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Abstract. The article presents the results of the research of the interference noise in transmission
systems using the VDSL2 technology when working over TPP type telephone cables. The research was
carried out by analyzing the modeling of VDSL2-systems with the frequency plan B8-6 [998-M2x-B] over
TPP-0.4 type telephone cable using traditional orthogonal harmonic signals (OHS) and generalized class
orthogonal harmonic signals (GC OHS). Interference noise for both downstream and upstream transmission
directions was researched. Interference noise was estimated in relative values as a percentage ratio of the
interference noise and signal effective values. The article presents three-dimensional diagrams of the
dependence of the interference noise values distribution in channels from the integration beginning (start)
moment when the line length varies from 200 to 500 meters. It was determined that interference noise is
unevenly distributed in the VDSL2-system channels and their value significantly depends on the integration
start sample number. The optimal values of the integration start are calculated by the criterion of the
minimum of the arithmetic mean for all information channels of the interference noise value. The
dependences of the interference noise distribution in the VDSL2-system channels are investigated when
using traditional OHS and GC OHS with the optimal values of the integration start. The dependence of the
interference noise in the VDSL2-system channels is analyzed depending on the line length, the type of the
orthogonal harmonic signals and the transmission direction. The efficiency of the generalized class
orthogonal harmonic signals application in comparison with traditional OHS application is proved. The
significant influence of the quantity of adjacent channels on the interference noise value is determined.

Key words: VDSL2 technology, interference, transmission system, orthogonal harmonic signals,
telephone cable.

AHoTauif. Y craTtTi HagjaHi pe3ynbTaTu JOCMiAXKEHHs iHTepdepeHUinHMX 3aBag Yy cuctemax
nepegavi (CI) 3a texHonorieto VDSL2 npu po6oTi TenedoHHummn kabenamu tuny TN, JocnigpkeHHA
NPOBOAMITIOCS LUNSIXOM aHaniTU4HOro MogentoBaHHs pobotn VDSL2-cuctem 3 4yacTOTHUM nnaHom B8-6
[998-M2x-B] no TenedoHHomy kabento Tuny TIM-0,4 nNpyv BMKOPUCTAHHI TpaguUiNHMX OPTOroHanbHUX
rapmoHiyHux curHanis (OFC) 1 opToroHanbHUX FapMOHiYHUX curHaniB ysaranbHeHoro knacy (OIFC YK).
HocnipxeHHs iHTepdepeHLiiHMX 3aBaZ NPOBOAUIIOCH K ANA HU3XIOHOro, Tak i ANd BUCXiOHOrO HanpsiMKy
nepepavi. 3anexHicTb Bi iHTepdepeHUinHNX 3aBaj oOLiHBanacs y BiJHOCHUX BenuuMHax siK BiACOTKOBE
CMiBBiOHOLWIEHHA e(dEeKTUBHMX 3Ha4yeHb iHTepdepeHUinHa 3aBaga/curHan. Y cTaTTi HagaHi TPUBUMIPHI
rpacbikM 3anexHoCTi po3nofiny Mo KaHanax 3HadeHb iHTepdepeHUuiHOI 3aBagu Big MOMEHTY novaTky
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iHTerpyBaHHs npu 3miHi gosxuHu nidii Big 200 go 500 meTpis. BusHayeHo, Wo iHTepdepeHUinHi 3aBaam
po3noAineHi HepiBHOMIpHO No kaHanax CIT VDSL2 i ix BennyMHa CYTTEBO 3anexuTb Bigd HOMepa Bianiky
no4aTtky iHTerpyBaHHs. Po3paxoBaHO onTuMarbHi 3Ha4YeHHSA BignikKy No4yaTKy iHTerpyBaHHA 3a KpuUTepiem
MiHIMyMYy cepeaHbOoapnPMETMYHOro No BCiX iHPOPMaLINHNX KaHanax 3Ha4YeHHs iHTepdepeHLinHOi 3aBaan.
HocnipkeHo 3anexHocTi po3noginy iHTepdepeHUinHnx 3aBag no kaHanax CI VDSL2 npu BUKOPUCTaHHI
TpaguuinHux OI'C ta OI'C YK npu onTMMarnbHUX 3Ha4YeHHAX Bigniky noyaTtky iHTerpyBaHHs. [MpoaHanisoBaHo
3anexHicTe iHTepdepeHuUiiHux 3aBag y kaHanax CI1 VDSL2 y 3anexHocTi Big [OBXWMHW MiHil, Tuny
OpPTOroHanbHUX FAPMOHIMHUX curHaniB i Hanpamy nepegadi. [doBegeHo edqeKkTUBHICTb 3aCcTOCYBaHHS
OPTOroHanNbHUX rapMOHIYHUX CUTHanMIB y3aranbHEHOro Knacy nopiBHAHO 3 TpaauuinHummn OIC. BusHayveHo
iCTOTHUIM BMAMB KiNbKOCTI CYCifHiIX KaHaniB Ha BENUYMHY iHTepdepeHLinHNX 3aBag.

