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AHAJII3 MAPAMETPIB AKOCTI OBCJOYTI'OBYBAHHA
Y MEPEXAX 5G/NR

Cmpenxoscvka 1.B., 0.m.H., npogecop,
Mixcnapoonuii ynieepcumem,
I.strelkovskaya@mgu.edu.ua

Conoscoka I.M., k.m.n., ooyenm,
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bpocnascoxuii P.IO.

baxkanaep 31 cneyianvnocmi 172 « Enekmponni
KOMYHIKayii ma padiomexHikay,
Miscnapoonuii yHieepcumem

Anomauin. Poszensinymo pospaxynox napamempie sikocmi oocnyzosysanus mpaghixy 5G/NR
ona epyn nocnye eMBB, mMTC, URLLC. Obrpynmosano 3acmocysannua CMO, 6 axiu exioHui
NOMIK 3As180K NIONOPAOKOBYEMbCA po3nooiny Beubyna. Posenanymo 3anedcHicms napamempis
mpaghiky 6i0 xoeghiyicumy Xepcma, 3anexcnocmi cepeonbo20 dacy sampumku naxemie W 6io
IHMEHCUBHOCMI HAOX0OJHCEHHs 3anumis, cepeoHboi Kiibkocmi 3asa60K y ueps3i () Koeghiyienma
3A6AHMANCEHHs CUCMeMU MA cepeOHboi 008xcuHU yYepeu L 6i0 Koeiyienma 3a8aHmadxicenHs
cucmemu p O01a pi3Hux 3HaveHv napamempa Xepcma H. Ompumani pezyremamu napamempis
mpagixy CMO o0oszsonaioms Haoamu pexomeHOayii O Pi3HUX YMO8 U020 00CNY208Y6aAHHS 3
Memoio BUKOPUCMANHS Mepedcesux pecypcie ma 3abe3nedents NiOMmpuUMKU HOPMAMUBHUX 3HAYEHb
napamempis sikocmi obcayeosyeanns [1-4].

Cy4yacHUM HampsIMKOM pO3BHUTKY TEJIEKOMYHIKAIIHOI 1H(PACTPYKTypH €
aKTHBHE po3ropTaHHs Mepex I’ storo mokojinas SG/NR (New Radio). HenepepBae
3pocTaHHsl 00CSATIB 1H(QOPMAIIMHUX TOTOKIB Ta PO3IIUPEHHS CHEKTpa MPHUCTPOIB
BUMAarae mepexojly 0 HOBHUX MPUHIIMIIB OpTaHi3alli paaiofoCcTyny Ta YIpaBIiHHS
MepexxeBuMu pecypcamu. Omopra Mepexxa 5G Core Ta 6a3oBi cranmii gNB
OpPIEHTOBaHI Ha OJHOYACHE OOCIIYyTOBYBAaHHSI PI3HUX KJAciB MOCHYT, SIKI 3TAHO
cnerudikamisiMm 3GPP  Bu3HaualOThCS TrpynaMu TOCIYT, TakKUX SIK MOCIYTd
Hagmupokocmyroporo goctyny eMBB (Enhanced Mobile Broadband), macosi
MmikmaiuaHl kKomyHikarii mMTC (Massive Machine-Type Communications) Ta
HAJ3BUYAMHO HadiMHI 3'eqHaHHs 3 HU3bKow 3aTpuMkoro URLLC (Ultra-Reliable
Low-Latency Communications). [lns 3naromkenoi po6otu wmepexi SG/NR
BAKJIMBUM € 3a0e3MeyeHHs1 00CIyroByBaHHs Tpadiky 3 NIATPUMKOK XapaKTEPUCTUK
saxocti QoS (Quality of service) Ta mOCATHEHHS HOPMATHUBHUX 3HAYEHB MPOITYCKHOI
CIPOMO’KHOCTI, 4acCy 3aTPUMKH 1 JOBKHHH YepIu 3asBoK [5-8].
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Cekuyisi 5. EnnekTpOHHI KOMyHiKayii Ta pagioTexHika

Metoro naHoi poOOTH € aHali3 MOKA3HUKIB SKOCTI OOCIyroByBaHHS Tpagiky
0azoBumu cranmismu gNB wmepexi SG/NR 3 meToro minBHUINCHHS BUKOPHUCTaHHS
MEpEXKEBUX PECypCiB Ta 3a0e3leueHHsT HOPMATHBHHUX 3HA4YEHb MapaMeTpiB SKOCTI
00CIIyrOByBaHHSI.

