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Abstract. Digital subscriber line (DSL) is a technology that 

is widely used for bringing high-speed Internet access to 

the users’ premises. Unfortunately, the use of the DSL over 

existing copper telecommunication networks can result in 

radiation that can cause interference to radio systems 

operating in the same frequency range. To restrict such 

radio disturbances various radiation limits for wire-line 

telecommunication networks have been proposed. How-

ever, radiation limits differ significantly from each other 

which makes it difficult to adopt common protection crite-

ria. In this paper, the comparison between defined radia-

tion limits and measurements of the E-field radiation from 

the copper telecommunication cable is performed based on 

the measurement methodology described in the ITU-T K.60 

Recommendation. The aim of the measurement was to 

assess whether the radiation from the aerial copper tele-

communication cable (type: TK59U-xDSL) when VDSL2 

profile 17a technology is used, meets radiation limits 

mostly used in the European Union. Measurement results 

have shown that the radiation from the cable is approxi-

mately 6 dB above limits proposed by the ECC/REC(05)04 

Recommendation, which could cause intolerable errors in 

radio signal reception, thus disabling radio service to 

operate as intended. The obtained results show that the 

power spectral density (PSD) should be reduced by 10 dB 

in order to assure an adequate protection of radio services.  
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1. Introduction 

A rapid development of communication systems and 

their successful application in the communication market 

have deeply affected people's habits and living standard. 

With the need for an immediate access to information, end 

users demand higher throughput, greater data transfer reli-

ability, larger number of available services, etc. Several 

high-speed technologies are used to accomplish these user 

requirements such as: digital subscriber line (DSL) tech-

nologies, fiber optics technologies, satellite technologies 

and wireless broadband technologies (3G, 4G and 5G), etc. 

Each of the aforementioned technologies has advantages 

and disadvantages, and their application depends on pur-

pose, implementation cost and availability. Technologies 

that are frequently used for broadband services are DSL 

technologies. They are especially interesting for telecom-

munication operators since they use the existing copper 

telecommunication network which significantly reduces 

installation time and implementation cost [1–3].  

DSL come in a number of variants. Selection of 

appropriate DSL technology depends on the required 

throughput, the distance between the customer premises 

(CPE) and the central office (CO), symmetry of upstream 

and downstream traffic, service price, etc. Depending on 

the chosen technology, throughput can vary from several 

hundred kbps to several hundred Mbps. Higher throughput 

over copper telecommunication network requires greater 

frequency bandwidth, which can be achieved on higher 

frequencies of transmission [4–6]. 

Unfortunately, increasing throughput by increasing 

frequency bandwidth has its disadvantages. It is known that 

the copper wire is not a perfect transmission medium and 

that part of the signal energy is radiated in the air when the 

signal passes through the wire [7–9]. This radiation can 

cause unwanted interference with radio services using the 

same frequency spectrum, such as: amateur services, aero-

nautical services, broadcasting services, government ser-

vices and various public safety services [10]. 

If radiation from the telecommunication network is 

too high, the radiated electromagnetic field can cause intol-

erable error in signal reception, and consequently it could 

cause loss of radio communication. Therefore, it is im-

portant to limit radiation from wire-line telecommunication 

networks, especially in order to protect critical services 

where such radiation can directly affect the safety and 

security of human life. To restrict such interference to radio 

services various limit values and mitigation techniques 

have been proposed, either by international institutions 
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(such as International Telecommunication Union – ITU, 

Federal Communications Commission – FCC, Conference 

of European Post and Telecommunication administrations 

– CEPT, etc.) or by national telecommunication authorities. 

While the former have status of Recommendation, the 

latter have legal status in a particular country. In either case 

it is important to determine adequate limits which will 

ensure the protection of radio services operating in the 

same frequency range as DSL technologies.  

