oo FieeTot ANt

ARSI I (FifFsifF)
sjfrs &BFS 1o

B SY AFIRF 2030 | WG JA6 (BUET)

ag (AITed At Tiat

UE RAN Core IMS /
GRS (eNB/gNB) (EPC/5GQ) Internet

@8 - T / BRI = &I - SEA (IMS) - (GBI - ANSTF

% CITE T STy

o MIFEAERR R BT FHIPIE — 586 (BhAier wans +
S et + Bt es

o SAfSTS SmITT: e > Ja/math - SIS - TN FJT SrrRIer
- MCQ (SSI% I7r4T)

o (T JA-STIIATHH, T8 Fot Sifest, o (G55
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jIfoora 8 SFgfea

AT B! AT, (FIF6 FO INY M&[A

S Gfeey @ Telecom Basics

2 S8 FNSRE=F @ Radio Communication Basics

© T (ABSTIHI I LM Basic Concept of Cellular Networks

8 CTRIEE (P 8 AIBERA WIRFGFEIT Mobile Core and Backhaul Architectures
¢ ATNFB-JZHC (NIAMBA (5 GF Packet-Switched Mobile Networks

Y NFV Network Function Virtualization

q C-RAN 8 O-RAN Cloud RAN & Open RAN

b of& FB8TIS F3R 5G Network Slicing

) TG J35], FeT FCGI, SFB (AT EPC/5GC Packet Switching, Call Control, Evolution
50 T FPl, G S5, NIfATS Call Flow, Session, Mobility

S IMS SfFEFeR IMS for Voice and Multimedia

5% 3T (GO WIHGCNG 8 SRFBEA (HLR/HSS/UDM) Mobile User Data, Authentication

50 iy sirema oty Power System for Telecom

58 ST 8 FARFNEIT FH63 Scripting for Simulation and Configuration
Sa AR BfeTey 3BIfG Telecom Industry of Bangladesh

Y IS e Communication skill

5q STATBIESE (sifrs, @fes, (TbT 3BRTATE=) Aptitude

AR Ja-TIREHA, T Ao, WO (G5B

AL FA: 2ANFIT 99 [y ool

1 fAfos 7w

SIFAIC (B 7R 0% — ARFIA ARFIHNF, FIASIT; @O (&1 oy; Fawifs sf&mize 333/353/30%/Masg;
T AT ©R) [FALS AIAF1 AF A 2ATHIT 439 ST @3 | Gemini (T TR 'JEIB NI = 5 SrROIA™
+ math + 26 WFIF TG — QBT TN, (613 T O 7 | ©I3 AR=91a, (Gt Ao 8 T
(MBI (jobs.teletalk.com.bd) it 237 &= A6 = A=

AIFANIT FIHS 04 3 do WA Al 57 rerm: i, Tamzs 8@ cifds | afSH g ersty
#f5Tor@ (NID)-aF Y& o S0 Ao @ | ‘J[IAA ATHIT I 2 ARFANI (73 — AT Al
FNGEIR/ 6 /FATF N I T H-fEfEeT FIer, O W 58 TR FIR 71 (af =g

HqAA) |

O3 ({IB YR 4 AT TIR ol (F) MCQ — =13 2ifSfE wemta ity MCQ =Ty, (W) (216 fafas/snfafss
2% — SIS F@, LI LI TN 3 JITS HIFIF oS! TRy @iy | i fordte 77 ot 5561 ayfe-fus
sfef iR ST — JEAEI 2% MYFAS F9F 77, @I IAG12 I, ©fF "@F" AT S8 R AT |

Teletalk Assistant Manager (Technical) — =gfo 5 | =1 2/98



SAfIF: T bfdts T© aFge)d

ST B (WIS 58 WG, AT S WFIR), O3 IS o7 Biest st zeett | b afSio 5o
TN $F0Y (141, g aFor 333/3f03 GG T HeT T IWITHS:

Jq B <

A—SRFANT 9, 8,¢,5, 50,5, (&FFEAGSTRF, F i, IMS, TATHET — AT W [ G

5 QY (A
B — Q39 5, %Y 9 b, b0 @fS8 &=, math (dB, Erlang, link budget), NFV/O-RAN/FT3STE, #maemg
C — cwifde 98, 5¢, dY, 59 FRf562, AeeTon (Gieraw, Mo, w+iBitee — T3 TN 97 coren
Q[ Ik
92 Mt Fio7 (58 8 ¢ TFIEA)

58 WPl — T LT © - 8 - ¢ (CTIAT HIFN, (FI/IFCIA, M6 &) — AfSHI MCQ F=4
>8 WPl — [wrer LT S = 50 = 55 = 52 (FeA GFl, IMS, HSS/AKA) — TSIy Ate 2its dtF iy
58 WP — TS LI S 8 2 (dB, Shannon, link budget, Erlang S[@) — math S&ia=

5C HFT — AT I Y, q, b (NFV, O-RAN, FI3f5R) + SIEI d© (A18TIF, A16IR f2o719)

se WP — RFre LT 58-59 (FFRF62, =TT (Gieimw, Feita*, Jn+iBites)

S¢ WP — AS AR T (G35 (T 4R), @ 3 7y Tt Siferst a3 dlt, SIroreifS gy

SY FH — T BY TA-STIICFA 3 TIATATNSTATS (G A | T g G Al

IO 2ot (TS =iTs)

1. LI WA QFIIF g — @I Y, " A5l (FF nFIFIK" JIA |

2. Sratamfs wisice [Nt WP (I + FOIRACHERE T) |

3. ST Fa1 TARIY (GF (UL e FF4, S99 (71T |

4. MCQ (I QAT ST AToTT fry; 19 TS B ST MY |

MCQ-3T FIgIF &F I
BB/ TSI T (CT9F S1-MME, N4, Cx, S6a) O3R AT ot Jietmt J24F A~ — Qe MCQ-3 farg
TSI | math-9 3SE (dB I dBm, Mbps I MBps) SItE! BT YA |
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S > — oferay @iy

Telecom Basics

93 TS T IO 8| @ =FIg gargens e (dB, Erlang, J35:, MocIfER) #Itwg &g 17 Wi e
IS |

5.5 BfFsirsfATF=Ia Sesborg Ja FISre

CICHICAT QST [IFIT A BTG SN2 A A -~ FISIOIF - it (W) - fAfsie - 18351 o
TS & 2 PTI98 I | FIIT 20O AN OIF (FA1F), WATBHI B3I 1 I (F69) |

¢ TS
ey RIROE B e EICE
(Source) (Modulator) (SIR/FIEIR/A) (Demodulator) (Sink)

5@ 5.5: G I[RIF FS ST

. SNIHIAS 919 fSfEBi a3e PCM

TS eI SIS | SREABI @BSANF ASITS ST 4ror: provifeiz - FABIRTEHN —» QIHISe (9F PCM
JCA) |

FRFI6 reifee fAraaw
ST A6 BRI f,y,, T SHAAR &6 S=#03 f = 2 f,, 30O S, T30 aliasing =T |

Tnlagel: SIS bIitATad f6tan
SIS TG ~ 0.3-3.4 kHz, 431 77 8 kHz | =oif&de = 2 x 4 = 8 kHz (booo T/ GIFT) | AfS 341 b G
A

66 = 8000 x 8 = 64 kbps (9513 DS0)
O3 E1 130 0 BIZNHG: 32 x 64 kbps = 2.048 Mbps (0oft Stast + 56 cpw i + of6 Hismfere) | T1 =24
x 64 + 8 kbps = 1.544 Mbps |

5.9 SHtae (dB) — cBfeitaa SIqeeta wasife sifde
SISt W9 Y] (@15-36 T (WA STT @ Frersws), o s e 3939 3|

dB=101l0g,,(P,/P;) | dBm=10log,o(P/1mW) | dBW =10Ilog,,(P/1W)
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MBI WYATS dB WA AL FA

el +3dB x2=+43dB,+2=-3dB

>0 &9 +10dB x10=+10dB

500 B¢ +20 dB %100 = +20 dB

5000 B9 +30 dB 1 W =30dBm (&K< 1 W= 1000 mW)
8 ¥ +6 dB 3+3

¢ 39 = +7 dB 10-3

fams: dBm + dB = dBm (¢s1371/=151 1st-fRcarst 5eet); dBm - dBm = dB; dBm + dBm SIS Gist 5 < =11
(ST MW I (T FICO =) | (SITHS/IRAC6I G5@ 20 log |

uirgc: 40 W F© dBm?
40 W = 40,000 mW - 10 log(40000) = 10 x 4.602 = 46.02 dBm | 56G&I: 40 = 4x10 - 6+ 10 = 16 dBW
- 16 +30=46 dBm v

Suirgel: ST it
-30 dBm =1 -30 dBm 15t Tte1? &AfSB 1 uW; 16 2 uW - -30 + 3 = -27 dBm (-60 ) |

.8 JtIGT 8 Shannon Fnfsife

et FCTG GFIR: N = KTB | 5% Sioisrarg (290 K):

N (dBm) = =174 + 10 log,o(B,,,) + NF
SNR (dB) = P,, (dBm) - N (dBm)

QU —174 dBm/Hz 1 T (G5 @32 NF 3t f[Ffstega Noise Figure |

Shannon-Hartley Gsioitvy
CITAT BITACE BRI TCITB6 (GBIIG:

C=B"-log,(1 +SNR) [bps]

QI SNR ¢3S (linear) W#i1s, dB 7| B IGIt It SNR IS C T — 5G-(S O3 58T 563 3
MIMO "1 |

Twigact: 20 MHz sJitatet Shannon F+if5ife

SNR =15dB - linear =10"°=31.62 |

C =20x10° x log,(1 + 31.62) = 20x10° x l0g,(32.62) = 20x10° x 5.03 ~ 100.6 Mbps |

TG GFIR: —174 + 10 10g(20x108) = =174 + 73.01 = =100.99 dBm; NF = 7 dB =1 -93.99 =~ -94 dBm |
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>.¢ Y262 MFE IFIT *iitsd

IEER wfHB J2fSe (PSTN, 2G CS) I5Tt0 2162 (IP, 4G/5G)

oA T YHS (GIOHFBG /IS 7778 SfSTS s F/TOIF ISH =7
ot I B B3 G WG A (WH5T) SoTfB o MfcorafaR — v
Stet %7 8 3%, fobr @2 ohfHRe fotet @ f&617 (QoS =sh)
SRS 22 SIETH FeT (FCO AT Ry o1 Jrer @9

Gorcrat FifS*mreT s (TB1, VOIP/VOLTE, f$fea

TR (ATBIPT SS7/ISUP IP, SIP, GTP

5.0 MFGCATHR @ FisTeond

« FDM — fFicafs ot 33 (@S 8/6fS vieae) |
o TDM — STSICSIE W6 ©Ist ¢ (E1, SDH, GSM) |
« WDM — Q33 S1331F foF sasienc<ia =ieett (CWDM/DWDM) |

SDH cItea ot W AYF

STM-1 155.52 Mbps = wo x E1(2.048)
STM-4 622.08 Mbps 4 x STM-1
STM-16 2.488 Gbps 16 x STM-1
STM-64 9.953 Gbps 64 x STM-1

WATBFIIS SIRII: Single-mode (SMF, 1T = 9 um, TI¥ET; 1310/1550 nm) @32 Multi-mode (MMF, 1
50/62.5 um, ¥F TE9) | 1550 nm-A attenuation SIATGCT I (~0.2 dB/km) | WG fA< Aces: Py, = Py,
- (0L + IA83 o + AT o) |

5.q OSI @ TCP/IP TG

( q Application ) [ Application (HTTP, SIP) )

[ Y Presentation ] { )

( @ Session ) ( ) .

( 8 Transport (TCP/UDP) ) {Transport (TCP/UDP/SCTP)) GTP-U/UIjP,
SCTP (S1AP),

[ o Network (IP) J [ Internet (IP) J SIP/RTP

( 2 Data Link ) [ Network Access )

[ > Physical ] { )

fo@ v.2: OSI =1 TCP/IP BF

o TCP — f[SSacaisy, FI*4-fSfE<s ((TBI/HTTP); UDP — wo, fRSacaisiTst (33 (S5 RTP, GTP-U); SCTP —
Srstpifeis-aa Ty (STAP, NGAP, Diameter) |

Teletalk Assistant Manager (Technical) — =gfo it | =1 6/98



Twirget: IPv4 FIQTATG2

192.168.10.0/26 — SATAG = 255.255.255.192; (=156 I = 32 - 26 = 6; (NG =G = 2° = 64;
JIAZIFCIIST (R6 = 64 — 2 = 62| (FBSTIF = .0, IGI6 = .63, (@& .1-.62 | IPv6 = 128 TG, B &I
IPV6 @l FIF IPv4 FHIRITT SR |

S.b FsiIfee CAItoIFa — & AT

CATTBIFA T AT TS

SS7 (MTP, SCCP, ISUP, TCAP/MAP) Grfe==1a fSsamfae 2G/3G CS &1, HLR-a7 S (MAP)
Diameter AAA, STIREHIRTIR (GBI, BIfER 4G: S6a, Gx, Rx; IMS: Cx

SIP oI fager IMS/VOLTE

GTP (GTP-C/ GTP-U) BIAferR (FEE / 38R (alF) S11, S5/58, S1-U, N3

S1AP / NGAP RAN-GIF fSrsrifers S1-MME / N2

NAS (EMM/ESM, 5GMM/5GSM) UE-GIT fotsrmifas UE & MME/AMF

PFCP FCHI-3SE (2 [erem N4 (SMF-UPF), Sxa/Sxb

HTTP/2 +JSON TfS-fofes oTEs 5GC SBA

5.5 (ABSTIF HMIFIVIH (QoS 8 KPI)

« Throughput (255]B), Latency (fte), Jitter (fSteig @51, Packet loss |
« CSSR (Call Setup Success Rate), CDR/DCR (Call/Drop Rate), HOSR (Handover Success Rate), RRC/E-
RAB Setup Success Rate, PRB utilization, S35 Availability |

o SEUOIE TFY; O < 150 ms (93 A=), loss < 1%; MOS GFe S-¢ (8+ SITE) |

Turzact: Erlang — §ifstag 9T
5 Erlang = Q3ft BT 500% ST 7B AT |

A=Axh

A = AfS BT F 5724, h = 51T FeT AN (TGI) | BT 1200 e, 515 3 NG - A = 1200 x (3/60) = 60
Erlang | (R1f3® &1y ©-9)

S (MCQ)

1. 8 kHz ST S5s3I PCM Fat (v [J5/7yAt) vt 392
(%) 32 kbps () 64 kbps
(57) 128 kbps (90) 2.048 Mbps
e () — fs = 8 kHz, 8 G — 64 kbps (DSO) |
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2.1 W *IlsTig $© dBm?
() 0dBm () 10 dBm
(51) 30 dBm (=) 3 dBm

T8 () — 1 W = 1000 mW - 10 log 1000 = 30 dBm |
3.-30dBm +-30dBm =?

() -60 dBm (€) -27 dBm
(51) -33 dBm () =15 dBm

T (W) — e shemg = +3 dB |
4. Shannon F+i1f5i5a Jta SNR FIF HFT I0H?

(F) dB-S (%) &L (linear) SNITS
(°1) dBm-a (<) AR

&8 (4) — C = B logz2(1+SNR), SNR linear |
5. E1 #1374 fI5wat 39?

() 1.544 Mbps (¥) 2.048 Mbps
(s1) 34 Mbps (9) 155 Mbps

T8 (4) — 32 x 64 kbps = 2.048 Mbps | 1.544 3¢ T1 |
6. STM-1 @7 fI6wab T2

() 51.84 Mbps (¥) 155.52 Mbps
(57) 622.08 Mbps (20) 2.048 Mbps

$@: (4) — STM-1 = 155.52 Mbps = vo E1 |
7. =16 TMfFHE F3foe-a7 tafFig?
(F) A TN (GGG [Tt (2) 2SS 21Tt e ARSH
(s1) SoTfBisoTme Mifebrafas (=) f&or &

Taq: (F) — AIfF6 J3f5e-9 Feex Gy TSt s 395 77 |
8. 20 MHz TITORW A AT (FIF (NF = 0) 1T F©°?

(F)-174 dBm (¥)-101 dBm
(57) =94 dBm (€) -80 dBm

e (4) —-174+73=-101 dBm |
9. (FIF CANBIFA LIS S1-MME ZBIATHT 970 2T?

(=) GTP-U () STAP over SCTP
(s1) SIP (9) PFCP

T8 (4) — S1-MME = S1AP/SCTP |

10. /26 STIITATG JIIRIATIISNT C3ISH ALAT?
(=) 64 (¥) 62
(s1) 30 (=) 126

Ted: (4) —26-2=62]
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11. I WMo H -9 OF3 TR [S7 F0eT AT NS 7T?
() TDM (¥) FDM
(sT) WDM (g) CDM

T@q: (s) — WDM = Wavelength Division Multiplexing |
12. FRFE6 TSI 20 kHz TGS A>9I FATS JToA @6?

() 20 kHz (¥0) 40 kHz
(s1) 10 kHz (9) 80 kHz

Taq: (W) — fs = 2 fmax = 40 kHz |
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S 2 — Jfos et afsien

Radio Communication Basics

2.5 STAFRIWISITATCF CRIFHIN 8 ©5

@8 T35 WK 1St (¢ = 3%x108 m/s) 5t | THFIeai™ (f) 8 S5 (M) 7916

A=c/f

Twlsac: 1800 MHz-93 A 8 (FITHIF- SIS SHIGHAT
A =3x10%/1.8x10° = 0.1667 m = 16.7 cm; (FIVBIF-STS = A/4 = 4.17 cm | TS~ o @,
I ©© (R, [Py FOIAS 8 (MU (o0 I FNo! FH |

/S Frarcafs AN/

VHF / UHF 30-300 MHz / 0.3-3 GHz FM, fofS, arrsst (UHF-«)

Low band (sub-1 GHz) 700/800/900 MHz Q@ OIS, S 3G — STiter
Mid band 1.8,2.1,2.3,2.6 GHz TSRS + INABT Iy (3G/4G)
C-band /3.5 GHz 3.3-3.8 GHz (n78) 5G-F 1 fe-J5s

mmWave (FR2) 24-52 GHz HfS-T 51, Fg @&

#6fers GSM J518: GSM-900 (UL 890-915, DL 935-960 MHz; duplex gap 45 MHz); GSM-1800/DCS (UL
1710-1785, DL 1805-1880; gap 95 MHz); UMTS-2100 (UL 1920-1980, DL 2110-2170); LTE B40 2300-
2400 TDD; LTE B7 2600 FDD |

2.2 @IS 8 YA

(BT ((IIHTG) TRV S BIATAIR AN NGTer*4: SHNfABES (ASK), esieafst (FSK), cmer (PSK) it
SfRfeeT+ e (QAM) InfaTT |

fEw RB/Fwa IEw ey

BPSK 1 4 71 Srsrmee SCE TGO, T SIS

QPSK 2 LTE/NR FTHIS, FONIG-AG TGo

16-QAM 4 7 SINR —

64-QAM 6 SiCet frsayer —

256-QAM 8 4 BITT SINR (ST36F FICR) % SNR =rest

GMSK 1 (Rery) GSM FASBIG IS, I ITT-IRGS AT

TISItE Tgre= 8 @& ifS: (AMC): fSoia OItet /e Sf FiE QAM, U119 I QPSK — ©1% 38T
S35 Iy AP 96 @ | a: [RBE6 = et x log,M x (IS0 |
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2.9 Nifcoor e St

[ N\
FDMA fricaf™ o1t — 1G (AMPS)
\ J
)
TDMA SN It — 2G GSM
| J
'd N\
CDMA 1T Slst — 1S-95, 3G WCDMA
~—

5@ 2.5: MEooT ST Ao

IgfS it 79 AT e ft/srasmt
FDMA e 1G G, SIG J[ITT AT
TDMA B3 WO GSM (b ¥B, 200 fSfetre, g e
kHz)
CDMA ISR e IS-95, WCDMA soft handover, a1 38 5; near-far SIS - 28T
G
OFDMA | SRR x LTE DL, 5G NR wifepone afSwidt, aw=
MR
SC- fS1esret ShfaarR LTE UL 9 PAPR - (I3 IAGIR St
FDMA

TnRge: GSM TDMA 35119

GSM GFY = b H6 = 4.615 ms; 9F Fb = 577 s = 156.25 [G |

&% (JB = 156.25 x 8/ 4.615 ms = 270.8 kbps &fS 200 kHz IR | QTG 25 MHz 51T 25 MHz/200
kHz = 125 FfFs= (5285 JI7=I[0TI9) = 124 x 8 = $H2 FA-CAG GIAA |

Sulgae: WCDMA JTifsig o1z

Chip rate = 3.84 Mcps; S5 = 12.2 kbps | Gp =3.84x10°/12.2x103=314.8 > 10 log(314.8) = = 25
dB | AR (5139 & W SHIHIEE Wiays O 1897 |

2.8 OFDM — 4G/5G-99 Tw¥

OB 5T BIHEAE WA 51, AT SIS STRIHIRE Ot F31 27 1 AfSTE s fi7 sifss
S/ 19, BT multipath delay spread-a3 &e1T F7 1| Cyclic Prefix (CP) ISI (51T |

LTE *hraifsioa

TIRIFAAIF A5 = 15 kHz; 5191 759 = 1/15kHz = 66.7 us; 1 Resource Block (RB) = 12 SRFSHTR =
180 kHz; 1 <N = 1 ms = 14 OFDM fﬁ’ic_“[(norma| CP); 20 MHz =100 RB = 1200 SIHIfEEE; v =
10 ms|
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Twrgget: LTE 20 MHz-a7 SIfgs 1 csoias

&S GTFCS RE = 1200 x 14 x 1000 = 16.8 f*fergw1 64-QAM (6 ) =te7 = 16.8x10° x 6 = 100.8 Mbps (>
T, SSIATS 761 | 4x4 MIMO (8 ((THIK) = =~ 403 Mbps | IBR FCH/ @RS 9711 SOREGT
FIF ~ 300 Mbps (LTE Cat-6/9 4TI F1CR) |

5G NR fReutaafe

SCS = 15 x 2" kHz; slot 77 = 1 ms / 2%; &ifS slot-@ 58 f5e11 p=0 (15 kHz), 1 (30 kHz — 3.5 GHz-@
81'5%6), 2 (60), 3(120 kHz — mmWave), 4 (240) | J31H B31tveT BW: FR1 100 MHz, FR2 400 MHz | FR1 =
410 MHz-7.125 GHz; FR2 = 24.25-52.6 GHz |