Knrouogi cnoBa: texHonoria VDSL2, iHTepdepeHLida, cuctema nepenadi, OpToroHanbHi rapMOHiYHi
curHanu, TenedoHHU kabenb.

AHHOTauuA. B cratbe npuBedeHbl pe3ynbTaTbl UCCNEAOBaHWSA WHTEP(EPEHLMOHHbBIX NOMeX B
cuctemax nepegaum (CI) no texHonormm VDSL2 npum paGoTte no TenedoHHbIM kabensm tuna TIMM.
VccneposaHve NnpoBoAnNOCh NyTEM aHaNUTUYECKOro MogenupoBaHusa pabotel VDSL2-cuctem ¢ 4acTOTHbIM
nnaHom B8-6 [998-M2x-B] no tenedgoHHomy kabento Tuna TI1MM-0,4 npu ncnonb3oBaHUN TPaOULMOHHBIX
OpTOroHanbHbIX rapMoHunyecknx curdanoB (OI'C) n opToroHanbHbIX FAPMOHUYECKMX CUrHANoOB 0606LLEHHOrO
knacca (OI'C OK). UccnepoBaHne nHTepdepeHLMOHHBIX MOMEX NPOBOANIOCE, KaK AN HUCXOOALWEro, Tak 1
ANsi BOCXOAALLEro HanpasneHus nepegavn. MiutepdepeHuMoHHbIE MOMEXM OLLEHUBANUCL B OTHOCUTENbHbIX
BENMYMHaxX Kak NPOLEHTHOE COOTHOLIEHNe 3(PEKTUBHBLIX 3HAaYEeHUN UHTepdepeHUnoHHas nomexa/curHarn.
B cratbe npeacTtaBneHbl TpexmepHble rpadukM 3aBUCUMOCTW pacrnpedernieHns MNo KaHanam 3HavyeHwi
NHTEpdEpPEHLMOHHON NOMEXN OT MOMEHTA Hayana MHTErpMpoBaHns Npy U3MEHEHUN AnuHbl nnHumn ot 200
o 500 wmetpoB. OnpegeneHo, 4TO MHTEpP(EpPEeHUMOHHbIE MOMEXU pacnpefeneHbl HepaBHOMEPHO MO
kaHanam CI1 VDSL2 u ux BenuynHa CyLeCTBEHHO 3aBUCUT OT HOMEepa OTCYeTa Hayana WUHTErpupoBaHus.
PaccuvTtaHbl onTuMarnbHble 3HAa4YeHWs OTcYeTa Hayana WHTErpupoBaHUSA MO  KPUTEPUID MWUHMMYyMa
cpegHeapugmMeTMyeckoro no BceM UHAOPMALMOHHBIM KaHanam 3HayYeHust MHTepdEepeHLMOHHON NMOMEXM.
VMccnegoBaHbl 3aBUCUMOCTM pacnpedenenns MHTepdepeHUMoHHbiX nomex no kaHanam CIT VDSL2 npu
ucnonb3oBaHMm TpaguumMoHHelx OFC n OFC OK npu onTMManbHbIX 3HA4YeHMAX OTcyeTa Havana
NHTEerpmpoBaHusi. [poaHannanpoBaHa 3aBUCUMOCTb MHTEPdEPEHLMOHHBLIX MoMex B kaHanax CI1 VDSL2 B
3aBUCUMOCTU OT ASIUHbI IMHWMK, TUNA OPTOrOHasNbHbIX FAPMOHNYECKUX CUrHANOB M HaMpaBneHus nepegaydu.
[HdokasaHa adh(peKTUBHOCTb MPUMEHEHMS OPTOrOHAaNbHbLIX rAPMOHMYECKUX CMrHanoB 0606LweHHOoro Krnacca no
cpaBHeHMo ¢ TpaguumnoHHeiMn OIC. OnpegeneHo CyLecTBEHHOE BMMSHUE KONMYECTBA COCEAHUNX KaHaroB
Ha BENUYUHY UHTEPEEPEHLMNOHHBIX MOMEX.

