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TexHonornn umdpoBon COTOBOW
CBSI3U U TeneBeLwaHns

Jlekuuna 4

TpaHKMHrosas cBsi3b: OCHOBHbIE MOHATUS U NPUHLMNDI.
ApxnTtekTypa n pagnounHtepdgenc cuctem TETRA n APCO 25.



TELUM”

TPAHKWUHIOBAS CBSA3b.
OCHOBHDbIE NOHATUA W
NMPUHLMIDbL.

TELUM”



TpaHKWUHIoBasa CBA3b

TpaHkuHr (trunking) — meTton paBHOro goctyna aboHEeHTOB K oOwen Ans HUX rpynne
KaHanoB CBSA3W, MPU KOTOPOM KOHKPETHbIN KaHamn npeaocTaBnsaeTcs aboHeHTy ans
Ka)kOoro ceaHca CBsi3M 3aHOBO.

TpaHKUHroBble CUCTEMbI CBSA3M — CUCTEMbI CBSI3M, OCYLLECTBMALINE aBToMaTU4eckoe
pacnpeneneHne KaHanoB CBsA3W Mexay aboHeHTamu. [Mpu aToMm pacnpeneneHne KaHanos
MOXXET ObITb Kak LieHTpann3oBaHHbIM, TaK U pacnpeneneHHbIM.
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icTopus TPaHKMHIOBbIX CUCTEM CBSA3M

[lepBble cCUCTEMbI — aHaNorosble (Camasi pacnpocTtpaHeHHass — MTP
1327, 1988 ron).

B oanbHewnwwem ocywecTBgeTcsa nepexon Ha unmdpoBble CTaHaapThl:

EDACS (Ericsson) — nepBas ungposas TpaHKMHIoBaa cMctemMa CBS3N.
* TETRA (OTKpbITbIM CTaHAApPT)
*  APCO P-25 (OTKpbITbIX CTaHAapPT)
» TETRAPOL (Matra)
iDEN (Motorola)
*  ACCESNET-D (Rohde & Schwarz)

nap.
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TpaHKMHIoBble ceTU. ApXUTEKTYPaA
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TpaHKMHIoBble ceTU. ApXUTEKTYPaA
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TpPaHKMHIoBbIe CeTU

[lpeooctaBnaemMblie yCnyru:

* MHOMBMOYanbHble BbI30BbI (CMMMNEKC / AynnekKc)
° TPYNMOBbI€ BbI30BbI (CO BCEMMU YNeHaMu rpynmnbl)
* LUIMPOKOBELLaTENbHbIE BbI30OBbI

* BbIX0A B OObIYHYIO TENEdOHHYIO CETb
(NMpoBOAHYHO/COTOBYHO)

* nepegavya KOpPOTKMUX COOOLLIEHNI
* nepeaada gaHHbIX (B TOM YMCne BbIXOd B UHTEPHET)
* pexnm pabotbl 6e3 6azoBon cTaHUUK (direct mode)
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TETRA. Victopusa pa3BunTug

OTanbl pasBuTuSa ctaHaapTa:

*1990:
*1991:
+1995:
+1997:
+1998:
+2000:

standardisation start

standard based on TDMA technology with 4 timeslot and 25 kHz band
standard first phase completed

standard second phase completed

first systems installation

presence of 32 TETRA network in 21 countries

+2009: 114 countries using TETRA systems in Western Europe, Eastern Europe, Middle
East, Africa, Asia Pacific, Caribbean and Latin America.

PaspaboTtkon 3aHumanace ETSI (The European Telecommunications Standards
Institute). OHK xe paspabatbiBann GSM, nostomy TETRA BO MHOrom ocHoBaHa Ha
TEXHNYECKUX peLLEHNAX U pekoMmeHaauunsx ctaHgapta GSM
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TETRA. OcHOBHble oTnnduga ot GSM

GSM System

TETRA System

Designed for public cellular
telephony.

Designed for professional mobile
radio applications.

Based on Frequency Division
Multiplication Access (FDMA)

Based on Time Division
Multiplication Access (TDMA) —
Economy on frequency spectrum

Not suitable for emergency services
(Call set up time ~ a few seconds).

Suitable for emergency services due
to very fast call set up time (300 ms)

Do not maintain privacy and mutual
security.

Maintain privacy and mutual
security.

Direct Mode Operation(DMO) is not
possible.

Direct Mode Operation(DMO) is
possible, which supports voice and
data transmission without a Base
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TETRA. Obnactn npnmMmeHeHus

* Military

* Police and paramilitary forces
* Fire Force

* Railways

* Communication in Rural areas

* Public safety
« AOC, 'BC, waxTbl n T.A.
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TETRA. CTpykTypa paanoKaHasna

Pabouyne gnanasoHbl:
cneucnyxo6bl — 380-385/390-395 Ml
KoMMep4eckune opraHnsauum — 410-430/450-470 MI'u n 870-876/915-921 My

KaXxabI YaCTOTHbLIWM KaHan nMmeeT WupuHy 25 Ky 1 pasgeneH Ha 4 BpeMeHHbIX crioTa
(TDMA).