2.¢ SHICeAT 8 EIRP

o dBi = SI3CIGIHF SCHAT GeTa1T (5137, dBd = SISTATAI GeA=IT; dBi = dBd + 2.15 |

e EIRP =P, - L+ G,y (dBmM) |

o CIPABTESHA: 520° FTEAT TCT TRBCF © TP SIS — FBIFTHIES FT, IS 0w |

.« TIGA65: RNt 9Fh s e sorms Mo @ N Gt ITRFIES FHE! (I GIIT +
CTFITNII) |

+ TIRSIB/MIMO: OFIfEF STHTEAT (Ff2-9F &S F; SU-MIMO 5ifS o1, MU-MIMO a3
OFIEF 3TGT 7S BF; Massive MIMO (v8T64R 3w7ifi) + beamforming 5G-3 I #If& |

MIMO 51#11f5if8 = min(N,, N,) x B log,(1 + SNR)

2.Y AfS3 A6Ia (Propagation) 8 o2 &1

SsI=TIeT TR ST fSF 49T 367 91T (5) 2N &9 (TF9), (R) *BITSIR (SI7/51%, «s-7751, 819), (o) Moot
cwfes (w9, Rayleigh/Rician) |

f&5-cooI5 ot #1571 (FSPL)

FSPL (dB) = 32.44 + 20 log,4(dy.,) + 20 1094o(fyuz)

g e 3tet +6 dB; gt fRwer 3t +6 dB |

Tvirget: 2 km watg 1800 MHz-a3 FSPL
=32.44 + 20 log(2) + 20 log(1800) = 32.44 + 6.02 + 65.11 = 103.57 dB |

Okumura-Hata Jted (*19td, 150-1500 MHz)
L (dB) = 69.55 + 26.16 log f - 13.82 log hy, — a(h,,) + (44.9 - 6.55 log h,) log d

f = MHz, h, = & SUIG6T $6o! (M), d = km, a(h,,,) = CIAI3HA-Sooo! FRTEH ((RIB/FNT *=@ a = (1.1 log f
- 0.7)h,,, = (1.56 log f - 0.8)) | STIREK /T AoFe RS AT |
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Suirgcl: Hata
f=900 MHz, h,=50m, h,=15m,d=5km - a(h,) = 0.016 dB| L =69.55 + 26.16%x2.954 -
13.82%1.699 - 0.016 + (44.9 — 6.55%x1.699)x0.699 = = 146.9 dB |

T 156 8 FIREsS
fd=V'f/C

THIRAl: AT
(G4 100 km/h (= 27.78 m/s), f = 2 GHz - f, = 27.78 x 2x10° / 3x10® = 185 Hz| OFDM-Q NIRRT
AR (15 kHz) TATIR-QF (6T WS IG APCO 27 |

Coherence bandwidth B. = 1/(50,) (0, = RMS delay spread) | I fSist=5ret BW > B, - frequency-selective
fading (OFDM @ft S&T) |

2.9 f&F qicen
Ao @SS = wre 8 S (@91-R[Rearst ez Hfveo sneTw 8 s @3 a1 73

Py = Pix ¥ Gix = Leable = PL = Lother * Gy (dBmM)
Link Margin = P, — Receiver Sensitivity

cable other

TWIRgel: TISAfF JITSO

Tx =43 dBm (20 W), SITGAT (5139 = 15 dBi, 7171 o151 = 2 dB, #12 &5 = 120 dB, IS &5 = 3 dB, UE 139
=0dBil

P, =43+15-2-120-3+0=-67 dBm| SIS (20 MHz, NF 7 dB) = =94 dBm = SNR = -67 — (-94) =
27 dB | Tt UE sensitivity —100 dBm I O G Fife = -67 - (-100) =33 dB |

2.b GAF: FDD I TDD

FDD TDD

UL/DL  =trermT fEsceteafst comrst 03 ERepIcafst, @rermr sy

IFer 9 fSee, i UL/DL, I8 71 UL:DL W9 IReAICT T, BIeet (& f5ieeifSif (massive MIMO-3 Gy ©1teT)
SN COMRBEIN (SIS SN SIS fofaers, foig or=efd, ofet Irrme fss

Twmgel  GSM, LTE B1/B3/B7 LTE B40/B41, 5G n78

S (MCQ)

1. 1800 MHz S5 S5 V] F©?
() 16.7 cm ()33 cm
(s1) 1.67 m (F)6Ccm

&8 (F) — A = c/f = 3x108/1.8x10°=0.167 m |
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2. P TG AfS et © 76 3571 F3?

() QPSK () 16-QAM
() 64-QAM (21) 256-QAM
& (51) — 64 = 26|
3. GSM-9 as® Fifawta (200 kHz) F1f6 B139 F6?
(=) 4 (%) 8
(s 16 (2) 32

TG (4) — b JB, (TN 4.615ms |

4. LTE-co s oI o2
(%) 7.5 kHz (2) 15 kHz
(s1) 30 kHz () 60 kHz

T&q: (4) — LTE = 15 kHz; 5G-(3 15%2 U |
5. 20 MHz LTE ®jitatet RB 512451?

(F) 50 (¥ 75
(1) 100 (|) 110

T&3: (51) — 100 RB = 1200 IR |
6. g MY FAA -0 AN 15 F© ITG?

(F)3dB (¢ 6dB
(s 10 dB () 20 dB

Ted: (4) —20log2=6dB |
7. LTE S0ioifists (19 Snitys 3595 39?

(=F) OFDMA (¥) SC-FDMA
(s1) CDMA (x1) TDMA

TG (4) — 9 PAPR-QF G |
8. 5G NR-4 30 kHz SCS-4 slot 9g?

()1 ms (¥) 0.5 ms
(1) 0.25 ms (g) 2 ms

Teg: (4) — pu=1-1ms/2=0.5ms|
9. WCDMA-3J chip rate?

() 1.2288 Mcps (¥) 3.84 Mcps
(51) 270.8 kcps () 5 Mcps

TeR: (%) — UMTS = 3.84 Mcps (IS-95 = 1.2288)
10. 100 km/h dtst 2 GHz-9 29 ST FI6?

() 18.5 Hz (¥4) 185 Hz
(1) 1.85 kHz (%) 18.5 kHz

Taq: (4) — fd = vf/c = 185 Hz |
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11. Massive MIMO-3 T} (14 GraiH JRUes (e5iee cafseehfsife)?
(%) FDD (¥) TDD
(51) JCBTR ST (q) @HBE 77
T3 (¥) — TDD-(® UL/DL @353 fRFIfs, ©fF BIitae S 36T |
12. Tx 43 dBm, 5129 15 dBi, &5 1B 125 dB (FFIFA+NY+ST15), UE (5137 0 - P_rx?
() -67 dBm (¥) -82 dBm
(st) -55 dBm () =110 dBm

$ad: (F) — 43+15-125 = 67 dBm |
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LI © — CTAIT (HOSTITHT Y giFeit

Basic Concept of Cellular Networks

0.5 O Y199 — (& "IFIA?

GFB e Bresg Mo 2@ *15g FoI FI I TF aFIF IIF TV — ITF 4 JITS ST |
T SRS (Bell Labs, $590-a3 W¥I6): QI (BI6 (RI6 Gt SISt FF4, AfSTore 9 21ewwg @
B I, QI O3 TSI qad Gitel | 9719 T3 (frequency reuse) | QTS ANS CAFFITT
9 3TTIT S T 17 |

T *197

Cell = @36 @ GBI FOIFTG QAT (SIfGFOIF TOgS) | Cluster = (T N FAF T N <[> SoAeTs
fFrIcaf™ @9 I]TT I | Co-channel cell = a3 IR I2F I & 7«11 Handover =
FA BAPIAT OF (T (ATF N (A TfSA IS |

. fFrsicafs fA3se @ 61
Foge enififore FoR TEe vy [tg T3 [rs e

N=i2+ij+j2 (i, ] = AN syef12271)

@i j) N fAR%e wg

(1.0 1 1 (CDMA/OFDMA-(S)
(11 3 173

(2,0) 4 1/4

21 7 1/7 (GSM-@ STrTae)
(3.0 9 179

(2,2) 12 1712

5q .5 N = 7 FIBIT — QFR THET I A3 IR G716 IR I (NRIF GTAIG (6T I619)
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55T yag
D/R=v(3N)=Q (co-channel reuse ratio)

D = 43 (&FI-BIIHe (e (A 799, R = G A7 | N T9 I35, Q T© G, IBIRITIES F9 — 5@ aAfS o
BT T T (AN 1)1 9 (Go-urF I 31|

Surgae: N = 7 3t Q?
Q=V(3x7)=v21=4.583| IM R=2km =TI, D =4.583%x2=9.17 km |

v.© SIR (Signal-to-Interference Ratio)

21 B Ut (FI-BII IBIRCTAT 40T (FOGS [[91), HTL-515T QHATT6 N =0

S/1=(D/R)"/6=(KWEBN)"/6

Tvirget: SIR f257139 (n = 4)

N = 7: (4.583)* = 441 —» 441/6 = 73.5 - 10 log(73.5) = 18.7 dB |
N=3:(3)*=81-81/6=13.5->11.3dB|

N =4:12%/6 = 144/6 =24 - 13.8 dB |

GSM-AQ STI NIHT T = 9-12 dB SIR =1, B8 N = 7 f{=rom (T3 car+ A5t N = 4/3 8 5ta) | LTE-
@ N =1 (37 teT a3 FHFIeaf™) + ICIC/elICIC Tt S BIRhIeast SN 7T |

.8 FNTHT IrsITarg S
@ FloI Fe FF L
Cell splitting CTAC (FIB T IS, 2SR FHIAT | &AfS QeI Hiitdet T — 99 *1=F
Sectoring 8N - v x 120° TR SBIRCTAR Y - R (A), SIR T
Micro/Pico/Femto GTet (®I5 B9 (hot spot, 39TTIH) onffe 8 3qtor FeiEe
Frequency reuse 4 (N 1) FIHIF (26 afS oiteT oieAe 1 g SoEiEs 1
Carrier aggregation, MIMO, ®8 QAM = gt afssfeafsr 1 LTE-A/5G 5ifS

Tutzadt: Cell splitting — Fnf5ife
T PISTIE WP (R - R/2) FACH A3 QBT T STRAT 8 & (QAIPT o« R2) = FHonfife o 8 wer | a9+
O Tx 2SI 2T P/2"; n = 4 36T P/16 (= —12 dB) LT S1ATST AN A |

v.¢ §ifFs 3fgfMmifas — Erlang

Erlang B (blocked calls cleared): (FITAT BT IpT 7T A1HceT I o | Erlang C (blocked calls delayed):
T PO WS FI (FA GTOF) | @ (M B, E = DG §IfF):

Pg=B(E, m)=(E™/m!)/ %,y . (EX/ k!
fJ=s=f¥: B(E,0)=1; B(E,m)=E-B(E,m-1)/(m + E-B(E,m-1))
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GoS (Grade of Service) = i TV, GIFFCT 1-2% &K | Busy Hour-a3 Gifs<s 4 f[Sosa 41 77|

GBIt (M) GoS 1%-q Std1e6 §iftss (Erlang) GoS 2%-4
5 1.36 1.66

10 4.46 5.08

20 12.03 13.18

30 20.34 21.93

40 29.01 31.0

) PP B R (A Gifre MR 607 & TS (trunking efficiency) — IT BIAA-9 Q@1 755 |

TUIRAY: FOGH RSGIA?
&S GTet 30 BITAe, GoS = 2% | (BfRe T FHANfAS =~ 21.93 Erlang | &fS 38w= 358 961 25 mErlang
(0.025 E) Gifss<s fiiceT 3@ig = 21.93 / 0.025 = 877 & |

Suingd: gfee AR @ Tt
E=10 Erlang,m=15€5ﬂ?|?f—>ﬁ$1*fc=r8z0.0365(3.65%)| M=10BIATE=53CTB = 1.84% |

ST Gemini-a TG &6

GTATG 'Bicas 1200, N = 7 = 1715 oiitaet &fS oreer 5 (1200/7 = 171.4) | 5] '&lfS itet 20 Erlang =t
GOS QI FFF' — A GOS AT 7] (= 0%) WM, FII 171 BIITce 20 Erlang =S sy @re | 2=fe
JIBITAS FACO 30 BIAA ATS-TFF R T8 =1 (1200/7/3 = 57 BIitAed), ©4718 20 E-F e &g
H7 | BI3 GOS-AF AT FINTTA M (GTHI/ I B & E ey oy

.Y B3I (Handoff)

BTG 5N SIF AR G IS YA A QA GICed SIS STAAT | T Hisipet gietot, @ e
Jprerifaig, 3B |

LEC] Fefat AT

Hard handover IS fo1F (@6 T @128 (break-before-make) GSM, LTE

Soft handover QFAMY 2+ G TR & (make-before-break) CDMA, WCDMA
Softer O3 I X CTRRI MY WCDMA
Intra-/Inter-frequency, Inter-RAT aF3/fon frceicafs 1 fon agf& (LTE-3G) LTE
Inter-MSC/Inter-MME CIRIZST 38 GTB1I/MME et —

fAcfta<s: LTE-S Event A3 (2ifSe#Tt (77 RSRP TS GTteTa (5T offset &f# Sitem) &Arws yroeeis fGsne &
fReBrafsis 8 Time-to-Trigger IR A1 T ping-pong IS | [ABIFS G ST So0-9 |
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©.q CTIIIRA (SIS Feaal

%9
: (oim) Iy SHITHESA cSot @[
1G Sobo AMPS (ST3I5Y) FDMA — —
2G PN GSM (GMSK) TDMA/FDMA 9.6-14.4 kbps (CSD) CS (MSC/HLR)
2.5G/2.75G X000 GPRS / EDGE TDMA ~115/~384 kbps +SGSN/GGSN
3G 005 UMTS/WCDMA, WCDMA 384 kbps - HSPA+ 42 CS+PS
HSPA Mbps
4G 2009 LTE / LTE-A OFDMA / SC-FDMA 100 Mbps-1 Gbps EPC (all-IP)
5G 2059 NR OFDMA (CP- peak 20 Gbps 5GC (SBA)
OFDM)

5G-3 59 417 I9319 (IMT-2020)

eMBB (ﬂ'ﬂﬁl@ ‘»T%), URLLC (1 ms (ETCe1T, W‘%ﬁmm), mMTC (21‘% kmz @ so FPE;FWQ‘«T)I R b-
« Sifds |

. GSM STIfHFTEFEIT (FLTFH)

MS
[(ME+SIM)]<—>[ BTS ]<—> BSC

SGSN

“———
BSS = BTS+BSC

5@ v.32; GSM/GPRS (F68TI<F SFGHoIT

« MS = ME ((VIR13s f&@135, IMEI) + SIM (IMSI, Ki) |

« BTS @f%s g™ifsierg; BSC Soo+ BTS fRage, Yro@eR/#MeTR g, @f%8 s, TRAU/Transcoder
T ISR |

« MSC T J3f5%; VLR (W11 fofEta obt); GMSC I1fRET A8 A3 |

o HLR 3t TRFFIZIF (GBI, AuC B9 F; EIR BRI/ IMEI T1513 |

« GPRS: SGSN (#71tF5 R + SAfBrEA) 93 GGSN (3BIFES (I68T) | 8G EPC-I Wifnznst afts:
SGSN = MME + SGW, GGSN = PGW |
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SAEAt (MCQ)

1. N = i2 + ij + j2 575a (i.j) = (2,1) T N?
() 4 ()7
(5N 9 @12

& (4) — 4+2+1 =7 |
2.N =7 3t1 D/R?

(=) 3 (¥)4.58
(51) 5.2 (= 7

&g (4) — V21 =4.583
3. N 3t (S g weifFafss) Fi as?

(F) 3BITHIES 0T, FNAT ITT (¥) BT I, AfS o1t FInonfSife s
(51) SO AT (%) gy

Tad: (4) — D/R AT ©1% SIR 1, 5g &ifS 1t syt = GiB/N L |
4. (=% Erlang B-3 Wg=9?

(F) T3 29T e [HFGC® AMH (4) I ST T IS 7T
(51) A FLATJF ] AT (9) ®Y (oI I a Gy

Teq: () — Erlang B = blocked calls cleared; Erlang C = delayed |
5. IBIT 600 F1, 516 2 {570 - §ifFs?

()10 E (A 20 E
(N30E (9) 1200 E

$e3: (%) — 600%(2/60) = 20 E |
6. O JIIE SICLF FACHA T LA Fo S FA?

() = (W)
(M 8 (@b

TG (51) — OB « R2 |
7. (19 o 8eid make-before-break?

(=) GSM hard (4) LTE hard
(st) WCDMA soft (@) =53 77

Teg: (5t) — CDMA/WCDMA-(S QAN R+ T ST LTS |
8. GSM-a FIIFHIRIIA FIEN (GO (FIATT ANF?
() VLR (4) HLR
() BSC (9) EIR
T&q: (4) — HLR T, VLR Sr3rE |
9. GPRS-9 RBIATAD (S5 ST (FIH{6?

(=) SGSN (¥) GGSN
(s1) MSC () BSC

&8 (4) — GGSN = 4G PGW |
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10. N = 3, n = 4 3t 1T SIR (Y 3BIFTHAF)?
() 11.3dB
(s1) 24 dB

[CICT =) —(3)*6=13.5->11.3dB|
11. I AIBTOHITAT AL Stwly?

() *MSTIF IS
(1) GT<T (21T =T

Tad: (¥) — SN e fSE#I1TeT ST |
12. (B 1S IMEI IS5 618 FLa?

() AuC
(o1) EIR

&83: (o) — Equipment Identity Register |

(4) 18.7 dB
() 6 dB

(¥) SGITTIES T SIR/FNNT IreiaT
(2) ficats s

(¥) HLR
() VLR
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ST 8 — CIFRA (19 8 IRl SfFoFoid

Mobile Core and Backhaul Architectures

8.5 IG &f3: Access - Transport - Core

(T3S (FBSTBCF o7 SItst myA: Access (RAN) — ISGIERI T @GS 1Y, Transport/Backhaul —
WIRG @F (FIF 1S fo1sF; Core — WABE=H, 776, o=, arefoe, [ifei | sfFemag "Mobile Core and
Backhaul Architectures" NIt a3 7fG 12T |

Backhaul
Fronthaul Midhaul

Aggregation Core
RU/Antenna / Core Router (EPC/5GC)

RAN GISTeoHTS (58T — FIRFI / MR1stTs / IP-MPLS

f5@ 8.5: RAN §ISTtoNB — Fronthaul/Midhaul/Backhaul

8.2 ofEr UMTS SIfStoFola (o fHafo«a)

<] o B BIATE
Node B @1 B*14 (WCDMA) Uu (UE-NodeB), Iub (NodeB-RNC)
RNC @SS SEGIH, soft handover, ATSIF FEFIA Tur (RNC-RNC), Iu-CS (»MSC), Iu-PS (-»SGSN)

MSC/VLR, HLR  CS &5 —

SGSN/GGSN PS BBt Gn, Gi

8f&T-(5 RNC R — o1 F1at eNB-(® 5 31ty (flat architecture), Tt St 5 |

8.9 8f&1 EPC wifStoFoia

PDN
Internet/IMS

E-UTRAN EPC

f5@ 8.%: LTE/EPC SIFIBREIT 8 3610
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@S T IS (AITHIF G5 ATTB)

eNodeB @f%s fFoast wrtaeT s, FfSefes, grovew g, avf@»==, RRC/PDCP/RLC/MAC/PHY; MME 8 SGW
IARR (S1-flex)

MME 8Y FTHIS (9 — attach, WRFBF (HSS-97 51), NAS SifFeiR, Gnfs: affm seees, eifee,
QR GIoT#!, SGW/PGW it

SGW BTG (2 GIfnca @neiet NS @ieFa (eNB Je$SIR); IDLE WIFT TReaies w3 (ifer Fena
PGW 13T PDN-QF A ST, UE-GF IP STt Iam; <Attt aFcsisions (PCEF); 51fdi; packet filtering

HSS SRR (ATHIR 3 WRFBEF (TFI (LT 52)

PCRF QoS 3 BIfEe TS (PCC) Fefraet

BT TSt CATTBIFA
LTE-Uu UE - eNB RRC/PDCP/RLC/MAC
S1-MME eNB - MME S1AP / SCTP
S1-U eNB - SGW GTP-U / UDP
S11 MME - SGW GTP-C
S5/S8 SGW - PGW (S5 = 433 W6, S8 = (1Y) GTP / PMIP
S6a MME - HSS Diameter
Gx PCRF - PGW Diameter
SGi PGW - PDN IP
X2 eNB - eNB X2AP (JrESIR (G6T FISTITR)
510 MME - MME GTP-C
W LT FA

MME = 'M' for Mobility (FTgreT), SGW = 'S' for Serving (I @71F), PGW = 'P' for PDN (13039
gf=an) | S1-MME = fSismifag, S1-U = 38619 (G6T |

8.8 ¢f& 19 (5GC) — Service-Based Architecture (SBA)

¢f& (17 FroT-Hite: AfSE @BSTF e (NF) @6 S Tt HTTP/2 REST API Rt S=ytva st 2t
JCT | FEGI (29 8 TG (@A 9jf JreTmr (CUPS) |
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Service-Based Interface (HTTP/2 REST)

N1 (NAS) T
4 (PFCP)

N2 (NGAP)
N3 (GTP-U)

5G NF

AMF

SMF

UPF

UDM /
UDR

AUSF
PCF
NRF
NSSF
NEF

CHF

BCHIA (2: AMF, SMF, UDM ... | 3&@R (8i: UPF — S1=9yef Sqiemr (CUPS)

5@ 8.9: 5GC SBA — (TSI 2ITTG 3 FifSw I

sjefaot L]

Access and Mobility Management QGCEA, T, IRIFAT, NAS

Function oS, eifer

Session Management Function PDU &4, IP 391, UPF fSiteie=14/N4
ICGISA

User Plane Function 2TCFB FISTTE, QoS, FifFFss f[Resnfey,
juje

Unified Data STIHIZIR (GBI, WRIFBE*

Management/Repository (TG

Authentication Server Function 5G-AKA/EAP-AKA' 572w

Policy Control Function Afefsr

NF Repository Function WS RneiiR/ @feeg= =

Network Slice Selection Function Fi3sT {5

Network Exposure Function BRI WA 191 API
QIS

Charging Function FASIGG BIfEe
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4G STTgeT

MME (w36 =re=)

MME (GT#19) + SGW-
C/PGW-C

SGW-U/PGW-U

HSS

HSS (=1%*T)
PCRF

V% (7gA)
8 (7gA)
SCEF

OCS/OFCS



dSIESA ATTB STt

N1 UE - AMF (NAS)
N2 gNB - AMF (NGAP)
N3 gNB - UPF (GTP-U)
N4 SMF - UPF (PFCP)
N6 UPF - (GBI (58T
N9 UPF - UPF
N11 AMF - SMF
N8/N10/N12/N13 AMF-UDM / SMF-UDM / AMF-AUSF / AUSF-UDM
Xn gNB - gNB (J1T89IR)
NSA 3419 SA