PosrisineMo pilieHHs 3a7a4i aHali3y napaMeTpiB IKOCTI 00ciIyroByBaHHs QoS
npu HagaHHi nociyr mepexi SG/NR, xonu 06azoBi cranuii gNB mpeacraBieni sik
cucteMu MacoBoro oocimyropyBanHsg (CMO) 3 odiKyBaHHSIM Ta BU3HAYEHOIO €EMHICTIO
oydepnoro nmpuctporo N. BUKOpHCTOBYIOUM MiIXia A0 PO3PaxXyHKY XapaKTEPUCTHUK
sakocti CMO, sika 00CIyroBye MOTIK 3asBOK, PO3MOAUICHHUX 3a 3aKOHOM BeliOyy,
HaBeJIeHU# B poOoTi [1], 3HaiiieMo 3HaYCHHS KOPEHIO G 3TiaHO BUpasy [9]:

4 (_1)n_1 ﬂn F(na)n , ha>0, (1)

= (-7 (4 o)

ne o — mapametp Gopmu kpuBoi posmoainy Beitoyna, O< a <1, a =2 -2H, H
— mapametp Xepera; 0,5 <H <1, 4 :{ M(1+ 1 H — mapaMmeTp posnoauty BeitOyna;

(24

B >0, A — IHTCHCHBHICTh HAJXO/DKEHHS 3asABOK Ha oociyroByBanus B CMO, I'(k) —

+0

rama-¢yHkuis Eiinepa suny I'(k)= jt“e’ldt :

Cepenniit yac ouikyBanHs W o6ciyroByBanHs 3aaBku B CMO, 1m0 06cityroBye
BX1JTHUH MOTIK 3asBOK, PO3MOAUICHHUX 3a 3aKOHOM BeiiOyna, a yac o0ciayroByBaHHs —
32 EKCIIOHEHIIaJbHUM 3aKOHOM PO3MOJLITY MPOMDKKIB 4Yacy MK HaJIXOJKEHHSIM
3asiBOK Ha 00cimyroByBanHsa B CMO Ta CkiH4YeHY 4epry OOUHCIIIOETHCS 33 JOTIOMOTOIO
BUpasy [9]:

-9 | 2
W i (2)

Jie | — IHTEHCUBHICTh 00cmyroByBaHHs 3asBOK B CMO, G — KOpeHb piBHSHHS
(D).

JIist BU3HAUYEHHSI CepeAHBOro 4acy o4ikyBaHHS W 0OCIIyrOBYBaHHS 3asiBKU B
CMO posrisiHyTO: €MHICTh OydepHoro mpuctporo N = 1000 3asBOK, IHTEHCUBHICTb
o6cnyropysanns 3armutiB B CMO cramouts p = 1,5x10% mapamerp Xepcra Ta
napameTp ¢opmu KpuBOi o posnoairy Beitbyna, sikuit ctanoButh o = 0,8 mig H =
0,60 =06 maH=0,7;0 =04 nna H=0,8 Ta a =0,2 111 H = 0,9. Po3paxyHok
3HA4YEHHs KOPEHIO G HaBeJleHO y Tal. 1.

Tabnuus 1 — Po3paxyHOK KOpeHs G JIsl pi3HUX 3HA4eHb KoedilieHTy XepceTa

IToka3zHukK 3HaYCHHS

IHTEHCUBHICTD
HAIXOIKEHHS 0,1x10° | 0,2x10% | 0,3x10° | 0,4x10° | 0,5x10°% | 0,6x10° | 0,7x10° | 0,8x10°
3aIUTIB A, 3asBOK/C

3HauYCHHS KOpPCHH,

. 0,07 0,13 0,20 0,27 0,33 0,39 0,40 0,47
o, H=0,5
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3Ha‘;e1H:": K&ge‘“’ 012 | 020 | 028 | 036 | 042 | 049 | 053 | 054
3Ha‘;e1H:”: Kocjl;eH"’ 0,22 0,33 0,42 0,49 0,56 0,62 0,66 0,68
3Ha‘f1H:”: KocjgeH"’ 044 | 056 | 064 | 070 | 075 | 079 | 081 | 082
3Ha‘;eH:’1: KOCTSCH"’ 070 | 077 | 085 | 08 | 089 | 09 | 092 | 095

