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Abstract. The provided analysis shows the need to ensure non-interference operation of radio electronic
facilities (REFs) by eliminating the incompatible radio technologies in the adjacent frequency bands or by minimizing
interference as far as possible. A presented example based on the cellular communication systems suggests that one of
the factors influencing the size of a guard interval is the need to filter-out’ nearby radio technologies operating in
opposite directions of transmission. In such instances, filters shall be used to avoid interference. Filters will allow, in
the first place, to create necessary attenuation in the reception band of BS of nearby radio technology to suppress out-
of-band and spurious emissions, furnishing by BS own transmitter; and in the second place, to create attenuation in the
transmission band of nearby radio technology in order to reduce signals coming from BS transmitters of nearby radio
technology at the input of own BS receiver. Additional high slope AFR filters may be required for both the BS
transmitters and BS receivers in some frequency ranges in Ukraine. There is one more precondition for usage of high
slope AFR filters having the ability to suppress main emission of transmitters by values of 30-40 dB as follows:
appropriate radio frequency control and regulatory authorities are required to apply the measuring equipment within
dynamic range of 80 dB. The simplified 3D filter models on 9 coaxial resonators with high Q factor which are
described in the article are prepared with the help of AWR Microwave office and CST Studio Suite software tools. The
simulation of AFR and frequency response for such parameter as filter reflection coefficient is also described in the
article. The results of design and research concerning band-pass electric filters that have been obtained on the basis of
application of the low-frequency filter prototype method are presented in the article. Prototype models of band-pass
electric filters with cross-links in wide range of UHF bands (820-843 MHz and 890-915 MHz, 1920-1980 MHz and
2510-2570 MHz) are designed and produced. As a result of measurements of AFR and frequency response for the filter
reflection coefficient, the attenuation within the pass-band frequency range of these filters equals to 1.5-2.0 dB; the
attenuation of input signals referring to out-of-band emissions equals to 30-75 dB; the filter reflection coefficient is
within minus 13 dB.

Keywords: electromagnetic compatibility, cellular communication system, adjacent frequency bands, out-of-
band emission, designing, low-frequency filter prototype method, band-pass electric filter, steepness of slope in
amplitude-frequency response (AFR), cross-link, ultra-high frequency (UHF) band.

Anomauin: Hasedeno ananiz neobxionocmi 3abesneyenus 6€33a6a0060i pobomu padioeieKmpouHux 3acobié
(PE3) wiisixom uxmodenHss pooomu HeCyMiCHUX PAdioOmexHoNo2il y CYMINCHUX CMY2ax 4acmom, ab0 3HUNCEHHS IX
3a6a008020 6NAUBY 00 MIHIMAILHO2O pisHs. Ha npuxnadi cucmem cminbHUKO8020 38’°513KY NOKA3AHO, WO OOHUM 3

7


Vladimir Pilyavskiy
https://doi.org/10.33243/2313-7010-28-7-13


HU®POBI TEXHOJOTIi, Ne 28, 2020

gakmopis, sKUU GNAUBAE HA POMID 3AXUCHO20 IHMEPSANLy € HeOOXIOHICMb pPO3MIIbMPY6aAHHs  CYCIOHIX
PadiomexHono2il, Wo npayionms 6 NPOMULEHCHUX HANPSIMKAX NePedasans. Y makux sunaoxkax ois YHUKHeHHs 34840
HeoOXIOHO suKopucmogysamu Qitompu, ki 6 daru 3mMo2y 3 00H020 OOKY CMEopumu HeoOXiOHe 3amyXaHHs 6 CMy3i
npuitomy 6azosux cmanyiti (BC) cycionvoi padiomexnonozii 015 npudywieHHs NO3ACMY208UX Mda NOOIYHUX
BUNPOMIHIO8ANL 61ACHO20 nepedasaya BC, a 3 Opyeoco - cmeopumu 3amyxamHs 6 cmy3i nepeoasanHs cycionvoi
padiomexHonozii 3 Memoio 3meHuleHHs pieHie cucHanie 6i0 nepedasauie BC cycionwoi padiomexnonoeii na 6x00i
nputivaya eénacuiu BC. Ha mepumopii Yxpainu euxopucmanns 000amrxosux Qinbmpis 3 6UCOKOI0 KPYMUIHOW CKAmis
AYX sk na nepedasauax BC, mak i na nputimauax BC mooice 6ymu meoOXionum 6 Oesakux Oiand3oHAx yYacmom.
Hasedeni pesynomamu moOento8ants, NpoeKmy8aHHs, eKCNePUMEHMANbHUX O00CAIOXCeHb md 6Unpoby8aHb CMYy20-
NPONYCKHUX eNeKMPUYHUX Qitbmpis i3 nepexpecHuMu 38'a3Kamu 6 WUPOKOMY CHeKMpi Yacmom Oeyumemposo2o
dianasony (820-843 MI'y ma 890-915 MIy, 1920-1980 MI'y ma 2510-2570 MIy) 3 6uxopucmaHuam memooy
HU3bKOYACTMOMHUX NPOMOMUNIs Qiibmpis.

