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Abstract— New interoperability problems will arise, when 
5G millimeter wave (mmW) radios will be integrated into 
mobile devices and small cell base stations with other radios. 

Current LTE (Long Term Evolution) and Wi-Fi radio 
transceivers have not been designed, verified or specified for 
simultaneous operation with 5G mmW radios. Wi-Fi or LTE-

LAA (Licensed Assisted Access) may introduce co-channel 
interference due to the harmonics falling over 5G mmW 
frequencies. Alternatively, the fundamental LTE or Wi-Fi 

transmission may block the 5G mmW receiver. This paper 
studies requirements for RF filtering in the LTE and Wi-Fi 
radios, which operate in conjunction with a 5G mmW system. 

Antenna isolation measurements of 5G proof-of-concept (PoC) 
antenna array show that mmW antenna array resonates with 
multiple lower frequencies due to the antenna array physical 

dimensions, e.g. overall module dimensions, sub-array 
dimensions and sub-array locations from the edges of the 
antenna module. Thus, lower frequency interoperability is a 

new optimization criterion for dimensions of mmW antenna 
module. Measurement results verify that a previously developed 
5G mmW PoC radio and antenna module operating at 28 GHz 

and LTE-LAA/Wi-Fi operating at 5 GHz as well as LTE at 2.7 
GHz can operate simultaneously without interference problems 
within the same radio unit. 

Index Terms— Antenna Array, Antenna isolation, Co-

channel interference, Harmonic distortion, Intermodulation, 

Vivaldi antenna, 3GPP. 

I.  INTRODUCTION 

The next generation communication system, mostly 

referred as fifth generation (5G), will offer ten-fold data rates 

compared with the current Long Term Evolution (LTE) 

system. The 5G system will offer 20 Gbps and 10 Gpbs peak 

data rates for downlink and uplink, respectively. The 5G 

system will take into use new millimeter wave (mmW) 

frequency bands that will provide much wider operational 

channels for communication than LTE system. First 

commercial 5G mmW networks based on new radio (NR) air-

interface specifications [1], [2] are expected to be deployed 

early 2019 [3].  

Current mobile terminals (UEs) support multiple wireless 

technologies simultaneously. A trend for coming 5G mmW 

receivers is that they will not utilize mmW band filters [4], [5]. 

Implementation of 5G UE with multiple mmW antenna arrays 

has been studied in [6]. Interoperability between different 

radio systems, like Wi-Fi and LTE, has not been standardized 

by 3GPP or by any other standardization body. In this paper, 

two inter-system interference scenarios [7]: blocking of the 

mmW receiver and harmonic interference transmission of Wi-

Fi or LTE generating co-channel interference to mmW band 

are studied. The paper is organized as follows. Section II 

presents reference planes of the radio interoperability system 

analysis. Section III focuses on the antenna and low noise 

amplifier (LNA) isolation and filtering measurements. Section 

IV covers harmonic transmission interference to mmW 

receiver. Section V focuses on blocking of the receiver due to 

lower band transmission. Finally, conclusions are drawn. 

II. REFERENCE PLANES IN INTERFERENCE SIGNAL 

ANALYSIS 

Conducted measurements have been a standard method to 

verify the performance of radio transceivers in 2G, 3G and 

LTE generations. This has gradually changed towards Over-

the-Air (OTA) measurements. The first performance 

specification, which specified most of the radio performance 

with OTA, was LTE-LAA (Licensed Assisted Access) 

specification operating at 5 GHz frequency band. New 3GPP 

5G mmW NR specification [1],[2] goes further and requires 

that all radio parameters will be verified with OTA 

measurements since conducted measurements would require 

a complex system setup.  

OTA measurements required by 3GPP specifications are 

performed at far-field of the antenna array of the radio 

transceiver, which is illustrated in Fig.1 with a dashed line. 

