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Background. LTE mobile networks combine packet network technology and radio technology. Parameters of
packet and radio subsystems significantly affects the quality of all traffic types transmission, especially telephone
traffic, as the most demanding to such parameters of network transmission as delay, jitter and packet loss rate. The
recommendations of the International Telecommunication Union and the documents of the partner organization of
telecommunications operators (3GPP) contain hypothetical reference models, targets for end-to-end connection quality,
and lists the factors that affect the quality (QoS) of VoLTE services. In addition, the network points are shown where
you need to measure the quality of telephone traffic and tools for quality assessment. The quality of telephony services
is assessed according to the E-model using the method of determining the mean opinion score (MOS). However, this
technique is intended primarily to determine the MOS during the network planning. To calculate the MOS in a working
network, you have to measure such network performance first such as voice delay and packet loss rate. This article
presents the method of calculating MOS in the LTE network based on the E-model and presents the results of practical
quality studies.

Objective. The purpose of this article is research the impact of delay and packet loss ratio and voice codec
characteristics in the real LTE network on quality of telephone services.

Methods. Analysis of factors affecting on telephone services quality and analysis MOS assessment methods.
Practical studies of the delay and packet loss ratio affect the MOS level in various conditions of radio coverage and
network load.

Results. Practical results of delay and packet loss ratio influence on the telephone services quality in the LTE
network. Calculated MOS based on the practically measured delay and packet loss ratio.

Conclusions. The combination of packet technologies, modern AMR-WB codecs and QoS support mechanisms in
the LTE networks provides high quality perception of voice messages at the level of not less than 4 on the MOS scale.
With a delay not exceeding 180 ms, a sufficiently high quality of voice transmission is ensured (MOS = 4). VoLTE
technology using the AMR-WB codec is quite resistant to packet loss and provides high quality perception of voice
messages at a packet loss ratio of up to 1%.
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LTE mobile networks use packet (WB) codecs, which provide voice transmission in

transmission methods to provide a wide range of
info-communication services. Although in modern
networks data traffic is dominated, the popularity
of telephone services are not declining because
they are most consistent with the natural forms of
human communication. The basis of the telephone
service is the transfer of voice from one user to
another. In LTE networks, voice transmission is
provided by VoLTE technology, which involves
the use of adaptive multi-speed codecs and packet
format transmission in the network. The
assessment of the voice transmission quality based
on the E-model in accordance with the
recommendations of the ITU-T. It is defined as
the average value of subjective assessments of
users [1]. This score is called Mean Opinion Score
(MOS) and has a value of 1, 2, 3, 4, 5. MOS,
depends on the voice codec and network
performances, such as delay, jitter and packet loss
rate. Due to the greater capacity of the radio
subsystem, LTE networks mainly use Wide Band

the band from 50 to 7000 Hz. This has a positive
impact on speech perception quality by
subscribers and, accordingly, increases the MOS.
AMR-WB voice codec is widely used in LTE
networks. This codec is described in the ITU-T
Recommendation G.722.2 [4]. The method for
calculating the MOS based on the E-model and
mainly used at the network planning stage. For the
LTE mobile network, it is interesting to study
MOS in the network operation process as
dependence on the radio coverage quality and
under the conditions of the greatest voice traffic
load. This article presents the results of such
studies.

Recommendation ITU-T G.107.1 [2]
provides a method for determining the MOS in the
case of using the WB-codec through a preliminary
calculation of the rating factor (R):

R=Ro—1Is—1Id —lIeeff + A, (1)
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where: Ro =129 — a factor that is determined by
the signal to noise ratio in assuming that noise is
generated by not only the communication channel,
but also other sources in the user's room; Is - a
factor due to the sum of various negative
influences during voice transmission. Is-factor is
not currently studied for the WB-codec well. So it
is considered to equal it to zero [2]; /d - the factor
which reflect the negative impact of the delay on
voice quality due to a set of reasons; /e, eff -
negative impact factor due to the properties of the
codec and the packet loss factor; A4 is the
"advantage" factor, which is not due to the quality
of the codec or channel, but rather the user's
expectations about the quality of service in certain
conditions. The effect of this factor has not been
studied yet for the WB-codec, so it is considered
to equal it to zero [2].