I'padix 3a5eKHOCTI CepeTHBOTO Yacy oviKyBaHHS W OOCIIyrOBYBaHHsI 3asBKU
B CMO Bixg inTeHcuBHOCTI HamxomkeHHs 3amuTiB A € [0;0,8x10°] mmst pismmx
3HaveHb napamerpa Xepcrta H=0,5; H=0,6; H=0,7; H=0,8; H = 0,9 nmoka3ano Ha
puc. 1.

3HaueHHsl CepeaHBhOro dYacy 3aTpuMkud W BIAMOBiIHO 10 puc. | 3poctae
BIAMOBIIHO 10 30UIBIICHHS 3HAUYEHHS I1HTCHCHUBHOCTI HAJIXO/OKCHHS 3allMTIB Ha
0oOCIyroByBaHHs A TNPUYOMY, 13 30UIBIICHHAM 3HAYEHHS 1HTEHCHUBHOCTI 10 A =
0,6x10° sasBok/c mIsi 3HaueHHs mapamerpa Xepcra mo H = 0.9. Takmii 3pict
CIIOCTEPITAEThCS ISl 3HAYEHHS 4acy oduikyBaHHS W 0OCITyroBYBaHHS 3asBKU B
CMO, Hanpukian, npu 3nadenni A = 0,8x10° 3asBoOK/c, 3HAYCHHS CEPEIHBOIO Hacy
3aTpuMku  ctaHoButh W = 11,679 mc. OtpuMmaHi pe3ylbTaTd CBII4YaTh MPO
HEOOXTHICTh Tepea0adeHHs MEBHUX 3aXOiB IIOAO0 MATPUMKHU IMOKA3HHMKIB SKOCTI
oOCITyroByBaHHS JIi 3HAUCHHS I1HTEHCHBHOCTI HAJXODKCHHS 3asABOK OLIBIIT HIX
A = 0,8x10° 3asBOK/C 3 METO0 361IBIICHHS MIPOMYCKHOI CIIPOMOIKHOCTI Ta PO3Mipy
OydepHux npuctpoiB 0a3oBux cranuiii gNB.

CepepHii Yac 3aTpumku 3aasok W, ¢

0 - 10° 01 -10° 02 .10° 03 -10° 04 -1° 05 .10° 06 - -1° 07 .-1° 08 .10°
IHT@HCUBHICTb HAAXOMKEHHA 3anuTiB A, 3aABOK/C

Pucynox 1 — 3anexcnicmo cepeonvoeo uacy ouixkysanns W o6cy208yeanms 3as16Ku 6
CMO 6i0 inmeHcugHocmi HA0X00HCeH s 3anumie A
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Oxpemoi yBaru npu INpoBeACHHI aHAJI3y MapaMeTpiB SIKOCTI 0OCIyroByBaHHS
tpadiky SG/NR e ocobnuBocTi npu obcmyroByBanHi Tpadiky rpyn nociayr eMBB,
mMTC, URLLC kpuTWYHMX A0 3HAYEHHA CEPEeIHBOTO 4Yacy OuiKyBaHHA W
oOciyroByBanHs 3asaBku B CMO Ta noBxxunu uepru L B 6ydepuux npuctposix CMO.
KoxHa 3 pO3MISIHYTHX TPYI MOCIYT Ma€ OCOOJIMBOCTI OOCIYroByBaHHs Tpadiky,
nociayru eMBB renepyrors HalOiIbIui 00ciaT Tpadiky, OCKIJIBKH OpIEHTOBaH1 Ha
nepeaavyy MyJbTUMEIIHHOTO KOHTEHTY BHCOKOI SKOCTI Ta HIMPOKOCMYTOBHM JTOCTYII
no wMepexi IaTepHeT (dac 3aTpuMku  ctaHOBUTH 4-20 wmc), mocayru MMTC
XapaKTepU3y€eThCS BEJIHMKOIO KUIBbKICTIO [oT-mpucTpoiB, siki T€HEpyHOTh HEBEIHUKI
obcsirn Tpadiky udepe3 3Ha4YHI MPOMIKKHM 4Yacy (4dac 3aTpuMKH cTaHoBUTH 100 wmc,
OCKiTbKHA O1IbIIICTh [0T-IPUCTPOIB HE MPAIIOITh y PEXUMI PEATBHOTO dYacy).
[Tocmyru URLLC € xputuuHuMu i Tpadiky peanbHOro 4acy Ta BHMOT O
3HAYEHHA 3aTPUMKH, 3a3BHYail MEpelaloTh HEBEJIMKI a00 cepefHl 00CATH JaHuX, ajie
3 HaJ[3BUYAHO BUCOKMMH BUMOTAaMH JI0 Yacy 3aTPUMKH Ta IIBUAKOCTI MEPEIaBaHHS,
3YMOBIIIOIOYH TMIATPUMKY KPUTHYHO BAXKJIUBUX TMOCIYT pealbHOTr0 Yacy (dac
3aTPUMKH CTAHOBHUTSH 0 2 Mc) [5-10].