Thus, the effective antenna gain of the antenna array is 

included into the RF performance. The far-field distance of 

the antenna array varies with physical dimensions of the array 

and the far-field distance is defined by [8] 

 
Fig. 1. Reference planes of interference studies mmW and 
WLAN transmitters and receivers within the same radio unit 
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  𝑑𝑓 = (2𝐷2)/   (1) 

 

where D is the maximum physical dimension of the antenna 

array and  is the wavelength in free space. If antennas are 

closer than the far-field threshold, the far-field antenna 

pattern is not valid as the received signal is not a plane wave. 

If there are multiple antennas operating at different 

frequencies within a single radio unit, the near-field antenna 

isolation can be measured between antenna ports with 

conductive measurements. The conductive measurement 

plane of the antenna isolation is shown in Fig.1 (with dotted 

line). 

Power amplifier (PA) modules are used in LTE and Wi-Fi 

and output matching of the PA is typically integrated inside 

of the PA module. In this study, the levels of harmonic 

transmissions from LTE-LAA [9] and Wi-Fi [10] PAs are 

measured from the outputs of the power amplifier modules. 

Optional mmW bandpass filter is shown in Fig. 1 (with 

dashed line). Only frequency selectivity, in the filterless 5G 

mmW receiver architecture, is performed by the input 

matching of the LNA and the frequency response of the RF 

switch, if applicable. Thus, reference planes of interference 

signals are different for transmitters and receivers, which are 

shown in Fig. 1 (with dash dotted line). 

III. ANTENNA ISOLATION MEASUREMENTS BETWEEN 5G 

MMW AND LTE/WI-FI FREQUENCIES 

Majority of the filtering capability between radio 

transceivers operating at different frequency bands within a 

single radio unit is coming from the antenna isolation 

between the low band and the mmW band antennas.  

Antenna isolation between 5G mmW antenna module [11] 

and LTE/Wi-Fi frequencies has been measured in this study. 

The designed 5G mmW antenna array shown in Fig. 2 has 

been used within one of the first public 5G proof-of-concept 

(PoC) implementations, which was demonstrated in Winter 

Olympics 2018 in Korea [12]. The mmW antenna array and 

the attached beamforming radio transceiver are discussed in 

more detail in [11] and [12]. The linearly polarized mmW 

antenna array operates from 26.5 GHz up to 29.5 GHz 

covering 3GPP 5G mmW band n257. A wideband dual-

polarized Vivaldi antenna [13] has been used as a 

measurement antenna. The Vivaldi antenna covers 

frequencies from 680 MHz to 7.3 GHz covering all current 

LTE and Wi-Fi bands. The far-field threshold for the Vivaldi 

antenna varies from 48 cm @ 680 MHz to 5.2 m @ 7.3 GHz 

and for mmW antenna array the far-field threshold is 1.8 m. 

The antenna isolation measurement has been done in the 

worst-case scenario, where the measurement antenna is 

directly pointing towards the mmW antenna array with 

a 40 cm separation. This emulates maximum distance within 

a small cell base station. In mobile devices, antennas are 

much closer to each other. The measurement setup is shown 

Fig. 3, where the measurement antenna is on the left side and 

the mmW antenna is on the right side. All unused mmW 

antenna ports have been terminated to a 50 Ω load. 

A wideband antenna isolation measurement result up to 

40 GHz is shown Fig. 4. A typical antenna isolation between 

antennas is 60 dB to 65 dB, but there are multiple resonances 

in the isolation. These resonances have been identified with 

letters and correspond to physical dimensions of the mmW 

antenna array presented in Fig. 2. The calculated resonances 

of the dimensions in question are summarized in Table I. It 

can be concluded that the calculated resonances of the 

antenna module (r = 3.0) presented in Table I, and the 

 
Fig. 3.  Antenna isolation measurement of mmW antenna 
 array with wideband Vivaldi measurement antenna 

 
Fig. 2. Implemented mmW antenna array for 28 GHz band 
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TABLE I. CALCULATED ANTENNA RESONANCES IN ANTENNA 

MODULE OF ANTENNA PORT 6 

Antenna 

dimensions 

Length in 

module 

[mm] 

Calculated 

resonance 

[GHz] 

Definition of dimension 

a  89.4 1.937 
Whole width antenna 
module edge to edge 

b  60.5 2.862 

Port 6 unit cell mid point 

to edge of the module port 
1 direction 

c  29.5 5.871 

Port 6 unit cell mid point 

to edge of the module port 
8 direction 

d  10.7 16.187 
Via cavity of unit cell of 4 

antenna elements 

e  5.3 32.496 
Via cavity of single 

antenna element 

f  3.8 45.580 
Diagonal of antenna 

element 

g  31.4 
5.516 
2.758 

Outer distance connector 

to connector (at back 

side); Half wave length 

 

 



measured resonances shown in Fig. 4, are well correlating. 

