of the measurement antenna)
-	The use of circular polarization to perform measurements
-	Coherent combining and demodulation of orthogonally polarized received signals in the test equipment
-	Uplink polarization sweeping by the test equipment to search for the optimal polarization angle to receive and demodulate the signal transmitted by the UE
-	Considering NFTF (defined in Clause 5.2 of TR38.810) test methodology for EIS measurement
-	Other approaches are not precluded



Several testability aspects have been addressed in [2] already; some portions will be re-addressed here.
Minimize DL Polarization Impact on UL EIRP Measurements 
As outlined in [2]-[6], a 3dB TX diversity gain could be missed with current EIRP measurement procedures for some UE front-end architectures due to UE and Test System (TS) antenna polarization mismatch, e.g., a UE could be transmitting in UL only on UE antenna polarizations that the UE receives power on in the DL. In [2], we illustrated these scenarios for this particular FE architecture which are reviewed here again using the same example scenarios and illustrated in Figure 1. 
· Example 1: The -polarized component from the TE (shown in blue) is received only by the -polarized component of the antenna array (aligned with polarization references of the TE measurement antenna) and makes the UE transmit 30dBm only on the -polarization (0dBm on the -polarization). The total EIRP measured by the TE with two sequential EIRP measurements is then
EIRP (PolLink= ) = EIRP(PolMeas=, PolLink= ) + EIRP(PolMeas=, PolLink= ) ≈ 30dBm
· Example 2: The -polarized component from the TE (shown in green) is received by the -polarized component of the antenna array (aligned with polarization references of the TE measurement antenna) and makes the UE transmit 30dBm only on the -polarization (0dBm on the -polarization). The total EIRP measured by the TE with two sequential EIRP measurements is then
EIRP (PolLink= ) = EIRP(PolMeas=, PolLink= ) + EIRP(PolMeas=, PolLink= ) ≈ 30dBm 
· Example 3: The -polarized component from the TE is received by the ’ and ’-polarized components of the antenna array (misaligned with polarization references of the TE measurement antenna) and makes the UE transmit 30dBm only on both polarizations. The total EIRP measured by the TE with two sequential EIRP measurements is then
EIRP (PolLink= ) = EIRP’(PolLink= ) + EIRP’(PolLink= ) = EIRP(PolMeas=, PolLink= ) + EIRP(PolMeas=, PolLink= ) ≈ 33dBm 
· Example 4: The -polarized component from the TE is received by the ’ and ’-polarized components of the antenna array (misaligned with polarization references of the TE measurement antenna) and makes the UE transmit 30dBm only on both polarizations. The total EIRP measured by the TE with two sequential EIRP measurements is then
EIRP (PolLink= ) = EIRP’(PolLink= ) + EIRP’(PolLink= ) = EIRP(PolMeas=, PolLink= ) + EIRP(PolMeas=, PolLink= ) ≈ 33dBm 
· Example 5: The TE simultaneously transmits the  and -polarized components with 0o phase difference. The resulting polarization is a 45o slanted linear polarized component which is received by both  and  polarized components of the antenna array (aligned with polarization references of the TE measurement antenna) and makes the UE transmit 30dBm on both polarizations. The total EIRP measured by the TE with two sequential EIRP measurements is 
EIRP (PolLink=  and ) = EIRP(PolMeas=, PolLink=  and ) + EIRP(PolMeas=, PolLink=  and ) ≈ 33dBm
· Example 6: The TE simultaneously transmits the  and -polarized components with 0o phase difference. The resulting polarization is a 45o slanted linear polarized component which is received only by the ’ polarized components of the antenna array (misaligned with polarization references of the TE measurement antenna by 45o) and makes the UE transmit 30dBm only on the ’-polarization (0dBm on the ’-polarization). The total EIRP measured by the TS with two sequential EIRP measurements is then
EIRP (PolLink=  and ) = EIRP’(PolLink=  and ) + EIRP’(PolLink=  and ) = EIRP(PolMeas=, PolLink=  and ) + EIRP(PolMeas=, PolLink=  and ) ≈ 30dBm
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[bookmark: _Ref4096719]Figure 1: Illustration of EIRP measurement examples with sequential DL signals introduced to UE (Examples 1-4) and with simultaneous DL signals introduced to UE (Examples 5-6).
Clearly, the examples 1 through 4 show that for test systems that introduce the DL on fixed (cross-polarized) DL polarizations at a time, a 3dB difference in the total EIRP, EIRPtotal, can be observed for the previously mentioned FE architectures. However, for FE architectures that transmit on both UL polarizations regardless DL measurements, all UL measurements of EIRPtotal would include the 3dB polarization gain. 
As outlined with examples 5 and 6, introducing the DL simultaneously (with 0o relative phase difference) to the UE does not necessarily guarantee the 3dB TX diversity gain either. 
A different approach, used in the remainder of this contribution, to capture these observations are presented in Figure 2.
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[bookmark: _Ref4402525]Figure 2: Example measurement results for EIRPtotal when UL is measured with two orthogonal polarizations sequentially and with the DL presented sequentially (Test IDs 1-4) or simultaneously with 0o phase difference between DL polarizations