NSA (Non-Standalone, Option 3x): 5G NR &f%3 58 F19 4G EPC (o fSaw, fFoa Hifve) | SA
(Standalone, Option 2): 5G NR + 5GC — FI3f513, URLLC, SBA <f 5]fJet ®g SA-(S |

8.¢ MIFCIA: YA 8 AYFS
Ty cafergy CHIATT SorTarsht
SATBTI FIRAIT S5 FHAIS (10-100G+), T3 fSteT; 46 8 A13RB- A%, NI AI3G,
- STT ST 5G

WISCFISWO (6-42 GHz) / E-band (71- %S fS2, TIEJF 1 e, LOS w11F; e o ST, A=, 7T
86 GHz) (6 T &) AT
SIICBEAIG (VSAT, LEO) 7sf et Bt & (GEO =~ 500+ ms RTT) -, wraftst
i1 (xDSL), PON e s/ @15 o

& gf&: fesmfst PDH/SDH (E1, STM-n) - Carrier Ethernet (MEF) - IP/MPLS (L2VPN/L3VPN, Sif$st
SEACE=) - SfITCs Segment Routing/SRv6, OTN/DWDM (13319 F1#A1f5iG), FlexE (F13f51:-93 T3
6 WIBGICE) | Broneten: B1g, {2 (F© G < 50 ms), {1

PRRIERTE™ T — JFIHFRITAT AP TS
« FDD-a3 &= fErercfat fiis: 50 ppb (@1 669 @F-361Kc) | TDD (LTE-TDD/5G NR) 8 COMP-a3
Ty e i £1.5 pis |
« Ge: GNSS (GPS), SyncE (fstsicafsh), IEEE 1588v2 PTP (GFST+B13) | GPS ! AFTeT PTP ATSNISGIF |

NMETFISTe fFF: e cond
LOS &Y FIARL TT — AUV GHFIASA (ST FAATF wo% I ATHFCS T

r,=173v(d,d,/(f-d)) [m;d,d,d=km;f=GHz]
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TSuIEg: T e
d=10 km, TRIR™MTS di=d2=5km, f=7 GHz - r1 = 17.3 x V(25/(7%10)) = 17.3 x 0.5976 = 10.3 m |
Yo% = 6.2 m FIES v |

IR FHHHET 2mfEe

TAIRI: ©-CTI IR JIFCalA
oS GTHE TV-TBIF 516 = 40 Mbps, f91F = 150 Mbps | &6fae Tens= s (NGMN-4FE=):

TG = max( 2 MG, 4B, o + 2 Moot )

= max(3x40, 150 + 2x40) = max(120, 230) = 230 Mbps; GTP/IPsec SSICTG ~10-20% (15t FIA ~
260-275 Mbps - 1 GbE &8 Ta¥; 5G 51306 10 GbE &1 37| (aft fSons=-fAamig Swimad; e nEsacem
ST ST 2T 1)

8.y (&7 fauitss

« Pooling: @FIf&F MME/AMF @36 %@ — eNB/gNB (I QF 6 IrRcs 21t (S1-flex / N2-flex); 11
ISt + (FIAGO |

« Geo-redundancy: SAMT (GHITIGIT TP — FCTsT 2AfSRre |

. ENITSRTATRTATS: ST @ 2IeTe oo T (W4T v-a @) | GIFFT (ST T5%7: "HIRS TR = 99.999%
(IR =~ 5.26 NG TrEA613w) |

SIS (MCQ)

1. LTE-cS MME 8 eNB-3 N4IFIF 3Bt ?
(=) S1-U (¥) S1-MME
(51) S11 (9) S6a

Tad: (¥4) — S1-MME = fSisrmifae; S1-U = (61 |
2. S6a FVIATHA (FIF (T FISF TF FCA?

() MME-HSS (¥) SGW-PGW
(°1) eNB-SGW (%) PGW-PCRF

Tad: () — S6a = MME-HSS, Diameter |
3. IIRAF BB T A2t @ IP I I (&I @1G?

() MME () SGW
(o) PGW () HSS

Twad: (57) — PGW (5G-¢S UPF + SMF) |

4. 5G (1td SMF 8 UPF-93 T4IFIF 3-BI9CFA?
() N2 (2) N3
(5) N4 () N6

T (s7) — N4 — PFCP |
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5. gNB 8 UPF-A7 N4 RSTTIR-C2 3 BI0TA?
() N1 (%) N2
(s N3 () N9

Tad: (57) — N3 (GTP-U) |
6. (FIHB 5GC-cS 774<f g, 4G-(S 713?

(=F) AMF (¥) NRF
(5" UPF () UDM

T6R: (¥) — NRF/NSSF 997, IIfFSEAR 4G STHQE ST |
7. TDD (B STNF AYATS ey cwven g Ageret?

() £1.5us (¥) 15 ms
() £1s (9) TS (3

T&q: (F) — TDD/NR-Q +1.5 s |
8. fAtea @G 4G-co g Y 30T eNB-T Ty QTITR?

(F) MSC (4) RNC
(°1) HLR () GGSN

Tad: (4) — RNC-T 1%t eNB-(9 |

9. B3 13 (99.999%) SHITSITATIHTOTS IR GISTBIRN?
(F) = 5 NG (%) = 53 "G
(1) = 9 TG (q) = 3.5 o=

Tad: (F) — (1-0.99999)x525600 = 5.26 Nf¥G |

10. 5G SA-a7 ¥y 62
(F) 4G EPC (1T 72T IR (¥) 5GC IRTT I 8 F3HR 3T FeF
(") 8y mmWave (9) & @3

&g (4) — SA=NR + 5GC|
11. MEAHISTTS AT AN GFA (SR PAOA FO W I AF1 Sfow?

(F) 0% (4) 80%
(57) Yo% () >o00%

TGT: (51) — SR fTT wo% |
12. FF Y& [WFETA T 3 BiRA g 3579 T2

() SyncE (¥) IEEE 1588v2 (PTP)
(o7) E1 (€) STM-1

Teq: () — SyncE sy fFemf
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ST ¢ — 2ITHO-Y266 (NIAIEA (o STF

Packet-Switched Mobile Networks

€. (T HNITHH-B6G TR (T STIF?

fS1-® (OBt faet fFG (CSD, &) 1 GPRS (2.¢f%) (ATF GBS AJTHG (GBI QT — (TGB! AHAF N3 [Foowst
SIS, TG "always-on" AF | 8f&-(S T @ESTF all-IP — STI58 IP #MtF6 (VoLTE) | ¢f&-co «ft wras

FEFIoT 8 SIFATROS |

2.5G GPRS 3G UMTS PS 4G EPS 5G
SIS BSS UTRAN E-UTRAN NG-RAN
wiAfefs/ o SGSN SGSN MME + SGW AMF + SMF
IBST GGSN GGSN PGW UPF
G FI9 PDP context PDP context EPS bearer PDU session
QoS — Traffic class QQ 5QI / QoS Flow

¢.2 (JIFIFIT 4I9<il (EPS Bearer)

QTAIF = AW QoS 7% Wb AfGTHIIeT (BT #1139 (UE & PGW) | &IfST6 EPS @xia f516 wrest fAey sifde:
&@fS8 @RI + S1 @ + S5/S8 @A |

E-RAB

)
SGi
‘ UE Radio Bearer eNB S1 Bearer SGW S5/S8 Bearer PGW
~—— ~—

EPS Bearer (UE & PGW)

fo@ ¢.5>: EPS bearer-a3 st5v

« Default bearer: Attach-a3 517 F9ef&FT (ofF; UE-F IP (0T; non-GBR (319w QCI 9); 5T bie]
ICH |

« Dedicated bearer: RTI¥ QoS #I51teT (9= VOLTE QCI 1) WIfSfie @wIK1K; GBR It non-GBR |

« GBR (Guaranteed Bit Rate) — s oY I oG32; Non-GBR — best effort |
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QCI §9 fStet QT Loss (36 Sargget

1 GBR 100 ms 102 FERIHFAT ST (VOLTE)

2 GBR 150 ms 103 5f%8 et

3 GBR 50 ms 103 RTer-B1Ew eifsig

4 GBR 300 ms 10 ITG fSfoa

5 Non-GBR 100 ms 10 IMS fsisraifas (SIP)

6 Non-GBR 300 ms 10® TCP-fSfe<s fSfow/8rR

7 Non-GBR 100 ms 1073 Sr/fefSe/ 6w (+113s)

8/9 Non-GBR 300 ms 10 oy / f&6 (best effort)

¢f&-c8: QoS (3t S8 — PDU session-a3 (gwg @if&<s QoS Flow (QFI facy v=11), afSfoa 5QI; 5QI 1 =
SIS, 5QI 5 = IMS fSisimifers, 5QI 9 = f&HeB; URLLC-93 T delay-critical GBR (CT¥F 5QI 82-85) |

¢.© GTP Bitafae

(IR (G0t UE-T IP 2ITTH6 AR T =1; GTP-U Bieacet oottt 2% 1 &AfSf6 B1east @<sf6 TEID (Tunnel
Endpoint ID, vx fJ5) it 6=t T ts UE-F IP Iwetiters It NRfAfBre aTo it Inees & ieda arsioe e
AN |

(T) [ eNB ) ( SGW )
Application )
)

PGW

Server

(
[
[ P
(
(
(

IP (UE) GTP-U

)
PDCP )
)
)

}h i
I\
NN

( GTP-U

—

PDCP UDP/IP GTP-U

RLC RLC L2/L1 UDP/IP

AN
— S

MAC MAC L2/L1

N

AN

PHY PHY

3T N HE=s eNB-SGW-PGW-(S GTP-U BItate (TGt 7T

5@ ¢.%: LTE 3SGTR-(2 (SAITBIpe 6516

Twirgel: GTP SIS

GTP-U (zo19 8 135, UDP 8 135, 13034 IPv4 20 136 = (W15 36 I1Bb WIS (IPv6 FISTAATG 56 J136) |
UE #I7ITRG 1400 135 X0 GISTCRNS 206 = 1436 J135; SSRGS = 36/1436 =~ 2.5% | (2B AITHE (T
72 136 VoIP) SSITRSG 33% — O ST ROHC (TG I AT (LI 55) | MTU ST G TITS
s UE MTU = 1358-1400 <Y 3T |

.8 T71afet spitgs, APN, NAT

« APN (Access Point Name, 5G-(3 DNN): (&9 (F6STE (3BIFC06, IMS, FITAB) TSt 301 I A9
(Y internet, ims)| UE 3BIKHG 8 IMS-O3 Gy AT PDN FIHF*H AT |
« IP I@m™: PGW/SMF fater, at DHCP/RADIUS (T=s; IPv4, IPV6 (SLAAC /64), It dual-stack |
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« IPv4 916fSa 1 WoNta68 CGNAT (Carrier-Grade NAT) I3 B — I3 3061F A6 2Nfes [P ¢rag
D | IPV6 O3 SNSRI ST |

¢.a 2fSAfS 8 sifEe (PCC)

PCRF (4G) / PCF (5G) f[Rsfras =ta 1= §ifsts 1 QoS 8 516 | PCEF (PGW/UPF-9) S TSt I (Gx) | BIfde:
et (f2erss, 0CS, Gy) 8 WHAIRA ((ISBIoEG, OFCS/CDR, Gz); 5G-(5 CHF (FASIEG) | FUP/BER @
CSBI-GToIg PCC-F WIATN3 39 |

¢.Y HIFIUIN: FHo2A-fST ATCIF

TCP 94 5ifSTS Belte @BSTRF "2139" TANS TWT (THI-39-FI30 TIFIK:

BDP = Bandwidth x RTT
Swlgge: BDP

&8 100 Mbps, RTT = 50 ms - BDP = 100x10° x 0.05 / 8 = 625,000 J13% ~ 610 KB | TCP S3CSl a7
(BT (25 3 SIS [ FHoI N6 WG T | ©I3 5G-(S FH (TG AIAE TCP 2F[6 AT (H |

St (MCQ)

1. Attach-a39 59 INfFToIE ¢ofd 27 &9 @UaF?
(3¥) Dedicated () Default
(o) GBR (2 S11

Twq: (¥4) — Default bearer — IP I 2|
2. VOLTE ST ATITHeod & &9 QCI?

)1 (A5
(o1 8 (=9

Teq: () — QCI 1 GBRI| QCI 5 = IMS fSsrmfeig |
3. GTP-U Bt 517 f5es @1f6?

(=) IMSI (¥) TEID
(51) APN (7 QCI

@4 (4) — Tunnel Endpoint Identifier |
4. PGW-3 ST5T9eT 5G NF?

(=) AMF (¥) UPF (SMF-@3 )
(1) NRF (27) NSSF

[CICT (4) — PGW-C = SMF, PGW-U = UPF|
5. GTP-U + UDP + IPv4 (I ifSfae I136?

(=) 20 (%) 28
(s1) 36 (9) 56

& (51) — 8+8+20 = 36|
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6. 5G-C PDU C*ITg wroradle QoS QT Hi?
(5) EPS bearer
(s1) APN

Tad: () — QoS Flow, QFI 7=t 5w |
7. APN-A9 5G Qe #1972

(=) DNN
(51) TAC

wad: () — Data Network Name |
8. IPv4 9I5fS CBITS WANI6T i II3IT FA?

() CGNAT
(s1) OSPF

&8d: (F) — Carrier-grade NAT; RITIIIH IPV6 |
9. 100 Mbps, RTT 40 ms ¢l BDP?

(%) 250 KB
(1) 4 MB

Taq: (4) — 100e6%0.04/8 = 500,000 B |

10. (I (1S QoS/bif&e «ifsifst Msfract ta (4G)?

() PCRF
(51) SGW

@&d: (F) — PCRF - Gx T PGW-G GI=1T |

(4) QoS Flow (QFI)
() PDP context

(¥) SUCI
(=) PLMN

(¥) DHCP-Relay
(1) ARP

(¥) 500 KB
(=) 1 MB

(¥) HSS
() eNB
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AT v — NFV — Network Function

Virtualization

Network Function Virtualization in Cellular Systems

US> ST (9 NFV?

st MME, PGW, SITIRSTRG, SBC — 2ifSB wietmt ¢t A1 Sre S SHgitas ((O53-5135-34), IANS WIS
FI51S, (TG TN YIS FHo! (I, G I |

NFV §i?

Network Function Virtualization: (58T AT YESTIF (ATF AW FI TR SWIF (VNF)
RO STERer (COTS) STOTE SIFe (I*=/FACBAIE Bl | LK &\ I ETSI NFV ISG (2052),
SFEFHIF TS ETSI GS NFV |

yf{at IR

CAPEX 1 W1 COTS G, FIRIFS [t

OPEX | SCBICTHIA, I 2SR/ A

o AIfSH T NS g6y Tarw

Elastic scaling (TG IGTe VNF IS (15T, N0 FHICAT
(TTI-FIATOT ESWIF 8 THFHEWIF WA (ST (RATH

V.2 ETSI NFV sTif$coasia

[ 0SS / BSS )
VNF VNF VNF VNF ! NFV MANO i
(VMME) (VSGW/PGW) (VIMS) (vFirewall) . N 0
1 1
( EMS (Element Management) ‘*~\\ ) . { NFVO (Orchestrator) ) 1
PCEEEEELEEEELEEEEEEEEEEEEEEEE TR S = -
\ [ Virtualization Layer (Hypervisor / Container Runtime) ] ! 'S [ VNFM (VNF Manager) i
| 1 1
| ! 1 7
! Virtual Virtual Virtual | . N |
| Compute Storage Network | [ VIM (OpenStack / K8s) :
I
| L .
, 1 1
: [ Hardware (31 CPU - GBIt - 935/NIC) — COTS ] | : Or-Vi - Vi-vnfm - Or-Vnfm ;
I
| | \ J

NFVI (NFV Infrastructure)

5@ v.5: ETSI NFV =nifsce=sera (NFVI + VNF + MANO)

« VNF — SIgIe (58T HI¥ (VEPC, vIMS, vRouter, vVFW, vCPE, vBBU) | EMS VNF-a3 FCAPS 51911
A

+ NFVI — (T 395PGIF6IE VNF 50T: 68T + SIFAAIEeH @14 (3A[er3ens KVM/VMware; It
FACBRAIF AGIRN) |
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« MANO (Management and Orchestration): NFVO — (58I SIfSS Sbeg==, Rt stgs; VNFM —
VNF SIS0 (3965fRIcgs, cet, i3, Bifftab); VIM — sréesmx ot fRrger (OpenStack,

Kubernetes) |

VM IFIT FAC63419 (VNF 919 CNF)

VM (VNF) FAGRAIT (CNF)

SIRAICTH =f&at (s1ef 0S) AT (IS FICHA)

EURILES IRIBIY oS

ot = B

Gl OpenStack/KVM Kubernetes/Docker

5G &1 s FIGG-A6S 5GC = CNF, M3tESifes

HMTFIWIS ISIAIT 2AYfS: DPDK (FIHA I3, ISGIRERITT T 26 ATIHR), SR-IOV (NIC- TSR
VM-@ @ﬁ.iﬂ?fk—mﬂ?{ 1), CPU pinning/NUMA, SmartNIC/FPGA STl |

Y.9 NFV 991 SDN

NFV SDN

TA LN BRI JOSIIF (TP WAl 3T TCGIT (2 3 (GO (AN WAy
)|

F OB IO, FIIRKST, EPC Zonifa S36/AMSBIERT % @Ay

7Y FCHIANR

STBIFeT — OpenFlow, NETCONF/YANG,
P4

TN A, fFF 9T IR AT FIFF (SDN (@5 8TF FiAfgfoe

™, NFV SI*H BI<IT)

Service Function Chaining (SFC): #1ItF5 @36 AT I VNF-QF W&y AT #iSiat (9 SR8« —» DPI
- NAT - 351095), SDN ey sizaifwen < 31 231

.8 sifere; cFfes 8 wnitestafaf«it

Tulgadt: A6 VNF 3950711 1sita?
&S VUPF 3956711 = 10 Gbps; f#1<s §1f%5< = 35 Gbps; RGitsf> N+11 N =[35/10] = 4; +1 = 5 356511 |
Gifss I &-39 I [t s )

TS 3TATfet6: RS (79 ST FAET BCEA): A, = A, - A,-...; STIHIEICS (9B G BCa): Ay = 1 - (1-A))
(1-A,)... |

Sulnael: SnitestAfIfein
a6 VNF-a3 A = 99.9% (0.999) | =B srareticer: 1 - (0.001)% = 0.999999 = 99.9999% | F5ifTer oft 99.9%
grof: 0.9993 = 0.997 = 99.7% — (537 T© 1!, TWITOIA 6 B© BCH, I3 OIS Trefa |
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NFV BIIt8;

o AITINIT (FESTIEI FNHA F 1) - MeH-(owx FHRIWNRET - SifFSRT (@3reersens wrawe) -
& s1719r - MANO &ifoerot |

SAEAt (MCQ)

1. NFV-7 3 413 Si6?

(F) FCHI/CTO! (F NI FAT (%) (ST T TH6 ST B COTS-@
BISAICT
(1) BY BIZIF IR () @fS8 Srgmre st

TGT: (U) — SDN-AF o1 FAT (AT NIl T |

2. VNF-A3 A3 FI3tF (instantiate/scale/terminate) WItHE F &2
() NFVO (4) VNFM
(") VIM (1) EMS

Tad: (4) — VNFM; VIM = 3résmia Remst, NFVO = SifSs St eG4 |
3. OpenStack S14IFs MANO-F FI gfiFra?

(=*) NFVO (¥) VNFM
(o) VIM () 0SS

&@q: (sT) — Virtualized Infrastructure Manager |
4. TABRAR-OETF FIET-AfbS FIHIHT T A6fere SFHTHBA?

(F) Kubernetes (¥) KVM
(sf) OpenFlow () SNMP

@3 (F) — CNF - Kubernetes |

5. DPDK-4F F1ai?

(F) @SS SBITHITST FHIEAT (¥) FICA BT I To ATITHO AL
(51) BT (BICGH () IP SwpICgfie
T&d: (U) — ITTIATHIA-A 23-F51G 2ATH0 AL |
6. 4f6 99.9% RSG siArelel 3t SHITS3AIE6?
() 99.8% (€) 99.99%
(51) 99.9999% (1) 99.9%

&&d: (5T) — 1-0.0012 = 0.999999 |

7. 25 Gbps Gifssss, 2AfS 3756551 10 Gbps, N+1 ITe1 3565512
)3 (¥) 4
(o1 2 @5

Taq: (4) —[2.51=3, +1 =4
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8. ETSI NFV-cS NFVI-Q $} AItH?