The wideband antenna resonance has been simulated with 

FDTD (Finite-Difference Time-Domain) and FEM (Finite 

Element Method) methods between two (2  2) sub-arrays. 

The FDTD simulation had better correlation with measured 

values and results are shown in Fig. 4. The complete array 

simulation is not feasible due to simulation time thus lower 

frequency resonances are not visible in the simulation results.  

Most of the resonances are related to dimensions of via 

cavities, but some resonances are related to the measurement 

port itself. The antenna isolation measurement was 

performed from the port 6 of 16-port antenna array. It is good 

to notice that the physical distance to the edge of the antenna 

module changes from port to port, affecting the resonance 

frequency, whereas here only port 6 is measured.  The longer 

dimension resonance (b) is clearly visible in the isolation 

figure, but the shorter one (c) is at significantly lower level in 

the spectrum in Fig. 4. The antenna module is symmetrical to 

both directions and thus similar resonances shown in Fig. 4 

are similar in port 2 and in lower row antennas 10 and 14, as 

well. Potential resonance frequencies of (b) and (c) 

dimensions are summarized in Table II. It can be seen that the 

resonances overlap with 3GPP LTE bands 2.1 GHz, 2.7 GHz, 

3.5 GHz and 2.4 and 5.8 GHz WLAN bands, as well. 

The diagonal of the antenna element (f) causes an 

interesting resonance at 40 GHz, which overlaps another 5G 

mmW band, n260. This may introduce a new challenge for 

5G mmW inter-band carrier aggregation operation. 

Measurement antenna was rotated to different polarizations 

relative to 5G mmW antenna array and coordinates are shown 

in Fig. 2. The effect of the polarization at 2.8 GHz resonance 

is shown in Fig. 5. It can be seen that the antenna isolation is 

worst at 0 degree or horizontal direction of the mmW array, 

which is the largest dimension of the antenna array. Antenna 

isolation improves 7.5 dB when the reference antenna is 

rotated to the cross polarization of the antenna array. Most of 

the low frequency resonances of the mmW antenna are few 

hundred MHz wide as shown in Fig. 4 and Fig. 5. Possible 

explanation for this is that the terminated antenna ports along 

the physical dimension resonance create some parallel 

resonances. 

The mmW LNAs are typically rather wide band 

components and filtering response of the matching is modest. 

The input matching of the used 5G mmW LNA [14] in was 

measured from the antenna connector through a TRX switch 

[15]. The input matching reflection S-parameter S11 can be 

converted to corresponding matching filtering S21 with a linear 

S-parameter equation [16] 

 

  |𝑆11
2| + |𝑆21

2| = 1  (2) 

 

 
Fig. 5.  Isolation variation between LTE band 7 and mmW 

 antenna array with different polarizations, shown for 

 case (b) resonance 

 
Fig. 6. Filtering by input matching of mmW LNA of 

 antenna array measured through TRX switch 

TABLE II. LOWER FREQUENCY ANTENNA RESONANCES OF MMW ARRAY 

Potential resonances 

frequencies [GHz] 
Port 5 Port 7 Port 8 

Dimension b 4.330 2.406 2.112 

Dimension c 3.464 9.623 21.651 

 

 
Fig. 4. Antenna isolation resonances of mmW antenna array 
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and by re-arranging (2) to an alternative form 

 

  𝑺21 = 10𝑙𝑜𝑔10(1 − |𝑆11
2|), (3) 

 

where S11 is in linear scale measured with 50 Ω and S21 is in 

dB scale. Simulated frequency responses of TRX switch and 

LNA and measurement results of LNA are shown in Fig. 6. 