Although copper telecommunication networks, due to 

their accessibility, are widely used for modern broadband 

high-speed technologies, the influence of the network radi-

ation on the radio services operation and compliance be-

tween network radiation with defined radiation limits level 

are not investigated as much as could be expected. In [11] 

the theoretical background to the field problem and ap-

proximation formulae for the prediction of radiation from 

twisted-wire pairs are given. In order to prevent the impact 

of cable radiation on radio services, in [12–15] the authors 

suggest that the operator shall be required to cease part of 

the network causing interference or to replace critical part 

of the network with optical or higher quality copper cables 

(S/FTP cables). Although proposed solution has long-term 

viability, difficulties in the installation process, legal con-

strains, and the cost of new cable deployment, limits the 

application of this approach. In [10] windowing technique 

is proposed for lowering the level of cable radiation. Un-

fortunately, applying a windowing technique introduces 

signal distortions that are generally not easy to compensate. 

Other methods used to reduce radiation from the telecom-

munication infrastructure include adaptive notch filtering 

and using alternative filter banks [16–21]. However, using 

filters leads to data rate reduction and increases the com-

plexity of the system.  

To avoid possible contamination of the frequency 

spectrum and enable the coexistence of DSL technologies 

with other radio services operating in the same frequency 

band, ITU proposes to use interference mitigation tech-

niques (e.g. notch filters) as a solution in case radiation 

levels are not met. However, it is noteworthy to evaluate 

how appropriate and efficient the proposed radiation limits 

are in the first place. 

To that goal, we have made series of measurements of 

the electric field (E-field) radiation from VDSL2 data-car-

rying cable and compared them with the proposed radiation 

limits in order to investigate whether the measured cable 

radiation meets the proposed limits or not.  

It should be noted that measurement methodology is 

described in the ITU-T K.60 Recommendation and that 

proposed limits can be applied only if measurements are 

carried out according to the defined measurement setup. 

However, in this paper we have expanded the measurement 

methodology to cases that are not covered by the Recom-

mendation, but which can be encountered in practice. 

The key points provided by this paper are: 

 The proposed radiation limits are evaluated based on 

measurements. Two measurement setups were used. 

The first one was carried out with the antenna at the 

distance of 3 m from the cable, which is in line with 

the values defined in the recommendations. The sec-

ond measurement was conducted at distances of 1 m 

and 3 m, which is in fact a novel scenario that is not 

specifically addressed in recommendations, but oc-

curs often in practice and should be investigated. 

 Based on the comparison between measurement re-

sults and proposed radiation limits level, reduction of 

the power spectral density (PSD) mask is proposed in 

order to meet radiation limits condition. 

 Although radiation limits are not defined for the un-

balanced cable, in order to get the insight of how 

much the radiated E-field level can differ from bal-

anced cable, additional measurement was performed 

when one wire from the twisted-wire pairs was dis-

connected (unbalanced cable). 

The paper is organized as follows. Section 2 provides 

information of the VDSL2 technology. In Sec. 3 methods 

for radiation reduction from a wire-line telecommunication 

cable as well as technical specifications regarding the 

tested cables are given. In Sec. 4 the radiated emission 

from wire-line telecommunication networks is presented. 

Section 5 provides information about the measurement 

scenario and procedure, while measurement results, with 

the evaluation of the E-field radiation, are presented in 

Sec. 6. Conclusion remarks are given in Sec. 7.  

2. Overview of the VDSL2 Technology 

In line with the strategy of the European gigabit soci-

ety, by the year 2025, all European households, rural and 

urban, should have an access to a network offering 

a download data rate of at least 100 Mbps. Fixed broad-

band system that will be involved to achieve that goal is 

VDSL2 technology [22], [23]. VDSL2 technology consists 

of different profiles. Each profile is a predefined set of 

implementation capabilities, which are characterized by the 

maximum aggregate downstream transmit power, number 

of carriers and frequency bandwidth. The profile selection 

also defines the maximum achievable data rates. For exam-

ple, profile 30a uses frequency range up to 30 MHz and 

provides data rate up to 200 Mbps, while profile 17a uses 

frequency range up to 17.664 MHz and provides data rate 

up to 100 Mbps over copper telecommunication network 

[24]. Generally, the larger frequency bandwidth is used, the 

higher data rate will be achieved [25]. However, using 

larger frequency bandwidth also has negative effects to the 

system, such as: decrease of the local loop length (the loop 

from the CO to the CPE) and the increase of the number of 

the radio services that could be affected by the data-carry-

ing xDSL cable radiation.  
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3. Radiation from (xDSL) 