(=) g VNF (¥) TESTIF 8 SIFHAIRCGHT T
(st) OSS/BSS () ®g EMS

T@q: (4) — NFVI = compute/storage/network + virtualization layer |

9. OpenFlow &FIF Y& Y T=ifFS?
(=) NFV () SDN
(51) IMS () CDMA

@ (4) — SDN FTISTIF-F36 (SATBIF |
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ST @ — C-RAN 8 O-RAN

Cloud RAN & Open Radio Access Networks

Q.5 fSziaisl RAN-93 Sisiaget (D-RAN)

Distributed RAN-@ &fS{6 s136 w6+ + RRU + BBU @i | &ifSTB si3es wemwt v, afsi, «inegig,
THAITH; (TG SN FAC AFI6 ATBCEF HIPT TFHO! W) 136 IR FICO A ;. QIR STBITHIES TN
(CoMP) =37 |

Q.2 C-RAN (Centralized / Cloud RAN)

D-RAN (&fSzraizl) C-RAN (F5tgo)

Backhaul H Core ]

BBU Pool
(G
(ITB)

RRU+BBU
(ST13CB)

2ifS 1136 BBU, S35 Fw/@fSi/+1eTa owee

Fronthaul (CPRI/eCPRI)

f5@ a.5: D-RAN 915 C-RAN

C-RAN-@ BBU-STATE U3 GiwisitT (BBU pool/hub) a7 SIFAIEGIS TSI BIAAT =F; SR AT B
SIGAT 8 RRU/RRH | RRU-BBU f&iste< 91 Fronthaul |
i 12115 £
Rt sifeis — Senfoione mfcoeafF: oy o0 f#IeT B3 (CPRI)
SIRCE U6/ ST TN FOIF 0B (= 100 Ys-250 ps IrSS-For IMeTB)
CoMP, 3GIR-C5TeT 3 BITHICIN TN A2 HISAF TS S AT6
TS QTG G/ ST G 201 = 5757 215 o (w3fered

Twigact: CPRI 53 6136

LTE 20 MHz-a3 stiesifaie @B = 30.72 MS/s; 1 8 Q - x2; ¢ f{6/75A1; SCe SIS x16/15; 8b/10b
RG] x10/8 |

&S SHITeAT = 30.72x108 x 2 x 15 x (16/15) x (10/8) = 1228.8 Mbps (= CPRI Option 2) | 4T4R 3¢ =
4.9152 Gbps (Option 5) |

¢f& 100 MHz (122.88 MS/s) @ 2ifS ST6AT ~ 4.9152 Gbps; 64T64R massive MIMO (s =~ 314.6 Gbps
— TIEINF &TS! B13 CPRI (split option 8) ¢f&-(S &be; 7+ e CPRI/ig*=1e =36 7.2 |
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FIIFIA 30
of&ifoifst S 0 W (Treafess)

( =

[ PDCP ) Option 2 - F1 (CU | DU) — Midhaul

( RLC ]

[ MAC ] Option 6 - MAC | PHY (small cell, nFAPI)
E“gh_pHY (FEC, gter=Iv, CFTEIW‘IUT‘?T] Option 7.2 » O-RAN Open Fronthaul (DU | RU)

[Low-PHY (FFT/IiFFT, CP, precoding)}

(RF N — Wﬂ Option 8 - CPRI (BBU | RRH)
Hea e 2% = Soae @ el vg @aige Rt @

5@ q.2: RAN SmI*I1eT 7316 o=

af& NG-RAN-@ gNB = CU (Central Unit: RRC, PDCP) + DU (Distributed Unit: RLC, MAC, high-PHY) + RU
(Radio Unit: low-PHY, RF) | f&st&x 9: Fronthaul (RU-DU), Midhaul (DU-CU, F1), Backhaul (CU-&1F,
NG)| CU-E CU-CP 8 CU-UP-(S I8 ©Ist 4! T (E1 ZBICH) |

q.v Open RAN 8 O-RAN

gigen

26fe® RAN-a RU-DU-CU O3 (S04, SHICH (2121361 | Open RAN = ST9F, 3BTRS
B3BICHY, TS o7 (@@ RU/DU/CU @i 5te11 0-RAN Alliance (205Y, AT&T, China Mobile,
Deutsche Telekom, NTT DOCOMO, Orange 2f$¥s) atat coifSifssce== ¢ofIa 5125157 (C-RAN Alliance +
XRAN Forum-4a3 SINg3) | «5%5: Open (899 3BItH) + Virtualized (VRAN) + Intelligent (RIC) +
Interoperable |

o121 VRAN = RAN STHBSTIR SIGIAEes,; C-RAN = (F1ge WIfFGEFEIF; O-RAN = 89 3BT + RIC |
QYT Mt g aFANL 72T FIT T |
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,______.

[ Non-RT RIC (rApps) —>1s

Near-RT RIC (xApps) — 10 ms-1s ]

1
1
1
1
1
Open FH h 4
-R

(7.2%)
O-DU O-RU
A UE
[ O-Cloud (NFVI + Kubernetes) — 02 ¥6Ics et SMO #iffisiet= e ]

01: SMO & ST O-RAN 1S (FCAPS) | A1: SifS/Al wtwet | E2: Near-RT RIC « CU/DU fRager

5@ a.9: O-RAN =f&rsiet WifFoFBIa

O-RU/ O-DU/ O- S 3By 12 @f08/fSIGRee/crge 386

Ccu

Near-RT RIC RAN Intelligent Controller — 10 ms-1 s fAg< 1; xApps BT (G IR, Trowsd
WA TBNIBCGT, 3 GITHICIST WTG6)

Non-RT RIC SMO-F (8o(F; >1 s 7, rApps; AI/ML Wtoa (GfAR 8 FifS tofF

SMO Service Management and Orchestration — [T (AGSAHF BT 8 JIIFIAAT

O-Cloud O-RAN IR BITIHIN IS 361 (NFVI)

Open Fronthaul O-DU-0O-RU, split 7.2x; C/U/S/M-plane (Control, User, Sync, Management)

E2 Near-RT RIC & O-CU/O-DU (Frget @ (Gfacfg)
A1 Non-RT RIC - Near-RT RIC (JifS, ML WtGeT)
01 SMO ¢ O-RAN (TS (FCAPS 5g1914T)

02 SMO « O-Cloud

F1/E1/Xn/NG 3GPP %= (CU-DU / CU-CP-CU-UP / gNB-gNB / gNB-(F1R))

J[4t @ eritae
o R ©TI -39 I, AT 496 I, TGIRF (A/ML ey FgefErs wafomsem), 1[39m-63
afvay (GfFeiRit/g-araiafes IR gwgs) |
o BITHAE: WITH-oT 3 Bra4 GiifteTo!, 2NeTF-FrHwe!, 36w+ (5362, Mg F19 (3fFBraba) Trigwl,
T2 SR Snite s |

O-RAN TS &8 feigd: SMO (Non-RT RIC) & A1 « Near-RT RIC & E2 & CU/DU; DU & Open FH &
RU; SMO & 01 & 3] (d15; SMO & 02 & O-Cloud |
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SAEt (MCQ)

1. C-RAN-4 RRU 8 BBU-3 41519 fassts Ita?
() Backhaul (2) Midhaul
() Fronthaul (20) Sidehaul

wad: (57) — RRU-BBU = Fronthaul |
2. LTE 20 MHz, > SHIto+1g CPRI d36?

(F) 614.4 Mbps (¥) 1228.8 Mbps
(1) 2457.6 Mbps (8) 4915.2 Mbps

e (4) — 30.72Mx2x15%x16/15x10/8 |
3. O-RAN Alliance-a Near-RT RIC TS AT FTHIA 1 GIAT?

(F)<1Tms A)10ms-1s
(N>1s (9) FCIS T61

Twaq: (4) — Near-RT =10 ms-1's; Non-RT > 1 s

4. A1 SBIICHA (HIAT?
() Near-RT RIC - CU (¥) Non-RT RIC - Near-RT RIC

(st) DU - RU () SMO - O-Cloud
T6: (4) — NS/ML T 21517 |
5. E2 3BIATHH FItwd TS IA?
(&) SMO-0-Cloud () Near-RT RIC - O-CU/O-DU
(s) RU-DU () CU-F
Teq: (¥) — g 8 GEmig)
6. Open Fronthaul-q O-RAN (19 538 /9317 FA?

() Option 2 (%) Option 6
(57) Option 7.2x (2) Option 8

&@d: () — Option 8 = CPRI |
7. F1 3BI1TH FIAT?

() CU-DU (¥) DU-RU
(1) gNB-gNB () UE-gNB

Te3: (F) — Option 2 =86 — Midhaul |
8. XApp CFIATT 6TA?

(=*) Non-RT RIC (¥) Near-RT RIC
(s1) O-RU (=) UPF

&8 (4) — xApp = Near-RT, rApp = Non-RT |
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9. Massive MIMO-¢S CPRI &6 33T A4 FIF4?

() B I () 65 [ABEG SHITHAT AT ST (afAFon
TS
(s1) frcrcafs () TSI FH
T6: (¥) — &S SHITHAT ~4.9 Gbps x 64 |
10. 01 ZBIATHLIG FI&T?
() 3TTIT (SO () SMO & (1S IIIFIFHT (FCAPS)
(s7) UE fNger (2) Bifde

Taq: (4) — 01 = Operations & Maintenance |
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I b — ¢fS (o STS FRfie

5G Network Slicing

b.b SRfEA: 9FR @6 STS, foF Ao

¢f&- © 4T o7 o7 TS fire =31, T vifadl SI=o = IRE@Id | 517 OFM OF F@HSIE FOI! I
— 13 Network Slicing: af6 FiEeT (BSTIAE Afeaner amifas WRTHETES 95-§-97T SIgHIe
BB (slice) orst T, AfSTS [T MSTR Ty HoT 71|

eMBB

Enhanced Mobile Broadband
ifS, Fnenfs

mMTC URLLC

5 b.>: ¢fE-7 57 I=9-6Fa (IMT-2020 fags)

(e e I 5 T

eMBB 31z (GBIG DL 20 Gbps / UL 10 Gbps; 38@ig-wifoes 4K/8K f$fSs, AR/VR, FWA
100/50 Mbps
URLLC ATF 3510 (161 1 ms; feaeamsiret = 99.999% OIS Grafes, Aot senfs, e
BTN
mMMTC 10 7% fSo13s/km?; S5 2I1sT1¥, AL J[6IR =6 o, FR-c7=, TP

I IMT-2020 =75%7: W6 500 km/h, oGt afSsf@icgfsi 3x IMT-Advanced, afss Gifsss snonfsifs 10
Mbps/m? |
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b.2 FIROIF S159

[ Applications / Verticals ]

Slice 1: eMBB Slice 2: URLLC Slice 3: mMTC / MIoT

UE - gNB - UPF (3G BW) @7 UPF, dedicated fotisf STt SMF/UPF, 35 fStstamifere

SST=1 SST=2 SST=3
4K 38, AR/VR, FWA SCBITAI SIS, oG sty 6 5=, o=

TFT: B SifS T5%7: 1 ms, 99.999% T5%5: 10 &7%/km? fSo1ss
NSSF - AMF (si&i=et) - NRF - AUSF/UDM — GRS STGTeT BI%I= )
[ IS ffeTiieT B9t RAN + BISTToTS + 186 (NFV/SDN) ]

5@ b.x: TG 3wy =16 wEw

2AfSTB slice-a AFTS #itg: o RAN fATarst (PRB/Fn=nfSifG sist), FI-ITon® (VLAN/VPN/Segment
Routing/FlexE), @32 1 NF (Stretmt SMF/UPF) | 1] fNtsT end-to-end slice |

S-NSSAI @ sifFerat

S-NSSAI (Single Network Slice Selection Assistance Information) = SST (Slice/Service Type, & fJB) +
&% SD (Slice Differentiator, 28 6) | &f¥® SST: 1 = eMBB, 2 = URLLC, 3 = MIoT (mMTC), 4 = V2X |
NSSAI = S-NSSAI-J 16 | UE IfSeg*Ita Requested NSSAI #13re; (5@ Allowed NSSAI ST | NISI
= Network Slice Instance |

b.© FIRN A6 el 397?

1. UE Registration Request-Q Requested NSSAI 2151 |

2. AMF STRf&#*4 (UDM (/TS Subscribed S-NSSAI) T613 FCF; WFIE NSSF- f&tees T &1 slice/AMF
OT6 SIS |

3. AMF Allowed NSSAI UE-(Z GIHIT (Registration Accept) |

4. UE PDU Session Establishment-a fRf%8 S-NSSAI 51; AMF NRF e 51f3<s slice-aa SMF et (A9, SMF
51:f#® UPF J1g |

NSSF-a99 Figy
'93 UE (19 (19 slice 9t Q32 &9 AMF/NSI SB1 916 S — 93 gy |
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bv.8 NSl AYfS

ayf& slicing-a gfit

NFV VNF/CNF S35l fGo, coet

SDN BTt SIRINs 21 8 QoS

SBA (5GC) TG NF — &ifS slice-a 1565 NF 616

RAN craif3ig PRB #f5=If, slice-aware scheduler
MANO/Orchestrator slice-Qq FIHART (COfH-BIF->ARIST-3%)

Slice ARHAIRTEA: Preparation » Commissioning — Operation (monitoring, modification) -
Decommissioning | GSMA GST/NEST (BC2ITG slice-Q3 (If*187 (latency, throughput, isolation) I T4t
I

SRTACAST 3 SLA

¢ O3 slice-Q SOREAG 30T WG (9 SIS 91 7T (resource, security, management isolation) |
. afSTB slice-ad SLA: latency, jitter, throughput, availability |

Suiegd: oAy &1

OFG TATI6I TIFREE URLLC slice or: @&t UPF (SR #et), 5QI delay-critical GBR, 631 < 10
ms, 99.999% WITSIERIID; QF3 TN Q9F3 RAN-A T 38&1T eMBB slice-a f$f$8 matg — &
FIGCF TS TBICER T | WANIBI ATSTE slice Semr Yeety f[fEF Faco «itd (Network-as-a-Service) |

St (MCQ)

1. S-NSSAI-3 4t @zt Ft F1?
() SST 8 SD (%) SUPI @ SUCI
(s1) TAC 8 PLMN () QFI 8 5QI

T@q: (F) — SST (Slice/Service Type) + SD (Slice Differentiator) |

2. SST = 2 (FI7 49 FIZHA?
(%) eMBB () URLLC
(s1) MIoT (=) V2X

$e: (4) — 1 eMBB, 2 URLLC, 3 MIoT, 4 V2X |
3. &9 NF slice fSiteas*Ita sixiTet $C4?

() NSSF (¥) UPF
(s1) PCF (=) EIR

w3 (F) — Network Slice Selection Function |
4. URLLC-a7 OA-3BIITHA FITHIS o7565?

(=) 10 ms ()1 ms
(s1) 100 ms ®1s

Taq: (W) — IMT-2020: 1 ms |
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5. MMTC-T fSo1Rs g9y «15§1?
() 103/km? (2) 10%/km?
(s1) 106/km? () 109/km?

& (51) — So eTH/km? |
6. 5G eMBB-7 foIs GISAfcsF 55?2

() 1 Gbps () 10 Gbps
(57) 20 Gbps (€) 100 Gbps

Tad: (51) — IMT-2020 peak DL 20 Gbps |
7. &9 AYFS FIRCT FISTONG 11t 26 SNBTHITeIA fits =ia?

(=F) FlexE () ARP
(s") DHCP (=) STP

63 (F) — FlexE SRS |
8. Allowed NSSAI ¢ oriqig?

() AMF (¥) UPF
(s1) gNB (=) HSS

T@d: (F) — Registration Accept-9 AMF |
9. slice-93 Ti+) $oIg@ SMF RISt e sitaear Tra?

(F) NRF-a3 gy fonseifR () ST
(57) DNS ®gwIa () ARP

T@q: (F) — NF discovery — NRF|
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SGIT » — *BITHE J2f6R, T FTHIA 3 AIFB AT

HATITHB (T RIS

Packet Switching and Call Control - Evolution to EPC & 5GC

».5 JNITFG J2foe 8 T FCHIA

FA DEGIA W AH6 AT GIIAO® (NAFY: TERTS - berwI — [Jfe7er, S 797 S=Iersios, arsioe, [{ifer,
TS (FeT FIGANG, QEIBR) | AR AFB @GS FeT FCHIA % MSC-a (ISUP FSisrnifez-a), @I=ra 8
fSrsramfere QS et | SATTHE (FHSE @3 Fiar SIP AT IMS 0, W SIS AH6 (RTP) HAMSIT
3CGIF- (AT 5 |

Softswitch / fSs19i1fs2 (3GPP R4)

MSC-F (Sts MSC Server (FTGIeT) 8 MGW (Media Gateway — (@IRIR/GISTIEIIGR) T4 =T | MSC-S 3
MGW-Z &5 H.248/MEGACO; MSC-S & MSC-S-a BICC/SIP-I| aB3 IMS-93 #1 ¢(ofF Facy: FCGE 8
NS ey |

2.2 MfFB ATH DL & I9: [T6T
4 \ 4 N\
2G BSC - MSC/VLR - HLR (CS) | +SGSN/GGSN (GPRS) ST CS 3fbe
J
' + ™\ ' N\
3G RNC - MSC - SGSN - GGSN - HLR (CS + PS) STIT: CS (+ VoIP (w51)
J
+ \
4G eNB - MME - SGW - PGW - HSS - PCRF (84 PS) SGPT: VOLTE (IMS) / CSFB
\ J \ J
+ \
5G gNB - AMF - SMF - UPF - UDM - PCF (SBA) wT: VoNR / EPS Fallback
. J . J

f5a 5.5 f A= ¢fer — @i Res

o @ ITET? (OO I R, a5 [P (68T (CAPEX/OPEX %), T (106, I (1S (flat), STIs-
(GO OGO |

« of& - 8f&: RNC Rg®; MSC-7 Girgsirg IMS; SGSN/GGSN —» MME + SGW + PGW; [T (FBSTF IP |

. 8f& - ¢fT: EPC-3 17 T (S8 WR@ifSw; SBA (HTTP/2); CUPS; F13f5e; Fiee-Hite |
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T w

RUIBICRaIE
fSrsrmfers cameee
wiRf&E + o=
QoS W
EUCiE R R
EIEIER

fGaers

SOICEA

EPC (4G)

FATTG-§-ITTB 3619CHA (S1, S5, S6a...)

GTP-C, Diameter, STAP
MME-(S 9Fta
aR-f$fEs (QCI)
IMSI, GUTI

SHif¥s (DECOR)
VNF/VM

BY 3GPP (LTE)

».9 8f%1-co Sty Feita oraA?

5GC

Service-Based (Nxxx S1f&s1, REST)
HTTP/2 + JSON, NGAP, PFCP (N4)
AMF (3f3fifB) @ SMF (G/1=) SutermT
1-f$f$<s (QF1/5QI)

SUPI (gJdTcat: SUCT), 5G-GUTI
5@ (S-NSSAI)

CNF/F0371d, FoG-H{bS

3GPP + non-3GPP (Wi-Fi, N3IWF)

LTE 8¢ PS, ©I3 (FIF CS STIAT (73 | TNIEI;

IS

CSFB (CS
Fallback)

VoLTE

SRVCC

VoNR / EPS
Fallback

.8 fsiaifes

Iea

IRe/srgRa

P AT/ UE 2G/3G-(5 (0T T, 8AH CS a1 Tt @1 (= 1-2 s Wi @iewn«h); LTE

IMS-@a3 7Y LTE-(93 St (QCI 1 @WIKIR)

VOLTE ST 5B LTE FSIaer (1Y 2T CS-9@

FBESIF (MSC-S Enhanced)

¢f&-® TafE IMS o / ¢fS Feitgs-a [t (ot

LTE-(S -7

oSS RTsa

COBI I I T T I

HD S (AMR-WB), T5S (G191, (ST
QA

T GA T T

SA ((BSIES AN 2%fS EPS Fallback

« SS7 (MTP, SCCP, TCAP, ISUP, MAP) — SIGTRAN (SS7 over IP: M3UA, SCTP) —» Diameter (4G) -» HTTP/2

SBI (5G) |

« Diameter-a Ir862 8 (11T 7IAIFR-9F Ty DRA (Diameter Routing Agent); 5G-cS SCP (Service
Communication Proxy) |

« SEPP (Security Edge Protection Proxy) — ¢f&i-(5 @IfNs *noaraa weay Sisamfare g5t |

Twigact: Sisrmifer e sy
9B MME &if$ o1tsts 5000 attach/TAU/service-request 2T FICS AT | 58 TBIT 20 o156 36T,
&S 3BT AfS 61T SITT of Fisife 6= = N6 = 6x108/9%1 = 1667/CTFT | AFB MME-S = 33%
@o; N+1 fRISITs™ 8 ¢0% A1 IR 6 MME T8 | (TRANSTEAT SHIRITAN — ST T ST VPR
IR JRIT FIET | )

Teletalk Assistant Manager (Technical) — =g @it | 81 46/98



St (MCQ)

1. of&if*ifst R4-a MSC &I 4ft 12wt Stst z31?
() MSC Server 8 MGW (2) MME 8 SGW
(57) SGSN 8 GGSN () BSC 8 RNC

TG (F) — IPCGI S (@G el |
2. MSC Server 8 MGW-3 Wt 1950 CATOIFA?

() SIP (4) H.248/MEGACO
(s7) GTP (<) BGP

Taq: () — Mc 3BT — H.248 |
3. 4G-(S FIF @IS [ zraw?

() BSC (¥) RNC
(°1) HLR () MSC

T8 (4) — RNC (3G) - eNB-(S uFIgo |
4. CSFB-a3 J4iv wryfI«t?

() HD St (¥) T o=t St TS
(1) BT Fore J1TT () I 4T6 I

Tad: (U) — 2G/3G-(S (0 ST 9T |
5. VOLTE &1 5eAIBIel LTE fSisieiieT oI 3t 31 J1519 (FIF IAgf$?

(=) CSFB (¥) SRVCC
(o) CGNAT () SON

&&d: (¥) — Single Radio Voice Call Continuity |
6. 5GC-cs fisrifeiz-a A4 cAITBIFA?

() Diameter (¥) HTTP/2 (SBI)
(s1) SS7 () SIP only

T@q: (4) — SBA = HTTP/2 + JSON |
7. 5G-cS SUPI-7 Jafi%s &%t F?

() GUTI () SUCI
(1) TMSI () MSISDN

T@q: () — Subscription Concealed Identifier |

8. Diameter ISH2-97 T (FIF @IG?
(F) DRA (¥) SCP
(s7) EIR (=) GMSC

T&q: (F) — 5G-3 SCP; (IR 3561 SEPP |
9. ¢fEr (Fita w&HfE6 8 O WAGTTG SNVl 3T &I FILHTH?

