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SUMMARY This paper reports the evaluation and simulated results of
the nonlinear characteristics of the 4.65GHz Active Antenna System (AAS)
for 5G mobile communication systems. The antenna element is composed
of ±45◦ dual polarization shared patch antenna, and is equipped with total
64 elements with horizontal 8 × vertical 4 × 2 polarization configuration. A
32-element transceiver circuit was mounted on the back side of the antenna
printed circuit board. With the above circuit configuration, a full digital
beamforming method has been adopted that can realize high frequency uti-
lization efficiency by using the Sub6GHz-band massive element AAS, and
excellent spatial multiplexing performance by Massive MIMO has been
pursued. However, it was found that the Downlink (DL) SINR (Signal
to Interference and Noise Ratio) to each terminal deteriorated because of
the nonlinear distorted radiation as the transmission output power was in-
creased in the maximum rated direction. Therefore, it has been confirmed
that the spatial multiplexing performance in the high output power region is
significantly improved by installing DPD. In order to clarify the affection
of nonlinear distorted radiation on spatial multiplexing performance, the
radiation patterns were measured using OFDM signal (subcarrier spacing
60kHz × 1500 subcarriers in 90MHz bandwidth) in an anechoic chamber.
And by the simulated analysis for the affection of nonlinear distortion on
null characteristic, the accuracy of nulls generated in each user terminal di-
rection does not depend on the degree of nonlinearity, but is affected by the
residual amplitude and phase variation among all transmitters and receivers
after calibration (CAL). Therefore, it was clarified that the double com-
pensation configuration of DPD and high-precision CAL is effective for
achieving excellent Massive MIMO performance. This paper is based on
the IEICE Japanese Transactions on Communications (Vol.J102-B, No.11,
pp.816–824, Nov. 2019).
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1. Introduction

As opposed to the deployment of millimeter-wave system
in 5th generation mobile communication (5G), in the fre-
quency range of 6GHz or less, it is not easy to secure the
wide frequency bandwidth, but it is necessary to consider
that wide area propagation and transmission including non-
line-of-sight are possible. Taking these factors into consid-
eration, it is effective in realizing spatial multiplexing and
Massive MIMO by AAS which adopts a full digital beam-
forming method that can realize high frequency utilization
efficiency [1], [2].

Therefore, the authors have also developed 5.2GHz
band and 4.65GHz band AAS since 2016, but as the trans-
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mitted output is increased toward the maximum rated level,
it has become clear that DL SINR of the radiated signal for
each spatially multiplexed user terminal is significantly de-
graded.

Furthermore, it was suggested that the interference ra-
diation “I”, which determines the DL SINR deterioration at
high output, is mainly composed of the nonlinear distortion
component generated in the transmitter and has the speci-
ficity which is radiated in the same direction as each user
terminal. Therefore, it was considered to achieve better
transmission performance without giving nonlinear distor-
tion deterioration to DL SINR by setting a low output, but
the transmission distance and coverage were significantly
reduced, and the characteristics of wide area at 6GHz or less
was lost, so it is necessary to improve the nonlinear distor-
tion of the transmitter [3].

Consequently, we have developed a 4.65GHz band
AAS equipped with a distortion compensation function by
DPD for all 32 transmitters in the AAS, and by imple-
menting nonlinear distortion improvement and a full digi-
tal beamforming together, it was confirmed that the spatial
multiplexing performance was significantly improved in the
high output power region [4].

As the AAS ACLR specified in 3GPP TS38.104 of 5G
compliant, since 10Log (NTXU,countedpercell 8)=9dB as
the scaling factor (refer to 6.6.3.4 Minimum requirement for
BS type 1-H, max. 8 is allowed as NTXU,countedpercell in
the case of 32TRX) can be applied for the absolute value
ALCR specification of −13dBm/MHz in case of Category
A Wide Area BS, so ACLR only needs to satisfy D/U (De-
sire/Undesire) ratio of 33dBc or more, that can be allowed
to apply as less stringent specification from the relative D/U
spec. of 45dBc under the each TX output when 1-H BS
type is declared. Furthermore, EVM specification of 3.5%
(29dBc) for 256QAM is looser than ACLR spec. of 33dBc.
Even if these 3GPP specifications are satisfied, a clear stan-
dard for spatial multiplexing performance has not been yet
determined in 3GPP. However, TX nonlinear distortion be-
comes a problem when using MU-MIMO to increase the
number of spatial multiplexing. Since the nonlinear affec-
tion of DL SINR for each terminal is improved by the DPD
and CAL performance in AAS, it shall be essential not only
to meet the distortion-related standards of 3GPP, but also
to understand the affections of nonlinear distorted radiation
during spatial multiplexing.