1 2 3 i 60

Multiframe (1.02s) [~ 2 3

................. 17
control
TDMA frame (56.67ms) frame
[ 1 3 | 4
Time slot (14.167ms)
= 510 modulating bits
1 2 3 4 5 | 508 1509 | 510
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TETRA. CTpykTypa paanoKaHasna

* 4 |ogical channels
» Speech calls use one channel

 Data calls can use up to 4 channels (Data transfer rates up to 7.2 kbit/ s
per channel)

i Four user channels interleaved
ﬁ into one 25 kHz carrier
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TETRA. CTpykTypa paanoKaHasna

Data Rate (kbitps)

Number of

Timeslots 1 2 3 4
No

Protection 72 144 216 288
Low

Protection 4.8 9.6 14.4 19.2
High

Protection 2.4 4.8 7.2 9.6
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Typical TETRA Network Architecture
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TETRA. Internal Interfaces

NHTepdencei:
ISI (Inter-System Interface) — Mmexay pasnuyHbiMn ceTammn TETRA;

* AIR IF — mexay 6a3oBou cTaHUuen n Ms;
¢ TEl (Terminal Equipment Interface) — mexxgy MS n K

DMO — mexay HeCKornbknmm MS.

DMO
ARRIE sV




TETRA. All Interfaces

®00 3 Pub“C S
Data =
Network
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Conventional
Systems

Base
Stations

Trunking
Networks

Conventional

A . Customer Care &
PMR Networks Billing Systems
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TETRA. Call types

TETRA call types

* Private call (individual call)

* Phone call (PSTN or PABX call)
» Group call

« Broadcast calls

 Emergency call

Any of the above types can be an emergency call
Highest level of call priority, may pre-empt other users
Call type and called party are pre-programmed
Operated by pressing dedicated red emergency button
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TETRA. Simplex Calls

« Simplex Calls
— Mobile is either transmitting or receiving
— Requires operation of PTT switch (Push To Talk)
— Talk time is usually limited, typically 1 minute maximum

— Group calls are always simplex
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TETRA. Duplex Calls

» Duplex Calls
— Mobile is transmitting and receiving (like GSM phone call)
— Does not require holding PTT to continue transmission
— No talk timer
— Phone calls are usually but not always duplex
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TETRA. Group Calls

TETRA Traffic case - Group call
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APCO 25. cTtopua pa3Butud

APCO - Association of Public Safety Communications Officials (Accounauns
npeacTaBUTENEN CUCTEM CBA3K CnyX6 obLiecTtBeHHOM 6e3onacHocTu), USA.

Pa3spabotka Benacb B 90-e roabl (90-93 rr)

da3sbl pas3paboTku:

* Phase 1 refers to P25 requirements and standards for a digital common air
interface (FDMA) using a 12.5 kHz channel and for the supporting system (i.e.,
radios and infrastructure).

* Phase 2 refers to P25 requirements and standards for a digital common air
interface (TDMA- or FDMA-based) using a 6.25 kHz channel or equivalent
bandwidth and for the supporting system (i.e., radios and infrastructure)
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APCO 25. lNpumep MS (Motorola
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APCO 25

[lpeoocTaBnsiemble yCrnyru:

* MHAMBMAYanbHbIE, rPYNMNOBbIE, LUIMPOKOBELLATENbHbIE BbI3OBbI
* O[HOBPEMEHHAadA nepegaya ronoca v gaHHbIX

* nepegadva KopoTKMX COODLLEHNI

* nepegadva gaHHbIX (C noaTBEPXOEHMAMN N Be3 NnoaTBEPXKAEHUN).
* pexunm paboTtbl 6e3 6azoBon cTaHUUK (direct mode)

P25 is defined for two different working modes:

* Conventional: provides a simple infrastructure system that normally
repeat radio calls from one frequency to another.

* Trunked: a controller inside the infrastructure provides intelligence to
manage call set up, subscribers roaming across the system, channel
assignment,...
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APCO 25. CtpykTypa KaHana.

MHOXeCTBEeHHbLIN OOCTYMN C YaCTOTHLIM pasgeneHnem
(FDMA).

[ocTyn BHyTpY 0HOIo YaCTOTHOMO KaHana:

« [ONs ronioca — ecnuv KaHasn ceobofeH, To nepenato (Npu nepegaye
peyn 3aHMMaeTCca BeCb KaHan);

* ON9 JaHHbIX — ecnun KaHarn cBoboaeH B TedeHne orpeaneneHHoro

BpemMeHwu (FSSP), To nepegato nakeT (npoueaypa NoBTopaeTca Ans

Kaxxgoro naketa). MexaHmam goctyna — CSMA ¢ HaCTOMYMBOCTbIO
1.
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APCO 25. CtpykTypa KaHana.

[lepegaya ronocoBoro NOToka AaHHbIX

Superframe 360 ms 3456 bits >

«—82.5 ms 792 bits-»« 180 ms 1728 bits >l 180 ms 1728 bits ———— —> 150r45ms i«
HDU LDU1 LDU2 AL L TDU
Header Data Unit Logical Link Data Unit 1 Logical Link Data Unit 2 Terminator Data Unit

Figure 4-1: P25 Voice Message Structure
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APCO 25. CtpykTypa KaHana.

[lepegaya nakeToB AaHHbIX

Status Symbols as required

/ 2 bits after every 70 bits \

70 bits " 70 bits | 70 bits " 70 bits || 70 bits " 70 bits " 70 bits || 70 bits

expand with status symbols

Rate 1/2 Trellis Encoder

if Unconfirmed
................ -

Rate 1/2 Trellis
Encoder (196,96)

Rate 3/4 Trellis Encoder
if Confirmed

=12 octets for unconfirmed
M = 16 octets for confirmed

Break into Fragments

Figure 4-10: Data Packet Unit
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APCO 25. Network Architecture

RFSubs emA Base Station o .
Ma M Fixed Station Racio ~ Mobile Radio

Interface S"L::' \\
@ mmeeusw\RFmtanB ,_,,_
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