() AMF @ SMF (¥) MME 8 SGW
(sT) UDM 8 AUSF () NRF 8 NSSF

63 (F) — AMF = wf3f&f6; SMF = o=
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LT S0 — T CFl, G BITTGCT6 3 WIS

FCGI

Call Flow, Session Management, and Mobility Control

v0.d JFFS: «ifaew 8 wFH!
6T/ COT¥IF (T JATS T A (& I (G0 (RBITFTS =417 52):
w2fS wref F I3[ I
IMSI/SUPI Sierg 35t oo HLR/HSS/UDM
TMSI / GUTI / 5G-GUTI SR AAfRTET (IMSI oI qreTo) VLR, MME, AMF
MSISDN I =T Soo/Rfe/areiog
IMEI fSorer sfkea EIR
TAI / LAI Brifs/ e af= i
crffeB/Fas19 oo
9 b6 rf
RRC IDLE / CONNECTED RRC I WMz 5 71; IDLE-@ 151 511, cell
(LTE) reselection UE fat& ssta
RRC IDLE / INACTIVE / CONNECTED INACTIVE: 7o 3f5rew, % Sisnifeis — 5G-3 a9
(NR)
NAS EMM-DEREGISTERED/REGISTERED; ECM- BB @GBIE 5 =1, Hiormas seeast wieg 5 =1

(4G) IDLE/CONNECTED

NAS RM-DEREGISTERED/REGISTERED; CM- RM = @&eg*H, CM = FIEFAH
(5G) IDLE/CONNECTED
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%0.2 GSM (W3« WiFAfStatew F6 (MOC)

( MS ) ( BSS ) ( MSC/VLR ) ( HLR ) ( PSTN/=I91q %% )

Channel Request (RACH‘

Irrmwediate Assignment (AGCH)

CM Service Request

>

Authentication / Info (MAP)

Auth Request — RES, Ciphering Cmd

«
SETUP (dialed number) >
< Call Proceeding
IAM (ISUP) >
< Assignment (TCH)
< ACM + ring
<« Alerting!(fRGH)
< ANM (Te3)
< Connect —» Connect Ack
FWAFAT (TCH)
Disconnect - Release — Release Complete >

5@ 50.5: GSM MOC 3 Gt (3797)

CIIAIRA BIAES T (MTC) — YA I () FAFIR! (6 STH GMSC-(S 2T | (R) GMSC HLR- f&cesst
3 (SRI — Send Routing Information) | (v) HLR &ty MS &19 VLR/MSC-9; 73 VLR-G PRN (Provide
Roaming Number) T - VLR @6 &g MSRN I3 3 | (8) HLR MSRN GMSC-& (T; GMSC F&
AT I fSfEBs MSC-3 | (¢) MSC Paging F¢; MS STiot it 1 GT6SI91 | §7 3% HLR (/I "I
&g (&iey MSRN A 185

0.9 LTE Attach afsifees

(I I I I ATICHT (NG I FAC TG | G913ttt RRC ALTqIst » NAS Attach — Stfora=iq -
HifeefE - It TTTH (HSS) - G4/ Q@ [ ¢ofd (SGW/PGW) - IP 39w - @8 @[
(10 i
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[ UE J ( eNB J [ MME J [ HSS J ( SGW J [ PGW
RRC Connection Request (I\/E_:ﬁ)
RRC Connection Setup
<
RRC Setup Complete + Attach &quest
Initial, UE Message (S1AP) [NAS Attach]

Authentication Info Req (Sga)
AI&RAN D, AUTN, XRES, KASME

< NAS Auth Request (RAND, AUTN)

Auth Response (RES)

>

< NAS Security Mode Command

Security Mode Complete >
Update Location Req - ULA (cwﬁﬂ)
Create Session Request (S11) >

Initial ngtext Setup Req + Attach'Accept

WC Reconfiguration (DRB)

Attach Gomplete

>

Modify Bearer Request

Create Session Req (SS/S&

Cﬁate Session Resp (IP 33%)

5@ So.%: LTE Initial Attach (575=)

ATSH SHICHS (RACH) — 8 g191: Msg1 (preamble, v8fba Jtay @sf6) » Msg2 (RAR — timing advance,
grant) = Msg3 (RRC Connection Request) » Msg4 (Contention Resolution/RRC Setup) |

Timing Advance: TA=2d/c (LTE-cS 1 TA«# =16 T, = 0.52 us = 78 5 739)

g aAST-{ot o

FOGIT T (ATF 10 km 70F: @FJ AT fSeet = 10,000 / 3x108 = 33.3 ys; AGT-{G = 66.7 s | LTE-(S TS

o7 e = 100 km (PRACH 9316 3), GSM-@ TA Sist = 35 km |
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0.8 ¢f& @f&Tg*4 8 PDU =19
o ) Y mw ) (o J (o ) ()

RRC Setup + Registration Requeit(SUCI)

Initial UE Message (NGA&

Nausf Authenticate Ret‘

SGHE AV (RAND, AUTN, HXRES*)

¢ Authenticatjon Request
Auth Response (RES*) >
< Security Mode Corhmand / Complete
Nudm_UECM Registration, Subscigtion Get
< Registration Accept (5G-GUTI, Allowed NSSAI)
Registration Complete >
— Q2 (GBIF Gy PDU Session —

PDU Session Establishment Req (S-NSSAI, DNN)

>

Nsmf_PDUSession, CreateSMContext

p

N4 Session Establishment (PFCP)

>

N2 PDU‘Session Request + NAS Actept (IP)

REC Reconfig (DRB) + Accept

N2 PDU Session Response (gr\ﬁTEID)

N4 Session Modification (gNBgnneI)

5@ vo0.9: 5G Registration 8 PDU Session Establishment (375&7)

« Registration (RM-REGISTERED): UE-& (ABSTE (61 7T, W=, Allowed NSSAI, 5G-GUTI |

« PDU Session: (GBI #1391 — IP #1831, UPF 121, QoS Gl | &F14: IPv4, IPv6, IPV4V6, Ethernet,
Unstructured |

« SSC mode: 1 = IP =714 fR7; 2 = break-before-make; 3 = make-before-break |

o.¢ WI3G AIfATG: Cell Reselection, TAU, Paging

« Cell reselection — UE f9tet af®s Wit (RSRP/RSRQ) SItAT (3T (TR (AT (priority, hysteresis) |

« TAU (Tracking Area Update) — 79+ Tracking Area-(S §3(1 UE (RBSTIRFSE TIHIT (T AT NF
B13I9) | 5G-(=: Registration Update |

« Paging — (FB8F IDLE UE-F cHITeT; S)tat TA list-93 57 GITe SATEG (9ISt 21517 | TA IG = TAU % 53
paging TG &f¥; (21 = BT&b | ((F-Tw!)
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%0.4 Fitatgs A& 0: v

( UE ) ( Source eNB ) ( Target eNB ) ( MME ) ( SGW

Measurement Report (Event‘3)

Source eNB: Handover S&s

>

X2: Handover Request

Handover Request Ack

<
RRCjeconfig (mobility Control Info)

SNiStatus Transfer + (GG FIGGL

Synchronisation + RRC Reconfig Complete

>
Path Switch Request
>
Modify Bearer Request
>
Modify Bﬁrer Response (DL path 997 eNB-(9)
Path Switch Request Ack
4

UE Context Release

<]

5@ v0.8: LTE X2 Jro8TIR (3Fe)

Event A3 *I$
M, + O, + O, — Hys > M, + O + O + Off

M = RSRP; n = &fS®; s = 57fSg; Hys = Rt Off = et | *1% Time-to-Trigger (TTT) ST9Y &3
3195 YIPCeT Measurement Report 3T |

Sz A3 2t g 23?

M, = -95 dBm, Hys = 1 dB, Off =3 dB (O;, O_ = 0) |

(F) M, =-92: -92 - 1 =-93 > -95 + 3 = -92 ? 1 (-93 > -92 ) |

() M,, = -89: -89 - 1 = -90 > -92 ? mjt = [TonB |

o2fe AfSEA Tif$R-a3 G Off + Hys = 4 dB &f*I Sitet 2t 3 - ping-pong T |

o X2 g 58eld: eNB-eNB 539 MME S#1f33f$s; <Itg Path Switch | S1 B 8eIg: X2 F1 A1/ MME
Ut MME-F SIS |

« Data forwarding: FIS\SSIFF ST source — target-Q IFIFG AT ST, TS (GO FT A
(lossless) |

o Inter-RAT: LTE & 3G/2G/NR | 5G: Xn 258917 (QNB-gNB) I N2 (AMF-J J17CN) |
« KPI: HOSR (Handover Success Rate) = 98-99% &5%5; drop 1 Je1o U9 ProGOR/I BTN (=& |
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St (MCQ)

1. GSM MTC-cS GMSC FItS SRI #i151?
(=?) VLR
(51) BSC

wad: (4) — HLR = PRN - MSRN |

2. MSRN (& 9™ Ftq?
() HLR
(51) GMSC

T&q: (4) — VLR (HLR-9F PRN SICIC) |
3. LTE RACH-a Msg3 JI?

() Preamble
(1) RRC Connection Request

(¥) HLR
(=) EIR

(¥) VLR
(=) AuC

(4) RAR
(&) Contention Resolution

T@q: () — Msg1 preamble, Msg2 RAR, Msg3 RRC Conn Req, Msg4 resolution |

4. LTE Attach-4a default bearer 8 IP 991w (19 (HITS T=9iF 39?

(<) eNB
(51) HSS

Twad: (4) — PGW Create Session Response-@a IP My |
5. X2 ISSSIAT It (FIF ISt Y IweAg?

() Path Switch Request
(s) TAU

&g (F) — eNB » MME - SGW @TIFIF 21 S9TTE |
6. 5G-3 794 RRC 6% FH16?

(=) RRC_IDLE
(s1) RRC_CONNECTED

Taq: (¥) — INACTIVE |
7. TA (210 FICA TYIFTS T 57?
() TAU 3, paging TS
(1) HCBIZ TS
Ted: () — @B TA » & TAU, 9 paging &7 |
8. Event A3 J At Fta?

(F) TSR T Y SItat
(1) T T &R

&ed: (4) — A3 = neighbour becomes offset better |

9. 5G PDU I ¢S SItaty UE It 15T (NAS)?

() AMF (N1) It SMF-(F T98T16 S
(s1) UDM

63 (F) — NAS 5GSM Irst AMF focg SMF-@ 11|

(¥4) PGW
(=) EIR

(¥) Paging
(90) Attach

(¥) RRC_INACTIVE
(=) RRC_SLEEP

(¥) TAU 1TG, paging

(%) g

(¥) 2SR et MfS-a3 BT offset & Sitat
(9) UE 1513

(¥) sIawfF UPF
(27) NRF
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10. T CATF 15 km Tt RSGIER ARSS-TGot cAtons= fSre?
() 50 ps (4) 100 ps
(1) 150 us () 300 ps

T8 (4) — 2x15000/3x108 = 100 s |

11. ping-pong TG ST FANS Ft IIZNT TA?
(=) RebE™M 8 TTT (¥) AT A8
() FDD (T) MIMO

T8 (F) — Hys + Time-to-Trigger |
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ST 5 — IMS SifFeesoia (s 8 viFofem

73f52)

IMS Architecture for Voice and Multimedia Switching

5.5 IMS Ft 8 &97?

IMS (IP Multimedia Subsystem) 3t of&if#ifs1-7 IP-fofes WSS embww, T oraw, s, arfEg, RCS
Py 93 IP &IE v | S SeEs-A7eers (LTE, NR, Wi-Fi, [5310) | 8f&1/ef& g 9y "#n3e" o, g
AN (FITF TIFT 70O, (FIAT ARG, B S, [feR) IMS-a | Srsmifae caGFa: SIP (RFC 3261); NS
RTP/RTCP; 3¢f1; SDP; AAA: Diameter |

5.2 IMS SfFcoH61a

PSTN /
CS /=17y
IMS

)

ISC AS
¢ > (Telephony AS)

~

)
BGCF - MRF

SBC/IBCF
——

5@ 55.5: IMS WIfFHR6IT (17)
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s gt

P-CSCF (Proxy) UE-T AT caishiTaist i3 (39318 5/=me5ars s SIP &f); IPsec SifFofB, SIP Fweais, Suicsifs
T #1491, Rx fitg PCRF/PCF-9 QoS ([WHIK) Wy

I-CSCF @I (5 SANFHT ATI*QI; HSS- (Cx) fowesst T &1 S-CSCF; Tronefer 23fse
(Interrogating)

S-CSCF (Serving) IMS-a3 9f¥® — Registrar + GT¥IF FTHI; HSS (AT (ATHIZA (iFC) BREACS; AS-q fGs1= (1SC);

GBI IEN

HSS IMS STIRFIZIIF (G61 (IMPU, IMP, iFC), SIS (G%d
AS (Application ST w1 TAS (Telephony AS — a1 TFIGTG/STHATBR), SCC AS, RCS AS
Server)
MGCF / MGW IMS & PSTN/CS 3B1R8TIfFR (SIP « ISUP; RTP  TDM; (TGS FISICHINGE)
BGCF PSTN-9 @F®NSE &IAT 3 5 I
MRF S Rt (SIS, @arests6, IVR)
SBC / IBCF A5 GF- AT Y, TVIRIIAG (WAIGI-§-WAHGS), NAT
ENUM / DNS (BTt 79 (E.164) - SIP URI ifoig

T AYH

P = UE-3 ST I1Cg; I = (RN (68 7qeT; S = Mo s | HSS-ag S FAT I [ 8 S (Cx), P 791

IMS SI2efo 6

« IMPI (Private User Identity) — SIAfGIF#IAT A5, user@ims.mnc@@4.mcc470.3gppnetwork.org HIHI
NAI |

« IMPU (Public User Identity) — I T T ©I; sip:+88@1XXXXXXXXX@domain T
tel: +88QIXXXXXXXXX |

o ISIM — UICC-(S IMS 319t (T 1=5teT USIM (1ts IMSI-fSTEs wrgrift smafS cofd =) |

o (GITNRA HING: ims . mnc<MNC>.mcc<MCC>. 3gppnetwork.org (MNC » fSf&TE #irs, (w+ (Gfeiss MCC
470/ MNC 04 - mnc004.mcc470) |

95.9 SIP e g1gelt
= = ]
REGISTER @feoga=
INVITE TN YHI WAL
ACK TS @R Afboae
BYE O T
CANCEL JeeEEAE INVITE IifSe
PRACK provisional @ISR SIS ACK
UPDATE G FATAINGIR (f-Fe*w) =orrst

OPTIONS / MESSAGE / SUBSCRIBE / NOTIFY / REFER  T6wol SI-piai / (BEIB / 5076 STRfER~ / Rresfds / e
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1xx (provisional) 100 Trying, 180 Ringing, 183 Session Progress

2XX (ST5eT) 200 OK

3xx (Ro3Eg) 302 Moved Temporarily

4xXX (FICTG D) 401 Unauthorized, 404 Not Found, 408 Timeout, 486 Busy Here
5xx (TSI o) 500 Server Internal Error, 503 Service Unavailable

B6XX (CaITTeT 7o) 603 Decline

SDP-cs ST 439, &Ite<s, oS, IP f{fSww 33 (offer/answer Wtwet) | Preconditions: 32 =13 @it [[Afxse
AT (T 7B &S QoS (@A AFS — 1 3T (FIF IS BT 48 I |

5.8 IMS G@f&Tg*H
[ UE ) [ P-CSCF ) [ I-CSCF ) [ S-CSCF ) [ HSS )

REGISTER (IMPU, IMPI)

>

REGISTER

Cx: UAR — UAA (S-CSCF F1%)

REGISTER

>

Cx: MAR = MAA (RAND, AUTN, XRES) CK, IK)

401 Unauthorized (RAND, AUTN)

«

REGISTER (RES — digest resngse)

REGISTER (I-CSCF ?(X)

Cx: SAR — SAA (C2TIReT )

200 OK (Service-Route, Path)

UE @4+ IMS-9 @f&s616 — Sres#i INVITE S 21

5@ 5.2 IMS GGG (IMS-AKA, B3-&191)

AT REGISTER-Q SAFGTE*IH ©7 71 ATBIT 401 BT (371 RAND, AUTN) | UE ISIM/USIM it RES @9
fESIT REGISTER #1151 | STt 307 200 OK | Q3919 UE 8 P-CSCF-ag W&y IPsec SA tofd 53|
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5.¢ VOLTE 1 Gl

IMS &I
[ UE-A (VOLTE) ) [ (P/S-CSCF - AS) ) ( UE-B (VOLTE)
INVITE (SDP offer: AMR-WB, precondition) >
100 Trying
«
INVITE (F38716)
>
< 183 Session Progress (SDP answer)
183 Session Progress
<
PRACK
-
UPDATE (fFomf faemds — QCI 1 Wﬁ‘@@‘
UPDATE 538316 - 200 OK
>
180 Ringing
<
200 OK (INVITE) — S&g
«
ACK
>
RTP fSif&ar (AMR-WB, 20 ms #i51tsB) — QCI 1 dedicated bearer
BYE
-
200 0K
<

5@ 55.9: VOLTE a1 Towr#t @ fiferet (379e)
o fsramfes: QCI 5 @I=IR (IMS default, non-GBR) | ®tast: QCI 1 dedicated &F_IF (GBR) — et < 100
ms, loss < 102
+ (FITGSF: AMR-NB (4.75-12.2 kbps, 8 kHz), AMR-WB (6.6-23.85 kbps, 16 kHz — HD Voice), EVS (5.9-
128 kbps, super-wideband; 3GPP R12) |
« ROHC: RTP/UDP/IP (ITI (40 1B IPV4) MFB© FX =~ 2-4 I35 — TSI (TG (RIG I(A YJ GipiA |

« SPS/DRX: Semi-persistent scheduling 8 C-DRX — FCHI GOIARSG 8 G FAT | TTI bundling
FONFS MG |

Tulgad: VoLTE 5oy

AMR-WB 12.65 kbps; &if$ 20 ms-a Qf6 @ = (ITels = 12.65%10° x 0.02 / 8 =~ 31.6 I1RB ~ 32 1?6 |
ROHC TISt: (32 + 40) I35 x 8 / 0.02 s = 28.8 kbps ((TT1F3 ¢¢% W#157!) | ROHC 7% ((TTIF ~ 3 J13DB):
(32+3)x8/0.02 = 14.0 kbps | G113 VOLTE CoIpGI- Qi |

5. BAITETS, SRVCC 8 3BraaaifFe

 BNITETS F (999): 5/ @E0ET 2ors 518<; P-CSCF 794 5t E-CSCF/PSAP-A ST, (SN O AR |

e SRVCC: VOLTE <1 5119 3TN LTE 2Iwtet eNB - MME — MSC Server Enhanced - CS 3iio@wiq; IMS-@
TR (SCC AS) AT, FeT G 7T 1|

+ VOWiFi: 9% IMS, Wi-Fi-a3 $91F (ePDG-9 WTN); VILTE, VONR, RCSS IMS-4 5T |
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St (MCQ)

1. IMS-a UE-3 22 SIP caisticatst =52
(%) I-CSCF () S-CSCF
(st) P-CSCF () HSS

& (51) — P-CSCF (Gm 361=esy) |
2. GBI (G HSS (ATF TIFHIRTIT CATFIRSA SIS Fd Hifow fFsig Fa?

(=) P-CSCF (¥) S-CSCF
(o) MGCF (%) BGCF

Tad: (U) — S-CSCF (SAR/SAA, iFC) |
3. IMS 8 PSTN 25aeTifFe-a3 oy fAagd (re?

(=) MGCF () I-CSCF
(1) SGW (27) HSS

Tad: () — MGCF + MGW |

4. VOLTE ST &) (19 QCI?
)1 (¥)5
(on 7 (=9

83 (F) — QCI 1 GBR; fS¥sarifaie QCI 5 |

5. SIP-cS 180 §I?
() Trying (¥) Ringing
(1) OK (<) Busy

e (4) — 180 Ringing; 486 Busy Here |
6. IMS AfSTH*ITA YT REGISTER-AF G Ht STH?

(%) 200 OK (¥) 401 Unauthorized
(s7) 404 (=) 603

Tag: (4) — IMS-AKA Biitet@ (RAND, AUTN) |
7. P-CSCF (319 (AITSA AN RX I BIATH T&?

() PCRF/PCF (4) HSS
(*1) MME () AS

Ted: (F) — QOS/@IAFT YL |

8. AMR-WB 12.65 kbps, 20 ms GFY - (IITAIG T IIRG?
(F) = 16 (%) = 32
(o) = 64 () =~ 128

e (4) — 12650%0.02/8 =31.61

9. SIP (1Y Tl GT*I9 CIF FLJ?

() BYE () ACK
(s7) INVITE (7) PRACK
@3 (F) — BYE |
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10. SRVCC-ad Stw*ly?
() VOLTE 7 LTE BIotens CS-@ FeT Wi oay aradr
(1) IP Iar™

T@d: (F) — Single Radio Voice Call Continuity |

11. @196 IMPU-T SwiRgel?

() sip:+8801xxxxxxxxx@domain
(o1) IMEI

T3 (F) — IMPU = 13feis @13fS (SIP URL/tel URI) |

(%) BB 79T oIt
(9) 997 e RfEH

(¥) IMSI
(=) TEID
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T 52 — VIR OTIF (GBI WITAGITAG 3

A orE=q

HLR, HSS, UDM and Registry Systems - Authentication

5%.d MIIFHIRIIT GBItaA: HLR - HSS - UDM

CTRIES (58T T b1F: JfF F? ot 5 51y 6?2 F Ft ST #ita? @dv @1 wig? a3 s
@G B (o1 AfS6 e SemT T

e Elb ] CATBIFA sres/sfest
2G/3G CS HLR (+ AuC) MAP (SS7) 3, SMS

4G HSS Diameter (S6a, Cx) LTE + IMS (VOLTE)
5G UDM + UDR + AUSF (+ ARPF) HTTP/2 (Nudm, Nausf) 5G, JI33, 4G/IMS

HLR/HSS-a §t AFH?

