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1.	Introduction
At RAN4 #89 several CRs for improving the wording on polarization aspecs for LTE AAS BS and NR BS core requirements and conformance testing were agreed. However, some inconsistencies in the wording used in LTE AAS BS specifications and in NR BS specifications still exist and thus should be removed. One aspect of the discussion at the previous meetings was related to the definition of performance requirements and conformance testing for a dual polarized BS. In particular it has been discussed, whether to apply requirements and tests for single polarization or for both polarizations at the same time. 
In this contribution we study the impact for assessing performance when both polarizations of the interferer are active at the same time in the co-location scenario. Section 2 depicts theoretical background for the coupling between antenna elements in the co-location scenario and section 3 contains reported measurements and a discussion on the impact of a dual polarized interferer in the co-location scenario. Section 4 contains proposed corrections to LTE AAS and NR BS specifications, which are proposed for agreement in the conclusion.

2.	Coupling theory
Figure 1 shows a simplified model of coupling between antenna elements in the co-location configuration. The left side of the picture shows the 3-dimensional radiation diagrams of vertically polarized dipoles in the CLTA and the DUT. The right side of the picture shows the 3-dimensional radiation diagrams of horizontally polarized dipoles in the CLTA and the DUT. The picture suggests that the coupling between an adjacently placed DUT and CLTA is maximum for vertical polarization and minimum for horizontal polarization. In practice these diagrams are modified by the effect of the reflector, which creates a null in the plane of the reflector. However, since the reflector modifies the radiation diagrams of both polarizations in the same way, the presence of the reflector does not change the conclusion that the vertical polarization couples significantly stronger than the horizontal polarization. This theory is confirmed by the measurements in [2]. The strongest coupling is measured when the dipoles are perpendicular to a common plane.
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Figure 1: Simplified model of coupling in the co-location placement. (Antenna diagrams from antenna-theory.com).
The above model explains also the observations in [2] for 45° polarization. For dual-polarised antennas (D) mounted in configuration IV (horizontal separation), the copolar and cross-polar components are essentially equally strong. This is easily understandable, by decomposing the 45° polarization into a horizontal and a vertical polarization component. The vertical component dominates the coupling. The magnitude of the vertical component does not depend on whether the antenna element is +45° or -45° polarized.
When a pair of ±45° polarized elements is excited simultaneously with the same signal, the resulting combined polarization can be anything between purely vertical, circular, or purely horizontal, depending on the phase relationship between the excitations. When in addition the amplitudes are not equal, the resulting polarization is generally elliptical. Since the coupling in the co-location placement depends heavily on the polarization of the combined signal, it is expected that the phase and amplitude relationship between the simultaneous excitation of the CLTA will have a large effect on the received signal power at the victim antenna (DUT).
The uncertainty in phase and amplitude relationship between the simultaneously excited polarizations stems from the following factors:
1. The test procedure does not specify the amplitude and phase relationship between the interferer signals at the ports of the CLTA;
2. The transmission lines between the ports of the CLTA and the radiating elements may have unequal phase shift and insertion loss for both polarizations;
3. The polarity of the connection between the transmission lines and the radiating elements in the CLTA is not defined: Feeding the ±45° polarizations in equal phase and amplitude could result in either horizontal or vertical polarization, depending on the antenna design.

3.	Impact from a dual polarized interferer in the co-location scenario
The impact from feeding simultaneously two interferer polarizations in the co-location scenario on the isolation between interferer and DUT was considered. For this purpose, two copies of the interferer signal have been generated by a MIMO channel system with adjustable phase and amplitude difference and fed to the ±45° polarization inputs of one column of a 4 column CLTA (i.e. the column closest to the DUT), being 0.1 m separated from the DUT (8x8 AAS) as depicted in Figure 2 below. 
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Figure 2: Test configuration for co-location scenario. 
Table 1 summarizes the characteristics of the test configuration.
	Parameter 
	Value

	Frequency band
	3400 – 3800 MHz (bands n77/n78)

	Sweep range
	3000 – 4000 MHz

	CLTA operating range
	3400 – 3800 MHz

	DUT 
	AAS, 8x8

	CLTA
	4 columns with 4 element pairs, 8 antenna ports. Only the column closest to the DUT was used for excitation.

