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Abstract: The widespread 5G base stations can be potential
jammers for the vulnerable BeiDou B1l receivers due to its low
power. Therefore, a novel analytical model is derived for the 5G
signal to evaluate its impact on acquisition performance under
three decision methods. The good agreement between the
Monte Carlo method (MCM) through software defined receiver
(SDR) and the derived expressions validates the effectiveness of
the proposed algorithm. It can be found that the receivers exhi-
bit varied responses for different 5G waveforms and decision
strategies. The receiver also shows the least endurances for
some kind of 5G waveforms, however, this kind of adverse effect
can be cancelled by a reduced interference signal ratio (ISR), an
increased integration time or a larger accumulation times.
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1. Introduction

With the release of 3GPP R16, the industrial requirements
for low latency and high reliability applications can be
greatly satisfied, which will promote the prospe-
rity of 5G infrastructures. There are plenty of 5G base
stations all around the world and their number is expected
to continue to grow in the following years. However, con-
cerns are raised about its impact on the normal operation
of the BII receiver with a minimum reception power
about 163 dBW[1].

Recent researches about 5G new radio (NR) compati-
bility can be summarized as two categories. Some
researchers are interested in the influence of orthogonal
frequency division multiplexing (OFDM) waveform on
global navigation satellite system (GNSS) signals via
practical tests. The long term evaluation (LTE) signal
proposed by Light Square was rejected by the Federal
Communications Commission (FCC) due to the severe
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performance degradation of various GPS receivers in real
tests [2]. The influence of the third harmonics of DVB-T
signals on GPS L1/Galileo E1 was also tested with the
carrier to noise ratio (CNR) as an evaluation indicator [3].
The impact of LTE-machine to machine (LTE-M) second
harmonics on GPS receivers was also evaluated in terms
of its positioning error and CNR reduction. The results
indicated that different receivers had varied tolerance to
the interference power [4]. Another earlier research
showed that the 4G signal in the S-band can lead to an
obvious interference to BeiDou short messages, con-
tributing to a significant CNR reduction [5]. A rough link
budget between S-band 5G base stations and BeiDou ter-
minals demonstrated that a proper isolation distance
should be guaranteed for their green coexistence [6].
Practical measures between 5G NR transmitters and ultra
wideband band (UWB) indicated the in-channel jammer
can be detrimental to the maximum location range of
UWRB systems [7]. The results of coexistence for 5G and
fixed services above 15 GHz manifested that the probability
of interference can be minimized with the increased
antenna directivity of the fixed links [8]. Similar findings
were presented to analyze necessary protection require-
ments under 5G systems [9,10].

There are still some other developments focusing on
some generic theoretical models to address the effect of
different interferences on GNSS receivers. The effect of
continuous wave, narrowband, broadband and pulse signals
on GNSS acquisition and tracking were derived [11-14],
however, it lacks practical application scenarios and its
applicability to 5G waveform remains to be verified. The
others concentrate on assessing the impact of interference
through a software defined receiver (SDR) without giving
too much insight about the nature of interference [15,16].

To the best knowledge of the authors, there has been
little work on the compatibility assessment between 5G
NR and the GNSS receiver in the L-band. Combing the
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theoretical derivation with the SDR verification platform
also motivates us to do this research, enabling a fast intef-
erence evaluation with flexible 5G waveform configura-
tion.

Our research can benefit the coexistence evaluation
between 5G NR and GNSS receivers, it can also be bene-
ficial to combat the adverse impact of 5G NR for the
receiver design.

The main contributions of this paper are as follows.
Analytical expressions are derived to evaluate the effect
of 5G NR broadband signals on B11 receivers with various
waveform configurations in view of acquisition perfor-
mance. The derived expressions are also evaluated
through state-of-the-art acquisition decision strategies.
Finally, measures are proposed to alleviate the potential
interference between 5G NR and B1I signals in urban or
rural areas with varied transmission distance.

The remainder of this paper is organized as follows.
The signals under analysis are presented in Section 2. The
derived expressions in terms of receiver operation charac-
teristic (ROC) are depicted in Section 3. The comparison
between simulation and theory is described in Section 4.
Section 5 draws conclusions.