IMSI, MSISDN, STIRf#1¥19 (ATHI3 (APN, QoS, (GBI 271, (1N WS, Srasi/SMS/VoLTE Jfm), 361
S @IS (VLR/MME/AMF f3a1t), SiiafB1 Jt (K/OPc, AuC-9), IMS @Bt (IMPU/IMPI/IFC),
SREe! (IfR2) | VLR = STE6a SpteTt Sgrsl 91 |

@A (FHIGgS? AF SIS A (A=A sy, (g aft? T @ (e — o3 fas-Rorss
(9FIf&<F SIRCB), (BT @Af&F6T 8 FE (Front End)/BE (Back End/UDR) SI&wt #6361 (Layered/Cloud-

native) |

52.2 SRS HHITE

RS s15q TI

IMSI MCC () + MNC (2/9) + MSIN; St J1<=TTa*t MCC = 470; MNC: GP 01, Robi 02,
s¢ S’ Banglalink 03, Teletalk 04

MSISDN CC + NDC + SN; S5 s fofes +880 1X XXXXXXXX (JteeTtw=t CC = 880)

IMEI sa fSf&B = TAC (b) + SNR (V) + Check  *#06# fatg o2t T1T; §f< fS©135 EIR-9 3=
digit (5, Luhn)

TMSI / P-TMSI / GUTI SRI3; (ABSTIE I3 I IMSI @R I 1 2f3eT iz 6t

MSRN @I 791 (FeT Ar6162-A7 &5, VLR T gt
o)

SUPI / SUCI 5G: IMSI-4t7a BT =3RS / IMSI I SFAT SFIT
A9&FE6T o (ECIES)

PLMN ID MCC + MNC ST FGHIFT (TN 470-04)

TAI / TAC, Cell ID PLMN + TAC; PLMN + eNB/gNBID +  (eTIts=I1/¢oif&re

(ECI/NCI) cell
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Suizg<l: IMEI Luhn 6= fofen

IMEL-T 2125 58 fSfe: 49015420323751 | T QT T AW fBEH %2, #1td1f6 x1, aeng afo-
TIT-QFB x2; R WCHI BB A WF JI6 (T15Y (I -9) | AT (T FCI (NG S; 6 fSf&H = (10 - S mod
10) mod 10| Q2 1 = 8 = IMEI = 490154203237518 v (aft uzsft «if7fos (3 Swgge) |

2.9 TAFBTF*FT — &4 38 Fleita?

SO (5) (SIS Afte 303 St (I ameeg; (2) Sy Fete 3oonas [ffee 3@ @oeTHit wve
(ANTATIE); (0) ATIF-FBIRCET QAFHHEI T (o0 |
2G (GSM) — a3 q

51T Ki (>3 fRB) Witz | (68T RAND (53b fIB) 21151 | 43 #5% A3 e SRES (ws fJ5) 8 A8 e Ke (u8 35,
QfFo#T ) @F F@ | HLR/AUC triplet (RAND, SRES, Kc) (MT | HIeTor: 8¢ (ABSTF TCTIACE TR IS,
T (@ 6% (IMSI catcher) g1 |

3G/4G — T3S (UMTS AKA / EPS-AKA)

51 8 AuC-a =1tz K (53b fJB), (1419 OPc) 8 SQN (StFItgsT 799 — f{eel 3F1to) | AuC quintet/vector
I RAND, XRES, CK, IK, AUTN |

AUTN = (SQN @ AK) || AMF || MAC-A

( USIM / UE J [ MME J [ HSS / AuC J

Authentication Info Request (IMSI, PLMN ID‘

HSS: RAND ¢of3; K At XRES, CK, IK, AK, MAC —» AUTN; KASME fR<fg

Autfﬁntication Info Answer (RAND, AUTN, XRES, KASME)

NAS Authentication Request (RAND, AUTN)

<]

USIM: MAC TT61® ((TB8SI1<F 1f5?) - SQN 618 - RES, CK, IK fHefy

Authentication Response (RES)

>

MME: RES == XRES ? — UE 3f%j (#1157)

5@ 52.5: 4G AKA S

+ USIM MAC TSt (B STIRFSE T613 I + SQN 79+ iF 71 (e (et aifSeanre) | =1 fSieicet Sync
Failure/MAC Failure |

« USIM RES “T51sT; MME XRES-a3 STt 91 ¢F | a1t UE amifars |

« 73 o fAte Are CK, IK @3 I - Kpgye = NAS/AS Ft (adf&E= @ 3c6faft wrrem) |
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K_NASenc
K_NASint

K
[USIM/AUCH CK, IK ]—b[ K_ASME

K_UP
enc

RRCe K_RRCint

4G F-arEifF: K - (CK, IK) » K_ASME - NAS/AS 1 K 91 USIM/AUC 21T =1 |

5@ 5.2 4G F =

QFfFT sntesifaws (LTE): EEA1 (SNOW 3G), EEA2 (AES), EEA3 (ZUC); 3w6faft EIA1/2/3 1 5G-(o8
NEA/NIA |

Tuirget: H-co0 Fo I6?
K =128 % = SRy 1 = 2'28 = 3.4x10%8 | oAfS T 10° F (6 FAEAS = 1.1x10%2 I AT — F6-
I ST | W JfF Ssifames 73, (AEIeeT 8 INfHTTo=I (9= SS7 qJetol) |

5G — 5G-AKA 3 EAP-AKA'
« UE SUPI SIS #1151 91; SUCI ((=IN (F5 ST Nfeis e ECIES awfrtobw) #irdrsr; UDM-a3 SIDF
Sferob =T |
« AG: SEAF (AMF-9, 5ifSR (58T 113w), AUSF (@I (58T 5igs), UDM/ARPF ((S33 (SfF) |
5ICEsT: N12 (AMF-AUSF), N13 (AUSF-UDM) |
« Y4 @I @OSTF FCHIA — @N2-9 [SfEba (6 STF @t s [re ot =1, i 2r=nfh: K -» CK/IK
= Kausr = Ksear = Kawr = NAS/gNB ST

GSM UMTS/LTE 5G
Ruelicaer BecicEicintcs ArifEs AT + QN G
3T WIS anE IMSI/TMSI IMSI/GUTI SUCI (9=f&Fbs)

o3 Triplet Quintet 5G HE AV

QAfEoT Bt Kc (64) CK/IK (128) 128/256 B

@IS HLR/AuC HSS UDM/ARPF + AUSF
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%%.8 3VIFCHA ATALGEA

BBITTA seTast CNBIFA IS
MAP (C, D, Gr)  MSC/VLR/SGSN - HLR MAP/SS7 (TSI, SIfBTm=I4, SRI
S6a MME - HSS Diameter  ULR/AIR — (FIIF*IH IATTE, WRIFBE*T (G5!
Cx 1/S-CSCF - HSS Diameter  IMS &fSE*= (UAR/MAR/SAR)
N8 AMF - UDM HTTP/2 AfGeEH, STRfE =
N10 SMF - UDM HTTP/2 O AIRAFHHIT (BB
N12 AMF - AUSF HTTP/2 SRS
N13 AUSF - UDM HTTP/2 (O (ST
513 MME - EIR Diameter  IMEI (55
Aaterat gadst: SIM-GmTet Tifersifs (BTRC/S#IB ICAHIGF (SIRIFEH Ir4renyeis FEeg), IMSI

FIGIF, SS7/Diameter S&EA (SINRST/Ss1feR SifFezfG), eSIM |

SRt (MCQ)

1. IMSI-F 154 F1?
() MCC + MNC + MSIN (¥) CC + NDC + SN
() TAC + SNR + CD (€1) PLMN + TAC

Taq: (F) — AETH S¢ fSfG6 |

2. AT MCC F9?
() 404 (¥) 470
(1) 460 (2) 410

Tad: () — 470; S 404/405, 519 460, sNfFS1= 410 |
3. 4G-cS MME 8 HSS-99 I4IFI9 3-61ats?

() Séa () S11
(1) Cx () Gx

Twad: () — S6a — Diameter |
4. AKA-CS (5 SIS TI618 Fate USIM Ft 19319 Fa?

(%) XRES (2) MAC (AUTN-a3 1)
(s1) TMSI (%) Kc

6 (4) — AUTN-@3 MAC |

5. (16 fatg SFwe GFm?
(=) SON () TMSI
(1) APN (=) TEID

Teq: (F) — Sequence Number |
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6. MME FItsig siteal @et=it 3td UE-F RES 51fd< & a1 caee?
(=) RAND () XRES
(sT) AUTN (9) KASME

Twad: (4) — RES == XRES |
7. 5G-CS UE (19 W3S QIIta o319 (SUPI-F Iwte)?

(=) SUCI (¥) MSISDN
(°1) IMEI (1) MSRN

e (F) — Subscription Concealed Identifier |
8. 5G-c3 AMF-AUSF 3-5190F?

() N8 (A)N10
(N N12 () N13

Taq: (57) — N12; AUSF-UDM = N13 |
9. IMEI-cS 311G fofeTs 8 oIy fofen §i?

() ¢, Luhn &= fSf&B (¥) >8, SfFTe
(1) v, TAC (27) S0, MNC

T8 (F) — TAC(8)+SNR(6)+CD(1) |
10. GSM-4 Ki-a7 S1iIg?

() 64 RS () 128 ¥%
(o) 256 RB (@) 32 7B

T (W) — 128 7; Kc = 64 5; SRES = 32 {5 |
11. HLR-4 19 SIFI 997 @Ifiie $1 A8D FICo IIRIF 37?

() MSRN (¥) IMEI
(51) ICCID (=) TAC

$wad: () — VLR =» HLR » GMSC |
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I S — Bfhrag o eTg oA

Power System for Telecom

%9.% (4 BfehTy -48 V DC?

(BfH=F ARG e (It (58T 3% — Wle ITT 8 ORIF Fio | ©13 [Rgye 1951 77 DC-SEw, M/bifH-
wffe | @fSaIfvie SR FEIET ATEET R/ ZEAFgH 48 V vifers; b SR 0T L& AFE @ Ieat
Y2580IA STt QIGIR (zero-break) STes 57 | @Ibw ieFfs e sifefbe arss Tacet 9o/
(STTSINF) FCH |

BTS / RRU / BBU

fors
AC 1357 -48 V DC 315t g
\—/) ATS / V —— N
. AMF | " (AC—»DC) (MW, T85rR) |
S N+1 ISSet S —

(Foree) (VRLA/ Li-ion) R
~——
/ faR
LVD (Low Voltage Disconnect) g
Gl PV MPPT
(&@f5eF) BIT SR
——

ST HAEFIF: faT - (IJBIR ©eFAR) - (GHIB/ T

5@ su.b: (Gieew ARG “meTa ety

>0, AT oI

« AC 3995 8 ATS/AMF: f&G 5TaT (51teT Automatic Transfer Switch/ Auto Mains Failure #IFItH& (SHIIG 515
T 3 (A FHST I | AT 0-GFGT 400 V ((FO-§-RSFI 230 V), 50 Hz |

. @fFwma (SMPS): AC - -48 V DC (GFIB =~ 53.5-54.5 V) | NG (I6-CT191), w5%ol ~ 95-98% | N+1
RIS | Ty I 516 FNIBS IR I |

o BT Ae: 2815 2 V o1t Fifcen = 48 V Arira | &= VRLA (AGM/Gel, THeTH-&, ST, Y 9-¢
J24, SrIal-1Ia), fefmr-sime= (LiFeP04) (315, R oIy b-52 I24, Q1 DoD, I=[=a) | WY I
1 ST VRLA-F 1Y % B (A 10°C Ifaws = wies) |

. TSt oeoTn: Y (@(erfse-9; afS kwWh-a = 0.25-0.3 L fSteme |

o COTTIA/RARIFS: PV W1 + MPPT ITHIAIT; FOTeiet ST @ I FHICAT; Wrp-faG 136 wraifzmre |

« LVD (Low Voltage Disconnect): 551 fSot f&To1reT (5F1te @rs [ifeka (= 43.2 VAT = 1.8 V/GT#); Non-
priority (FTiG SISt FITG |

+ UPS / 3S161R: AC-(TITGR i) ((FI/(SBITTBI, FIOBIK) | IR SIae-dersi= UPS (Gfasw/
STSITIF T ST |

o Wif3f2 3 I Y BreTIg 11362 TT; SPD (Surge Protection Device) AC @ DC =i3t; w2 (Jf&mstys
TS PN ©O ST (ALFAS < 5 Q, WAL SHIFTIG WA 1-5 Q); IS GiN Gre aFs Jrefse s
(equipotential) |
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o P2 FIFBI AC I F-aT19 FA; ASHroIa FRTIE RE-aHJEEF; G [Ryres 16 wes Fiee-q |

FJroifa VRLA (Lead-acid) LiFePOa

T (ST5 2V (GFIB = 2.25 V/T=) 3.2V (5¢ T = 48 V)

ST DoD ~ 50-80% ~ 80-100%

S (STIETe) ~ 300-1000 ~ 3000-6000

ST/ oIt = b/© GG

N5 T (rAfp) @ (RFg 16 WY 496 I TS A1)
STl TS Sig S
s, sifere: s, AT 3 afgwma

P=VxI | Ipc=Pp.g/V | E(KWh)=P (KW)xt(h)

SuiRgel: (1S FIITH
SIZB (&G (BTS + GIiiN=I= + Hieiz-a7 DC &) = 1.5 kW, 48 Vs | 1= 1500/48 = 31.25 A |

/oI MRS o

C (Ah) = IIoad x tbackup / (DoD x r]temp) x Kaging

I = (IS FIIH, t = A GBI, DoD = WIS fSIABIER sreiget (0.8 = 80%), K
WIEH (STeRers 1.2-1.25) |

= JIEFy/ oz

aging

SRt I /T — 8 AT It

[=30A,t=4h, DoD = 80%, aging factor = 1.25|

Ah =(30x4)/0.8=150Ah; x 1.25 = 187.5 Ah = JI&(I 200 Ah JIRF IR (24 TG x 2V, 8v V) |
RIS #IfF =~ 48 V x 150 Ah = 7.2 kWh (DoD «TH); (1S *If& = 1.44 kW x 4 =576 kWh |

Sulzad: @fgwra aRfeR

(TG = 30 A; IR 51T BB = 0.1 C10 = 0.1 x 200 = 20 A; (1B ATIIGH = 50 A | 2AfS IS 50 A 4Tt
S>fB Fr9ItR; N+1 Roicsi™ = 26 9fS8a (I125 A x(2+1)) | SRR o5 (56 @fS8 T& I @11S ITT) 4T
WfOSH-HG I AT 7T |

Tuizad: G corsbe fAfae
28 OTST: (1B = 24 x 2.25 =54 V; J56 = 24 x 2.35 =~ 56.4 V; fSAGITGI 19 (EOD) = 24 x 1.75 =42 V; LVD
~ 43.2V (24x1.8)|

Sulzadl: G Suita e

G = 1.5 kW STIRIfa= = vf"ss #If& = 1.5 x 24 = 36 kWh | JISATTT 51 peak sun hours =~ 4.5 TG,
fSI55% wawe! (derating) 0.75 1 PV STI3&T = 36 / (4.5 x 0.75) = = 10.7 kWp | (IBR 13F© — fare/
(GG T W G 4T 7T 1)
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Tulzad: (Gt Gieify
&G 1.5 kW, b T6T (IIGTISR = *If& = 9 kWh | I @6 =~ 0.28 L/kWh = = 2.5 L (IS (S
TTOH ETG HHFF 8 FH (TG ol [{XEAT @) | (B (ETITT G (GHTG HIAHT SABT |

w¥ol 8 PUE

QfFHra wwer n = P, /P, S kW DC GEITS 1) = 96% 31 AC 3795 = 1/0.96 = 1.042 kW | (GBITTBITEI Sy
PUE = (15 ST #inemia / IT #iheTia (ww*f 1.0; Sitett = 1.2-1.5) | (G 136 P F=1eT @2 DC
ST IR 9T ST T ST |

9.8 3 ey 8 =iy saret

o CTTIF-TIRfIT SR, Li-ion B, ASIR-eTree sireTia oifse (B9 &9 one, §is-ofes 19), & e
. vafvafas afNefae (SNMP/RSREBIA FSU): IBIfT (SIt6T, SIommal, (Geit I WIS, TS (@9,
TR (41T — NOC (AT (2T I |

« B1aeTIF Imifde (TowerCo): AFIfET WHANHGT O3 GISTA/ANSTF IIIRT BT — CAPEX/OPEX 1T |
. ¢f& 8 NeTIE: massive MIMO @S58 e I3 @ (FTF kW), TIR 2A1STIF TS S |

Raterat
DC St #IB-STfFB FIE6 [oree= (31 *1o Spifsr=); o1 i §a oot Aoy, iy
RFGGI/MCB, 316G G 8 PPE JI73I9 - | SO (B1STIR) FITST (THIG I |

SAE! (MCQ)

1. ST sTigae DC oheTIa Sottaa A Sitbe?
(F)-12V (€)-24V
(1) -48 V (@) +110V

& (51) — -48 V DC |
2. 28f% 2 V ot FSifats iige 2o 1B ArTia ceiteber?

() 24V () 48V
(Mn12v (96 V

TGO (4) — 24x2 = 48 V|
3. 1.5 kW (411G, -48 V TH FITT6 F9?

() 15.6 A (¥)31.25 A
(51) 62.5 A @) 72A

Taq: (4) — 1500/48 =31.25 A |
4.30 A, 4 h, DoD 80% =t (aging 2IGt) Stareg Ah?

(=) 96 (¥) 120
(1) 150 (1) 187.5

ad: (57) — 120/0.8 = 150 Ah |
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5. AfFTEitg N+1 Wt9?

() N 5 &fr () ATTIGET 7T S Wfofae Ifeee
(s1) N I=RF SIS (9) @6 MBI
Taq: (W) — A6 (3T FAETS AU HeA |

6. LVD-3 F1er?
() IBIT SOIABIG (ST (¥) FFGIF fTof fSHBIGT (GFITS (TS FIBT
(1) COTEBe IGITT (1) (OB Ble]

& (4) — Low Voltage Disconnect |

7. &9 BB BIFAFTT F FHRATH SAICst @ A Sy?
(=¢) Flooded lead-acid (¥) LiFePQOa
(s1) Ni-Cd (2[R (@) =63 97
$@d: (4) — Li-ion (LiFePO4) &Iy &f*, DoD & |
8. VRLA-F A<t P16 coltebe AfS oiea?

() 1.75V (¥)2.00V
(o1 2.25V (MW3.2V

TGT: (51) — 8 TT = = 54 V|
9. (TG FAETT @t ToIg& ‘zero-break’ AR?
(F) CHTICET T (2) BT 18w DC I
(s1) &g oo (9) 8Y AT
Ted: (%) — B I I TF |
10. citera saf&st 36 kWh/day, PSH 4.5, derating 0.75 Stt PV iT9?

(%) 8 kWp (%) 10.7 kWp
(s) 16 kWp (9) 24 KWp

&8 (4) — 36/(4.5%0.75) |

11. SPD ¥I?
() Surge Protection Device (¥) Solar Power Device
(sY) Signal Processing Device (=) Site Power Distribution

TG (F) — IG/IGT (ATF I |
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LI 58 — PITe=I|, Wrefeie 8 FAfHSIHTI=ITtaa

T R AT

Scripting for Simulation, Modeling and Configuration of Cellular Systems

8.5 (& fFp6e?

ey Sf& s it Fica FFo6 s () Fryrem/atsias (s &5, SINR, Fnonfsife, 5ifFs); (1)
FATE IR BT (S ISNT ARGBI/ (@IS GHHT A3 (DY, GoT FN); (9) bt frerget (KPI, 91,
CDR) | G=fers st Python (ST5tT &f*1), MATLAB (teT=), Bash (f=1a1/=I(GIce=I=), SQL (CT5),
YAML/JSON (=255t Saw715) |

FRATISIS St o NumPy, SciPy, Matplotlib, pandas

F/HN @Tres MATLAB (5G/LTE Toolbox), Python Sionna, ns-3, OMNeT++, Vienna Simulator
fSryeera
S-S 4G/5G (G56RG Open5GS, free5GC (F1K); srsRAN, OpenAirInterface (RAN); UERANSIM (UE/gNB

fSreets)

58T [GoRs WIS Netmiko/Paramiko (SSH), NETCONF/YANG (ncclient), RESTCONF, Ansible, SNMP
ICOIA/FIOG Docker, Kubernetes (kubectl, Helm)
TG Reerger Wireshark/tshark, scapy
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8.3 THIga 5: Python — Erlang B, FSPL, Shannon

import math

def erlang_b(E, m):
"""Blocking probability, recursive form.
=1.0
for k in range(1l, m + 1):
b=E*b/ (k+E*b)
return b

nun

channels_needed(E, gos):
m=1
while erlang_b(E, m) > gos:

m += 1
return m

fspl_db(d_km, f_mhz):
return 32.44 + 20 * math.logl@(d_km) + 20 * math.logl@(f_mhz)

shannon_mbps (bw_mhz, snr_db):
return bw_mhz * math.log2(1 + 1@ ** (snr_db / 10))

print("Erlang B E=10, m=15 :", round(erlang_b(1@, 15), 4))
print("Channels for E=20, 2%:", channels_needed(20, 0.02))

print ("FSPL 2km, 1800MHz :", round(fspl_db(2, 1800), 2), "dB")
print("Shannon 20MHz, 15dB :", round(shannon_mbps(20, 15), 1), "Mbps")

TRSH9YG (9% (1S Bifeica shaa)

Erlang B E=10, m=15 : 0.0365
Channels for E=20, 2%: 28

FSPL 2km, 180@0MHz : 103.57 dB
Shannon 20MHz, 15dB : 100.6 Mbps

I erlang_b NHTMIT LT w-a7 7 (B = E-B/(k+E-B)) 232 | channels_needed Fi"f‘b‘ﬁtﬂm m
@ IE (T R < GoS | TATFA RUTO-IREI A (N6 E = 10, m = 15 = 3.65%; 20 Erlang-4 2% GoS-
OF T 28 B (BT 30 BIitatet 21.9 E — 2t 28 BHiteet = 20 E, ANesyoye) |

8.9 Tulga<t 2: Monte Carlo — SINR fSie=i=

qQ I36T QB FIBIF WRIT AT 38T SINR @ i TSR Gieetg Sisimet + (v AifS g 36wEs +
qE9) |
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import numpy as np
rng = np.random.default_xrng(1) # fixed seed -> reproducible result
f_mhz, tx_dbm = 1800, 43 # BS transmit power 43 dBm (20 W)

# 7 sites, ISD = 1 km: serving site at the origin + 6 neighbours

isd = 1.0

sites = np.array([(@, @)] + [(isd*np.cos(np.radians(60*k)),
isd*np.sin(np.radians(60*k))) for k in range(6)])

def pl_db(d_km): # 3GPP-style urban macro, ~2 GHz

return 128.1 + 37.6*np.logl@(np.maximum(d_km, ©.@35))

= 20000
pts = rng.uniform(-@0.5, 0.5, (N, 2)) # users scattered around the centre cell
d = np.linalg.noxrm(pts[:, None, :] - sites[None, :, :], axis=2)
rx_mw = 10 ** ((tx_dbm - pl_db(d)) / 10)
sinr = rx_mw[:, @] / (rx_mw[:, 1:].sum(axis=1) + 10 ** (-100/10)) # noise = -100 dBm
sinr_db = 10*np.logl@(sinr)
print("median SINR : %.1f dB" % np.median(sinr_db))
print("5th %%-ile : %.1f dB" % np.percentile(sinr_db, 5))
print("SINR < @ dB : %.1f %%" % (100*(sinr_db < @).mean()))

TISEYB (seed = 1)

median SINR : 4.6 dB
5th %-ile : -5.8 dB

SINR < @ dB : 25.3 %

[ FEat [38e-1 (7 oI a3 i) =gy J43-oieeTs J47st SINR W@ = 4.6 dB; st
BTGIHF (@ BT 9FeTeid SINR ¥R fAt6 — o138 LTE/5G-S ICIC, beamforming, scheduling 3
TIFHIIT [Srareafs 38w «iitst | O3 ST =TSt (FS2 8 WATHAT MBI I — BI3 W NF WIS
SSH FA | (ATTNGIF W 20 F49: ISD 2 km FIC B 777?)