The negative impact factor of the delay
consists of three components:

Id = Idte + Idle + Idd, )

where: Idte - a factor caused by the echo due to
the delay on the side of the speaker; /dle - a factor
caused by the echo due to the delay on the part of
the listener; I/dd - a factor caused by the echo,
which cannot be compensated by echo-canceler
due to much delay.

The main factor in the negative delay
impact on the quality of voice communication is
the echo on the speaker’s side, which is calculated
by the formulas [2]:

—_ 2
Idte — [94,7629 Re i \/(94—,762+Re) +100] x

x (1- e~ T5);

Re = 80 + 2,5(TERV — 14); 3)

14T
TERV = TELR — 40 * log —3% + 6 * ¢ ~03T5’

Ts
+150

In the above formulas, TELR determines
the volume level of the echo, and Ts - the end-to-
end delay of voice data.

The influence of voice codec parameters
and the packet loss rate can be estimated by the
following formula [2]:

Ppl

Ie,eff =1Ie + (95 — Ie) L

C)

where: /le is the factor of the voice codec
parameters influencing on the voice quality,
which depends on the type of codec and its speed.
For AMR codec [4] which mainly used in LTE
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networks, the impact factor /e can be considered
to equal it to 8 [3] in case of using 23.85 kbit/c
transmission rate; Ppl - packet loss ratio in
percentages; Bpl is the coefficient of the codec
resistance to packet loss. Codec resistance to
packet losses for WB AMR codec is too high and
due to ITU-T recommendations [2] can be
considered to equal it to 7.3.

The following relations are used to
calculate the MOS [2]:

If Rx <0, then MOS = 1;
If 0 < Rx < 100, then (5)

MOS =1 + 0,035Rx + Rx(Rx — 60) =
* (100 — Rx) = 7 % 107°;

If Rx > 1, then MOS = 4,5.

To calculate the MOS, it is also possible
to use the graph in Fig. 1 which built on formulas
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Fig. 1. Defining the MOS

To determine the MOS according to above
formulas in a real LTE network, was performed a
test on the network fragment. The goal of this test
is to obtain the initial data for packet delay and
packet losses under poor and good radio coverage
conditions. The VoLTE tested network included
more than 4000 subscribers, which randomly
distributed between different base stations. Test
has been performed at the hour of maximum
traffic load. Traffic load for some base station
reached the amount when blocking probability
was up to 2%. Poor radio coverage conditions
were considered when the input signal level for
user terminal was in the range from -95 dBm to -
110 dBm. The coverage good was considered if
signal level was in the range from -70 dBm to -80
dBm.
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VOLTE phone calls were made both when
the user was stationary and when moving at a
speed of 30 to 70 km / h.

The WB AMR voice codec was used at a
maximum speed of 23.85 kbps. The measurement
period was 10 s. NetNumen ZTE NMS tools was
used to measure delay and jitter.

The values of the packet loss factor and the
jitter in poor coverage conditions were differ
during the measurement even at the same signal
levels. It can be explained by additional variable
voice traffic load impact. The packet loss ratio
was in the range of 0.1... 1.8%, and the delay
jitter varied within 2... 17.1 ms. The delay, which
was measured in conditions of good coverage,
was 140... 185 ms and depended on the load of
the base station with voice traffic.

Based on the measurements result and
using the method described above, the expected
MOS values are calculated for conditions of good
coverage, where the factor of influence mainly is
delay, and for conditions of poor coverage, where
the quality of received voice perception is
simultaneously affected by delay and packet
losses. Graphs with the results of MOS
calculations are presented in Fig. 2 and 3.
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Fig. 2. Dependence of delay and MOS on the
signal level under good radio coverage conditions
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Fig. 3. Dependence of packet loss factor (Ppl) and
MOS on the signal level in poor radio coverage
conditions.

Graphs in Fig. 2 show that if the delay does
not exceed 180 ms under good radio coverage
conditions, the quality of voice message
perception is at a good level (MOS = 4). The
average value of the delay during testing was
157.7 ms. Thus, under good radio coverage,
VoLTE technology with AMR-WB codec shows
high quality voice transmission in the band up to 7
kHz.