2. Signal and system model

The acquisition stage of the the B1I receiver is based on
the correlation process between the received signal and
the local replica, and its basic principles can be illustrated
as Fig. 1.
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Fig. 1 Correlation process of the receiver

The received signal 7(n) includes three components,
5G NR signal, BI1I signal and thermal noise, and the
acquisition output amplitude 7,(n ) is obtained after the
correlation process. e/@Vietfun+00) ig the replicated local
carrier, and c¢(nT —7;) is the replicated ranging code.
Their contributions to the correlator output will be
derived in detail in the following subsections.

2.1 5G NRsignal

Cyclic prefix (CP)-OFDM is chosen by the 3rd Generation
Parter Project (3GPP) as the baseline waveform to support

both downlink and uplink transmission. The closet adjacent
band of 5G NR to B11is n74 with a frequency range of 1475
—1518 MHz. According to the spectral mask definitions
of TS 38.104 [17], the unwanted emissions into the B1I
operating band belong to spurious emissions.

It seems that the 5G signal will have no impact on the
BI1I signal since there is enough frequency separation
between them, however, it should be noticed that the
transmitted power of 5G can be up to —6 dBW even for a
local area base station, its power is much more higher
than that of B11. As demonstrated next, the 5G signal can
impose potential threat on the B1I receiver in a certain
frequency range and relative short transmission distance.
Besides, similar findings in [2,18] indicated the potential
interference in certain situations.

To address its effect on the receiver, the spurious emis-
sion limitation of the 5G signal and the path loss budget
should be taken into account. All of these can be found in
the relevant standards.

TS 38.104 specifies an equivalent spurious emission
power limitation with —43 dBW, ITU-R M.2412 [19]
stipulated comprehensive path loss models for different
5G application scenarios, and the enhanced mobile broad-
band (eMBB) is chosen here for its popularity.

The selected path loss models are urban macro (UMA)
and rural macro (RMA) to describe the path loss of UMA
cells as well as RMA cells respectively. The models are
applicable to sub-6G band with a transmission distance
no less than 10 m. The corresponding formulas were pro-
vided in [19].

When the distance is less than 10 m, the free space is
adopted, the path loss coming free space with unmatched
polarization can be achieved via

L=3245+20lg f+201gd +3 ()

where L is in logarithmic units (dB), /" is the operation
frequency of 5G NR in linear units (MHz), d (km) is the
separation between the base station and the B11 receiver.

Therefore, the piecewise path loss model of UMA and
RMA can be obtained immediately. The theoretical path
loss results for the above-mentioned models are depicted
in Fig. 2 and Fig. 3. The related parameters are in line
with ITU-R M.2142. The line of sight (LOS) and non-
line of sight (NLOS) path loss in Fig. 2 and Fig. 3 are cal-
culated by the theoretical model, and the expectation
loss can also be computed by considering the probability
of LOS.
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Fig. 2 Pass loss of UMA model

Besides, comparing the expectation loss and the free
space loss, it can be observed that the pass loss of the nor-
mally used free space model is much lower than the 5G
path loss model when the distance is more than 100 m,
leading to an overestimated interference evaluation to the
BI1I receiver. The piecewise path loss exhibits disconti-
nuity at 10 m due to the applicable range of free space
loss and expectation loss.
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Fig. 3 Pass loss of RMA model

The path loss results of the piecewise model for UMA
and RMA at some specifics are given in Table 1 to facili-
tate our analysis.

Table 1 Piecewise path loss results

Distance/m
Path loss
5 10 125 165
UMA/dB 54 60 90 96
RMA/dB 54 56 86 91

It can be seen that the difference between UMA and
RMA is within 6 dB, we choose UMA for the sake of
brevity and the massively base stations in urban areas.

According to Table 1, when the distance is 125 m, the
path loss is 90 dB, the incoming 5G NR spurious emission
power will be =133 dBW, which is 30 dB higher than B11.
The considered distance in Table 1 is used to indicate the
ratio between 5G spurious emission power and BIlI,
which is discussed in Section 4.