Kniouosi cnoea: erexmpomacnimmna cymicHiCmb, CUCTEMU CMITLHUKOB020 36 3Ky, CYMIJNCHI cMyau yacmom,
no3acmy208i 8UNPOMIHIOBAHHS, NPOEKMYBAHHSA, MEMOO HUZLKOUYACTOMHUX NPOMOMUNIB, CMY20-NPONYCKHI eNeKmpPUuiHi
@inempu, KpymusHu ckamie amniimyOHO-4aCmMoOmHOI XapaKmepucmuKu, nepexpecHi 36'si3ku, oeyumemposutl Oianason
yacmom.

INTRODUCTION

Introduction of the latest radio technologies is always associated with the possibility of their
use for certain radio frequency ranges. There are a number of documents governing the use of the
radio frequency spectrum. The most important of them is the Radio Regulations, according to which
the radio frequency spectrum is allocated to different radio services at the global level [1]. At the
national level a more detailed allocation of ranges is carried out between specific radio
technologies. Such measures aim to ensure non-interference operation of REFs by eliminating
incompatible radio technologies in the adjacent frequency bands or by minimizing their
interference.

Usually a certain guard interval is established between the reception band of certain radio
technology and the transmission band of different radio technology. The guard interval may not be
used at all or may be allocated to another radio technology where technical parameters of REF do
not cause significant interference to the REFs of different radio technologies operating in adjacent
bands. In any case, in order to effectively use the radio frequency resource, it is advisable that
values of such guard interval should be as minimal as possible. One of the factors affecting the size
of the guard interval is the fact that nearby radio technologies, operating in opposite directions of
transmission, are not ‘filtered-out’. This is demonstrated in an example based on the use of cellular
communication systems with transmission band of the base station (BS) of certain radio technology
located near the BS of different radio technology. Usually, BSs are located on the roofs of buildings
or on masts and towers and are equipped with high gain antennas (up to 15-18 dB), meaning that in
most cases there is a direct line of sight between the antennas of BSs of different radio technologies
with the total antenna gain on the radio line up to Gai+a2 = 36 dB. It should be noted that REF
transmitters have certain levels of out-of-band and spurious emissions, which can fall into the
reception band of REFs of nearby radio technology, and in view of the high Gai+a2 values and small
distances between BSs, can create unacceptable interference. In addition, high signal levels at the
inputs of BS receivers from BS transmitters of nearby radio technology can cause intermodulation
interference or receiver blocking. In such cases it is required to use filters with a view to prevent
interference. Filters will, on the one hand, create necessary attenuation in the receiving band of BS
of nearby radio technology in order to suppress out-of-band and spurious emissions of the own BS
transmitter, and on the other hand, create attenuations in the transmission band of nearby radio
technology in order to reduce signals from transmitters of BS of nearby radio technology at the
input of the own BS receiver.

AIMS OF EXPERIMENTAL RESEARCH

Experience suggests that in most cases the desired values of filter attenuation in the
frequency bands of nearby radio technologies should be 45 dB or more. Such attenuation can be
formed directly in the receiving and transmitting filters of duplexers; or if duplexer filters do not
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ensure the necessary attenuation, additional filters shall be used in the corresponding paths. By so
doing, it is well to bear in mind that the specified attenuation in the band of nearby radio technology
shall be created under the condition of minimal attenuation in the own band. That is, the value of
the guard interval between different radio technologies shall be no less than the frequency band in
which specified AFR filters can be implemented. Therefore, the use of high slope filter has an effect
on the efficiency of the use of the radio frequency resource. This is especially important for
Ukraine, where radio technologies are traditionally used in the frequency ranges that are not yet
harmonized with European ones, and telecom operators own licenses without the use of guard
intervals. Under such conditions the use of additional high-slope AFR filters for both BS
transmitter and BS receiver becomes mandatory.

The following case demonstrates another possible application of the filters: the authorities
conducting monitor of the use of the radio frequency resource, are assigned with a task to monitor
the levels of out-of-band emissions furnished by REFs. This task is not simple, since the levels shall
be measured with closely spaced main transmitter emission of more than 100 dB spectral power
density. Taking into account that the equipment used for measurement of out-of-band emission has
a dynamic range of not more than 80 dB, there is a need for the use of high-slope AFR filters
suppressing the main transmitter emission by 30-40 dB, which is equivalent to reducing the
dynamic range of measured signals by the same value.

This paper presents the results of modeling, designing, experimental research and testing of
bandpass electric filters in a wide range of UHF bands using the low-frequency filter prototype
method according to [2 and 3].