Graphs in Fig. 3 show that if the packet loss
ratio does not exceed 1%, the quality of
perception of voice messages also remains quite
high (MOS = 4), despite the poor quality of radio
coverage. When the PLR increases above 1.0%,
the corresponding MOS values decrease sharply
to lower values (2.5... 3), which means a poor
perception of voice messages.

One of the ways to further improving the
quality of voice services is the introduction of
SWB (Super Wide Band - 50... 14000 Hz) and
FB (Full Band - 50... 20,000 Hz) codecs. One of
these codecs is the EVS codec (Enhanced Voice
Service). Like the AMR codec, it can adaptively
change the baud rate, but in larger range (5.9 to
128 kbps). It has the following main advantages:
voice / sound activity detector, baud rate
adaptation, error masking mechanism,
comfortable noise generation, advanced buffer
management for jitter compensation and channel
status notification mode. Under the same
conditions as for the AMR-WB codec, the EVS
codec potentially increases the MOS score by
almost 0.5 points. However, further practical
studies of the behaviour of these codecs in the
LTE network are needed.

Conclusions

1. The combination of packet technologies,
modern AMR-WB codecs and QoS
support mechanisms in the LTE networks
provides high quality perception of voice
messages at the level of not less than 4 on
the MOS scale.

2. With a delay not exceeding 180 ms, a
sufficiently high quality of voice
transmission is ensured (MOS = 4).

3. VoLTE technology using the AMR-WB
codec is quite resistant to packet loss and
provides high quality perception of voice
messages at a packet loss ratio of up to
1%.
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Ouinka sikocTi nepeaaui rosiocy B mepexax LTE

IIpo6aemaTuka. Mepexi MmoOinbHOro 3B’s3ky LTE mnoeanyrorsh B co0i TEXHOJOTIT MAKETHUX MEpPEeX Ta
paniorexHosorii. Komrieke mapamerpiB (yHKIIIOBaHHS MAKETHOI Ta paaio MiJCHCTEM CYTTEBO BIUIMBAIOTH HA SIKICTH
nepenadi BCix BUAIB Tpadiky, ocobmuBo TenedoHHOTO Tpadiky, sIK HAWOIIBII BUMOTJHMBOTO J0 TaKUX IapaMeTpiB
repenadi B MEpexki AK 3aTPUMKa, LUKUTEP 3aTPUMKH Ta KOoeQillieHT BTpAT makeTiB. B pekoMmennauisix MixkHapoaHOTO
Coro3y EnekTpo3B’si3ky Ta B JJOKYMEHTaX MapTHEPCHKOI opraHizalil TeiekoMyHikaiiiinux oneparopiB 3GPP naBeneni
TIMOTEeTHYHI €TaJIOHHI MOJEeINi, IITbOBI NMOKAa3HUKHU SIKOCTI HACKpI3HOTO 3’€HAaHHS, Ta IepepaxoBaHi (PaKTOpH, IO
BIUIMBaIOTh Ha sKicTh (QO0S) HanmaHHs nociyr 3a TexHosoriero VOLTE. Takok moka3zaHi TOYKH MEpPEXi, B SIKHX
MOTpiOHO BUMIPIOBATH SKICTH mepeaadi TeredoHHoro Tpadiky Ta iHCTpyMeHTapil i MoAei I OIIHKHU SIKOCTi. SIKicTh
HaJaHHs MOCIyr TesieOHil OLIHIOEThCs BiANOBIAHO n0 E-Moneni 3a METOAMKOIO BU3HAYCHHS CEPEIHBOI SKCIIePTHOT
ouinku (MOS). Onnak, 111 MeTOaMKa MpHU3HAUYeHa HacamIiepen Uit Bu3HadeHHs MOS npu mmanyBanHI mepexxi. Jlrst
po3paxynky MOS y Bxke mpaifforodiii Mepexi moTpioHO CrovaTKy MPOBECTH BUMIPIOBAHHS TaKHUX MOKA3HUKIB pOOOTH
Mepexi, SIK 3aTpUMKa T'OJIOCOBOTO ITOBIJIOMJICHHS 13 KiHISI B KiHEIb Ta Koedili€eHT BTpar makeTiB. B maHiit crarti
npeacTasieHa Meroguka po3paxyHky MOS B mepexi LTE 3a E-monmenmnio Ta HaBenaeHi pe3yibTaTH MPAaKTHYHHAX
JIOCTIIJDKEHB SIKOCTI TIepeiadi TOJI0COBUX MTOB1JOMIICHb.