Telecommunication Network 

When transmitting VDSL2 signal over the copper 

telecommunication network, the electromagnetic field is 

radiated from the cable [11]. This radiation can be the 

source of interference to the radio systems operating at the 

same frequencies as VDSL2 if radio system antenna is set 

in the vicinity of VDSL2 data-carrying cable [26]. Intensity 

of disturbances caused by radiated electromagnetic field 

depends on used telecommunication networks. Generally, 

telecommunication network can be underground and aerial. 

While radiation from underground cable can be neglected, 

the radiation from wire-line telecommunication networks 

using aerial cables can interfere with radio services oper-

ating in the same frequency range. This is due to the fact 

that aerial cables, unlike the underground ones, can be 

placed close to the radio system receiving antenna. 

In order to decrease radiation from aerial cables, 

twisted cables are used instead of flat ones. Radiation re-

duction in twisted cables comes from the fact that field 

generated by a twisted pair of wires has different sign but 

equal magnitude which results in mutual field cancellation 

[11], as shown in Fig. 1. Effective cancellation of the elec-

tromagnetic field radiation depends on the twisting length 

of pairs of wires in the cable that must be less then λmin/4, 

where λmin represents the minimal wave length of the signal 

in the cable. If twisted cable is not designed properly, 

transmitted signal in the cable may result in higher cable 

radiation [27], [28]. In a flat cable, the radiation from the 

pair of wires has equal sign and equal magnitude resulting 

in the increase of a total radiated field [11]. 

To describe the capability of the cable to reject the 

external noise and/or to decrease unwanted radiation, the 

term balanced is used. The balance of the cable, in the term 

of voltage, is defined as [11] 

 
diff

com

U

U
bv   (1) 

where Ucom represents common mode voltage and Udiff 

represents differential mode voltage. In the decibel scale, 

the cable balance is often described as a longitudinal con-

version loss (LCL), defined as [29]  

    10 v20log dBLCL b  . (2) 

 
(a)                                                                      (b) 

Fig. 1. An electromagnetic field radiation by: (a) flat cables, 

(b) twisted cables. 

 

Fig. 2. Structure of the TK59U-xDSL cable. 

One of the main factors that makes application of 

broadband services difficult is the use of old copper cables 

which are not primarily designed for the efficient data 

transmission on higher frequencies. Such cables are not 

shielded or balanced, and they are mainly used for the 

voice transmission. Modern xDSL aerial telecommunica-

tion cables consist of several pairs of wires which are 

twisted over each other [30]. To prevent damages caused 

by the penetration of moisture in the cable all interstices in 

the cable are filled with special filling compound. Addi-

tionally, cables are shielded with aluminum tape in order to 

reduce radiation from the cable as well as to reduce exter-

nal radio impact. Aluminum tape is then covered with 

polyethylene sheath that additionally protects the cable 

from external influences (mechanical and weather influ-

ences). The internal layout of the telecommunication cable 

TK59U-xDSL used in this paper is shown in Fig. 2. 

4. Radiation Limits from Wire-line 

Telecommunication Networks 

To prevent unwanted emission and assure adequate 

interference protection of radio users, radio spectrum must 

be managed and monitored by national and/or international 

administrations.  

ITU as a United Nation specialized agency for infor-

mation and communication technologies published ITU-T 

K.60 Recommendation which provides protection limits 

against interference from wire-line telecommunication 

networks. Radiation limits defined by the ITU for fre-

quency range from 9 kHz to 30 MHz are shown in Tab. 1 

[31]. Another document that is frequently used as a refer-

ence document for the assessment of radio interference 

caused by radiation from wire-line telecommunication 

networks is ECC/REC/(05)04 Recommendation developed 

by CEPT. Radiation limits defined by the ECC for frequen-

cy range from 9 kHz to 30 MHz are shown in Tab. 2 [32]. 