KnroueBble cnoBa: TexHonoruna VDSL2, nHTepdepeHums, cuctema nepegayun, OpToroHasnbHble
rapMoHUYecKMe curHansbl, TenedoHHbIN kaberb.

In Ukraine, operators of the telecommunication services providing broadband access based
on XDSL technologies are faced with the need to upgrade their broadband access network that was
built based on the subscriber line (SL) network using multi-pair telephone cables. This is due to the
need to increase access rate and improve the quality of services provided to subscribers to ensure
the competitiveness of xDSL technologies in the market for provision of services for broadband
access [1].

Until recently, the main technology of broadband access over SL was ADSL2+-technology,
which provided data rates up to 24 Mbit/s in the downstream direction (DS) and up to 3 Mbit/s in
the upstream (US). At the same time, the actual transmission rate depended on many factors: the
level noise, the characteristics of the SL, and the load coefficient of a multi-pair telephone cable by
transmission systems (TS) operating in parallel on this cable [2].

Increasing the access rate can be achieved by replacing the ADSL2+-technology with the
VDSL2-technology, which can provide bidirectional data transmission at rate up to 200 Mbit/s in
the band up to 30 MHz [3]. It should be noted that the rate increasing compared with ADSL2 +
technology is achieved by reducing the length of the subscriber line. It is proved that the
transmission system by VDSL2-technology can guarantee the rate in the downstream direction of
50 Mbit/s on multi-pair telephone cables such as TPP-0.4 with the SL length up to 500 meters [4].

In this case, the upgrade consists in rebuilding the broadband access network from the
FTTN+ADSL2+ variant (the access node was installed at the telephone exchange) to the
FTTC+VDSL2 variant (with the access node being removed to the distribution cabinet).
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When using the VDSL2 TS on multi-pair telephone cables, the main reason for limiting the
transmission rate is the far end crosstalk between systems operating in parallel [4]. To suppress
crosstalk, a «vectoring» system is used, the efficiency of which over TPP cables was proved in [5],
while the crosstalk is suppressed to the thermal noise level. In this case, it is necessary consider
other factors affecting the transmission rate, primarily interference noise.

VDSL2 TS, as well as most broadband access systems transmit information by a set of
orthogonal harmonic signal-carriers (OHS). The terms OFDM (Orthogonal Frequency Division
Multiplexing) or DMT (Discrete Multi-Tone) are often used in foreign literature. In [6], using the
example of G.fast-technology, it was proved that interference noise can lead to a reduction in the
rate of the G.fast TS in the absence of the other noise types. But the use of generalized class (GC)
OHS with the optimal shape of the signal sending envelope at the clock interval reduces the
influence of interference noise compared to traditional OHS, which have a «I1»-shaped envelope of
the signal sending and which use the guard interval to suppress interference noise.

There are no such research in scientific papers for domestic broadband access networks
based on VDSL2-technology, therefore it is of interest to investigate interference noise when the
VDSL2 TS operates over domestic multi-pair telephone cables and to evaluate the efficiency of GC
OHS using.

The purpose of this article is to research interference noise in VDSL2 transmission
systems when working over telephone cables of the TPP type and evaluate the efficiency of using
the generalized class orthogonal harmonic signals as linear signal-carriers compared to traditional
OHS.

The research was carried out by analytical modeling the VDSL2-systems operation over
TPP-0.4 type telephone cable with the following parameters:

— transmission systems — VDSL2 with B8-6 [998-M2x-B] frequency plan [3];
— transmission line — TPP type telephone cable with a 0.4 mm wire diameter [4];
— the line length (liine) varies in the range — 200...500 m;

— envelope kind of the linear signal sending — traditional («IT»-shaped) and generalized class
with optimal function (with quadratic cosine fronts) [6];

— fundamental frequency (frequency separation between channels) — f0 = 17.25 kHz;
— samples number of the orthogonality interval (N) — 2048;
— samples number of the guard interval (L) — 128;

— information channels number (n) — nps = 477 (of which downstream uses channels
16...217 and 302...492), nus = 478 (of these, upstream uses channels 218...301 and 493...695);

— first information channel number (m) — mps = 16 (downstream), mys = 218 (upstream).