Copyright c© 2021 The Institute of Electronics, Information and Communication Engineers



544
IEICE TRANS. ELECTRON., VOL.E104–C, NO.10 OCTOBER 2021

The fact that the nonlinear distortion of the AAS trans-
mitter generated in the high output power level affects the
ACLR (Adjacent Channel Leakage power Ratio) and EVM
(Error Vector Magnitude) of the main beam has already
been presented as the AAS which adopted the digital beam-
forming [5]–[12] and the analog beamforming scheme [13]–
[17], or as the problem of nonlinear distortion deterioration
by the antenna mutual coupling affection for DPD perfor-
mance [18]–[25]. So, as a problem not analyzed in these
papers, the authors have confirmed that nonlinear distortion
has a large affection on the spatial multiplexing performance
by verifying the peculiarity of nonlinear distorted radiation
during multitone transmission represented by OFDM [26].

In this paper, in order to further investigate the deterio-
ration mechanism, multiple OFDM signals are radiated into
space in an anechoic chamber, and the opposite reception
signal is demodulated or spectrum analyzed to obtain DL
SINR and S/I angular spectrum was calculated by S/I sepa-
ration (“S”: Desired wave, “I”: Multitone distortion compo-
nent). By calculating this S/I angular spectrum, the peculiar-
ity of the nonlinear distorted radiation “I” was confirmed,
and the peculiarity of the nonlinear strain radiation “I” was
also confirmed.

2. Features of 4.65GHz Band Massive Element Active
Antenna with DPD Used for the Verification

Figure 1 shows the block diagram of the AAS used for the
verification, and Fig. 2 shows the external view of AAS (the
photo shows the operation when 2AAS are connected hor-
izontally), and Table 1 shows the specifications of AAS.
The antenna element is composed of ±45◦ dual polariza-
tion shared patch antenna, and is equipped with total 64 ele-
ments with horizontal 8 x vertical 4 x 2 polarization configu-
ration. As the number of transmitters and receivers (TRXs),
we have realized miniaturization with an active antenna con-
figuration in which 32TRXs with horizontal 8 x vertical 2 x
2 polarization are integrally mounted on the back side of
the antenna by connecting 2 vertical elements to 1TRX. As
a −45◦ polarization feeding method, 2 feedlines branched
from another TRX are connected from the direction orthog-
onal to the +45◦ polarization feeding point. And forced air
cooling is used as the heat dissipation method for this AAS.

The DPD is individually mounted in the digital base-
band section of each transmitter, and distortion compensa-
tion is performed by extracting the amplifier (AMP) output
with nonlinearity using a directional coupler and returning
it to each DPD section. The operation class of the AMP
is class AB (GaAs device), and the Generalized Memory
Polynomial (GMP) method was adopted as the DPD in or-
der to realize optimum distortion compensation regardless
of the nonlinearity of the AMP, also under taking into ac-
count the reduction of circuit scale. And DPD of the main
signal with 100MHz bandwidth is executed mainly up to the
third-order intermodulation distortion as the compensation
band within fc ±150MHz. Furthermore, in order to perform
uplink channel sounding and downlink beamforming with

Fig. 1 AAS block diagram.

Fig. 2 AAS external view.

Table 1 AAS specifications.

high accuracy, DL/UL CAL circuit that automatically cor-
rects variations in amplitude and phase frequency charac-
teristics among all 32TRXs is equipped outside of the DPD
feedback circuitry, and the linearization of each transmit-
ter in the high output power region is performed by DPD,
so the double compensation configuration is applied to cor-
rect remaining amplitude and phase variation among all the
transmitters with DPD and DL CAL.