In Norway, radiation from wire-line telecommunica-

tion networks in the frequency range up to 30 MHz are 

regulated according to levels provided in Tab. 3. Although 

this  regulation  was  initially  proposed  by  the  Norwegian 
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Freq. range 

[MHz] 

Field strength limit 

(peak detector)  

[dBµV/m] 

Meas. 

distance 

[m] 

Meas. 

bandwidth 

[kHz] 

0.009 to 0.15 52 – 20 log10(f) 3 0.2 

0.15 to 1 52 – 20 log10(f) 3 9 

1 to 30 52 – 8.8 log10(f) 3 9 

Tab. 1. Radiation limits proposed in the ITU-T K.60 Recom-

mendation. 
 

Freq. range 

[MHz] 

Field strength limit 

(peak detector) 

[dBµV/m] 

Meas. 

distance 

[m] 

Meas. 

bandwidth 

[kHz] 

0.009 to 0.15 40 – 20 log10(f) 3 0.2 

0.15 to 1 40 – 20 log10(f) 3 9 

1 to 30 40 – 8.8 log10(f) 3 9 

Tab. 2. Radiation limits proposed in the ECC/REC/(05)04 

Recommendation. 
 

Freq. range 

[MHz] 

Field strength limit 

(peak detector) 

[dBµV/m] 

Meas. 

distance 

[m] 

Meas. 

bandwidth 

[kHz] 

0.15 to 1 20 – 20 log10(f) 3 9 

1 to 30 20 – 7.7 log10(f) 3 9 

Tab. 3. Radiation limits proposed in by the Norwegian 

administration. 

administration, it is also fully accepted by several other 

CEPT administrations (e.g. Ireland), while some other 

countries only partially accepted proposed limits (e.g. 

United Kingdom) [33], [34].  

As can be seen from the tables, limits proposed by the 

aforementioned recommendations, national or interna-

tional, can vary up to a few dozen decibels, which compli-

cates the comparison and the analysis of measurement 

results. From the customer’s point of view, it can also 

cause confusion regarding the validation of the procedure 

that defines radiation protection criteria. Since radio spec-

trum management at European level is administered by the 

CEPT/ECC, and in order to avoid confusion of results 

interpretation, this paper is focused on limits defined in the 

ECC/REC(05)04 document. 

5. Measurement Scenario and 

Procedure 

The radiation level of VDSL2 profile 17a broadband 

technology is measured in the city of Rijeka, Croatia. PSD 

mask as well as frequency spectrum allocation for VDSL2 

profile 17a (998ADE17-M2x-B band plan) can be found in 

[35]. Signal radiation was observed when the aerial 

TK59U-xDSL telecommunication cable is used. This cable 

consists of six twisted pairs of wires, each with 0.5 mm 

diameter. To decrease the radiation from the cable as well 

as to protect data transmission against the external radio 

impact, the cable is shielded with 0.2 mm aluminum tape.   

For measurement purposes the following equipment 

was used: the Rhode&Schwarz ESMD wideband monitor-

ing receiver (type: 4066.0004K03) and the Rhode&Schwarz 

loop antenna type BN150012 (0.8 m diameter). Antenna 

was mounted on a tripod in a way that center of the loop 

antenna is 1 m above ground level at the location previ-

ously identified as the one with the highest maximum E-

field radiation. To analyze radiation from the aerial VDSL2 

data-carrying cable, two types of measurements are pro-

vided. In the first type of measurement, the radiated E-field 

level was measured when the antenna was mounted 3 m 

below the aerial cable (Fig. 3a) as defined in [31]. Addi-

tionally, the E-field radiation when one of the wires from 

the twisted pair is disconnected is observed. In practice, 

this situation can be considered as the worst case, since the 

cable behaves like an “antenna” due to the cable unbal-

ance. Since customer antenna can be less than 3 m away 

from the cable (e.g. antenna of the amateur radio service), 

in the second type of measurement, the attenuation of the 

cable radiation with distance when using vertical VDSL2 

data-carrying cable was investigated. To do that, E-field 

radiation from the cable is firstly measured when the center 

of the antenna was mounted 1 m from the cable. After that 

the center of the antenna was mounted 3 m from the cable 

and measurement was repeated (Fig. 3b). Measurements 

are carried out in the customer vicinity (15 m away from 

the CPE location and 600 m away from the CO location). 