A simulated baseband 5G NR waveform compliant
with the 3GPP specification is illustrated in Fig. 4. As it
can be seen, its power spectral density (PSD) has a vio-
lent fluctuation, invalidating the flat PSD model.
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Fig.4 PSD of CP-OFDM

Similar related findings [20] indicate a normally
assumed flat spectrum could not well express the spurious
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emission over a broad bandwidth.

Therefore, the PSD of CP-OFDM is adopted instead to
better simulate the real situation.

For the sake of brevity, the PSD of CP-OFDM is given
as follows, the detailed derivation can be found in [21]:

¢m‘ (f) = PanlolZ {Sinc [(f - Tﬁ)] Tlol} (2)

where P,, is the power of a single OFDM subcarrier, 7, is
the duration of an OFDM symbol, T, is the total symbol
length, & is the index of the subcarrier, and M is the total
number of subcarriers, sinc(x)=sin (mx)/(7mx).

Therefore, the PSD of 5G signals is related to the mo-
dulation format, the subcarrier and the bandwidth. Based
on the low pass feature of integration and dump operation,
the power into the correlator can be obtained as

=" o, (. &)

It may be hard to determine a closed form expression
of (3), and this can be easily solved by a numerical inte-
gration.

After the above analysis, we can get the mathematical

model for 5G NR waveform in the time domain as
BT,/2

Izg (n) = \/F, Z cos (2n(f, + ﬁ)nT+9,) 4)
m=—BT,/2 T;

where 7, is the integration time, f; is the interference fre-

quency, B is the signal bandwidth, 7 is the sampling

interval, and 6, is the initial phase.

By filtering the spurious signal with a bandwidth of
4.092 MHz, the spurious emission of 5G signal is inves-
tigated. Therefore, it will influence all the spectral lines
within the B1I signal main lobe. Its contribution to the
correlator can be written as

N-1
1 .
Sy = ,P’ﬁ § c(nT _TL) e](th(ﬁF+fL)nT+9L),
n=0

BT,/2
Z cos (27t (f,+ ?)nT+9,) (5)

m=—BT, /2 1
where 7;, ;, and f; are the estimated code delay, the carrier
phase, and the Doppler offset of the incoming signal
respectively, f is the intermediate frequency (IF) after
conversion, and c is the ranging code.
The sum frequency terms in (5) are neglected due to
the low pass trait of integration, leading to

l N-1 .
Spr = \/FINZ C(I’lT _ TL) e](ZnAf,nT).
n=0

BT;/2
ej(Zn m/TnT+A6;) (6)

m=—BT;/2

where Af; is the frequency error with Af; = f; — (fir + f1),
and A6, is the phase error with A8, = 6, -6, .

The ranging code in (6) can be expanded by Fourier
series as

Ny

C(l’lT) — Z CkejZNk/T,,nT' (7)
k=—N,
The invariant normalized amplitude ¢, = 1/2N,. Sub-
stitute (7) into (6), and the output amplitude of NR is gi-
ven by

N, BT, /2 N-1 k m
1 1 j21t((—+—)nT)
Sar = “P’Z N Z ﬁze b
k=-N, P im=—BT,/2 n=0

ej(AS,ﬂpAfk/T,,‘rL) (8)

where T is the period of ranging code, N, is its length,
and ¢, is the phase.
The innermost summation can be obtained as follows
by taking advantage of the property of geometric series:
1 & i L+ﬂ n k
—Zejz ((Tﬂ T') T) :sinc((—+ﬂ)T,). 9)
N & T, T,
As T; is a multiple of 75, the summation can be written
as

BT,)2 k m

k 1, —+—=—=0
Z sinc((7+$)T,) = T, T . (10)
m=-BT,/2 po A 0, otherwise
The summation can be calculated as follows by substi-
tuting the summation in (10) into (8):
N, BT,2

> sinc((£+ﬂ)T,)=2N,,. (11)
T, T,

k=—N, m=—BT;/2

Combining (11) with (8), the simplified expression is
N,
s = Py ) S, (12)
k=—N,

From the above derivation, it can be observed that the
main factor affecting the output of the correlator is P,
which is related to the modulation format, subcarrier,
bandwidth, and integration time.