It should be noted that the variation of each transmit-
ter/ receiver to RF BPF is subject to the sequentially au-
tomatic CAL and is compensated for unification, but since
the antenna part is considered as a passive circuit, so it is
sufficient to apply fixed variation correction between each
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antenna. Therefore, by storing the inter-antenna variation
correction value in the AAS at the time of shipment from
the factory, CAL correction can be completed for all varia-
tions by finally adding fixed inter-antenna correction to each
transmitter/receiver CAL correction value because of the se-
quential automatic CAL during TRX operation.

In the verification of the affection of nonlinear distor-
tion in the high output power region on spatial multiplexing
performance, which is described later in Chapter 3, the ex-
periments were carried out by switching DPD on/off opera-
tion respectively, and especially when DPD is set to off, DL
radiation was performed in nonlinear condition without dis-
tortion compensation by setting DPD to bypass mode. Due
to the above mentioned setting, the affection of the nonlinear
distortion itself was confirmed precisely. The importance of
the AAS CAL function itself has been already explained in
some papers [27]–[29].

3. Verification for the Specificity of Nonlinear Dis-
torted Radiation Generated under OFDM / Single
Layer Beam Radiation in the High Output Power
Region

With the 4.65GHz band AAS equipped with DPD, the
OFDM signal (subcarrier spacing 60kHz× 1500 subcarri-
ers =occupied bandwidth 90MHz) is firstly radiated to the
front direction in the anechoic chamber when the nonlinear
distortion compensation by DPD is On and Off respectively.

In this analysis, as shown by CCDF (Complemen-
tary Cumulative Distribution Function) of PAPR (Peak
to Average Ratio) in Fig. 3, by limiting the peak abso-
lute power level 5.2dB/7.2dB/9.2dB higher than the max-
imum rated output power level (1TX conducted output
level: +13.9dBm, single polarization total conducted output
level:+25dBm) by CFR (Crest Factor Reduction), a pseudo-
nonlinear characteristic is set in the AAS so that the peak
power of the OFDM signal passing through each TX sys-
tem is intentionally clipped. Hereafter, the same absolute
power level limitation is abbreviated as “CFR setting 5.2dB”
or “CFR=5.2dB”. The saturation level of TX AMP exists
above the maximum rated output power +9.2dB.

The output level dependency of DL SINR measured in
anechoic chamber is summarized in Fig. 4, by converting
the RF signal received by the receive side vertically polar-
ized antenna and vector signal analyzer to the I/Q digital
baseband signals and performing demodulation analysis.

Due to Fig. 4, it can be clarified that DPD improves
the amplitude and phase linearity of each TX arm until a
remarkable nonlinear distortion occurs in the peak clipping
defined in each CFR setting.

Then for each DPD On/Off case, the same OFDM sig-
nal is radiated to the front direction in the anechoic chamber
as a single layer beam, and the angular spectrum of the de-
sired signal “S” was obtained by taking the cross-correlation
between the received signal.

Furthermore, by subtracting the desired signal “S”
from the total received signal of each horizontal angle, the

Fig. 3 PAPR characteristics at CFR setting 5.2dB/7.2dB/9.2dB

Fig. 4 Output level vs. DL SINR at single layer beam in each CFR

Fig. 5 S/I angular spectrum with DPD On in each CFR setting

interference signal “I”, which is mainly determined by the
nonlinear distortion at high output power region, was sep-
arated and the angular spectrum of the nonlinear distorted
radiation “I” was obtained.

As a result, Fig. 5 shows the S/I angular spectrum ob-
tained for each of the CFR settings of 5.2dB/7.2dB/9.2dB
at the maximum rated output power when DPD is On, the
same S/I angular spectrum when DPD is Off is summarized
in Fig. 6.