However, S-parameter data provided by the manufacturer do 

not cover low GHz frequencies and measured input matching 

of the LNA attenuates signals below 6 GHz frequencies by 

~7 dB. 

IV. CO-CHANNEL INTERFERENCE DUE TO HARMONIC 

TRANSMISSION 

Transmission of LTE-LAA and Wi-Fi at 5 GHz generate 

5th harmonic interference which collides with 5G mmW 

frequency allocations. The harmonic interference will 

generate noise-like interference over 5 bandwidth of the 

transmitted signal above the thermal noise level that raises the 

noise level seen by the mmW receiver, which is called 

receiver desensitization. The maximum interference level Imax 

in dBm for a fixed desensitization can be calculated  

𝐼𝑚𝑎𝑥 = 10 ∙ 𝑙𝑜𝑔10[(10((10∙𝑙𝑜𝑔10(𝐵𝑊)−174+𝑁𝐹+𝐷) 10⁄ )) −

              (10((10∙𝑙𝑜𝑔10(𝐵𝑊)−174+𝑁𝐹) 10⁄ ))]      (4) 

where BW is bandwidth of the signal [Hz], NF is the noise 

figure of the receiver [dB] and D is the maximum allowed 

desensitization of the receiver [dB]. Receiver desensitization 

of one dB or less is typical for UE and small cell base station. 

Analysis of filtering requirement for LTE-LAA and Wi-

Fi harmonic interference for a 100 MHz channel at mmW 

band is shown in Table III. If harmonic transmission just 

fulfills general 30dBm @ 1MHz [17], then the spurious 

emission requirement from the filtering provided by the Wi-

Fi/LTE LAA PA to the input matching of the mmW LNA is 

80 dB with 1 dB desensitization.  

The RF TRX switch is a non-linear component and will 

create harmonic signal content at the output of LTE or Wi-Fi 

transmitter. Some RF TRX switches are the main source of 

harmonic signals.  The 5th order output intercept point (OIP5) 

determines the output level of the 5th harmonic and its level 

can be calculated by [18] 

 

 𝐼𝑀5 = 𝑃𝑜𝑢𝑡 − 4(𝑂𝐼𝑃5 − 𝑃𝑜𝑢𝑡)  (5) 

where IM5 is the 5th-order interference signal level and Pin is 

the input signal level. If the maximum conducted output 

power of the small cell is 24 dBm and the interference level 

is -89.9 dBm based on Table III, then the OIP5 requirement 

for the TRX switch is 53.8 dBm. RF TRX switches that fulfill 

these requirements are commercially available, e.g. TRX 

switch in [19] has harmonic level below 126 dBm, 

corresponding to OIP5 of 62.8 dBm. 

Harmonic signal levels from LTE-LAA [9] and Wi-Fi 

power amplifier [10] were measured and the 5th harmonic 

signal levels were better than 40 dBm. Measurement was 

done with a 20 MHz test signal. Dynamic range of the 

spectrum analyzer limited the harmonic signal level 

measurement capability. Co-channel interference due to 5th 

harmonic is summarized in Table III and based on the 

analysis, the 5G mmW PoC can operate simultaneously with 

5 GHz LTE-LAA and Wi-Fi. 

V. BLOCKING OF MMW RECEIVER DUE TO  WI-FI/LTE 

SIGNAL 

The Wi-Fi / LTE transmission may block the operation of 

the mmW receiver if the combined filtering based on the 

isolation between Wi-Fi/LTE and mmW antennas, the 

frequency roll-off of mmW TRX switch and the filtering of 

input matching of mmW LNA is not good enough. 

  The out-of-band blocking signal requirement for the 5G 

mmW receiver has not been specified in currently available 

standard versions. Current LTE requirement for out-of-band 
TABLE III. MMW CO-CHANNEL IINTERFERENCE OF HARMONIC 

TRANSMISSION @ 26 GHZ 

Parameter Max Spec. level 
Comp. 

Spec. 