[bookmark: _Ref20919855][bookmark: _Ref5024672]Observation 1: When the polarizations between TE and UE antennas are mismatched with ~45o, ~135o, ~225o, ~315o offsets (Test IDs 3&4), the UE front end implementations investigated in this contribution could trigger both UE UL transmitters to transmit max output power and the total EIRP could include the diversity gain. 
[bookmark: _Ref20919862]Observation 2: When the polarizations between TE and UE antennas are matched (Test ID 1&2), the UE front end implementations investigated in this contribution could trigger just one UE UL transmitter to transmit max output power and the total EIRP will not include the diversity gain. 
[bookmark: _Ref5024751]Observation 3: Presenting two DL polarizations simultaneously with 0o phase shift between them (Test IDs 5&6) does not guarantee the 3dB polarization gain for the previously introduced UL polarization selection implementations 
In [6], a very intriguing approach with no additional required HW changes to test systems was introduced that is based on summing EIRP components that are polarization matched to the DL signals introduced to the UE. A closer investigation of this approach shows that for the examples 1 through 6 this approach correctly captures the diversity gain; however, in other scenarios where the UL phase of the UE antenna transceiver changes by 180o between subsequent measurements, the proposed EIRP metric can either over or underestimate the actual EIRP performance while the current EIRPtotal approach properly captures the diversity gain. Additionally, this approach would no longer conform with the core requirements that require tests to be performed in the TX beam peak direction, i.e., the direction where the maximum total component of EIRP is found [7]
TX beam peak direction: direction where the maximum total component of EIRP is found
as the new metric is no longer measuring the actual total component of EIRP but rather a virtual EIRP.
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Figure 3: Comparison of EIRPtotal with the approach, referred to as EIRPMTK, proposed in [6]. 