In Fig. 5 and Fig. 6, the radiation specificity of the com-
ponent “I” consisting of the multitone distortion under the
OFDM transmission was actually measured and verified,
and it was confirmed that the component “I” was emitted
in the same direction as the desired radiation “S” [16].
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Fig. 6 S/I angular spectrum with DPD Off in each CFR setting

4. Verification for the Specificity of Nonlinear Dis-
torted Radiation Generated under OFDM / Multi-
Layer Beam Radiation in the High Output Power
Region

Furthermore, in order to clarify the radiation specificity of
the nonlinear distortion component under the spatial multi-
plex radiation with multiple layer beams by OFDM/ mul-
titone in the high output power region, the NPR (Noise
Power Ratio) method shown in Fig. 7 was applied [30], [31].
And Notch Out Band with the several subcarriers turned
off was set in the OFDM frequency band (the center fre-
quency is 4.55GHz with subcarrier spacing 60kHz× 1500
subcarriers, so all 125 Physical Resource Blocks are oc-
cupied in ±45MHz bandwidth) under the DPD operation
is On and Off. Moreover, when multiple layer beams are
multiplexed in the desired wave “S” (140 subcarriers for 95
Physical Resource Blocks) outside of the Notch Out Band
(Notch Out 30 Physical Resource Blocks 21.6MHz width
from 4561.88MHz to 4583.48MHz), the radiation character-
istics as its direction and level for the spatially multiplexed
component “S” in the horizontal direction (Front 0◦ radi-
ation for 1 layer beam, 0◦ and −20◦ radiation for 2 layer
beams, 0◦, −20◦, +20◦ and −40◦ radiation for 4 layer beams)
and the multitone distortion component “I” that falls into the
Notch Out Band were measured using spectrum analyzer set
up at opposite side of AAS in the anechoic chamber in order
to verify the dependency for the radiation direction and level
between “S” and “I”.

The “S” and “I” radiation levels were individually mea-
sured in the 5MHz bandwidth, and DL SINR was measured
as an alternative to the D/U ratio of the “S” and “I” levels.
And the peak power limitation was fixed as CFR setting of
9.2dB.

The NPR method used with this investigation compares
the D/U ratio between the multitone distortion level “I” that
drops into the Notch Out Band under the high output level
operation and the desired wave level “S” in the frequency
band where the subcarriers exists outside of the Notch Out
Band, and by comparing and actually measuring the D/U ra-
tio in a certain unit bandwidth, it is possible to directly mea-
sure the DL SINR caused by the nonlinear distortion that
occurs in the OFDM band. Furthermore, since the Notch
Out Band where the multitone distortion drops and the de-

Fig. 7 Frequency spectrum of test signal used for multitone distortion
radiation measurement during multi-layer beam radiation by NPR

Fig. 8 PAPR characteristics at 1 layer, 2 layer, 4 layer beams radiation

sired wave band that radiates the spatial multiplex signal can
be discriminated on the frequency domain, so when spatial
multiplex radiation is performed, it is effective because the
envelope pattern of the desired wave “S” radiated to the mul-
tiple directions and also the envelope radiation by the mul-
titone distortion component “I” can be directly measured.

As shown in Fig. 8 in which the PAPR of each of the
multiple layer signals multiplexed on the desired wave “S”
outside the Notch Out Band is represented by CCDF, as with
the spatial multiplexing situation during actual operation,
the uncorrelatedness between each layer signal is guaran-
teed by processing such as scrambling, so it is important
that the PAPR as a signal passing through each TX arm is
the same regardless of the number of spatial multiplex layer
beams of 1/2/4 layer.

Regarding 8TXs in the horizontal direction, since 4TXs
(vertical 2TXs × 2 polarization) in each vertical column ra-
diates the same signal, the PAPR in the same column is the
same. Therefore, Fig. 8 shows the PAPR for each TX col-
umn.
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Fig. 9 Output level vs. DL SINR at 1/2/4 layer beams (NPR method)

By using the same NPR method, each output level vs.
DL SINR at 1 layer beam radiation, 2 layer beams radiation
and 4 layer beams radiation was respectively measured in
the anechoic chamber, and these results are summarized in
Fig. 9.

In the lower output level region in Fig. 9, since the low
distortion level “I” in the Notch Out section is lower than the
out-of-band frequency spectrum of a sinc function (SINC
spectrum) from the existing OFDM subcarriers, alternative
verification for DL DINR by the NPR method is only ef-
fective in the higher output power region where distorted
radiation is dominant. DL SINR in the lower output power
region is dominated by SINC spectrum and asymptotically
approaches 29dB.