	Measured DUT antenna ports
	Port 64 (+45°, closest port to CLTA)
Port 1 (+45°, port furthest away from CLTA)

	Excited CLTA antenna ports
	Port 4 (+45°), Port 8 (-45°) with 4 elements each

	Interferer type 
	CW

	Phase difference between signals fed to CLTA antenna ports
	0° to 180° in steps of 30° 

	Amplitude difference between signals fed to CLTA antenna ports
	0 to 3 dB in steps of 1 dB


Table 1: Test configuration parameters.
The isolation between one column of the CLTA (ports 4 and 8) and different antenna ports of the DUT was measured including antenna port 64 closest to the CLTA and antenna port 1 furthest away from the CLTA. The measurement was done for a range of phase and amplitude differences between the two signals fed to one column of the CLTA as given in Table 1, to reflect the uncertainty in the current measurement procedures for TX IMD and co-location blocking in 37.145-2 and 38.141-2, which allow that the interfering signal is applied simultaneously to both polarizations of the CLTA.
The coupling factor |S21| between the output of the network analyzer and the selected port of the DUT was measured as function of frequency in two configurations:
1. The selected column in the CLTA is excited in a single polarization, bypassing the MIMO channel system in figure 2, and
2. The selected column in the CLTA is excited in both polarizations simultaneously, for the phase and amplitude differences defined in table 1. 
In both above configurations the losses of the measurement cables and – in configuration 2 – the MIMO channel system have been compensated in the calibration of the network analyzer. This is important to consider when comparing the measurement results between the configurations. Accounting for the calibration, in configuration 2 both polarizations of the CLTA are excited simultaneously with the same power as the single polarization in configuration 1. Thus, if both CLTA polarizations would have equal coupling loss to the DUT element (as expected from the above coupling theory) and the signals at the DUT element would combine in-phase, the signal level at the DUT would be 6 dB higher than in configuration 1. Note that in the 3GPP measurement there is a 3 dB loss in each polarization branch, due to the division of the signal. Hence, the signal levels for the combined polarization in the current measurements are 3 dB higher than their expected levels in the 3GPP measurements. Note further that the 6-dB effect of the voltage addition in the DUT overcompensates the 3 dB attenuation of the polarization paths in the 3GPP measurements. Therefore, doubling the interferer power of the interferer in the 3GPP measurements to compensate the effect of the power division results in an overspecification.
Further, when comparing the measurement results, one should realize that the measurements performed for simultaneous excitations were quite noisy, due to the large insertion loss of the MIMO channel system.
Unfortunately, due to lack of time only a ‘copolarization’ test for the +45° polarization of the CLTA could be performed in configuration 1. Thus, at this moment it is not possible to show a comparison between simultaneously excited polarizations and sequentially excited polarizations of the CLTA. The results obtained for simultaneously excited polarizations could only be compared to the result of one single polarization of the CLTA. We intend to correct this in future measurements.
Figure 3 shows a comparison between the coupling coefficients obtained for the excitation of a single CLTA port and the excitation of two CLTA ports in equal phase and amplitude. This measurement has been performed on antenna port 64 of the DUT. It is seen that the results are comparable, accounting for the measurement noise in configuration 2 and the possibility of up to 6 dB gain due to in-phase combining, explained above. Strangely, the maximum coupling between for port 64 was observed outside the specified operating band of the antennas.
Figure 4 shows the result of the same measurement performed on port 1. For this port of the DUT the maximum coupling occurs inside the specified operating band of the antennas. This measurement shows a clear rise of the signal level for the case of simultaneous excitation of two polarizations, which can be explained by the voltage addition mentioned earlier. 
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Figure 3: Comparison of measured coupling coefficients for closest antenna port 64 of the DUT. Violet curve: single port excited in the CLTA. Orange curve: both polarization ports excited simultaneously in equal phase and amplitude at the CLTA ports.
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Figure 4: Comparison of measured coupling coefficients for farthest antenna port 1 of the DUT. Violet curve: single port excited in the CLTA. Orange curve: both polarization ports excited simultaneously in equal phase and amplitude at the CLTA ports.
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Figure 5: Comparison of measured coupling coefficients for farthest antenna port 1 of the DUT. Blue curve: single port excited in the CLTA. Green curve: 180° and 2 dB difference between simultaneously fed polarizations at the CLTA ports. Brown curve: 150° and 1 dB difference between simultaneously fed polarizations at the CLTA ports.
Figure 5 shows the result of measurements on port 1 of the DUT, for excitations with unequal phase and amplitude at the CLTA ports. In these measurements, the signals received from the simultaneously fed polarizations at the CLTA ports combine destructively at the frequency where the single polarization has its maximum, but constructively at the frequency of a local minimum of the single polarization. Please note that only a small difference in phase and amplitude imbalance causes a 10 dB change in the combined signal level in the upper part of the displayed frequency range. Figure 6 shows a similar result for port 64 of the DUT.
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Figure 6: Comparison of measured coupling coefficients for closest antenna port 64 of the DUT. Violet curve: single port excited in the CLTA. Green curve: 150° and 0 dB difference between simultaneously fed polarizations at the CLTA ports. Black curve: 120° and 2 dB difference between simultaneously fed polarizations at the CLTA ports.
When determining minimum and maximum isolation over a selected frequency range for port 64 of DUT, Table 2 lists our observations. 
	Parameter 
	Value