Meas. 

value 

A) WLAN / LTE PA output 
5th harmonic [dBm] 

-30.0 @1MHz or  
-10.0@100MHz 

 < -40.0 

B) Noise level at mmW 

antenna [dBm] 
-84.0 

NF = 

10 dB 
 

C) Max desensitization of 
receiver [dB] 

1.0   

D) Max interference in 

mmW with desens. [dBm] 
-89.9@100 MHz   

E) Filtering requirement 

(D-A) [dB] 
-79.9   

F) 5 GHz TRX switch atten. 

at mmW [dB] 

Not available 

(N/A) 

-10 

est. 
 

G) 5 GHz bandpass filter 

attenuation at mmW [dB] 
 -20.0  

H) Antenna isolation [dB]   -45 

I) Interference LNA input  

(A+F+G+H) [dBm] 
-100.0  <-120.0 

 

TABLE IV. LTE BLOCKING ANALYSIS OF MMW RECEIVER @ 2.7GHZ 

Parameter 
Specification 

level 

Measured  

value 

A) LTE output signal in antenna 
UE / small cell @ 2.7GHz [dBm] 23.0 / 24.0 23.0 / 24.0 

B) Antenna isolation between 

LTE and mmW [dB] 
 -55.5 

C) mmW TRX switch 
attenuation at 2.7 GHz [dB] 

N/A 
Included into 
LNA meas. 

D) mmW LNA input matching 

filtering at 2.7 GHz [dB] 
 -7.7 

E) Conducted 3GPP LTE 

blocking requirement [dBm] 
-15.0  

F) Filter atten. requirement based 
on LTE blocking [dB] (E-A) 

-38.0 / -39.0  

G) Implemented filtering @ 2.7 

GHz [dB] (B+D) 
 -63.2 

H) Block signal level in mmW 
LNA (A-G) [dBm] 

 -40.2 / -39.2 

 



conducted blocking signals far away from the operational 

reception band is 15 dBm for both mobile and base stations 

[1], [2]. One could expect similar requirements for future 

mmW receivers, as well.  

A summary of the blocking analysis due to LTE 

transmission at band 7 (@ 2.7 GHz) to the 5G mmW receiver 

is shown in Table IV.  Blocking signals at 2.7 GHz are strong 

at 40 dBm level compared to minimum mmW signal level of 

54.4 dBm [20]. Since the mmW antenna array will receive 

interference signals from multiple frequencies due to several 

unwanted resonances, the interference situation changes based 

on carrier aggregation combinations. If the RF architecture is 

similar to the one used in the 5G mmW PoC described in [12], 

then all interference signals are combined prior to the mixer.  

These interferences may be filtered with external filters. If the 

5G mmW RF is implemented with an integrated circuit (IC), 

then additional filtering may not be possible. Alternative 

method then is to use combination of analog and digital 

filtering at baseband frequency with adequate dynamic range 

of A/D-conversion, however some interference products may 

have been generated on the top of the wanted signal during the 

mixing operation which may be impossible to filter out.  

The blocking of the mmW receiver due to fundamental 

transmission of LTE/Wi-Fi systems is the most severe 

interference scenario of the studied cases, since the 5G mmW 

PoC barely fulfills the interoperability requirement. 

VI. CONCLUSIONS 

Two interoperability scenarios between LTE/Wi-Fi and 

5G mmW systems have been analyzed. The blocking of the 

mmW receiver due to fundamental transmission of LTE/Wi-

Fi is a much more severe problem than harmonic transmission 

of the LTE/Wi-Fi to the 5G mmW frequency band. Isolation 

measurements between antennas operating at LTE/Wi-Fi and 

5G mmW frequencies show that the 5G mmW antenna array 

has multiple low frequency resonances, which worsen the 

multiradio interoperability. Different mmW antenna array 

ports may enable different unwanted low frequency 

resonances due to alternating physical dimensions within the 

antenna array. The unwanted resonances may cover entire 

LTE/Wi-Fi frequency bands (from 2 to 5 GHz) and avoiding 

these unwanted low frequency resonances may pose new 

design criteria for mmW antenna array design. Isolation 

improvements may be done by selecting the number of mmW 

antenna elements appropriately or modifying the antenna 

array dimensions. 
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