To minimize the possibility of earth loops affecting the 

measurement results, the receiver and the loop antenna had 

battery power supply (independent power source with no 

ground connection), as recommended by [34].  

The Rhode&Schwarz ESMD receiver is set up to 

measure frequency range from 100 kHz to 20 MHz with 

5 kHz frequency step. All measurements are provided with 

a peak detector and 9 kHz measuring bandwidth, according 

to [32]. In order to get E-field level in dBµV/m, antenna 

correction factor as well as cable loss and connector loss 

were added to the values measured at the receiver. Antenna 

correction factor is provided by the antenna manufacture. 

In order to find the maximum received signal, after 

the antenna is placed in the proper location and the receiver 

is set up to the required parameters, the antenna is rotated 

around vertical axis. Once the required antenna position 

has been found, the measurement procedure started. 

6. Measurement Results Evaluation 

In order to decrease the influence of the men-made 

noise to the measurement results, measurements are carried 

out in the rural area of the city of Rijeka, Croatia. For the 

upstream (US1 and US2), as well as for the downstream 

(DS2 and DS3) frequency bands the mean value, x̅, and 

standard deviation, σ, of the measured results were calcu-

lated. The upstream and downstream frequency plan for 

VDSL2 profile 17a (998ADE17-M2x-B band plan) is de-

fined in [35]. The aggregate power of the modem is set up 

to PDS = 11.9 dBm at the CO location and PUS = 9.4 dBm at 

the CPE location. In order to obtain the reference (noise) E-

field level  in the frequency range from  100 kHz  to  20 MHz 
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(a) 

 
(b) 

Fig. 3. Measuring antenna position: (a) the first measurement type (cable is in the horizontal position) and (b) the second measurement type 

(cable is in the vertical position). 

 

the measurement was firstly made when VDSL2 signal was 

not transmitted via the cable (no radiation from the cable). 

The measurement is carried out when the antenna is set up 

3 m below the aerial TK59U-xDSL cable (first type of the 

measurement, Fig. 3a). The result of this measurement is 

presented in Fig. 4 and Tab. 4. Narrowband signals with 

magnitude higher than 10 dB above noise level are signals 

transmitted by the radio services operating in the frequency 

range up to 20 MHz. High magnitude of the E-field value 

in the first part of the spectrum (up to approximately 

3.0 MHz), presented in Fig. 4, is the result of the lower 

antenna sensitivity. Therefore, only US1 and US2, as well 

as DS2 and DS3 frequency bands were considered in this 

paper. After the reference E-field level is determined 

measurement was repeated when VDSL2 signal is trans-

mitted through the TK59U-xDSL cable. Result of this 

measurement is shown in Fig. 5. Figure 5 shows that E-

field radiation from the cable in the US frequency band, 

when the balanced cable is used, has a higher value then at 

the adjacent DS frequency band. For example in the US1 

frequency band the mean value x̅ and standard deviation σ 
of the received E-field radiation are x̅US1_bal = 33.7 dBμV/m 

and σUS1_bal = 1.9 dB while in the adjacent DS2 frequency 

band those values were x̅DS2_bal = 26.5 dBμV/m and 

σDS2_bal = 2.6 dB. In the US2 frequency band the mean 

value is x̅US2_bal = 30.8 dBμV/m and in the DS3 frequency 

band mean value is x̅DS3_bal = 26 dBμV/m. Higher mean 

value in the upstream frequency bands is due to the fact 

that measurement was conducted close to the customer 

premises, resulting in smaller cable loss for the signal in 

upstream direction when compared with the downstream 

signal coming from a further CO location. The figure also 

shows the reduction of the radiation with the frequency 

increase which is the result of an increased cable loss and 

increased path loss between the cable and the antenna at 

higher frequencies. 