2.2 BI1I signal

The B1I signal can be expressed as

s = \/Fsc(t—‘rs)d(t—‘rs)cos ((fie+ fo)nT +6,) (13)
where P, is the nominal power of B1I signals, c(¢) is the
ranging code, d(¢) is the navigation data, 7, is the time
delay, f,, is the Doppler offset, and 6, is the carrier initial
phase.

A zero padding technique[22,23] is adopted to counter-
balance the frequent data transitions caused by the modu-
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lated Neumann-Hoffman (NH) code on the navigation
message.

Based on the contribution of B1I signals to the correla-
tor, its output amplitude can be given by

1 N-1
S, = NZ \/Ec(nT —t)cnT —71.)-
n=0
cos n((fip + fo)nT + ;) it fonT+6) (14)

Ignore the sum frequency term, and it can be furtherly
simplified as

15 .
5,= VP D el + An)eemm 20 (15)
N n=0
where At=t,—1,, Af,=fr—f,, and AG=6.—6,.
The correlation in (15) can be approximated by an
ideal auto-correlation function as follows when A7<T,:

1 & |A7]
— c(nT+AT)=(1— ) (16)
NZ(): Ta

Substituting (16) into (15) leads to
ATl &
S5 = \/Fr(l - T)ZeiznAf""TejM. (17)
@ n=0

The summation in (17) can also be calculated with the
same method as in (9), contributing to a concise expression
as

s.= VP, (1 - '?")sinc BfoTHe™.  (18)

a

From (18), there is no doubt that there will be a distinct
peak when the incoming signal and the replica are perfectly
aligned.

2.3 Thermal noise

The thermal noise w(nT) follows a zero mean normal dis-
tribution. A typical one side PSD value is represented
by N,, with the value of —204 dBW/Hz [24]. Therefore,
the power of noise is —138 dBW, which is 25 dB higher
than B11.

Its contribution to the correlator can be written as

N-1

1 )
i = Z w(nT)c(nT —1,) et/ (19)
n=0

Therefore, s, will follow a complex Gaussian distribu-
tion due to the multiplication with a complex exponential
function. Its distribution can be written as follows due to
the low pass filter with a bandwidth of 1/7:

Sy~ Nc (0’ NO/ (2T1)) . (20)

3. Acquisition evaluation

The above derived expressions of (12), (18), and (20) can
produce an aggregation effect on the correlator output,
which can be expressed as

S=8,+8,+ Sy 21)

To evaluate the effectiveness of the derived expres-
sions, an SDR-based evaluation framework in the per-
spective of receiver ROC is proposed in Fig. 5.
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Fig.5 Proposed framework of ROC
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The 5G NR IF signal is to generate the 5G signal in
compliance with the associated 3GPP standards by using
the 5G toolbox [25], the digitized B1I IF signal is gene-
rated and additive white Gaussian noise (AWGN) is also
added. The SDR part is the acquisition process by using
the correlator to wipe off the carrier and the ranging code.
The evaluation part is to quantify the effect of the 5G signal
on ROC.

In general, the ROC curve is dependent on the adopted
decision strategies to declare the presence or absence of
the B1I signal. There are three state-of-the-art techniques
to make such a decision. The decision is based on a bi-
nary hypothesis test, namely, the null hypothesis H, and
the alternative hypothesis H,, the binary hypothesis can
be denoted as

Hy:s=s,+s,
{ (22)

H :s=s;+58,+s,

The generalized likelihood ratio test (GLRT) [26,27] is
to compare the maximum value of (21) to a given threshold
S, so the detection probability and false alarm probability
can be obtained as follows:

P,=P(s>BIH,) = mel xly,o)dx,  (23)

P =P(s > B,s, = O|Hy) = Lm fxlo)de.  (24)

The mean and variance of the received signal are v and
o, respectively. f; and £, are the corresponding probabi-
lity density function (PDF) under hypotheses H, and H,,

A similar GLRT method is employed with a modified
predetermined threshold, and the threshold is the ratio of
the maximum value to the mean value of (21) [28], which
has a constant false alarm rate independent of the noise
power.

Another widely used method is the maximum ratio test
(MRT) proposed in [29], its main idea is to use the ratio
of peaks as the test statistic and compare it with a prior
threshold.