3BakalouM Ha BHUILE3a3HAYEHI OCOOIMBOCTI OOCIYroByBaHHs TpadiKy s
pizaux rpyn nocayr eMBB, mMTC ta URLLC, gominsHO po3riIsHYyTH ABa CIieHapii
oOciyroByBaHHs Tpadiky B CMO:

— s rpynu nocayr MMTC, mo Bu3Ha4arOThCsA TpadikoM 3 MapameTpoM
Xepcra H= 0,6, H= 0,7, H= 0,8, 110 Ma€ IHTEHCUBHICTh 0€3 MYyJIbCYIOUOI CTPYKTYpH
Ta pI3KUX CIUIECKIB MEPEBUILECHHS 3HA4Y€Hb CEpPEeAHbOro yacy 3arpuMku W
oOcayroByBaHHs 3asBOK B CMO;

— s rpyn nocayr eMBB ta URLLC, mo Bu3HauamThes TpadikoM 3
napametpoM Xepcra H = 0.9 ta nynbcyrounMm TpadikoM 31 3HAYHOIO KUIBKICTIO
CIUIECKIB Ta YYTJIMBICTIO JO 3HA4YeHHS cepeaHporo dacy 3atpumku W
obciyroByBaHHs 3assBok B CMO.

PosrasineMo HaBeneHi cueHapii oociyroByBanHs Tpadiky B CMO ansa oGnacTi
3aBaHTaxxeHHss CMO p e [0,5;0,9], sxa Mae cTpiMKe 3pPOCTaHHSI CEPEIHBOIO Yacy
ouikyBaHHsi W o0ciyroByBanHs 3asBku B CMO Ta cepenHboi MOBXKUHU yepru L
3assBOKk B CMO, mpu yMOBi, 10 €MHICTh Oy(hepHOTO TPHUCTPOI0 OOMEXEeHa Ta
craHoButh N = 1000 3asBok. Jlnsg po3paxyHKIB BHKOPUCTAHI 3HAYEHHS
IHTEHCUBHOCTI BXIJHOTO IMOTOKY 3asBok A = 0,5 x10° 3asBokx/c Ta A = 1,5 x10°
3asIBOK/C.

Jist mepioro cueHapiro odcimyroByBanHd Tpadiky B CMO rpynu mociyr
MMTC H=10,6, H= 0,7, H= 0,8, 3Hauenns mapameTpa oopano H = 0.8, koedirtieHt
3aBaHTaxxeHHs: CMO Ha MPOMIXKKY p € [0,5;0,9]. s npyroro
cueHapito rpynu nociyr eMBB ta URLLC, mo Bu3HavaroThcs mapameTpoMm Xepcra
H = 0.9, xoedinient 3aBantaxenns CMO cranosuth p € [0,5;0,9].