The comparison between the measured E-field values 

and radiation limits defined in the ECC/REC/(05)04 Rec-

ommendation when the TK59U-xDSL telecommunication 

cable is used are presented in Fig. 6.  

As it can be seen in Fig. 6, the radiated power in the 

US frequencies bands at discrete frequencies are above 

limits proposed by the ECC. In the US1 frequency band the 

highest radiation of the E-field is measured at 5.18 MHz 

and it is 39.3 dBμV/m while in the US2 frequency band the 

highest E-field radiation is measured at 11.45 MHz and it 

is 37.4 dBμV/m. According to Tab. 2 at 5.18 MHz the pro-

posed radiation limit is 33.7 dBμV/m while at 11.45 MHz 

radiation limit is 30.6 dBμV/m. The radiation level at men- 
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Fig. 4. The E-field reference level in the frequency range from 

100 kHz to 20 MHz. 

 

Fig. 5. The E-field level in the frequency range from 100 kHz 

to 20 MHz. 

 

Fig. 6.  Comparison of the E-field radiation and 

ECC/REC/(05)04 radiation limits. 

tioned frequencies is approximately 6 dB higher than limits 

proposed by the ECC/REC/(05)04 Recommendation. Since 

the sensitivity of a radio receiver is determined, among 

other things, with non-intentional radiators, according to 

the ECC/REC/(05)04 Recommendation, this increase of 

the emission above the proposed limits could cause a deg-

radation of the radio signal reception. In order to keep 

radiation from telecommunication cable below the pro-

posed radiation limits values, in this paper, according to the 

 

Fig. 7.  Comparison of the measured E-field radiation from the 

balanced and the unbalanced cable with the 

ECC/REC/(05)04 radiation limits. 

 

Fig. 8.  Comparison of measured E-field radiation from the 

balanced cable with the proposed limits 

presented measurement results, the reduction of PSD mask 

for 10 dB is proposed. Drawback of this approach is that it 

reduces the data rate transmission but this reduction is 

negligible compared to the data rate reduction when other 

methods are applied (e.g. using notch filters). The situation 

is even worse if one of the wires of the twisted pair of 

wires is disconnected (unbalanced cable). If unbalanced 

cable is used, due to the introduced differences in the am-

plitude and phase of the signals in the cable, the common-

mode signal will cause an increase in radiation from the 

telecommunications cable [36]. Measurement results of the 

E-field radiation for both balanced and unbalanced cable 

are shown in Fig. 7. 

From Fig. 7 it is seen that the E-field radiation of the 

unbalanced cable is higher than when the balanced cable is 

used. The mean value and standard deviation of the E-field 

radiation in the US1 frequency band when the unbalanced 

cable is used is x̅US1_un = 42.3 dBμV/m and σUS1_un = 3.3 dB 

while in the US2 frequency band the mean value and 

standard deviation are x̅US2_un = 34.2 dBμV/m and 

σUS2_un = 3.6 dB. In the US1 frequency band the mean value 

of the radiation is 8.6 dB higher when the unbalanced cable 

is used than when the balanced cable is used, while in the 

US2 frequency band this difference is 3.4 dB. The highest 
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value of the E-field radiation in the US1 frequency band 

when the unbalanced cable is used is 48.3 dBμV/m meas-

ured at the 4.45 MHz while in the US2 frequency band the 

highest value of the radiation is 43.4 dBμV/m at 9.91 MHz. 