To determine the threshold, the distribution of H, or H,
should be known as a prior knowledge, especially H, with
a given false alarm probability. According to the Central
Limit Theorem, the correlator output will follow a complex
Gauss distribution with its mean and variance as outlined
in (22).

The distribution of H, and H, in the presence of
AWGN has been derived in the related literature, what
we are interested in is that the contribution of 5G spu-
rious signal to correlator output amplitude with the varied
interference to signal ratio (ISR) and the 5G waveform.
Take the GLRT decision for an example, the ROC can be

formulated as follows:

v
P Ql(—,ﬁ)
0, O (25)
B
Pfa = 202

where O, represents the marcum-g function. Similar
derivations can be found in [28,29].

As can be seen in Fig. 8 and Fig. 9, there is an ISR
turning point for different 5G waveforms, the main con-
tribution of interference is to add the variance of (21)
before that point. However, its main contribution is to
increase the mean value after that.

Therefore, the derived analytical model of ROC can be
obtained immediately by analyzing the contribution of the
5G spurious signal to the correlator statistic properties.
The derived analytical expressions can also be verified by
the Monte Carlo method (MCM) as the procedure shown
in Fig. 5.

4. Simulation results and analysis

During the simulation, the effect of different 5G waveforms
on BII will be inspected, some measures are taken to
eliminate the adverse effects on acquisition incurred by
5G signals.

The IF of B1I and 5G signals are set to 58.36 MHz and
15.36 MHz respectively, which is the frequency diffe-
rence between the rightmost n74 frequency and the B1I
signal, the sampling frequency is 245.76 MHz, the power
of B1lis —163 dBW, the code delay and the Doppler offset
of the BI1I signal are assumed to be 1023 chips and 200
Hz.

The 5G spurious signal is obtained by filtering the gene-
rated 5G signal with a nearly ideal filter whose center
frequency and bandwidth is identical to B11. Therefore,
the ISR here is measured as the power ratio of the
5G spurious signal to B1I. The ISR considered here is
20-30 dB.

Besides, the 5G waveform can be characterized by its
modulation format, sub-carrier spacing (SCS) and band-
width, its general settings are listed in Table 2.

Table 2 Configuration of 5G waveforms

Wave
Parameter
1 2 3 4
SCS/KHz 15 15 30 30
Bandwidth/MHz 5 10 5 10
Modulation 16/64QAM

The 5G NR waveform is an evolution of 4G waveform,
which enables a variable and flexible SCS and diverse
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modulation formats. The optional SCS for sub-6G
eMBB can also be 60 kHz other than the SCS listed in
Table 2, it is not chosen here for avoiding extra cyclic-
prefix overhead. Quadrature amplitude modulation
(QAM) is chosen for its prevalence as well as its superior
outband spectral properties.

Firstly, a series of experiments are conducted to vali-
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(a) Correlation output of Wave 1

%108

Density

-4 -3 -2 -1 0 1 2 3
S X 1 0*9
(c) Correlation output of Wave 3

date the effectiveness of the assumed complex Gaussian
distribution as expressed in (21).

For the sake of brevity, the correlator output of the four
waveforms listed in Table 2 are presented in Fig. 6 with
only a 16QAM modulation and a 20 dB ISR, however,
this also goes well for a 64QAM modulation and a higher
ISR value we have considered.
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(b) Correlation output of Wave 2
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Fig. 6 Distribution of correlation output

As is illustrated in Fig. 6, the real and the imaginary
parts of the correlation output can be well fitted by the
normal distribution for all the four 5G waveforms, the
returned values of performed goodness of fit tests are all
zero at a significant level of 5%, confirming the assumed
Gaussian distribution is accepted.

Secondly, some experiments are also performed to
manifest the contribution of the 5G spurious signal to the
correlation output.

The baseline of the correlator output amplitude in the
absence of the 5G spurious signal and noise is presented
as Fig. 7. The peak amplitude is in a good agreement with
the theoretical value, namely, the square root of the
power of BI1.