JUis pO3TIISIHYTUX CLEHapiiB IHTEHCUBHOCTI 00CIyroByBaHHs 3asiBok B CMO
PO3LISIHYTO Ha TPOMiIKKY p € [1x10%1,8x10%], mo m03BOMISE€ BH3HAYMTH BILTHB
anropuT™MiB (YHKIIOHYBaHHS 0a3oBux ctaHuii gNB Ha mapameTpu SKOCTI
oOciyroByBaHHs Tpadiky. Pe3ynbrat po3paxyHKiB 3HAUEHHS CEPEIHBOIO Yacy
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3atpuMku W o6cmyroByBanss 3asBku B CMO ans rpynu nocinyr mMTC H = 0,8 ta

rpynu  nocayr eMBB Ta URLLC H = 09 pang 3amaHoi 1HTEHCHUBHOCTI
- 3. 3
00CITyroByBaHHs 3asBOK L Ha MPoMiXKKY W € [1x10%1,8x10°] moka3ano Ha puc. 2.
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Pucynok 2 — 3anescnicms cepeonvozo uacy ouikyeanns W obcayeosysanis 3a46Ku 6

CMO gi0 inmencugnocmi 006C1y208Y8aHHs 3AA80K [ OJis 2PYNU HOCTLY2
mMTC (H = 0,8) ma epynu nocaye eMBB ma URLLC (H = 0,9)

HeBaxxko Gauutu, 110 3HAYEHHS CEPEAHBOrO Yacy 3aTpuMku W s rpynu
nociiyr MMTC H = 0,8 nemoHCTpye 3MEHIIEHHS 31 3pOCTaHHSIM IHTEHCHBHOCTI
oOcnyroByBanHs W Tpadiky y CMO. i iHTEHCHUBHOCTI HAJIXOJDKEHHS 3asiBOK
A = 1x10° 3asBKa/c 3HAYCHHS YaCy 3aTPUMKH 0OCTyroByBaHHS W 3MEHIIYETHCS Bil
2.36 mo 2.13 mc, mo craHoButh 9,7 %. Jug A = 1,5><1O3 3asBKH/C CEepeHIN 4ac
3aTPUMKH 3MEHIyeThes Bif 3.39 ¢ g0 2,52 Mc, 110 BIANOBIAAE CKOPOUCHHIO Mailke
Ha 25,7 %.

Opnak, nns rpynu nociayr eMBB ta URLLC 31 3HaueHHsM koedillieHTa
Xepcta H = 0,9 Ta I1HTEHCHMBHOCTI HaAXOJKEHHS 3asBOK A = 1.5 3asBKu/C
CIIOCTEPITa€EThCS CTPIMKE 3pOCTaHHS 4acy ouiKyBaHHS W 0OCIyroByBaHHS 3asiBKH B
CMO, 1m0 103BOJISIE CTBEPIKYBATH, 110 00ciIyroByBaHHs Tpadiky nociayr eMBB Tta
URLLC B CMO, nemoHncTpye HaOmmkeHHs: GyHKiionyBanHs CMO 110 TpaHUYHOTO
pexuMy  (YHKIIOHYBaHHS, KOJIM  HaBITh 3a 3pOCTaHHS  1HTEHCHBHOCTI
00C/TyrOByBaHHS HABAHTAXKEHHS Ha TMPOMiKKYy p € [1x10%1,8x10°] 36imbimyerhes
mBuame, HDK MoxiauBocTi CMO 1o o0ciyroByBaHHs 3asBOK. Taka CHUTYyalis
notpedye 301abl1eHHs OydepHux pecypciB CMO a1t miATPUMKH TTOKAa3HUKIB SKOCTI
00CITyroByBaHHS.

BucnoBku. 1. TlpoBenmenuii aHamiz mapameTpiB SIKOCTI OOCITYrOBYBaHHS
TpadiKy A03BOJIIE 3pOOWTH HACTYIHI PEKOMEHJaIlli 3a pe3yibTaTaMu OTPHUMaHUX
JaHUX I0J0 3a0e3MedYeHHs] HEOOX1HOTO PIBHS SKOCTI OOCIYyroBYBaHHSI MOCTYT B
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mepexkax SG/NR. Ilpu obcmyroByBanHi Tpadiky rpyn nocayr mMMTC, eMBB ra
URLLC nmns o6macti 3aBantaxkeHHss CMO nHa mpomikky p € [0,5;0,9] mominsHO
nepeadayaTd JOJATKOBHM pe3epB MPOMYCKHOT 3/aTHOCTI Oy(depHUX MPHUCTPOIB
0a30Boi cTanIii gNB 3 MeToro 3a0e3nedeHHs SKOCTI 00CIyTrOBYBaHHS.