That is 14.1 dB above the ECC radiation limits at 

4.45 MHz (US1 frequency band) and 12.1 dB above the 

proposed radiation limits at 9.91 MHz (US2 frequency 

band), respectively. This significant increase of the radia-

tion when the unbalanced cable is used can cause serious 

disturbances of the radio signal reception, thus disabling 

radio services to operate as intended. To avoid such sce-

nario, cable parameters should be continuously monitored 

by the operator, and if necessary, cable repair or cable 

replacement should be done as soon as possible. 

Comparison between the proposed radiation limits 

and measurement results when balanced cable is used is 

shown in Fig. 8 while mean value and standard deviation 

are given in Tab. 4.  

Figure 8 shows that Norwegian limit is optimistic 

(mean value of limit values are below the mean value of 

the measured values) while ECC/REC/(05)04 and ITU-T 

K.60 limits are pessimistic in the term of the radiation 

(mean value of the limit values are above the mean value 

of the measured values). Results of the comparison also 

showed that when the balanced cable is used in the US1 

frequency band, the mean value of the measured values are 

18.8 dB above Norwegian mean limits value, 0.5 dB below 

the ECC/REC/(05)04 mean limits value and 12.5 dB below 

the ITU-T K.60 mean limits value. 

In the US2 frequency band, the mean value of the 

measured values are 18.6 dB above the Norwegian mean 

limits value, 0.3 dB below the ECC/REC/(05)04 mean 

limits value and 12.3 dB below the ITU-T K.60 mean lim-

its value. Regarding Norwegian limits, results presented in 

Fig. 8 and Tab. 4 show that the proposed values are under-

estimated since all measured E-field values were above 

defined limits. Presented results also show that although 

the ECC/REC/(05)04 mean limits value are above mean 

value of the measured values (Tab. 4), ECC limits do not 

offer adequate radiation protection. That is due to the fact 

that in the part of the US1 and US2 frequency band limit 

value proposed by the ECC/REC/(05)04 are below the 

measured values (Fig. 8) what could cause unwanted inter-

ference to radio service reception at discreet frequencies 

(e.g. 5.18 MHz in the US1 frequency band and 11.45 MHz 

in the US2 frequency band). Measurement results also 

showed that ITU proposed mean limit values are above the 

mean value of the measured values. 

The radiation limits proposed by the ECC/REC(05)04 

Recommendation are defined for the antenna position at 

3 m from the cable. However, in practice, the antenna po-

sition is usually determined by the user premises con-

straints and it can be less than 3 m away from the data-

carrying xDSL cable. In order to investigate the attenuation 

of the E-field radiation with the distance from the vertical 

VDSL2 data-carrying cable (the second type of the meas-

urement, Fig. 3b), radiation is firstly measured when the 

antenna is set up 1 m from the cable. After that the antenna 

is set up 3 m from the cable and measurement was re-

peated. Measurement results are presented in Fig. 9. 

As it can be seen from Fig. 9, the mean received E-

field radiation value at 1 m from the cable in the US1 fre-

quency band is approximately 7 dB higher than at 3 m 

from the cable. In the US2 frequency band, the received E-

field radiation from the cable is approximately 8 dB higher 

at 1 m from the cable compared to the measurement at the 

 

Measurement results 

 
x̅ECC 

[dBµV/m] 

σECC  

[dB] 

x̅ITU 

[dBµV/m] 

σITU  

[dB] 

x̅Norw. 

[dBµV/m]

σNorw  

[dB] 

x̅ref 

[dBµV/m]

σref  

[dB] 

x̅bal 

[dBµV/m] 

σbal  

[dB] 

x̅un 

[dBµV/m]

σun  

[dB] 

US1 

freq. 

band 

34.2 0.3 46.2 0.3 14.9 0.3 26.7 2.0 33.7 1.9 42.3 3.3 

US2 

freq. 

band 

31.1 0.3 43.1 0.3 12.2 0.3 25.7 3.2 30.8 3.1 34.2 3.6 

DS2 

freq. 

band 

32.6 0.5 44.6 0.5 13.5 0.4 26.7 3.4 26.5 2.6 27.8 3.1 

DS3 

freq. 