%107
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ey Yogy o Code poe

Fig. 7 Baseline acquisition output
A preliminary simulation is conducted to indicate the
impact of varied ISR values of 5G waveforms on correla-
tion, the correlation results of Wave 1 with ISR=20 dB
and 30 dB are given in Fig. 8.
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Fig. 8 Effect of ISR for Wave 1

As is shown in Fig. 8, when the ISR is 20 dB, a
reduced peak can be observed which is caused by an
increased variance of correlator output, however, the
obvious interference peaks caused by an increased mean
value of correlation can also be witnessed when the ISR
is 30 dB. In fact, the effect of ISR on correlation output
also holds for other 5G waveforms.

The detection probability of the three decision strategies
under different 5G waveforms for the 16QAM modulation
are given in Fig. 9, the false alarm probability is set to
0.01, the integration time is 1 ms and the non-coherent
accumulation times is one.

The ISR effect of 5G waveforms among the decision
methods indicates a great consistency. As is depicted in
Fig. 9, the increasement of the ISR value will degrade the
detection performance accordingly. Besides, the BII
receivers show the strongest and weakest endurance
respectively when confronted with Wave 2 and Wave 3.
The theoretical results are also in a good accordance with
the simulation results. It can also be concluded that the
GLRT decision outperforms MRT in all concerned 5G
waveforms, while has a similar detection performance as
the GLRT ratio decision method.
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Fig. 9 Detection performance of decision methods for 16QAM
modulation

In order to verify the correctness of the conclusions
drawn from Fig. 9, the detection performance of 5G
waveforms with 64QAM modulation is also presented in
Fig. 10. The response of B1I receivers to 5G waveforms
and the detection performance of the three decision
strategies are the same as that in Fig. 9. The difference is
that the B1I receivers demonstrate a varied tolerance for
5G waveforms with 64QAM compared with 16QAM.
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Waveforms with 64QAM modulation has a higher detec-
tion probability other than Wave 1, which is caused by
the spurious energy of the waveforms into the correlator.
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Fig. 10  Detection performance of decision methods for 64QAM
modulation

It has been confirmed that the GLRT or the GLRT
ratio decision strategy is superior to MRT regardless of
the modulation scheme and waveform configurations of
the 5G signal as shown in Fig. 9 and Fig. 10. Therefore,
the ROC curve will be assessed under the GLRT and
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GLRT decision strategies.

The ROC curve is closely related to the ISR turning
point, the ISR value is listed in Table 3.

Table 3 ISR turning point of 5G waveforms

dB
Wave
Decision ISR waveform
1 2 3 4
GLRT 26 28 25 26
GLRT ratio 26 28 25 26

As has been stated above, the GLRT and GLRT ratio
decision strategies have the similar detection performance,
and the ISR point under these two decision me-
thods are the same as in Table 3.

The ROC curve in terms of false alarm probability and
detection probability is given in Fig. 11. The figure
clearly shows that below the ISR turning point, the detec-
tion probability steadily increases as the false alarm pro-
bability increases, however, if the exerted ISR is above

the turning point, the ROC curve will exhibit a distinct
linear characteristic.
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Fig. 11 Effect of ISR on ROC for GLRT
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The results for the GLRT ratio are also described in
Fig. 12, which furtherly validate the significant diffe-
rence of the ROC curve around the ISR turning point. In
reality, the steadily changing ROC curve results from the
increase in the variance of correlation output, while the
rapid linear change of the ROC curve stems from the
increase of the mean value of the correlation output. This
phenomenon can also be observed in [30].
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: Wave 3;

All the above results verify the correctness of theore-
tical derivation by analyzing the contribution of 5G spu-
rious signals to the statistical characteristics of the correla-
tor output amplitude. It is also worth noting that there is
unignorable detection performance degradation caused by
5G signals as shown in Fig. 9and Fig. 10, therefore,
some means can be taken to alleviate its adverse impact.