MODELING AND DESIGNING OF BAND-PASS ELECTRIC FILTERS

To meet requirements of the Terms of Reference for 890-915 MHz band-pass filter, namely,
to achieve at least 30 dB suppression (attenuation) of the input signal at 887.5 MHz frequency (2.5
MHz difference between the attenuation band and the pass band), it was decided to make
calculation using the filter with cross-link theory [4, 5, and 6]. Figure 1 shows electric circuits of
low-frequency band-pass filter prototypes.

b)
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Figure 1 — Electric Circuits of Low-Frequency Prototypes:
a) 1920-1980 MHz and 2510-2570 MHz filters
b) 820-843 MHz and 890-915 MHz filters with cross-links

Next step was to set the simplified 3D filter models using nine high-quality coaxial resonators
(Fig. 2) and to simulate amplitude-frequency characteristics and frequency characteristics of the
reflection coefficient using up-to-date AWR Microwave office and CST Studio Suite software.
Figure 3 shows the graphs of 2510-2570 MHz filter simulated characteristics.

During a stage of three-dimensional filter modeling and designing, a lot of work was done to
increase the number of identical filter components. As a result of these works, it became possible to
use the same resonant cavities (volumes) and links between them (i.e., use of one housing to
configure filters for all four bands), and referring to the 820 MHz and 890 MHz filters, the similar
resonator shape was fitted.

Figure 2 — simplified 3D filter models:
a) 1920 MHz and 2510 MHz;
b) 820 MHz and 890 MHz
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Figure 3 —Simulated amplitude-frequency characteristic and frequency characteristic
of the reflection coefficient of 2510-2570 MHz filter

Results of Experimental Studies and Testing

To conduct experimental studies and testing of simulated objects, the filter samples with nine
coaxial resonators were manufactured.
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“®C-2510-2-40” band-pass filter was set to 2540 MHz central frequency with filter pass-band
of 60 MHz. According to the measured values of amplitude-frequency characteristics and frequency
characteristics of the reflection coefficient (Fig. 4, a)), attenuation in the filter pass-band was 1.2 ...
1.5 dB; attenuation of the input signals at 1000 MHz to 2475 MHz frequencies was more than 50
dB; and at 2600 MHz to 3000 MHz frequencies was more than 45 dB. The reflection coefficient

was -13 dB, which fully met the Terms of Reference for this filter.

a)

Figure 4 - Measured amplitude-frequency characteristics and frequency characteristics of the
reflection coefficient: a) “®C-2510-2-40” band-pass filter; b) “dC-890-2-30” band-pass filter

b)

“®C-890-2-30” band-pass filter was set to 902,5 MHz central frequency with pass band of 25 MHz.
When setting 2.5 MHz back from the edge of pass band at 887.5 MHz frequency, the attenuation of
input signal was more than 30 dB (Fig. 4, b)), which protects measuring equipment from the effects
of high level radio frequency emission created by cellular base stations. Characteristics of the
designed band-pass filters are shown in Tables 1-4:

Table 1 - Technical characteristics of “®C-820-2-30" band-pass filter

No. Parameter Measured value
1. Pass band, MHz 820-843
2. Loss in pass band not more, dB 1.42
Attenuation not less, dB
3. 100-800 MHz 65
870-2000 MHz 75
4. SWR in pass band, not more 1.8
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Table 2 - Technical characteristics of “®C-890-2-30” band-pass filter

No. Parameter Measured value
1. Pass band, MHz 890-915
2. Loss in pass band not more, dB 2.05
Attenuation not less, dB:
3. 100-887,5 MHz 30
935-960 MHz 65
4. SWR in pass band, not more 1.9

Table 3 - Technical characteristics of “®C-1920-2-30” band-pass filter

No. Parameter Measured value
1. Pass band, MHz 1920-1980
2. Loss in pass band not more, dB 1.68

Attenuation not less, dB:
3. 1000-1900 MHz 40
1920-1980 MHz 40
4. SWR in pass band, not more 1.55

Table 4 - Technical characteristics of “®C-2510-2-40" band-pass filter

No. Parameter Measured value
1. Pass band, MHz 2510-2570
2. Loss in pass band not more, dB 1.48

Attenuation not less, dB:
3. 1000-2475 MHz 51
2600-3000 MHz 45
4. SWR in pass band, not more 1.65
CONCLUSION

The demonstrated example based on the use of cellular communication systems shows that
one of the important factors in the issue of electromagnetic compatibility in mobile communication
networks, which influences the size of guard interval, is the need to ‘filter-out’ nearby radio
technologies operating in opposite directions of transmission.

A lot of band-pass electric filters with cross-links in wide range of UHF bands (820-843 MHz
and 890-915 MHz, 1920-1980 MHz and 2510-2570 MHz) were developed using the low-frequency
filter prototype method that ensures the control of receiving bands of base stations of cellular
(mobile) communications and the protection of measuring equipment from output emission of base
stations.

Feasibility of designed high-slope AFR filters and their subsequent implementation in the
cellular networks are factors which will significantly improve the efficiency of the use of the radio
frequency resource.
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