	Selected frequency range 
	3870 – 3960 MHz

	Min to Max isolation (peak to peak)
	40.6 dB

	Average Min to Max isolation (average maximum to average minimum, determined over selected frequency range)
	17.7 dB


Table 2: Minimum to maximum isolation difference for closest antenna port 64 of DUT. 
When determining minimum and maximum isolation over the selected frequency range for port 1 of DUT, Table 3 lists our observations. 
	Parameter 
	Value

	Selected frequency range 
	3640 – 3715 MHz

	Min to Max isolation (peak to peak)
	47.4 dB

	Average Min to Max isolation (average maximum to average minimum, determined over selected frequency range)
	25.5 dB


Table 3: Minimum to maximum isolation difference for antenna port 1 of DUT. 
The above depicted assessment of the antenna isolation in the co-location scenario for two antenna ports of the DUT suggests that the resulting antenna isolation is quite sensitive with regard to phase and amplitude difference of the polarization components fed to the CLTA and hence yields a large uncertainty of this antenna isolation, if an interferer excites both polarizations of the CLTA simultaneously. As
a) the current measurement procedure in 3GPP contains no provisions to ensure a deterministic polarization of the combined interferer signal,
b) the antennas are placed in each other’s near field and
c) the signals are transmitted into and received from a direction where one would expect a null in the far-field radiation diagram, 
no deterministic prediction of the resulting antenna isolation is possible in case of an interferer signal divided over two polarizations of the CLTA.
There against, if the test is performed with a single polarized interferer, such uncertainty in regard to antenna isolation for the interferer can be minimised, which clearly is a desirable target. 
Moreover, the dual polarized interferer with full correlation between the polarization components (CW signal in case of OOB and modulated interferer in 5 MHz for TX IMD) is not considered to reflect a typical scenario in the field. In fact, the different polarizations of the interferer exciting the TX antenna of the co-located 3GPP system will always be uncorrelated in the field, since the signals are different [1]. Further, as mentioned above, the voltage addition of the combined polarization components at the DUT can create an artificial signal level increase at certain frequencies, which does not match the deployment scenario. 