There are basically two insights to reduce its adverse
effect. On one hand, the ISR value can be reduced by
keeping a larger safety distance between 5G base stations
and the GNSS receivers. As listed in Table 1, when the
distance is 165 m, the imposed maximal ISR will be
24 dB, the detection performance in the presence of all

considered waveforms are almost 100%. On the other
hand, a longer integration time or a larger non-coherent
accumulation times can improve the detection perfor-
mance greatly, which are shown in Fig. 13 and Fig. 14.
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Fig. 13 Effect of integration time on detection
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Fig. 14 Effect of non-coherent accumulation times on detection

The integration time in Fig. 13 is set to be 2 ms, compared
with Fig. 9(a), the detection probability has increased
from 94% to 98% for Wave 3 with ISR=24 dB, similar
changes can also be observed for the other 5G waveforms.
This is due to the fact that the variance of the noise floor
and the spurious 5G signal can be greatly reduced by a
longer integration time.

The simulation parameters in Fig. 14 are the same as
Fig. 9(a) except the non-coherent accumulation times is
2, the detection probability has increased from 94% to
100% for Wave 3 with ISR=24 dB.

There is no doubt that a longer integration time or a
larger accumulation times can improve the detection
probability significantly as it is permitted.

In reality, some other measures can be adopted to
relieve its effect in relative short transmission distance,
the reason is that we chose the worst case situations with
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the most adjacent 5G NR frequency in n74 band and the
maximal spurious emission limitation.

In the above simulations, the equivalent radio frequency
of the 5G signal is chosen as 1 518 MHz to simulate the
worst case impact. To alleviate the potential effect caused
by a transmission distance less than 10 m, it is suggested
that the low end frequency of n74 should be utilized.

The effect of the frequency offset on ISR is displayed
in Fig. 15. Take a frequency offset of 20 MHz as an
example, it means that the equivalent radio frequency of
1 498 MHz is employed. It can be seen that when the fre-
quency offset is 10 MHz, the minimum reduced ISR is
38 dB. According to Table 1, when the distance is 10 m,
the imposed ISR will be 60 dB, therefore, the real ISR
seen by the receiver will be 22 dB, which has little impact
on the receivers. Similarly, when the frequency offset is
20 MHz, the minimum reduced ISR will be 47 dB, when
the distance is 5 m, the real imposed ISR will be
20 dB, it will have no effect on the receivers in view of
Fig. 9 and Fig. 10.

as} \
5 \
2 3
Z 3
E \
5 i,
k= \\\ _____ )
-50 \“g
_60 n n n
0 5 10 15 20
5G freqency offset/MHz
—— : Wave 1; =-=-: Wave 2; : Wave 3; weeeees : Wave 4.

Fig. 15 Effect of frequency offset on ISR

Since the usable operating bandwidth is 20 MHz for
n74 band, there must be an extremely short distance,
which can not relieve its adverse effect by the frequency
offset. However, its impact can still be reduced by a
lower spurious emission power, which can be made by
extra well-designed filters.

5. Conclusions

In this paper, we have derived the novel analytical
expressions in terms of the effect of 5G spurious signals
on the BeiDou BI1I correlation process. The conducted
simulations validate the correctness of the derivation.
Some helpful insights can also be drawn to address their
effect.

Firstly, the 5G waveforms with a narrower SCS and a
wider bandwidth have the least impact on the receiver,

whereas, the receiver suffers most with a wider SCS and
narrower bandwidth 5G waveform. This phenomenon is
independent of the modulation format or the adopted
decision strategies.

Secondly, the detection performance of the acquisition
with regard to the three decision strategies indicates that
the GLRT-based decision approach is superior to the
MRT method in all considered scenarios.

Thirdly, there is an ISR turning point determining the
shape of the ROC curve for each 5G waveform. Espe-
cially, the ROC curve changes linearly with an ISR value
above the turning point.

Finally, the 5G waveforms have little impact on the
receivers when the distance is more than 165 m, when the
distance is from 5 m to 165 m, the adverse effect can be
cancelled by a longer integration time, an increased accu-
mulation times or utilizing the low end frequency of n74
band. In some extremely short distance, i.e., less than
Im, additional filters can be employed to further lower
its impact.

All in all, the n74 band of 5G signals imposes no threat
to the B1I receiver in most situations, when the potential
interference occurs, the above suggested measures can be
taken to greatly relieve its impact. Our research can be
extended to the modernized GNSS signals and the proposed
analytical model can be furtherly improved.
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