As described results in Fig. 8, since PAPR of the signal
passing through each TX arm is the same among 1/2/4 layer
beams regardless of the number of spatial multiplex layer
beams, it was confirmed in Fig. 9 that the multitone distorted
radiation level and DL SINR appearing in each layer beam
direction are almost similar (variation of DL SINR of about
4dBp-p) regardless of the number of multiplexes.

Regarding the degree of nonlinearity exceeding the
maximum rated output power level in the investigating con-
dition where the peak level of AMP input signal is increased
by CFR 9.2dB from RMS level, DPD effect cannot be ex-
pected because the AMP output signal is hard clipped by the
saturation level of AMP. Thus, DL SINR converges to the
similar value for both DPD On/Off.

As described before, if PAPR of the spatial multiplex
signal passing through each transmitter is constant regard-
less of the number of multiplexes, the degree of nonlin-
ear distortion generation of the transmitter is also the same.
Therefore, it was confirmed that DL SINR that arrives to
each user terminal after spatial separation has a constant as-
pect according to the total output level of the spatial mul-
tiplex signal passing through each transmitter regardless of
the spatial multiplex. And in order to verify the peculiarity
of the generated multitone distorted radiation pattern, after
setting each TX output to the maximum rated output power
+5dB (set to an output level where DL SINR is dominantly
determined by nonlinear distortion) for both DPD On/Off
case, the angular spectrum of the desired wave “S” and mul-
titone distorted radiation “I” when radiating 2 layer beams
0◦/−20◦ and 4 layer beams 0◦/−20◦ with the NPR condition
are shown in Fig. 10.

Fig. 10 S/I angular spectrum at 2/4 layer beams radiation (NPR method)

As a result, similar to the radiation aspect of multitone
distortion by demodulation analysis in the opposite side of
AAS under the 1 layer beam radiation in Fig. 5 and Fig. 6,
the multitone distorted radiation “I” is radiated in the same
direction as the desired wave “S” of each multi-layer beam.

As mentioned above, since this verification was per-
formed in the strong nonlinear region with the maximum
rated output power +5dB, the S/I angular spectrum differ-
ence between DPD On/Off is small.

In the multitone distorted radiation “I” pattern when
radiating 4 layer beams, the TX/RX level in the anechoic
chamber of each 4 layer is divided into 4 equal power level
from absolute maximum power level+5dB, so the “I” level
that falls into the Notch Out band by NPR method is visible
with the noise floor adding of the opposite side spectrum
analyzer’s RX.

5. Simulated Analysis for the Affection of Nonlinear
Distortion on Null Characteristic

In order to confirm the affection regarding the degree of
nonlinearity on the null generated for the spatial multiplex-
ing, we used the angular spectrum analysis method in the
pseudo-nonlinear state according to each CFR setting in
Chapter 3, and in order to further improve the verification
accuracy for nonlinear dependency on null characteristic,
the following simulation analysis was also performed.

Firstly, the nonlinearity (AM-AM, AM-PM with DPD
On/Off) of each TX arm of AAS (TRX-Frontend circuitry
including AMP) is modeled by 7th order polynomial ap-
proximation from the actual measurement, then each pseudo
transmission model was constructed. Figure 11 shows the
procedure for extracting and modeling as AM-AM and AM-
PM characteristics from the actual nonlinearity of the TRX-
Frontend section including each 32 AMP in the AAS.

In step 1© of Fig. 11, the same OFDM modulated test
signal as the various radiation tests (occupied bandwidth
90MHz) is input from the Digital Part (DP) outside of AAS
to the 32TX in AAS (e.g. the case of CFR setting 5.2dB and
9.2dB is respectively represented), and in step 2©, the digi-
tal signal with peak suppression by each CFR setting in the
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Fig. 11 Nonlinear modeling procedure of TRX-Frontend part

digital baseband of AAS was extracted and monitored at the
outside of AAS.