[bookmark: _Ref4748357]The use of circular polarization in UL and DL was shown not to guarantee the EIRP measurement to include the diversity gain [2]; additionally, the system level aspects to guarantee a fixed and stable phase offset between the two TX and RX paths in the system are not possible within the Release 16 time frame and would likely significantly increase MU for the test cases [2]. 
[bookmark: _Ref20919904]Proposal 1: The introduction of circular polarization for EIRP UL measurements is not considered for this SI due to lack of diversity gain measurement. Additionally, this approach has a significant impact on test equipment and measurement uncertainty.
Instead, it is proposed to consider the use of polarization scans to properly capture the diversity gain of the FE architectures discussed here. This polarization scan using sequential linear polarizations in the DL to the UE, are further illustrated in Figure 4.
[bookmark: _Ref4424088][image: ] 
[bookmark: _Ref4424333]Figure 4: Use of Polarization Scan with Linear Polarization
Here, the combined DL/UL polarization planes of the dual linear polarized measurement antenna are changed between N difference scans with the orthogonal polarization planes tilted by 90o/N between subsequent scans. For the example in Figure 4, N is 4 and the polarization planes differ by 22.5o, respectively.
[bookmark: _Hlk4425010]Introducing a polarization scan with N different polarization scans obviously requires the test time for all EIRP based tests (single grid point, TRP based multiple grid point, non TRP based multiple grid point) to increase by a factor of approximately N as this polarization scan would have to be performed on every measurement grid point including TX beam peak search and MOP-spherical coverage.  
[bookmark: _Ref5025742]Observation 4 : A polarization scan with N different polarization scans requires the EIRP based test times to increase approximately by a factor or N 
Figure 5 illustrates different examples and results for EIRPtotal. For each Test ID, only one DL polarization is presented to the UE at a time, i.e., no simultaneous DL signals, and the UL measurements are performed separately with each of the two orthogonal polarizations of the measurement antenna. For Test IDs 1 and 2, the 1st polarization scan is utilized and for each subsequent pair of the Test IDs, the TE polarization planes are increased by 22.5o. For all test IDs other than 5 and 6, the total EIRP is 30dBm as the DL polarizations are assumed to only trigger one TX (instead of both) to transmit at max power for the UE architectures analysed in this contribution. For Test IDs 5 and 6, the DL polarization triggers both TXs to transmit an EIRP of 30dBm and the diversity gain is properly captured. It should be noted that FEs that transmit on both polarizations simultaneously regardless of DL will yield 33dBm EIRPtotal measurements for each polarization scan. 
[image: ]
[bookmark: _Ref4426881]Figure 5: Measurement results for EIRPtotal for N=4 different polarization scans with linear polarization.
[bookmark: _Ref5026079]Observation 5: The polarization scan with linear polarizations can capture the TX diversity gain for the UE architectures analysed in this contribution if the single DL polarization triggers both UE polarizations transmitted in UL
The polarization scan can be implemented two different ways, i.e., by rotating the feed antenna mechanically around its own axis or by rotating the polarization plane electrically by adjusting amplitudes and phases of simultaneously transmit and receive signals on fixed polarization planes. Given the system related concerns in terms of controlling the phase, introducing a roll stage for the feed/measurement antenna is the most practical approach with little to no impact on the MU of existing test cases. 
[bookmark: _Ref20919880]Observation 6: The polarization scan with linear polarization using a roll stage for the feed/measurement antenna is the most practical approach with little to no impact on the MU of existing test cases. However, the implementation of the polarization scan is left to system vendors. 
It is therefore proposed to consider the polarization scan to properly capture the diversity gain of EIRP measurements for this SI. It is furthermore proposed for OEMs to provide feedback on the minimum number of required polarization scans to guarantee the diversity gain to be captured reliably. 
[bookmark: _Ref20919922]Proposal 2: Consider the introduction of the polarization scan for MOP-EIRP and MOP-Spherical Coverage UL measurements as part of this SI. 
[bookmark: _Ref20919928]Proposal 3: OEMs to provide feedback on the minimum number of required polarization scans to guarantee the diversity gain to be captured reliably.
As soon as the polarization scan is introduced for Release 16 as part of this SI, it is our understanding that all EIRP based Release 16 test cases will require this polarization scan approach to conform with the core requirements that require tests to be performed in the TX beam peak direction, i.e., the direction where the maximum total component of EIRP is found [7]
TX beam peak direction: direction where the maximum total component of EIRP is found
To make this polarization scan optional and thus only required for UEs that would not pass the requirements otherwise, a change in core requirements might be needed similar to what has been proposed in [8], i.e., by re-defining UE TX (RX) UE RF requirements to be tested in any direction that meets MOP-EIRP.
Minimize DL Polarization Impact on UL Transmit Signal Quality Measurements 
As outlined in [9] and [10], an issue was raised where for transmit signal quality measurements using a single polarization TE antenna can cause artefacts in flatness of the measured spectrum. The polarization scan approach proposed for the Release 16 UL EIRP measurements in the previous section will be able to address this concern as discussed in [10] and as proposed in [11] originally; given the lack of feedback and the increase in test time, the polarization scan was not considered for Release 15 EVM test cases. Since the polarization scan would only have to be performed in a single grid point/direction instead of every grid point, the increase in test time is manageable.
[bookmark: _Ref20919884]Observation 7: The polarization scan using sequential linear polarizations can address the polarization issue for transmit signal quality measurements
Given the complexities to guarantee the fixed and stable phase offset between the two TX and RX path, it is furthermore proposed to not consider coherent combining and demodulation of orthogonally polarized received signals in the test equipment
[bookmark: _Ref20919937]Proposal 4: Do not consider coherent combining and demodulation of orthogonally polarized received signals in the test equipment in this SI
[bookmark: _Ref20919941]Proposal 5: Consider the introduction of the polarization scan for UL Transmit Signal Quality Measurements as part of this SI. 
Minimize DL Polarization Impact on DL EIS Measurements 
In [12], a polarization scan for EIS measurements was introduced to prevent two different EIS metrics, i.e., one with and one without the averaging of the two separate EIS measurements
EIS = 2*[1/EIS(PolMeas= PolLink=)+1/EIS(PolMeas= PolLink=)]-1
The average, i.e., the factor 2 in the above equation, was added based on [13]. 
In [12], two cases where introduced, i.e., a dual polarization active case and a single polarization active case
	For UE with dual polarization active case, we think the average calculation on EIS is reasonable, because dual polarized antenna would always receive the full Tx power from different polarization of the TE, as shown in Fig 1.
[image: ]
Fig 1. For each polarization of TE, full power can be received by dual polarization active UE
For single polarization active case, the EIS value on one polarization actually depends on the polarization alignment level between TE measurement antenna and UE antenna, as shown in Fig 2. It would be poor EIS performance for the orthogonal polarization case.
[image: ]
[bookmark: OLE_LINK21]Fig 2. For each polarization of TE, Refsens depends on the Polarization alignment level