Meta nmociaimkennb. OIliHKa BIUIMBY 3aTPUMKM Ta Koe(illieHTYy BTpaTu mHakeTiB B peaibHiii mepexi LTE Ta
XapaKTePUCTHK KOJICKY Ha SIKICTh Ha/IaHHS TeJICOHHHUX MOCITYT.

MeTtoauka peadnizanii. AHani3 ¢pakTopis, 110 BIUIMBAIOTH Ha SIKICTh HAJIaHHS TeJIe()OHHUX MOCITyT, MeToauku MOS,
IHCTpYMEHTapito OIIHKHU sKOCTi. IIpakTH4YHI TOCHIIKEHHs BIUIMBY 3aTPUMKH Ta KOoe(]illieHTy BTpAT MAaKeTiB B MEpexi
LTE na piBerr MOS B pi3HHX yMOBaX paJiONOKPUTTS Ta HABAaHTAKCHHS MEPEKi.

PesyabTaTn nociaizkeHb. [IpakThyHI pe3ysibTaTH BIUIMBY 3aTPUMKH Ta KOC(QIILI€HTY BTpAT MAKETIB Ha SKIiCTh
HagauHs TenedonHux nocayr B Mepexi LTE. Po3paxynkosi nani MOS Ha OCHOBI NMPaKTUYHUX BUMIPIB 3aTPUMKH Ta
Koe(iIieHTy BTpaT MaKeTiB..

BucnoBku. [loennanus B mepexax LTE nakeTHux TexHOJOriH, cydacHuX KojekiB AMR-WB Tta mexaHi3miB
nintpuMku QoS 3abesreuye BUCOKY SIKICTh CIPHUHHATTS IOJIOCOBHUX TOBIJIOMIIEHb Ha PiBHI He HMK4YE 4 3a IIKAJIOIO
MOS. Ilpu 3aTpumili, mo He nepeBuirye 180 Mc, 3a6e3neuyeThCsl TOCTATHRO BUCOKA SIKICTh nepenadi rojocy (MOS =
4). Texunonoris VoLTE 3 Bukopuctanusm koneky AMR-WB focratabo cTiiika 10 BTpaT makeTiB i 3a0e3ne4dye BHUCOKY
SIKICTh CIIPUMHSITTS TOJIOCOBHX ITOBIJIOMJICHB ITPH KOeQillieHTY BTpAT nakeTis 10 1%.

Kuarouosi ciioBa: LTE; MOS; QoS; VoLTE; 3arpnmMka; mKkuTep 3aTpUMKH; KOeIIi€HT BTpAT MaKeTiB.

Bemowrko U.Il., Hockos B.HU.