Regarding the input signal and output signal of the
TRX-Frontend section including AMP, firstly the delay of
the input and output signal derived by step 3© is adjusted
by performing correlation detection, and after synchroniz-
ing between the two signals, AM-AM was obtained by di-
viding the output amplitude 3© by the input amplitude 2©,
and AM-PM was obtained by subtracting the input phase 2©
from the output phase 3©, as mentioned in step 4©.

The upper figure of Fig. 12 shows a representative ex-
ample of AM-AM (upper left figure (a), true value expres-
sion) and AM-PM (upper right figure (b)) obtained from
the input and output of the TRX-Frontend section including
AMP, and the lower figure of Fig. 12 shows a modeling ex-
ample by polynomial approximation for both gain and phase
(nonlinear modeling is performed separately when DPD is
Off as well as when DPD is On). Since AM-AM is a 7th-
order polynomial approximation (lower left figure (c), the
vertical axis is “Gain”) because the difference in model ac-
curacy of 9th order or higher can be ignored, and AM-PM
(lower right figure (d)) is a 1st-order approximation and
“Phase” fluctuation is assumed regardless of the input level.

Then, single layer beam radiated signal beamformed to
the front direction with pseudo-nonlinearity added at each
CFR setting similar to the actual measurement is input to the
AM-AM/AM-PM modeling that pseudo-expresses the non-
linearity of each TX arm, and after synthesizing the output
signal of each TX arm in calculation, the angular spectrum
was calculated with arbitrary horizontal angular resolution.
And the angular spectrum calculation is the result of con-
sidering the radiation pattern characteristics of the antenna
element itself.

Firstly, under the maximum rated TX output power set-
ting, the calculation results of the S/I angular spectrum at
each CFR setting of 5.2dB/7.2dB/9.2dB with DPD On are
shown in Fig. 13, and the calculation results of the S/I an-
gular spectrum performed under the same conditions when
DPD is Off are shown in Fig. 14.

As a result, it can be confirmed that the simulated
Fig. 13 and Fig. 14 are almost the same as the correspond-

Fig. 12 AM-AM and AM-PM modeling

Fig. 13 S/I angular spectrum with DPD On in each CFR (Simulation)

Fig. 14 S/I angular spectrum with DPD Off in each CFR (Simulation)

ing measured results and the angular spectrum of Fig. 5 and
Fig. 6 respectively. And also as the radiation specificity, it
was confirmed that the nonlinear distorted component “I”
is radiated in the same direction as the desired wave “S” as
same as the actual measurement results.

Furthermore, on the basis of the simulated results in
Fig. 13 and Fig. 14, it is shown in Fig. 15 that the SIR by the
desired wave “S” and the nonlinear distorted component “I”
at each CFR setting is constant regardless of the horizontal
angle.

Due to these results, when considering the combined
radiation of “S” and “I” which is actually emitted into space,
since the “I” increment for “S” level in the desired wave di-
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rection and the “I” increment for null level in the direction
of the other radiation beams during spatial multiplexing are
canceled out when calculating the null depth at the com-
bined radiation of “S”+“I”, it can be estimated that the null
angle and the null depth are invariant regardless of the de-
gree of nonlinearity.

Therefore, the null accuracy under the spatial multi-
plexing does not depend on the nonlinearity of each trans-
mitter, and it is possible to maintain the accuracy by mini-
mizing the residual amplitude and phase variation between
all transmitters and receivers which are determined by the
DL/UL CAL accuracy [4].

The fact that the SIR in each nonlinear condition is
constant regardless of the horizontal angle as shown in
Fig. 15 coincides with the relative coincidence of the an-
gular spectrum of the desired wave “S” and the nonlinear
distorted component “I”, these can be explained from the
results which are verified by the authors in Ref. [26]. In
Ref. [26], the radiation aspect of the double sideband by IM3
(Third-order intermodulation) during spatial multiplex radi-
ation with 2 tones, which is the basis for analyzing multitone
distorted radiation (it is necessary to pay attention to IM3 ra-
diation, which is dominant in the nonlinear distortion), was
verified by theoretical calculation and actual measurement
radiation, and as a result, since the same phase as beam-
forming weight of the desired wave “S” appears in the phase
of IM3 components, the nonlinear distorted radiation “I” is
also radiated in the same direction as the desired wave radi-
ation “S”, the angular spectrum of the desired wave “S” and
the nonlinear distorted component “I” are relatively consis-
tent.