4.	Proposed Corrections
Based on the above observations, it is proposed to perform the co-location tests for a dual polarized BS for verifying co-location blocking and TX intermodulation requirements with a single polarized interferer. 
Selecting the CLTA polarization as the middle polarization between the polarizations of the wanted signal and the RX polarizations of the DUT is the proposed way forward to avoid the above depicted uncertainty. This test is named ‘equivalent single polarization test’ and is detailed below, that also has the merit to yield shorter test time vs. tests with single polarizations of the interferer. LTE AAS and NR specifications are proposed to be adjusted correspondingly. In particular, following proposals are made:
Proposal 1: For a dual polarized LTE AAS or NR BS, specify the OTA co-location blocking test and co-location TX IMD test with a single polarized interferer injected into the CLTA. 
Proposal 2: An equivalent single polarization test is proposed for a dual polarized BS, as follows: 
a) For a +45°/-45° polarized BS or circular polarized BS, the CLTA is excited with a vertical polarized interferer, with an interferer power level of 3 dB increased vs. the specified interferer level for co-location blocking and with an interferer power level equal to the rated total TRP PRated,t,TRP per RIB for co-location TX intermodulation. For both requirements, the test is then performed sequentially for both polarizations of the wanted signal.

b) For a H/V polarized BS, the CLTA is excited with a 45° or -45° polarized interferer, with an interferer power level of 3 dB increased vs. the specified interferer level for co-location blocking and with an interferer power level equal to the rated total TRP PRated,t,TRP per RIB for co-location TX intermodulation. For both requirements, the test is then performed sequentially for both polarizations of the wanted signal.

c) If there is no CLTA with the required polarization available, but there is a CLTA available with the supported polarizations of the BS, it is allowed to apply the interferer signal sequentially to both polarization inputs of this CTLA with the specified interferer power level. 

Furthermore, the theoretical and experimental observations demonstrate that one cannot count on any cross-polar rejection in the co-location configuration in the near field. Therefore, a single-polarized BS must be tested with an interferer that is representative of a dual-polarized co-located BS. Thus, the specification of the interferer signal in the co-location tests shall not discriminate between the number of polarizations supported in the victim BS. Hence, for a single-polarized victim BS, the polarization of the interferer signal above shall be determined by the supported polarization of the victim BS and the polarization orthogonal to the supported polarization. 
d) The co-location interferer for a single-polarized BS is specified as if the BS were dual-polarized with its supported polarization and the orthogonal polarization. Details are described in [5[ and [7].
Proposal 3: Adjust LTE AAS and NR core and conformance testing requirements correspondingly.

5.  Conclusion
This contribution provides a set of 3 proposals for changing LTE AAS and NR specifications for dual polarized BS, in particular:  
Proposal 1: For a dual polarized LTE AAS or NR BS, specify the OTA co-location blocking test and co-location TX IMD test with a single polarized interferer injected into the CLTA. 
Proposal 2: An equivalent single polarization test is proposed for a dual polarized BS, as follows: 
a) For a +45°/-45° polarized BS or circular polarized BS, the CLTA is excited with a vertical polarized interferer, with an interferer power level of 3 dB increased vs. the specified interferer level for co-location blocking and with an interferer power level equal to the rated total TRP PRated,t,TRP per RIB for co-location TX intermodulation. For both requirements, the test is then performed sequentially for both polarizations of the wanted signal.

b) For a H/V polarized BS, the CLTA is excited with a 45° or -45° polarized interferer, with an interferer power level of 3 dB increased vs. the specified interferer level for co-location blocking and with an interferer power level equal to the rated total TRP PRated,t,TRP per RIB for co-location TX intermodulation. For both requirements, the test is then performed sequentially for both polarizations of the wanted signal.

c) If there is no CLTA with the required polarization available, but there is a CLTA available with the supported polarizations of the BS, it is allowed to apply the interferer signal sequentially to both polarization inputs of this CTLA with the specified interferer power level.