OueHka kayecTBa nepeaaum rojgoca B cersix LTE

IIpo6aemaTuka. Cern wMoOwnbHOW cBs3u LTE coBmemaror B cebe TEXHOJOTMHM IIaKETHBIX CeTeH U
pamnorexHoyorun. Komruiekc mapamMeTpoB  (QyHKIIMOHWPOBAHUS MAKETHOH M PAaHUOIIOCHCTEM  OKa3bIBAET
CYILIECTBEHHOE BIIMSIHME HA Ka4eCTBO Iepeiadyu BceX BHUIOB Tpaduka, ocoOeHHO TesleoHHOro Tpaduka, kak Hanbosee
TpeOOBaTEIBLHOTO K TAKHUM MapaMeTpaM Iepeladd B CETH KaK 3aJepiKKa, JDKUTEp 3aJepKKH M KOI(O(PHUIUEHT MOTeph
naketoB. B pexomenmanusax MexayHnapogHoro Coro3a DIEKTPOCBSA3HM M B JOKYMEHTaX MapTHEPCKON OopraHu3alnuy
TEJIEKOMMYHHUKAIIMOHHBIX omnepaTtopoB 3GPP mpuBeneHsl rumoreTHdecKkue 3TaJOHHBIE MOJEINH, IIeJIEBbIe TTOKA3aTelIn
KayecTBa CKBO3HOT'O COCIMHEHMS M IEPEUUCICHHbIC (aKTOPhbl, BIUAIONIME Ha KayecTBO (QO0S) nmpenocTaBieHus yciIyr
no texHosorn VOLTE. Takke moka3aHbl TOYKH CETH, B KOTOPBIX HEOOXOIMMO H3MEPATH KAa4eCTBO MEpeaadu
TeneoHHOro Tpaguka 1 MHCTPYMEHTAPHI U MOJIEIH JUISl OLICHKH cBoiicTBa. KauecTBO yciyr TenedOHUN OLlEHUBAeTCs
B COOTBETCTBHMH ¢ E-mMonensio mo Meronuke onpeneneHus cpeaneit sxcneptHoit onenkn (MOS). Ognako 3Ta METOAUKA
NpeHa3HauYeHa mpexnae Bcero Ui onpeneneHuss MOS npu nmanupoBaHuu cetu. Jlnst pacueta MOS B yxe
paboTaroimield ceTH HY)XHO CHaudajia IMPOM3BECTH M3MEPEHHE TaKHX I[I0Ka3aTesied paboThl CeTH, KaK 3aJepikKKa
TOJIOCOBOTO COOOIIEHHUs U3 KOHIA B KOHEI] M KO3 (UIIMEHT MOoTeph MakeToB. B 1aHHOI cTaThe NpeicTaBiIeHa METOIMKA
pacuera MOS B cetun LTE no E-monenu u npuBeneHs! pe3ynbTaThl IPAKTHISCKUX UCCIEIOBAHMUIT KadecTBa Mepeaadn
TOJIOCOBBIX COOOIIEHUH.
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Hean uccaenoBanuii. OueHKa BIMSHUSA 33€PKKH U KO3 QHIMEHTa MOTeph nakeToB B peanbHod cetw LTE u
XapaKTEPUCTHK KOJIEKa Ha Ka9eCTBO TeIe()OHHBIX YCIIYT.

Metoauka peanuzanuu. AHanu3 (AKTOPOB, BIMSIONMX HA Ka4eCTBO IPEJOCTABICHHUS TeIe()OHHBIX YCIYT,
Metonukn oneHkn MOS, MHCTpyMEHTapHsl OIEHKHM KauecTBa. lIpakTWdecKue HMCCIICAOBAHUS BIMSHHS 3aJCPKKH U
kod(dunmenra noreps nakeroB B cet LTE na ypoBerr MOS B pa3nuuHbIX YCIOBHSX PaJUONOKPBITHS M HArpy3Kd
CeTH.

PesyabTatsl uccienoBanmii. [Ipaktuueckue pe3yiabTaThl OLECHKH BIMSHUS 3aCPXKKH U KOIPQUIMEHTa MOTEph
MaKeTOB Ha KadecTBO TeneoHHBIX yeuyT B ceth LTE. Pacuernsie manasie MOS Ha OCHOBE MPaKTHYSCKUX M3MEPCHUN
3aJIePXKKU 1 KO3(pPHIIMEHTA TOTEPh AKETOB.

BoiBoabl. Coueranue B cersix LTE makeTHbIX TeXHOJOTWH, COBpeMeHHbIX KoaekoB AMR-WB u mexanuzmon
mogaepkkn QoS obecrednBaeT BBICOKOE KA4eCTBO BOCIIPHATHS TOJNIOCOBBIX COOOIIEHWH HE HIKE deM 4 TMo IIKae
MOS. Tlpu 3anepxke He mpebimaromeld 180 Mc obecrieyuBaeTcs TOCTaTOYHO BBICOKOE KAadyeCTBO Ieperadd rojoca
(MOS = 4). Texnonorust VoLTE ¢ ncnonpzoBanuem konexka AMR-WB nocraroyno ycroiiumBa K MOTEpsM MaKETOB U
o0ecrieunBacT BHICOKOE Kau€CTBO BOCHIPHUSITHS F'OJIOCOBBIX COOOIIECHHH MTpH KO3 GHUIMEHTE MOTEPh MakeToB 110 1%.

KiroueBsie cioBa: LTE; MOS; QoS; VoLTE; 3anepxka; mKUTEp 3a1epKKH; KOI(D(HUIHESHT OTEPh MTaKEeTOB.