Fig. 15 Horizontal angle dependency of SIR determined by the angular
spectrum for the desired wave “S” and nonlinear distortion “I” under CFR
setting 9.2dB/7.2dB/5.2dB (Simulation)

6. Impact of Nonlinear Distorted Radiation and Null
on Spatial Multiplexing Performance in the High
Output Power Region and Improvement Measures
for AAS

Although the specificity of multitone distorted radiation and
its influence on null formation have been explained above,
the level relationship between nonlinear distorted radiation
and null in spatial multiplexing and the degree of influence
are clarified in this chapter. In order to clarify the level re-
lationship and influence of nonlinear distorted radiation and
null in spatial multiplexing, Fig. 16 shows the results of 2
layer spatial multiplexing beams in the −20◦ and +10◦ di-
rections in the anechoic chamber using OFDM with Notch
Out by applying the NPR method.

In Fig. 16, when the above-mentioned spatial multi-
plexing in the 2 layer beams direction is performed in the
high output power region (CFR setting 9.2dB, DPD On, 2
layer beams output level is set to the maximum rated output
power +5dB), along with the envelopes of angular spectrum
for the desired wave radiation “S” in each two direction and
the multitone distorted radiation “I” generated during multi-
plexing, the angular spectrums for each layer beam are also
plotted in Fig. 16. One situation shows that null in +10◦ di-
rection for the desired radiation “S” set to the −20◦ direction
(upper figure in Fig. 16), and the other situation shows that
null in −20◦ direction for the desired radiation “S” set to
the +10◦ direction (lower figure in Fig. 16). Therefore, in

Fig. 16 S/I angular spectrum at −20deg./+10deg. each beam radiation,
and level relation between each null and multitone distorted radiation “I”
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order to explain the degree of influence of null and nonlin-
ear distorted radiation on spatial multiplexing performance,
the pattern aspect for null generated by these two “S” layer
beams and the nonlinear distorted radiation pattern “I” oc-
curred by the high output level of each “S” layer beam radi-
ation are given in the same Fig. 16.

During spatial multiplexing in the high output power
region as shown in Fig. 16, the multitone distortion com-
ponent “I”, which greatly exceeds null level, is emitted in
the same direction as each desired radiation “S”, so the DL
SINR of each desired wave does not depend on null. Thus,
it can be confirmed that the DL SINR performance deteri-
oration under the spatial multiplexing is dominated by “I”
degradation caused by the nonlinear distorted radiation.

Consequently, in spatial multiplexing under such a
strong nonlinear situation, distortion improvement by in-
stalling DPD is very effective as a necessary countermeasure
for AAS and DPD is the required measure to be applied.

However, when the nonlinear distortion is improved by
DPD and the transmit power is set at a low level, the influ-
ence of null accuracy becomes dominant in realizing excel-
lent spatial multiplexing performance with high DL SINR,
so it is important to use high precision CAL together.

Therefore, considering the above results, as similar to
the AAS verified in this paper, it is very effective to equip
AAS with a dual compensation configuration of DPD and
high-precision DL CAL. Thus, by applying the above men-
tioned measures, it is possible to realize AAS with the ex-
cellent spatial multiplexing performance, which can main-
tain high DL SINR during spatial multiplexing over a wide
range of TX output power level [4].

7. Conclusions

In this paper, we confirmed the affection of nonlinear dis-
tortion in the high TX output power region on spatial multi-
plexing performance. Since the DL SINR is predominantly
determined by radiating the multitone distortion in each user
terminal direction during OFDM operation, it is effective to
install DPD for each TX in AAS for the improvement of DL
SINR.

In addition, the accuracy of null generated in each mul-
tiple direction of interfered user terminal does not depend on
the degree of nonlinearity and is only affected by the resid-
ual amplitude and phase variation between all transmitters
and receivers after DL/UL CAL.

Thus, the double compensation configuration of DPD
and high-precision DL CAL is very effective in achieving
the excellent Massive-MIMO and special multiplex perfor-
mance.
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