8.8 FATHSHTI*T 3 WCHITTHIF

(%) Open5GS — PLMN {55t (YAML)

¢f& @I FIFTSTE YAML F130 591K =771 {6 (656 PLMN (MCC 001 / MNC 01) 8 @35 S-NSSAL-F
TAIRI (515 JATD):
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amf:
sbi:
server:
- address: 127.0.0.5
poxt: 7777

ngap:
server:
- address: 127.0.0.5
guami:

- plmn_id: { mcc: 001,
amf_id: { region: 2,
tai:
- plmn_id: { mcc: 001,
tac: 1
plmn_support:
- plmn_id: { mcc: 001, mnc:
S_nssai:
- sst: 1 # eMBB

A sbi = S-S REF 3BIaCD (HTTP/2); ngap = N2; guami = AMF-a3 (10T I13fS; tai/tac =
Gfse @f; plmn_support = & PLMN 8 slice 51S FIJ | VI (BB PLMN 303t 470/04-97 NTST |

(4) Python — SSH fita asifSs fSe13ts Fafwnst (Netmiko, Swlgas — Bl TIH)

from netmiko import ConnectHandler

devices = ["10.0.0.11", "10.0.0.12", "10.0.0.13"]
cmds = ["interface Gi@/@/1", "description Backhaul-to-Core", "mtu 9000"]

for ip in devices:
conn = ConnectHandler(device_type="cisco_xx", host=ip,
username="netops", password="***")
print(ip, conn.send_config_set(cmds))
conn.disconnect()

(st) NETCONF/YANG 8 REST — SigfA<s oS

« YANG = FAT551/GBL6 (GG ¥roe orgr; NETCONF (SSH/830, XML) It RESTCONF (HTTPS, JSON) e
SO FATH — FITCHIFHII (379 el 3¢eT commit, 3¢eT rollback) |

« @fS (I NF-8te1d REST API (OpenAPI) &ity; Postman/curl/Python requests e Siasifs Giet 137
O-RAN-@ 01 3519t NETCONF/YANG JIR31F FJ |

« Infrastructure as Code: Ansible playbook / Helm chart / Terraform — "1 513 ©f f@f¥, &1 3 71"
(idempotent) |

(%) Bash — &1t (Yt KPI

# #f5 385 RRC setup failure s

grep "RRC_SETUP_FAIL" /var/log/enb.log | awk '{print substr($1,1,13)}' | sort | uniq -c
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(®) MATLAB — Okumura-Hata “id &5

f=900; hb=50; hm=1.5; d=5; % MHz, m, m, km
a (1.1*1ogl@(f)-0.7)*hm - (1.56*1ogl0(f)-0.8);

PL 69.55 + 26.16*1ogl0o(f) - 13.82*logl@(hb) - a ...
+ (44.9 - 6.55*1ogl@(hb))*1loglo(d);

fprintf('Path loss = %.1f dB\n', PL) % -> 146.9 dB
fpf*62-qa oIt oy
o OIS FCEHIA (Git), ATFINGT S B3, JI3-T4/fCF WT, @0 AT, (@re= e &FIee =1

Q4T (vault/env), SfaR, seed fFF @2 ST S[FFLAMACTIST FT, AFANR I fGOI3GT A1 Giferca st
1T (canary) (JIETSINGG |

St (MCQ)

1. Python-a Erlang B f&==ft B(E,0) = ?
=)0 () 1
(s E (9) »

e (4) — B(E,0)=1; ©I=%1a B(E,m) = E-B/(M+EB) |
2. fFiyeeI A oivATlsh Fars It F4i Sfve?

() [T seed FF7 A1 (¥) &ifS37 797 seed
(57) PIteT== ¥ Bt (9) ®Y =TS 317

ed: (F) — @9 default_rng(1) |
3. NETCONF Sl (FI9 (G5! TG ©iFl 31T FL?

() JSON Schema (2) YANG
(51 SQL (9) HTML

&g (4) — YANG |

4. Open5GS-a sst: 1 F @R_NT?
() URLLC (4) eMBB
(s1) V2X (%) MIoT

Taq: (4) — SST 1 =eMBB |
5. (FIFTB S-St 5G F19?

() Open5GS (2) srsUE
(sY) Wireshark () Sionna

&ed: (F) — Open5GS / free5GC |

6. UERANSIM §1?
(%) 5G UE 8@ gNB S=16a (¥) TSRS
(5T) (GBI () IBBIE OS

TG (F) — (T (GOHI G |
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7. Idempotent &6 wIa?
(F) QTS 5T
(on &=

&g (¥4) — Ansible @7 387
8. Monte Carlo fSteIt aft T3 fAee $i 7312

() ToTT WS FfeA
(51) AT SifFST (73

$ad: (F) — Law of large numbers |
9. SINR O3 AAfd< sigwal?

() S/(I+N)
(o1) I/S

&&d: (F) — Signal / (Interference + Noise) |

10. (FIG/FATHMNT (FTOAITIA Freitd L Sitat?
() TR fFpeob
(5Y) FACH

Taq: (U) — IETS AT Sfvw 97|

(¥) IIAF BIANAS QF3 OIS WIF!
(q) a=fFbT

() FeTTEeT QT
(%) T frgat

(¥) S/N
(=) (S+I)/N

(¥) vault/env variable-@

() 3r3CA
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I d¢ — JIgATTeEIF cofeias 351G

Basic Knowledge about Telecom Industry of Bangladesh

Todol: S SN

93 LTI AT 3 TBAT INATCS AT (SR 2, 5G FOIAS 3001 | AT JIest BTRC-F STIINZB
(btrc.gov.bd), AMTOB 8 Teletalk-a3 STIISTIG (teletalk.com.bd) (RITF FLF 14yt (e 77| fReea
ST YT Ge3: Wikipedia (Telecommunications in Bangladesh; Teletalk) @ The Daily Star (> GTeobsx
2030@) |

v¢.d 3T/ FIoTa
Iq Eor)f R ICE )
AfS TIF @ (Bfecsicast et (ICT/T1s- Bt aB RS SISSIRT (SRS O @4
CfTIIsNTrs Tgen=TIg W) 'TIF 8 GfAcTrsiTars RS WeSIfa (e ad g
G NfAFHIT GIRNZA (5 GTH WANIG)
s BTRC — Bangladesh Telecommunication = JI&AITw*t cBfATatshTalst WRT 2005-97 WA 5ifde
Regulatory Commission (FIIFT 2003 (ATF); ARGIA, CIFHN, 51T, QoS,
3%@ ale@, EEIE| R OHIKB
CIRIRA Grameenphone, Robi, Banglalink, MCC 470; MNC: GP 01 - Robi 02 - Banglalink 03 -
o 116 15 Teletalk Teletalk 04
(MNO)
FTfss BSCCL (STRefI= F51<e), IGW, 1IG, ICX GG ST/ BIIFICTG AR
===/ NTTN SNTI6 (TN Fiber@Home, FIRIIF FIFEI; [SP-(7F ‘T 63Y’ FIIDIR
EOETIE Summit Communications), BTCL, (18T,
sfraTg fare e
Brewa BresE @ (TowerCo) — (I edotco, R3S S=mISHT Iifde
Summit Towers 3e7ify
ISP /IS *IS %15 ISP (J1fG/=fH FHI0) Nationwide, Divisional, Zonal FHGIsI&
>¢.% GRS WAII6T AfFfefe
MNC /399
A f5%g sifFen
fas
Grameenphone SH5q-a Tal; I8N I, JoT WAWIF Telenor (FISTT) @ Grameen 01/017,013
(GP) Telecom
Robi Axiata ST Aktel; Axiata (SISCfm) WA, 2050-¢3 Airtel Bangladesh-a3 02/018, (016 —
S QPGS 2T Airtel)
Banglalink Orascom/VEON 8Bt ST, 200¢-a Sheba Telecom wfgase #i9 #ifffts  03/019, 014
Teletalk AT MFFTAT; 2008 T 20 G AU T/@r (Wikipedia 04/015

TI); R052-03 AT 3G; 205b-F SV TEEF 4G (LTE) Segre=
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TG 57 @RI TANIBEI 21T GIABET IS WA FAAAF (RIG — BIICAS: T 3 (A58 (FIIfit
I, ARG @ Tt S| S[eter: SR oI (SIST%19 Witawa SMS, fSf&nie sifow), ars/qgsfsy aser
FoIRe, Frel/fF ST/ &8Fg | Wikipedia Sl Teletalk-aF @oIsg™: 2G GSM 900; 3G 2100;
4G-3 T (16 20 MHz (1800 MHz-@ 10 MHz @ 2100 MHz-@ 10 MHz) |

¢.9 Y& 8 CIFHIN 3fSaT (Br3weTz)

SHHY Citycell — &% (IAIZA (AMPS - 2Itd CDMA); 2050-F i 35,

Sodq Grameenphone, Aktel (Robi) GSM Ttat &6

2005-  (BfeTCarsITarst 39 200%; BTRC S15 (FILFH 2003)
0%

2008 Teletalk @t (v fSTT 2008)

300y SEA-ME-WE 4 SRR T (FHIMGI)

2053 Teletalk 3G BIe] (SR 205%); IGW/ICX/IIG TR0 16T
2059 I SHATBIMF G 3G CHBGIN ey

2059 SEA-ME-WE 5 (FIIFIBY)

205k I TAHBIME T 4G {1, Bangabandhu-1 SITEIE5 SRTGHA (O 205b); Teletalk 4G (fSorwa
205Y)

2022 5G CoIBGM AT (0 T 203%) — T (VIR WANIGERI T, (M6 = 190 MHz

20%@ NS 5G BIF] — ©d T|9ITE 202¢: Robi (BT, 5GAT, Hitetces AME aaer) 8 Grameenphone (Reré
() AAT; AT @ITHIEGE @FHECT (The Daily Star)

IS I9T° S (sTigigereItg): 900/1800 MHz (2G/4G), 2100 MHz (3G/4G), 2300 MHz TDD (4G), 2600
MHz (4G), 5G-7 &5 2600/3500 MHz-a3 et e-371% (R [Rfds ntss [k BTRC-F JfAte (igA) |

5¢.8 JIGT 8 ALY

o CTIIRS FLTIAISE: OTPBET 2022-9 = 18.14 &FIf6 (Wikipedia, BTRC (GBY); Q3 917 &ATT Sb-dd &I <z |
NCH JYA: LMY (SIM) SR # T RIS |

o BBIFCAD: (NIAIZA IBIA3 A, [FHT JOIIT QAT FH |

« MFS (Mobile Financial Services): bKash, Nagad, Rocket &4 — (I13e1 (FGSIHT &7 USSD/
ieifefes anfifs o, WSt 3T givr |

« SIS Srwgter: fSIEBIET AT (2006 @TF) - G IRATW fG¥F 208); TFFE JOIIT/ZTCH-SKIE,
Union Digital Centre |

S ST GIFTISITRS S (Sodb; AFIST FeT1sNm), ILDTS TS 2009 | (FITHIF TAJ: SHdb TSI
cofecrsncarst MfS, 2005 =3, BTRC 2003 1)
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v¢.¢ fag< iIgei (I ISTe 21ta)

gt st

GIEWIER CTRAIZST WATIBR, ISP, IGW/IIG/ICX, NTTN, Bresa Sonfi @rermr Fsrsifs

CoIFE ey e @fSe-ox5 AR Tiaey Iam; 5 + afSere @eemes

MNP Mobile Number Portability — 793 7T IWCeT WATIGI IneT (JILFATTH 20 5b-(S BIe)

SIM @f&eg*= TGS (HGTAF B (SR ITONTAF (205¢-db RF); A6 NID-o Fes 5w
AT e

QoS wfNBfFR BTRC a1 G, 4[5, TG SifFwret $; G I oot

EQEONAIEaI G Bremg, T, AMeTF I — 4I6 I

(QRIEN

cSts 999 (TSI Tield), 109 (A1 8 f#w), 16263 (FIFy ISIT)

(SO TH/SZAF FSFEBIe/s3I1R [ARroret @3 8 SIF AW, 2RI SR T/ ST QT ISNH WIF 613
P

>¢.Y (BfFbTHa IgIy AfEs faw

o TIFIF BIBR/AIHIT AR HEIWCAS 5 SMS-OF T (T 9 FIFANK: TBL <space> User ID -
16222); /517 {35 200 BIFT + (BIA5T A 51T  BIFl = 200 BIFT (FFANIT FIHF 52 8 58(%)) |

o ¢S IVIIAE BIIC@: DIAIF WP, ATSTE, [So135, I (@31, IFIDCoN: =T @I/ erafg
SCATEAT |

o O3 IS TIZSIT 2F WHCS AR "Giebreg *IfS-gdaor Ft? TN Freg @68TF &It Tao
FAEF? Open RAN/cfE IS SR FIE?" — TBE FLT q, b, O JJIRNT FFA |

I SItAl ST HISITH!
(5) STt fi%F® — (2) R (BBI/KPI) - () &gfEFsrs e (== oiet aifte, s smféem,
BRI HIATEG, ANSTIF IFIFATHH) — (8) TATH BT AT (CSSR, DCR, 2F[B) |

S (MCQ)

1. AT CAFEA F@H ST &G (MCC)?
() 470 (¥) 404
(s1) 410 () 460

&g (F) — MCC =470

2. (bfsibtFa MNC F9?
(=) 01 () 02
() 03 (=) 04

Taq: (1) — 470-04 |
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3. GP-ga MNC?
(=) 01 (¥) 02
(1) 03 (%) 04

Teq: (F) — 01; Robi 02; Banglalink 03 |
4. BTRC (19 WI3td WA $1f5s?

() CBITISITCaTST W13 200 (2) ICT BI13T 2000
(s1) &b fNarorar =37 205k (=) g5 =3 2000

TG (F) — AT (BIFTTISITINST =3 2000 |
5. ISV 5G CAFZIN N1 F3?

(F) 059 (4) 205
(51) s WG 2033 (9) 202¢

TG (51) — WS W 2033 |
6. SIS 5G AN BIe] FCA (TSI6 202¢)?

() Robi 8 Grameenphone (¥) BY Teletalk
(st) Banglalink 8 Teletalk () &S

TG (F) — S IS 03¢ |

7. LATTIF CC (country code)?

() +88 (¥) +880
(s1) +8801 (") +91
&6 (4) — +880 |
8. (FIF AT FIIA FAISIGIT 7S FCATR?
(%) SEA-ME-WE 4 (¥) SEA-ME-WE 5
(st) SEA-ME-WE 3 () I-ME-WE

&8 (4) — SMW-5 FAIFIGT; SMW-4 FHIGIT |

9. Teletalk 4G (LTE) Stqls $t3?
(F) 2052 (¥) S ST 205y
(51) 2023 (9) 203¢

T8 (4) — Wikipedia Srgarstt |
10. MNP-a7 “jcfzot?

() Mobile Number Portability (4) Mobile Network Protocol
(sY) Multi Node Packet (2) Main Network Port

T\ (F) — 79 INAICO TT |
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ST S — FfNefars=q FFe

Communication Skill

.S cTIsiTalst F1?

Communication = S, I I WLGS (ATF (ATF AT FIQ AN (AR o A1 B o183 T3
QIR | A1 B NS T, Q@R T 776 | AT (GHADPINA WITASIEI FICGF IG WL (qisnerst: o
RO, (TR AN A, SR [FHAD, ATRs-STISIIF LT |

o ﬂTﬂN AIAS
[ (Sender) ’ Il 4 ]_m_’[ (Receiver)]

ARG (17, SIF-]IALT, TCATIIS, GA-(QI_]MT) TR LI GO AT

fom sw.5: Gt afer

CIISITIITT 499
LEC] Surzad it Sryfast
chifds B, cvF, oizet wro, REGIIIE A Sy G A = (I AT @74 =)
fefds 3v3a, f{eens, nfo= TG/ 21, =get g, GF @RI I3
TONAS (=S, (B TSNS, I HITST A (€0 %+ ST e A P
fSgpaa &5, A, F%© GIfbe LI T3S OGS ST =7Csy

&g St Downward (SRoF —» WHBH), Upward (S4B - G&e), Horizontal/Lateral (STR=1ET),
Diagonal (Re1s1-iR@ist) | Formal (511251543 571te1) @ Informal (grapevine) |

SV, FIFFF carstTaesa aft C
C 72 Srad
Clear g MY 71 I 'JFAoIT [ eBi= ey’
Concise MRE S HATTIGHIT *7 IW
Concrete Ams/enfea 'fSTsI=TIeT AT | 30T 'RSRP —110 dBm, ©w0% Fot'
Correct Rget (o207 8 A ST, N, SIfFd TR
Coherent RIS ez gRIRTor
Complete ssyef /RN AT/ /IS
Courteous IERH| AR I, AR
SV, CIISIITIITSIT It

o SIFISIS: SIS/ #1397 (8125¢ 'RRC drop' ICe @I 1), S918 ot |
« MMAfFF/AfRAEERITS: G, 7Y, YR @S |

Teletalk Assistant Manager (Technical) — =% it | 81 80/98



. TABIGS: FHATS, ST (JT91), STARRTST, S |
. SIS WRSfe B, B2 b, Reriw ssET |
o ARFST: Tegforom refHw s e |

WNIY: TG O, Eons orew, fOfREbe 5= (5515/30w3e), sifdms =19, (=5 JiwE st

>v.8 Af&T JJ<t (Active Listening)

o S{TAT NCATCITSY; WA 1 FIBT; (BITY (BTY; AT (TG SO, Wi (@R Ty 241; frerd of iy siaies! o A oo
9T ("W IS BI3CRA...) |

su.¢ fAfIS caisticalst

F) ATHFHFIA RTIRCAD FIOITA!

CEGI
Subject: Request for Approval — BTS Battery Replacement (Dhaka-South Cluster)

Dear Sir,

Greetings. I am writing to seek your approval for replacing the VRLA battery banks at 12 sites in the
Dhaka-South cluster. Test results show that 9 sites provide less than 1.5 hours of backup against the
4-hour design requirement.

Estimated cost: BDT ...; Planned completion: 30 days from approval. A detailed list is attached.
Kindly let me know if you need any additional information.

Best regards,
Name - Designation - Phone

o A SoorR R o113, SIORIe; QAN WIoRtt SURHS; SY/SRAT; AL ANTH/ (TG, Y ANIfY;
SHIBIEICHR Sr@y; ST Wt TG, Reply-All TobeT |
o) sifsie fo6fd /7 @ife=t / sitawa (Jizat)

o TP TR 8 OIfFY - AT 2 38 BT - [qW - T/ (TRMW/THIR) - 6 I (g > A1)
- SIf (RFTe/2A1F g®) - FF$, T, MY > WA (2ATIIST 30A) | (93 AIPAIGIR SITeA! SUIRger —
=7, oifFy, Ry ‘Ao [esfy 1)
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St F AT
IRIGIDINRCN IS NG| > IR T FArDe (Executive Summary)
g ST/ STy
L) I TN/TH TCACR
TATHA (51, 515, KPI
Rosser TV @ AT
R &1, <=0, ST, e
AAffe (BT, N3
q) SItel (T4IT @A

. (2T I1T; AFT OrF (WD FIZ (536 FET, (G35 T ICACT' 7); 7247 8 3TG; BLUF (Bottom Line Up
Front — T8 SISt IIATT #ITR); JCT6 A6, AFIEF AT Ty Wit BRI [T |

Su.b G CIIsHTIIS @ Torgtot

o SAFIAFIF FISITAL: INFT (TF + SO0*N) - o1 oft 26 - ST (STISTHA + #mewat) | "Tell them what
you'll tell them, tell them, tell them what you told them."

. FBG: 93 FIZCC AT L19N, TN GHEG, IS 0, T |

. TY 8 igels: oIS 8 [{JfS, @reem asies, Gren fF |

. ffBe: S Ao, SRS, Gty SRt 8 S SRoT (&, F, F) |

d0.q i 8 forsg I caisticaist

o SRS WSl EIFT - STNEUAT > SFHI/FIPIFT - SN T STNIANT - Heer-oqref (HEAT: Hear, Empathize,
Apologize, Take action) |

o Q[ 4T ST SR 5] R, S + ST ARy |

o WS s e 7931, ST Ao ;s st (SR W 206% Sfeely (R 20k’ vs e o
EA)

o FGas: SBI WG — Situation (FL/EAT), Behaviour (FF 4T (51Ty), Impact (1) |

SV.b ATHHIAIA i 8 fonsas

o GNRITS! (ATRF (TH), Too!, INAHIFSS!, WIfEg @8, g i, o sirway ot F41, IR 2SS
Foge! 8 GRRME |
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.5 TIRSIF Gy AFFS

| FleNT Ted i3+ (7A)
TS S9Nt I ©V0-Yo GTFT: AN/ - eYfere eaz/wfTewse! » & Gt
&4 GfF6w? TSI HATI6, M FSE6Ia warsifore giuwt, IT IQRA1, G Jearst

8fer w7 efera ief<y? SIS, @Tef, FRfSE, SBA &1, Wiifse MIMO (49T 8, b)
T G TANRA Fe? TR RO (FOET, TORTIES, Y8, MBI, “18TF), FHe 35271, KPI

B9 SN FHeiR? wafeera 5 a1, o Mg ©rst, csiersy, Swge
TTor? 7R 8 JIBI IOl + JSII GG FICZA
Sizelg i

SFA I3 a1 194, Applicant Form, SR##Iass 53 NG 61 BioA, S OT6 TOJIf© BOIPI 8 2
For ACATE-AIZST B NS IeAT TECE (STFANTII FIHNF 0v) — FIIG7a SfRrT AL |

SRt (MCQ)

1. CTISTIS! AfFAT 16 ST gt To1R Fa?
(F) T (¥) o
(5Y) STrETs (2) QIS

Ta: (¥) — For<s @Rt fAfee s |

2. AC-97 A1 ‘7w Y @RirT?
(=*) Concise (%) Concrete
() Complete (9) Courteous

Tad: () — Concise |
3. (I SCfAF catsieais?

(F) 393 (%) S5
(1) CBfATP FRHFAT () oTeT

TET: (U) — MRS I5/(BIdT Ol |
4. BLUF-93 51?

() Foms =TSy, [Ty () AT ST
(o) 8y GBRe () 2f3 =y

&@d: (F) — Bottom Line Up Front |

5. Grapevine J?

() SIPSIRF carsheast (%) =ifR<s 5%
(s1) FReon® (2) roars o

&g (F) — Informal communication |
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6. ATEFT AT WL 7Y (FR(G?
() A I FIOT
(51) COITL CISITIST

TG (F) — I BIGI ATFT HIT 77 |
7. fAt6a 116 J9TeTT ‘Concrete’ IAFF?

() PIorTIeT ¢ Aot
(s1) Site A-c3 RSRP -112 dBm), G (6 w%

Taq: (51) — s7een @ fAfger |
8. 3TARCA AN WJroath Il AT Sow?

(F) STy
(5Y) 31 (TGO

TET: (F) — SR 3 WIS |
9. S (ATF ALIAH A0 (FIF A917?

() Upward
(s) Horizontal

Tad: (¥) — Downward communication |
10. SBI fFoaI<s TGt ‘B'?