2. 3rifHO MPOBEIAEHUX PO3PaXyHKIB CIiJ 3a3HAYUTH, IO JJIS TPYNHU MOCTYT
eMBB ta URLLC H = 0,9 Ta iHTCHCHBHOCTI HaIXOIKeHHS 3asBOK A = 1,5x10°
3asIBKH/C  JOCHIJKYETbCS ~ Pi3Ke 30UIBIIEHHS CEPEIHBOTO Yacy 3aTPUMKH
obcimyropyBanHg 3asBOk B CMO W = 9 wmc, mo CBIIYUTh NPO HEOOXITHICTH
30UTbIIEHHST €MHOCTI Oydepuux pecypciB CMO Ta mniaTpumaHHs KoedilieHTa
3aBAaHTAKCHHSI P MEPEKEBUX €JIeMEHTIB Ha piBHI He Buime p € [0,7;0,8] mus
3armo0iraHHs pi3KOMY 3pOCTAHHIO Yacy 3aTPUMKH.

3. Jns mociyr URLLC, ski € mociayraMu peajbHOTO 4Yacy Ta MaioTh BHCOKI
BUMOTM JO 3HAa4y€HHs 4Yacy 3aTpuMKu oOciyroByBanHs B CMO pouiuipHO
3aCTOCOBYBaTH MEXaHI3MH IPIOPUTETHOTO OOCIYTOBYBaHHS Tpadiky Ta po3rsiiaTu
CMO 3 npiopuTeTaMu, T03BOJSIOUM PO3ALIUTH Tpadik Ha Kiacu, nepeadadarouu
oOciayroByBaHHs Tpadiky 3 pi3HUMH piBHA mpioputeTy. OCKUIBKA Taki cepBicH
XapaKTEpU3yIThCS KOPCTKUMU BHMOTaMHU J0 3aTPUMKUA Ta HAJIHHOCTI Mepeaadi
JAHUX, JOIJIBHO BUKOPUCTOBYBATH BHJIIEHI MEPEXKEBl PECypcH, MeEXaHI3MH
MOTIEPETHHOTO PE3EPBYBAHHS PECYPCiB pajiioiHTepdeicy Ta MpiopUTE3allilo Ha PiBHI
6a30Boi craniii gNB.
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BUKOPUCTAHHSI METOJIIB MAIIIMHHOI'O HABYAHHSI
SIK IHCTPYMEHTY CEMAHTUYHOI KOMYHIKALII

B KAHAJIAX 3B’A3KY

Ypuecoxuii J1.O

00KmMOp MeXHIUHUX HAYK, npogdecop,

npogecop xkaghedpu enekmpourux KomyHikayiu ma Inmepremy peuelt,

HTY Vkpainu «Kuiscokuii nonimexniunuii incmumym imeni leops Cikopcbkozo»
m. Kuis, Ykpaina

Ocunuyx C.0O.

KaHOuoam mexHiuHux Hayk, OOYeHm,

ooyenm Kageopu enekmpoHHuUx KoMynikayiti ma lnmepnemy peueil,

HTY Vxpainu «Kuigcokuu nonimexniynutl incmumym imeni leops Cikopcbko2o»
m. Kuis, Ykpaina

Anomauia. Jocniodxcenns npuceauene H080OMY nioxody 00 obpooku ingopmayii xanamy
38'3KY wnaxom inmeepayii memoois wmyunozo inmenekmy (L) ma mawunnoeo nasuanns (MH).
onosios poskpusac idero 3minu npoyedyp obpobku ouckpemuux cuenanie (OHC) y mpaouyitinux
oim-opienmosanux cucmemax Ha cemanmuuHy komywikayito (CK), saxa nepedbauae
PEKOHCMPYKYIIo 3HaYeHHs IHGhopmayii, a He r1uute 6imis.

YV 0onosioi npononyemovca mamemamuuna mooens ons oyinku enaugy LI na O/C.

[TocTanoBka npoOiemu.
@yH/ITaMEHTAJILHOI0O METOI0 Teopii KOMyHiKalii Oysio HAOMMKEHHS 10 MEXI
nponyckHoi 37aTHOCTI KaHanmy llleHHOHa, TeopeTH4HOI cTedi, SKa BHU3HAYAE
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