As mentioned above, the VDSL2 TS use the OHS transmission method. In this paper, we
consider the variants of the VDSL2 TS using traditional OHS and generalized class OHS. The I-th
channel structural schemes of the traditional OHS TS and TS with generalized class OHS are shown
in Fig. 1. The traditional OHS TS for counteracting interference use a guard interval, therefore the
duration of the clock interval is defined as the sum of the duration of the orthogonality interval and
the guard interval T = 10 + 1¢ (Fig. 2, @). In the TS with GC OHS, in comparison with the traditional
OHS TS, when forming the group signal, the additional reference signal u(t-pT) is used, which
allows to form a linear signal of the duration T with cosine-quadratic fronts (Fig. 2, b). In this case,
the signals are orthogonal over the all clock interval T, and the term “signal expansion coefficient”
is used instead of the term “guard interval”, which is calculated from the expression oex = L/N and
determines the relative increase in the signal duration compared to the initial to.
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Figure 1 — The I-th channel structural scheme of the TS OHS: traditional (a); generalized class (b)
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Figure 2 — The envelope kind of the linear signal of OHS TS: traditional (a); generalized class (b)

For the considered variants of the VDSL2 TS, interference noise was calculated by the
method described in [6, 7].

In accordance with the used method for calculating interference, g(k) impulse responses (IR)
were calculated. The impulse responses corresponding to the transmission line lengths given by the
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initial data are shown in Fig. 3. In the interference calculations for the IR duration taken the samples
number (R), at which not less 99.99 % of its power is concentrated.

(k)

-2
o 0 40 &0 20 100 120 140 160 180 200 220 240

k, samples

Figure 3 — Impulse responses of the transmission line of the VDSL2 TS when working over TPP-
0.4 cable

Interference noise was estimated in relative values as the interference and signal effective
values percentage ratio and was represented as a discrete function, the argument of which is the
channel number (carrier) of the VDSL2 TS, h; %. Further, the interference and signal effective
values percentage ratio (h) will be called interference noise.

The three-dimensional diagrams of the interference noise values distribution on channels
dependence from the integration (signal processing at the receiver) beginning (start) moment
(sample number), when the line length line = 200 and 500 m, respectively, for traditional OHS TS
are shown in Figs. 4 and 5.

Similar results for the TS with GC OHS are shown in Figs. 6 and 7.

In figures: | — the channel number (carrier); kr — integration (signal processing at the
receiver) start sample number; hix — Interference noise as a function of two variables: the channel
number and the integration start sample number.

Analyzing the results presented on three-dimensional diagrams (Figs. 4 ... 7), it can be
concluded that interference noise is unevenly distributed on VDSL2 channels and their value
significantly depends on the integration start sample number kr (can differ by tens or even hundreds
of times). Therefore, to minimize interference noise, it is important to choose the start moment of
the signal processing at the receiver. We will consider the kr opt Optimal moment at which the 7
arithmetic mean interference noise value all information channels will be minimal.
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Figure 4 — Diagram of the function hix for VDSL2 TS with traditional OHS
(hine = 200 m; TPP-0.4; L = 128; transmission direction: a) DS; b) US)

Figure 5 — Diagram of the function hix for VDSL2 TS with traditional OHS
(hine = 200 m; TPP-0.4; L = 128; transmission direction: a) DS; b) US)

For further analysis of the calculation results the interference integral estimates is
performed, which is expressed in determining the arithmetic mean of the interference noise value 7
all information channels as a function of the integration start sample number value kr. According to
the 7k, functions minimum the kropt Optimal integration start sample number value, are determined
for all variants given by the initial data (when using traditional OHS and GC OHS, when
transmitting in the US and DS direction, for different line lengths liine).

The results of the determining kr optimal values are presented in Table 1, and the
corresponding 7k arithmetic mean values at the kropt optimal value are presented in Table 2.
Diagrams of the h; interference noise in the VDSL2 TS channels when using traditional OHS
corresponding to the kr optimal value are shown in Fig. 8. Similar results for the VDSL2 TS when
using the GC OHS are shown in Fig. 9.