The polarization scan approach outlined in [12] would, if understood properly, not adjust the EIS metric based on a testability issue, i.e., the DL not reflecting “real world” with real base stations, as outlined for EIRP in the previous section, but adjust EIS based on a UE implementation limitation. It is therefore proposed not to introduce a polarization scan for EIS.
[bookmark: _Ref20919945]Proposal 6: Avoid a polarization scan for EIS to avoid adjusting the EIS metric based on a UE implementation limitation. 
Conclusion
The following observations and proposals were made in this contribution
[bookmark: _GoBack]Observation 1: When the polarizations between TE and UE antennas are mismatched with ~45o, ~135o, ~225o, ~315o offsets (Test IDs 3&4), the UE front end implementations investigated in this contribution could trigger both UE UL transmitters to transmit max output power and the total EIRP could include the diversity gain.
Observation 2: When the polarizations between TE and UE antennas are matched (Test ID 1&2), the UE front end implementations investigated in this contribution could trigger just one UE UL transmitter to transmit max output power and the total EIRP will not include the diversity gain.
Observation 3: Presenting two DL polarizations simultaneously with 0o phase shift between them (Test IDs 5&6) does not guarantee the 3dB polarization gain for the previously introduced UL polarization selection implementations
Proposal 1: The introduction of circular polarization for EIRP UL measurements is not considered for this SI due to lack of diversity gain measurement. Additionally, this approach has a significant impact on test equipment and measurement uncertainty.
Observation 4 : A polarization scan with N different polarization scans requires the EIRP based test times to increase approximately by a factor or N
Observation 5: The polarization scan with linear polarizations can capture the TX diversity gain for the UE architectures analysed in this contribution if the single DL polarization triggers both UE polarizations transmitted in UL
Observation 6: The polarization scan with linear polarization using a roll stage for the feed/measurement antenna is the most practical approach with little to no impact on the MU of existing test cases. However, the implementation of the polarization scan is left to system vendors.
Proposal 2: Consider the introduction of the polarization scan for MOP-EIRP and MOP-Spherical Coverage UL measurements as part of this SI.
Proposal 3: OEMs to provide feedback on the minimum number of required polarization scans to guarantee the diversity gain to be captured reliably.
Observation 7: The polarization scan using sequential linear polarizations can address the polarization issue for transmit signal quality measurements
Proposal 4: Do not consider coherent combining and demodulation of orthogonally polarized received signals in the test equipment in this SI
Proposal 5: Consider the introduction of the polarization scan for UL Transmit Signal Quality Measurements as part of this SI.
Proposal 6: Avoid a polarization scan for EIS to avoid adjusting the EIS metric based on a UE implementation limitation.
References
[1] [bookmark: _Ref20912103]RP-192322, New SID: Study on enhanced test methods for FR2, Apple Inc., CAICT, 3GPP TSG-RAN Meeting #85, September 2019
[2] [bookmark: _Ref20844591]R4-1904192, On Polarization Mismatch Impact, Keysight Technologies, 3GPP TSG-RAN WG4 Meeting #90bis, April 2019
[3] [bookmark: _Ref4139928][bookmark: _Ref4140227]R4-1900213, Impact of polarization basis mismatch between test equipment and UE on the beam correspondence test procedure, Apple, 3GPP RAN4 WG Meeting #90, February 2019
[4] R4-1900503, On Simultaneous Transmission/Reception of multiple polarizations by TE, Keysight Technologies, Rohde & Schwarz, 3GPP RAN4 WG Meeting #90, February 2019
[5] [bookmark: _Ref4139926]R4-1901970, Polarization mismatch impact on power class requirements, Intel, 3GPP RAN4 WG Meeting #90, February 2019
[6] [bookmark: _Ref20845090]R4-1908554, EIRP test procedure for beam correspondence, MediaTek Inc., 3GPP TSG-RAN WG4 Meeting #92, August 2019
[7] [bookmark: _Ref20911270]TS 38.101-2, User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone, V16.0.0 (2019-06)
[8] [bookmark: _Ref20911923]R4-1912108, On Test Time Reduction for NR FR2 UE Test Cases, Keysight Technologies, 3GPP TSG-RAN WG4 #92bis, October 2019
[9] [bookmark: _Ref20915877]R4-1813367, OTA Test Considerations for UE Transmit Signal Quality in FR2, Qualcomm, 3GPP TSG-RAN4 #88Bis, October 2018
[10] [bookmark: _Ref20915880]R4-1900676, OTA Test Considerations for UE Transmit Signal Quality in FR2, Qualcomm, 3GPP TSG-RAN4 #90, March 2019 
[11] [bookmark: _Ref20915864]R4-1804462, On OTA EVM Measurements, Rohde&Schwarz, 3GPP TSG RAN WG4 Meeting #86bis, April 2018
[12] [bookmark: _Ref20917580]R4-1901821, On EIS test metric for FR2, Huawei, HiSilicon, 3GPP TSG-RAN WG4 Meeting #90, February 2019
[13] [bookmark: _Ref20917896]R4-1813370, On OTA EIS metric in FR2, Qualcomm Inc., 3GPP TSG-RAN4 #88Bis, October 2018
image1.png