band 

29.6 0.4 41.6 0.4 10.9 0.3 24 3.4 26 2.9 26 3.5 

Notes: 

x̅ECC, σECC  - represent mean value and standard deviation for ECC/REC(05)04 radiation limits 

x̅ITU, σITU   - represent mean value and standard deviation for ITU-T K.60 radiation limits 

x̅Norw, σNorw- represent mean value and standard deviation for Norwegian radiation limits 

x̅ref, σref      - represent mean value and standard deviation for reference level 

x̅bal, σbal      - represent mean value and standard deviation for measurement when balanced cable is used 

x̅un, σun      - represent mean value and standard deviation for measurement when unbalanced cable is used 

Tab. 4. Mean values and standard deviations of the proposed limits and the measured values. 
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Fig. 9.  Attenuation of the E-field radiation with distance for 

two antenna positions: at 1 m and 3 m from the cable. 

3 m from the cable. This result is expected since path loss 

increases with the distance between the antenna and the 

cable. 

7. Conclusions 

In this paper the radiation from the TK59U-xDSL ca-

ble when VDSL2 profile 17a technology is used has been 

measured and analyzed with the aim to evaluate whether 

the proposed radiation limits are met or not.  

Presented results showed that the radiation from the 

cable at discreet frequencies in the US1 and the US2 fre-

quency band is approximately 6 dB above limits proposed 

by the ECC/REC(05)04 Recommendation. Such increase 

of radiation above proposed limits value could cause intol-

erable errors in radio signal reception disabling radio ser-

vice to operate as intended. Since radiation from the tele-

communication cable generally depends on the cable 

structure, even higher disturbances to the radio signal re-

ception could be expected in customer premises where 

unshielded cables for “in-house” telecommunication in-

stallation are widely used (e.g. UTP cat. 5 cable).  

Radiation from cable when the unbalanced cable was 

used was also measured and analyzed. As expected, meas-

urement results showed that radiation increases when the 

unbalanced cable is used in comparison when the balanced 

cable is used. The average value of the radiation is in-

creased for 8.6 dB in US1 and 3.4 dB in US2 frequency 

band. Although Recommendations do not define limits for 

unbalanced cable, measurement results showed that the 

unbalanced cable can cause serious problem with radio 

signal reception and disable radio services operation as 

intended. Therefore, this situation has to be avoided when-

ever possible. 

The comparison between radiation limits proposed in 

ECC/REC/(05)04, ITU-R K.60 and Norwegian legislation 

shows that ITU-T K.60 Recommendation proposed limits 

that are above measured values when TK-59U-xDSL cable 

is used, while other proposed limits, in all or in the part of 

the US1 and US2 frequency band, underestimate real-life 

radiation from the cable.  

Measurement results and analysis given in this paper 

clearly indicate that total protection of radio service could 

be accomplished only if effective technique and methods 

for radiation reduction are applied. Based on the analysis 

of measurement results this paper proposes to reduce the 

PSD by 10 dB, in order to assure that the radiation from 

TK59U-xDSL cable when VDSL2 signal is transmitted is 

below levels proposed by the ECC/REC(05)04 Recom-

mendation. PSD reduction by 10 dB will reduce the data 

rate transmission but this reduction is negligible compared 

to the data rate reduction when other methods are applied 

(e.g. notching certain subchannels).  

The proposed level of spectral mask reduction is 

based on the comparison between the measured E-field 

radiation values and ECC/REC(05)04 radiation limits val-

ues when VDSL2 signal is transmitted through TK59U-

xDSL cable. Since, in practice, different types of telecom-

munication cables can be used for VDSL2 data transmis-

sion, different level of spectral mask reduction could be 

expected. In future research, the level of radiation when 

different types of cables (e.g. UTP, FTP and S/FTP cables) 

are used will be investigate and according to the measure-

ment results, reduction of the spectral mask will be pro-

posed for each cable types. Additionally, efficiency of 

other interference mitigation techniques (e.g. notching 

certain subchannels) will be analyzed as well as their im-

pact on data rate reduction. 
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