92 Oreshkov V.1, Stelia D.O.
Research of interference noise in vdsl2 systems when operating over tpp type telephone cables



Hayxosi npaui OHA3 im. O.C. Ilonosa, 2019, Ne 1

Figure 6 — Diagram of the function hx for VDSL2 TS with GC OHS
(hine = 200 m; TPP-0.4; L = 128; transmission direction: a) DS; b) US)

a) 0)

Figure 7 — Diagram of the function h;x for VDSL2 TS with GC OHS
(hine = 500 m; TPP-0.4; L = 128; transmission direction: a) DS; b) US)

Table 1 - The optimal values of the integration start sample number kropt Sample

line .M Traditional OHS GC OHS
' us DS us DS
200 130 139 70 69
300 203 163 116 103
400 189 209 135 138
500 204 247 158 171
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Table 2 — Arithmetic mean of the interference noise 7 at the optimal value of the integration
start sample number kr opt, %

live Traditional OHS GC OHS
' US DS US DS
200 0.027 0.094 0.01 0.054
300 0.045 0.301 0.036 0.115
400 0.355 0.742 0.216 0.256
500 1.304 1.565 0.91 0.53
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Figure 8 — Diagram of the function h; at the optimal kr for VDSL2 TS with traditional OHS
(TPP-0.4; L = 128; transmission direction: a) DS; b) US
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Figure 9 — Diagram of the function h; at the optimal kr for VDSL2 TS with GC OHS
(TPP-0.4; L = 128; transmission direction: a) DS; b) US)

Analyzing the results, we can draw the following conclusions.

1. Note that the general nature of the interference noise dependence in the VDSL2 TS on the
transmission line characteristics and transmission system parameters is confirmed by the research
results obtained in [6, 7] for the ADSL2+ and G.fast systems. Therefore, we consider only the
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numerical ratios, which make it possible to estimate the value of the interference noise in the
VDSL2 TS and the efficiency of the GC OHS usage compared to traditional OHS.

2. From the results presented in Tab. 1 and 2, the optimal values of the integration start
sample number (kropt) and the arithmetic mean values of the interference noise (%) differ for the
upstream and downstream transmission directions. This is due to the following reasons:

— linear distortions increase with increasing frequency, respectively, the interference in
different channels (at different frequencies) will be different, while the value of kropt Will be
different for different channels also;

— according to the frequency plan, VDSL2 downstream channels occupy
DS1=0.276...3.76 MHz and DS2 =5.2...8.5 MHz, frequency bands, and upstream channels
occupy US1=3.76...5.2MHz and US2=28.5...12 MHz. Accordingly, the working channels
quantity (frequencies on which information is transmitted) for the downstream transmission
direction is 30 % more than for the upstream direction. But at the same time, the DS1 and DS2
bands contain approximately the same channels quantity, and for the upstream direction, the US2
band contains about 2.5 times more channels.

3. The interference noise value in the VDSL2 TS with a line length of up to 400 m for most
DS and US channels does not exceed 1% both when using GC OHS, and when using traditional
OHS.

4. With the increase in the line length, the interference noise in the DS channels increases by
approximately 2...3 times for every 100 meters, both when using traditional OHS and GC OHS. For
the US, there is the sharp increase in interference (8 times for traditional OHS and 6 times for GC
OHS) with the increase in the line length from 300 m to 400 m.

5. The use of GC OHS allows reducing interference noise 1.25...2.7 times for US and
1.7...3 times for DS, depending on the transmission line characteristics.

6. From the results presented in Figs. 8 and 9, the number of adjacent channels, which is
more important than the frequency band in which these channels operate, has a significant influence
on the interference noise value. Thus, the US1 channels are located higher in frequency than the
DS1 channels, which means that the linear distortions in the US1 frequency band are greater,
respectively, the interference noise should be greater (the average between the interference for DS1
and DS2 channels). But the results of the research showed that the interference noise for US1
channels is 3...10 times less than for DS1 channels when using traditional OHS. When using GC
OHS, the difference is even more — the interference noise for US1 channels is 10...25 times less
than for DS1 channels. This discrepancy can be explained by the fact that the frequency band US1
contains 2.4 times less channels than the frequency band DS1.

Conclusions

The completed research allowed us to estimate the value of the interference noise in VDSL2
transmission systems when working over TPP type telephone cables. In the future, the results are
planned to be used to estimate the effect of the interference on the VDSL2 transmission rate. Also,
the efficiency of using generalized class orthogonal harmonic signals as the linear signal-carriers,
which, compared to traditional OHS, allows to reduce the interference noise value by 1.25...3 times,
depending on the transmission line characteristics, is proven. It is important to note the significant
influence of the quantity of adjacent channels on the interference noise value.
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