image2.png
1 -

1 1 T = 30 0 30 0 30

2 - 1T = 0 30 0 30 30

3 1 s N 30 30 {033} {33,0} 33 Linear
4 - 2N 30 30 {0,33}" {33,0}' 33 Pol.
5 fim= § => 30 30 30 30 33

6 fT+mp=@ & N 30 0 27 27 30

Note 1: Due to the polarization mismatch between UE and TE antennas, the relative phase
between the simultaneous UL signals can lead to constructive and destructive interference




image3.png
1 1 T =» 30
2 - 1T = 0
3 1 2 N 30
N Y B
5 T & N 30
6 - AN 30
7 1 s N 30
8 - PN 30
9 T 2 N 30
10 - SN 30

0
30
30
30
30

0
30
30
30

0

1 -
30 0
0 330
0 33
0 333
33 0
333 0
0 33
333 0
33 0
0 333

EIRPiqta

30
30
33
33
33
33
33
33
33
33

EIRPym

33

33

33

36

Linear
Pol.

Note 1: Due to the polarization mismatch between UE and TE antennas, the relative phase between

the simultaneous UL signals can lead to constructive and destructive interference




image4.png




image5.png
0 N o o A WODN =

SITN7/Z7Vel -

=) ) ) ) ) ) ) =)

11111111

30

30

30
30

30

0
30

30
30
30
30
0

= 0
= 30
o 0
o 30
# 30
# 30

1 3

30
30
30
30
33
33
30

Linear
Pol.




image6.png
UE




image7.png