d) The co-location interferer for a single-polarized BS is specified as if the BS were dual-polarized with its supported polarization and the orthogonal polarization. Details are described in [5[ and [7].
Proposal 3: Adjust LTE AAS and NR core and conformance testing requirements correspondingly.
It is proposed to agree the above proposals. The sourcing company provides corresponding CRs to this meeting in [3] to [6].
[bookmark: _GoBack]
References
[1]	R4-1811768, “WF on polarization in OTA RX test”, Nokia, Nokia Shanghai Bell, RAN4#88
[2]	R4-99631, “Antenna-to-Antenna Isolation Measurements”, Allgon, TSGR4#8.
[3]	R4-1902006, CR 37.105, ”OTA Co-location blocking and TX intermodulation requirements for dual polarized BS”, Nokia, Nokia Shanghai Bell, RAN4#90 
[4]	R4-1901998, CR 37.145-2, ”OTA Co-location blocking and TX intermodulation testing for dual polarized BS”, Nokia, Nokia Shanghai Bell, RAN4#90
[5]	R4-1902007, CR 38.104, ”OTA Co-location blocking and TX intermodulation requirements for dual polarized BS”, Nokia, Nokia Shanghai Bell, RAN4#90  
[6]	R4-1902000, CR 38.141-2, ”OTA Co-location blocking and TX intermodulation testing for dual polarized BS”, Nokia, Nokia Shanghai Bell, RAN4#90

1

image3.PNG
DUT_P64_CLTA_P4+8_0DB-0DEGREE_CoPol: 3.90 GHz -54.31dB_ |
DUT_P64+CLTA_P8_Single-Pol_MAX: 3.92 GHz -5460dB |

-10

dB

A
2 ““.Jl‘ f

o i ! Il AL w ‘ |
"l i | N f w ,H W\' ‘Fl“‘ﬂliﬂ“w 1 ‘y

-100

3 31 32 33 34 35 36 37 38
GHz
e DUT_P84+CLTA_P8_Single-Pol_MAX (512) e DUT_PB4_CLTA_P4+8_0DB-0DEGREE_CoPol (S12)

33





image4.PNG
DUT_P1_CLTA_P4+8_0DB-0DEGREE_Co-Pol: 3.68 GHz -5243dB_ |
DUT_P1+CLTA_P4_Single-Pol_MAX: 3.68 GHz -55.87dB_ |

dB

-110

3 31 32 33 34 35 36 37 38 33 4
GHz
= DUT_P1+CLTA_P4_Single-Pol_MAX (512) e DUT_P1_CLTA_P4+8_0DB-0DEGREE_Co-Pol (S12)





image5.PNG
-850 {DUT_P1+CLTA_P4_Single-Fol_MAX 368 GHz -5587dB |
DUT_P1_CLTA_P4+8_2DB-180DEGREE_CoPol: 368 GHz -73.44 dB
-55 {DUT_P1_CLTA_P8+4_1DB-150DEGREE_CoPol: 3.68 GHz -61.25dB

dB

3848 3654 366 3.665 36 3674 368 3685 3689 3634
GHz
= DUT_P1+CLTA_P4_Single-Pol_MAX (S12) == DUT_P1_CLTA_P4+8_2DB-180DEGREE_CoPol (S12)

= DUT_P1_CLTA_P8+4_1DB-150DEGREE_CoPol (S12)

37





image6.PNG
DUT_P64+CLTA_P8_Single-Pol_MAX: 3.92 GHz -5460dB |

DUT_P64_CLTA_P8+4_0DB-150DEGREE_Co-Pol: 3.92 GHz 163.08 dB

DUT_P64_CLTA_P8+4_2DB-120DEGREE_Co-Pol: 3.92 GHz -$5.55 dB

dB

3.859 387 3879 389 39 391

3919 383 3939 395 3959
GHz

m—— DUT_P64_CLTA_P8+4_2DB-120DEGREE_Co-Pol (512) === DUT_P64_CLTA_P8+4_ODB-150DEGREE_Co-Pol (S12)

e DUT_PB4+CLTA_P8_Single-Pol_MAX (S12)

397 398





image1.jpeg
)

Coupling
between vertical _— S
| dipoles | Coupling between horizontal dipoles




image2.png
DUT XXXXXXX I ) | X CLTA
(AAS 8x8) XXXXXXX X 8 antennaports
XXXXXXX X
XXXXXXX : x VMO Charne pr A1 1 CLTApor 4 (90
s pori1 {[950 G o Y oA ) |
A\ 0.1m i | M1MO Ghamne port #2 10 GLTA pot 8 (45p0l)

\

Phase &
Amplitude
adjuster

port2 port1

RF out (P3)

Network Analyzer .
LAN Control PC
Router