(¢) Benefit
(s7) Budget

Taq: (W) — Situation-Behaviour-Impact |

() ST et 5w zaTn
() o= FaT

() g ARG ST
() o Mg

(¥) et
(1) =00

(¥4) Downward
(=) Diagonal

(4) Behaviour
() Boundary
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ST S — Snicifoioes (s, IfS 8 oot

BH1AfATH*IN)

Aptitude Related Topic

TATBIOTT WL Fg TN 799 (ST G Gsit | s ST Bt @, =015 @ I F1 SuiRdel Wiy |
A SAfSTE SnERe (G [Hrer T |

34.5 *IoFdl (Percentage)

x% of y = xy/100 | I/ZT % = (RIS / =TT 1) *x 100
TR o9 I 8 319
W 20% JIGIF AT 20% FAC (6 AfFIST? 1.2 x 0.8 = 0.96 = 8% FCICG | A5FIG: +a% 3 —a% = (A6 =

-a2/100 % =-4% |

Sulzact: It g =9
SAfS ST ST 20 @TF Seo 2el I = (150-120)/120 x 100 = €% |

%4.% Ae-%fS 8 TS

AreY = (R - @F)/@FT x 100 | SP=CP x (1 £ %/100) | HifFe es=FrS6: (1-d1)(1-d2)

Sulagel: e
& boo, [T 530 = =% = 120/800 x 100 = 5¢% |

TulgAet: A3 fSAIreS
T 5000 BIFT; 20% 8 50% BG: 1000 x 0.8 x 0.9 = 720 = AFF TG = Ju% (0+50—(20%X50/500) = 3b) |

59,0 SFATS 3 TAoNS

Trlgact: s Sgoirs
A:B=2:3932B:C=4:5| BANH F9co: A:B=8:12,B:C=12:15= A:B:C=8:12:15|

SulgACt: 36
V00 BIFT 2:3:5 WFAITS SI9T: (B ©Ist = 10; F Sl = 350 = Q00, 50¢0, 5980 |

%9.8 SIS (Average)

ST = SRYTIF CTISIHT / AT
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Svirgel: AU W e

¢f 772479 91T 20 ((TSIHe v00) | OB IM et 51T Sb =T (I 857 (TsIwet a%) | IM ST 1Y = 100
-72=3v|

%Q.¢ VY 3 FIGT, ARA-BILF

A @t a A, B @t b T = @F5m = ab/(a+b) = | v Fre = 1/faw

Suirgel: AL FeT
A=12f", B =18 9 = @3 = (12x18)/(12+18) = 216/30 = a.2 i |

TigAet: Aot
BTG Y IO OF, WIGGIAL b 6T e IC; BT QISR YAE: 1/6 — 1/8 = 1/24 = 28 B |

»q.% sifS, vag, 9w

SIS =9 /N | km/h » m/s: x 5/18 | QF3 WACY 9 SIS = 2uv/(u+v)

Tuirge: 9 sifs
(TS wo km/h, fFacs 80 km/h (A3 91) = 51T = 2x60x40/(60+40) = 8 km/h (¢o FT!) |

Swigge: (G
seo B G ¢S+ 27 vo GIFTD = 5% = 15 m/s = 15 x 18/5 = ¢8 km/h |

Srrmaen: fisifeoyd G

520 m (v km/h) 8 bo m (¢8 km/h) RIS = | 5IfS = 90 km/h = 25 m/s; (B vEf 200 m =
Y = 200/25 = b CITHS |

9.9 9 3 b@giy; W

SI=P-rt/100 | A=P(1+r/100) | CI=A-P

Sulzad: Ju

P = 50,000, r = $0%, t = 3 I%4; SI = 2000; A = 10000 x 1.12 = 12100 = CI = 2d00 | #/1(FF =100 =
P(r/100)?|

%a.v I, Sersifae

Svirgel: IT7
fPrera IT7 Ftad © BY; 5 ITFT AT R Y4 | TAT IO ITA X: 3x + 12 = 2(x + 12) = x = 53 (FFror vy) |
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Tvirgd: fRare Sifwad
X2 =5x+6=0=(x-2)(x-3)=0 = x =2, 3| SLF: ax?>+bx+c=0 = x = (-b = V(b2-4ac)) / 2a; 3T
(I5THeT = —b/a, BIF = ¢/a |

5.5 FH-TI, STt 8 gt

P(n,r) =n!/(n-n! | C(n,r)=nl/(ri(n-r)!) | me=nll(p!q!r!) | IR = NP1/
G

Suirgel: sitng st
TELETALK-@ b &5%d; Tx2, Ex2, Lx2 = 8!/(21-21-2!) = 40320/8 = €080 |

Surage: FH6
50 T (ATF © T« A%13; C(10,3) = 10x9x8/6 = $R0 |

Tarrad: yft @t
CTISTPeT q REF AR WFF (1,6),(2,5),(3,4),(4,3),(5,2),(6,1) = b; (B b = S/Y |

%4.>0 TGIfifs 8 Afafsifs

o ORISR a2 + b2 = ¢2 (3-4-5, 5-12-13) | J&: GFawa nr2, AR 2nr | Hifers swea nrzh |- oerss 4/3
nr3 | fage Y%bh

SUIEA: I8
r=7cm = GFasd = (22/7) x 49 = >e8 cm?; #ifJf§ = 2x(22/7)x7 = 88 cm |

9.5 Y o5 fS (RféHaramea o=y o)

wIfis LIET B &%)
10 1010 A
45 101101 2D
255 1111111 AP
100 1100100 64

TS NS - IR AT 2 T ©rst, SIs1eIs 95 QAT 8 | 45 —» 45=22-2+1; 22=11-2+0; 11=5:2+1;
5=2:2+1; 2=1-2+0; 1=0-2+1 = 101101 | IP SNAGLT 8 fFHP60T FITe =t |
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va.5% F/ffae

e fAaw IITIT oW
2,6,12,20,30,? n(n+1) 42
3,6,12,24,7 x2 48
1,4,9,16,25,? 3sf 36
2,3,57,11,? onfas 13
1,1,2,3,58,7? ESIGIET 13
4.5 (GbI IGAfHE=I=

(Bf1/A/13T BI6 (Y o1 ATRIS, WS, 51G (@7 FI00 77| FT0: () TSFE (g (FS/58); ()
HCHI I, (9) WIFHRF B FIST FF W= Im 0 |

SurEa: (5SS KPI
TI: GII 98.2%, CFF 98.6%, W6 97.8% (CSSR) = 51T = (98.2+98.6+97.8)/3 = 294.6/3 = 5b.2% | (TF
QTF TG ATTIST = —0.8 *SILH-ATTH (ST ATTIST = —0.b5%) — "*TSILH-IATIG' 3 '*[SIH" T

»q.58 If& 8 Rrsgegs ot

o FIfSe-fSrIfSe: CAT » DBU (afS o567 +b) | fas: ¢ km &g, © km &, ¢ km "SIt (It 8F QA ©
km 9t |

o AIE: ST QTF A7 8 A6 (ATF SbOA=> WG =7+ 18- 1 =238

o FG-TE: "A 30T B-F IRF 9@ Q" = A, B-I FF (F94f51) |

- FienfErem: s M@ i, g e sie = "7 g e v w3

o FIETTIF: 58 WCFIF 03 JHIIF = Sb WG 0V = ST |

SN I
ST TMABIHET ATt 8¢-vo GBI @ 7T, WG GIte W= IHTT 21T (back-substitution)
T, (@It B PFE Wu= 77, oo 307 7= (@eifoe i sy ear «1Sw1 Rom=m ogm) |

St (MCQ)

1. I 2¢% IS 219 20% FAITA 16 2Af736=?
(&) ¢% I (%) 0%
(s1) &% BT (%) 8% I
Teq: (¥) — 1.25%0.8 = 1.0 = 0% |
2. & Yoo, f[TFT 2¢0 = #AT%?
() 0% (9) 2¢%
(57) wo% (") 5¢%

Twad: (¥4) — 150/600 = 25% |
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3. 90% 3 20% ST TG = 9FF IG?
() 88% (¥) 0%
(51) 80% (T) 8v%

Tad: () — 0.7x0.8 = 0.56 = 88% |
4. A:B=3:4,B:C=6:7 = A:B:C?
() 9:12:14 (¥) 3:4:7
(5) 18:24:28 (9) 9:8:7
Tad: (F) — B=12 &t3: A=9, C=14|
5. A o futd, B ¢ it e Ftg; aF s Fo a?

() e () v
(Nv (T) v2.¢

&g (4) — 150/25 =6
6. 20 m/s ¥© km/h?

(F) a8 (4) a3
(s1) »0 () 0y

Taq: (4) — 20%x18/5 =72
7. cats vo km/h, fFats vo km/h = 51 $if$?

() 8¢ (1) 80
(%) ¢o (2) ve

@& (U) — 2x30x60/90 = 40|
8. P = ¢000, r = 50%, 2 IRAT b1, T ?

() so00 (¥) soco
(57) S>00 (7)) 53d0

&8<: (4) — 5000%1.21 - 5000 = 1050 |

9.C(8,2)=7?
() dv (¥) b
(1) ¢y (9) 8

TG (4) — 8x7/2 =28

10. 'LETTER' *IT31d SP%d ST ST (L,E,T,T,E,R)?
() Sbo (4) ©wo
(1) azo () 20

[CICE () — 6!/(2!-2") =720/4 = Svo |
11. dd0): (AZAIF) = wifis?

() 55 (9) 5%
QIR (®) s¢

& (1) — 8+4+0+1 =13
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12. fsifan: 5, 10, 20, 40, ?

(FF) o (%) bo
(s7) Qo (=) 00
Tag: (4) — %21
13. BT (ATF >20W, 76 QATF 2007 = 1B Frwrdt?
() 0> () v
(51) vo (9) vo

Tad: (F) — 12+20-1 =31 |

14.x2 - 7x + 12 = 0-99 Y1?
() 3,4 (¥)2,6
(11,12 (=) -3, -4

6T (F) — (x-3)(x-4) |
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AAfaf*g

TA-STISTH - (G QAT - FRCFA-SIAFT - NG (G55

. ¥4 4 9F Gy

IELH ) T/ Surggd
dB/dBm 10 log(P2/P1); 10 log(P/1mW) 1W=30dBm; x2=+3dB
Shannon C =B logz(1+SNR) 20 MHz, 15dB = = 100.6
Mbps

TS (TR -174 + 10 log B + NF (dBm) 20 MHz = -101 dBm (NF 0)
A c/f 1800 MHz = 16.7 cm
FSPL 32.44 + 20 log d(km) + 20 log f(MHz) 2 km, 1800 MHz = 103.57 dB
TAAT fd=vf/c 100 km/h, 2 GHz = 185 Hz
PCM fs = 2 f_max; RBw0G = fs x [7G 64 kbps; E1 = 2.048 Mbps
IR N = i2+ij+j2; D/R = V(3N) N=7 = Q=4.58
SIR (Y ZBRACHFIAE) (D/R)"/ 6 N=7,n=4 = 18.7 dB
Erlang A = A h; B(E,m)=E-B(E,m-1)/(m+E-B(E,m-1)) E=10,m=15 = 3.65%
LTE 20 MHz 1200 SC x 14 x 1000 % bits 64QAM = 100.8 Mbps/layer
CPRI/SIICHT fs-2:15:(16/15)-(10/8) 30.72 MS/s = 1228.8 Mbps
NR SCS 15:2Au kHz; slot = Tms/27u p=1= 30 kHz, 0.5 ms
WCDMA Gp chip rate / bit rate 3.84M/12.2k = 25 dB
BDP BW x RTT 100 Mbpsx50 ms = 625 kB
HICSIARIATS SISt AsAz; PTIRTEET 1-(1-A) 2x99.9% || = 99.9999%
BUITIE Ah =1t/(DoD) x K 30A,4h=150-188 Ah
VoLTE payload = rate x 20 ms 12.65 kbps =32 B
Fresnel 17.3V(d2d2/(f d)) 10km, 7GHz = 10.3m
Hata 69.55+26.16 log f -13.82 log hb - a + (44.9-6.55 log hb) =~ 146.9 dB
(900,50m,5km) logd

2. IS AR Y (@G
e RAN FCGIE 28T co OB ST
2G BTS/BSC MSC/VLR MSC (CS) / SGSN HLR/AuC cS
3G NodeB/RNC MSC, SGSN SGSN/GGSN HLR CS
4G eNB MME SGW/PGW HSS VOLTE (IMS)
5G gNB (CU/DU/RU) AMF/SMF UPF UDM/UDR/AUSF VoNR / EPS-FB
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st. 3BITHA AINLTHE (MCQ-3 f3T rgsit)

BoITEA

S1-MME / S1-U

S11

S5/S8

S6a

Gx / Rx
X2 /Xn
N1/N2/N3
N4

N6

N11
N12/N13
Gm /Mw /ISC/ Cx

F1/E1/E2/A1/01
/02

NaUb|

eNB-MME / eNB-SGW

MME-SGW

SGW-PGW

MME-HSS

PGW-PCRF / P-CSCF-PCRF
eNB-eNB / gNB-gNB
UE-AMF / gNB-AMF / gNB-UPF
SMF-UPF

UPF-DN

AMF-SMF

AMF-AUSF / AUSF-UDM
UE-P-CSCF / CSCF-CSCF / S-CSCF-AS / CSCF-HSS

CU-DU / CU-CP-UP / RIC-CU/DU / Non-RT-Near-RT RIC /
SMO-@ETG / SMO-Cloud
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T AT A

MME = fSs1971e; U =
User (GBI

S8 = @ifie

Gx = Gateway-J ifft

N3 = oGt
PFCP

IMS
O-RAN



q. 1% Fot

e ) dfefast
AKA Authentication and Key Agreement
AMR-WB  Adaptive Multi-Rate Wideband
AUSF Authentication Server Function
BBU Baseband Unit
BTS Base Transceiver Station
CDMA Code Division Multiple Access
cp Cyclic Prefix
CSCF Call Session Control Function

CU/DU/RU Central/Distributed/Radio Unit

DNN Data Network Name

eMBB enhanced Mobile Broadband

EPC Evolved Packet Core

FDD/TDD  Frequency/Time Division Duplex

GoS Grade of Service

GSM Global System for Mobile

HLR Home Location Register

IMEI Intl. Mobile Equipment Identity

IMSI Intl. Mobile Subscriber Identity

LTE Long Term Evolution

MANO Management & Orchestration

MIMO Multiple Input Multiple Output

mMTC massive Machine Type Comm.

MSISDN Mobile Subscriber ISDN Number

NFV Network Function Virtualization

NR New Radio

NSSAI Network Slice Selection Assistance Info

OFDMA Orthogonal Freq. Division Multiple Access

PCRF/PCF  Policy & Charging Rules / Policy Control
Function

PGW PDN Gateway

PTP Precision Time Protocol

RAN Radio Access Network

WTHE  ofefot

AMF
APN
AuC
BSC
BTRC

CHF
CPRI
CSFB
CUPS
DoD
EIR
EPS
GGSN
GPRS
GTP
HSS
IMS
KPI
LvVD
MGW
MME
MSC
NAS
NGAP
NRF
NSSF
O-RAN
PDN

PLMN
QCI/5QI
RIC

Access & Mobility Mgmt Function
Access Point Name
Authentication Centre

Base Station Controller

Bangladesh Telecom Regulatory
Commission

Charging Function

Common Public Radio Interface
Circuit Switched Fallback
Control & User Plane Separation
Depth of Discharge

Equipment Identity Register
Evolved Packet System
Gateway GPRS Support Node
General Packet Radio Service
GPRS Tunnelling Protocol
Home Subscriber Server

IP Multimedia Subsystem

Key Performance Indicator

Low Voltage Disconnect

Media Gateway

Mobility Management Entity
Mobile Switching Centre
Non-Access Stratum

NG Application Protocol

NF Repository Function
Network Slice Selection Function
Open Radio Access Network

Packet Data Network

Public Land Mobile Network
QoS Class Identifier

RAN Intelligent Controller
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RRC Radio Resource Control RSRP Reference Signal Received Power

SBA Service-Based Architecture SDN Software Defined Networking
SGSN Serving GPRS Support Node SGW Serving Gateway
SIP Session Initiation Protocol SMF Session Management Function
SMO Service Mgmt & Orchestration SRVCC  Single Radio Voice Call Continuity
SUPI/SUCI Subscription Permanent/Concealed Identifier TAU Tracking Area Update
TDMA Time Division Multiple Access TEID Tunnel Endpoint Identifier
UDM Unified Data Management UPF User Plane Function
URLLC Ultra-Reliable Low-Latency Comm. VLR Visitor Location Register
VNF Virtual Network Function VoLTE Voice over LTE
VRLA Valve Regulated Lead Acid WCDMA Wideband CDMA

&. CIF 28 TBIF (GHIeIs

+ [04G EPC 8 5GC SRS BB AR RIS SiHs AR

[J Attach / Registration / VOLTE e 4I91STAT &N Jeico 1R

[J AKA (RAND, AUTN, RES/XRES, K,c\p) IRICT TeT0s #A1f

[1dB, FSPL, Shannon, Erlang, SIR, I5161& Ah — & I a0 “ifF

[0 NFV (MANO), C-RAN 4T O-RAN, F13f51 (S-NSSAI) IRcT Ie7ts 1

o [ AT BTRC, S5, MCC/MNC, 5G fNe1Isi/=128 el W Wity

[ NID 31 {4, eta=ora, T3/ (ifSe, FIAF 0 (WIS () AFS; AIHIEY WIS QAT BT qrr
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VTG (B30

wofb MCQ — 8¢ fRIfSTE T2, SIFIF BB (WA

T ST 425 (wofb - 8¢ ffAB), TB (Tt YA (AT ez ATEs e eI Wity — Fisiar M GIF) |
Q0%+ RCeT SIteTt 2FFS |

St (MCQ)

1. LTE-CS RTGIACE IP SHITGH ALFANS (FIF (@G (q97?
(=) MME () SGW
(1) PGW (9) eNB

T8<: () — PGW (5G-(S SMF/UPF) |

2. 5G =Ita 9SS mitTecea wificg &2

() SMF (¥) AMF
(st) UPF () NRF
T8 (4) — AMF |
3. (3 BBITHA SMF 8 UPF-(F & 3(a?
() N2 () N3
(51) N4 () N6

&8<: (o) — N4 (PFCP) |

4. IMS-a 1S ffsia 7 &I @16?
() P-CSCF () I-CSCF
(s1) S-CSCF () MGCF

& (51) — S-CSCF (iFC = AS) |

5. VOLTE-T ST (IFIFITaq QCI?

()1 (¥)5
(o) 8 (=9
e (F) — QCI 11
6. IMSI-a3 Stde6 fSfE6?
(F) vo () 52
(o) se () v
Tag; () — Se |
7. cofeiotdg MCC-MNC?
() 470-01 () 470-02
(1) 470-03 (70) 470-04

TG (9) — 470-04 |
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8.1 W s dBm?
()10
(51) 30

T (s7) — 30 dBm |
9. N = 7 5t1 D/R?

() 3.0
(51) 5.2

T8 (4) — V211

(¥) 20
(%) 33

(¥) 4.58
(7.0

10. E = 10 Erlang, m = 15 BJita«1 5t Erlang B 332 afra?

(=) 0.4%
(51) 10%

Tag: (¢) — fF=ef: 0.0365 |

11. LTE 20 MHz-Q RB 513471?

() 50
(s1) 100

T () — 100 RB |

(¥) 3.65%
(=) 25%

(4) 75
(=) 200

12. 5G NR 30 kHz SCS-a slot 51519?

(F) 1 ms
(1) 0.25 ms

Teg: (U) — p=1 |

(4)0.5ms
(") 0.125 ms

13. LTE > SHIGGAT, 20 MHz CPRI (36?

(F) 614.4 Mbps

(¥) 1228.8 Mbps

(s1) 2457.6 Mbps () 9.8 Gbps
$eg: (2) — 30.72Mx2x15x16/15%10/8 |
14. 0-RAN-a Near-RT RIC-a7 gI?
() <1 ms (¥) 10 ms-1s
(o) @z N6 () 9Bt
@ (4) — XApps |
15. FIF AYF& TIHATF TSI (ATF WA FI?
(=) SDN (2) NFV
(s7) CDMA (=) SDH
T8 (4) — NFV |
16. NFV-cS VNF SAIRSAIREA WIS Fa?
() NFVO (2) VNFM
() VIM (=7) NFVI

e (4) — VNFM |
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17. S-NSSAI-F SST = 2?
(<F) eMBB
(5) MIoT

T (¥) — URLLC |
18. MMTC-aF &5%] 943 ?

(F) 103/km?
(57) 108/km?

T\: (51) — S0 &5 |
19. LTE X2 SIS SSIAd GITY (HIF ST AL AT ?

() Path Switch Request
(1) Attach

@3 (F) — eNB » MME |
20. GSM MTC-¢S MSRN (& JIqIw%; FC4d?

(=*) HLR
(s1) BSC

T8 (4) — VLR |

21. SAFBE*Ita MME FIe5id At RES Gt Ft?
() RAND

(st) AUTN
T8 (4) — XRES |
22. 5G-CS QAT SUPI-T Iwte Fit TA?
() SUCT
(st) IMEI
e (F) — SUCT|

23. -48 V FItH 1.5 kW (AITSd FITI6?
(F)15A
(s1) 48 A

& (4) — 1500/48 |
24. 28 11 VRLA CFID (SIT66T AH?

()48 V
(1) 54 V

Taq: (51) — 24%2.25 =54 V|
25. SIP-9 ‘180’ S1?

(=) Trying
(s) OK

e (¥) — Ringing |

(¥) URLLC
(') v2X

() 10%/km?2
(g) 108/km?

(¥) Paging
() RACH Msg1

(¥4) VLR
(T) GMSC

(¥) XRES
(g) KASME

(¥) GUTI
(=) MSRN

(¥9)31.25A
(| 72A

(¥ 52V
(7) 58V

(¥) Ringing
(=) Busy Here
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26. BTRC (FI9 SNIRTAF WJq?
() CBIFATIISITTS =3 2005
(s1) Rgye =3

T@\d: (F) — 2005 |
27. JigeAITnTst 5G e =eETR?

(F) 05b
(57) 20%¢

T8 (4) — 2022
28. 20% 3 8 20% FITAI (16 FeA?
() 0%
(s1) 8% %
Teg: () — 1.2x0.8 = 0.96 |
29. A >3 fid, B > fita et Ftq; aF?

&) v
(N b
TG (¥) — 216/301
30. TELETALK Sr$aatal FIGIIF Soita?
() co8o
(57) 2¢R0
& () — 81/(212121) = 5040 |

(2) ICT =3 2000
() @Y =BT SH58

(¥) ©> T6 2022
(=) ==

(%) 8% I
() 0% I

() a.x
(9) o

(¥) 8ovzo
(9) soobo
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