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CopepxaHue Kypca:

.  BBepneHue B [NOP.
II.  OCHOBHbIE TEOPETUYECKME BONPOCHI NpoekTupoaHus MNOP.
. Peanunsaumsi Ha XXeCTKoM 1 NporpamMmmMmnpyemMom roruke.

V.  [lporpammupyemoe paauo.




l1l. [1porpammmpyemoe
paauo.

OCHOBHbIE onpeaereHnd

MHoropexumHoe NMOP (Multimode) -> HECKOMNbKO CTaHAAPTOB CBA3MW.

MHorogmnanadoHHoe NOP (Multiband) -> HECKONBbKO YaCTOTHbIX
AnanasoHOB.

Radio Front End —aHanorosas obpaboTka.
Radio Back End — annapaTtypa 4n4a cBA3n aHanorosou n uMdppoBomn YacTeu.

Digital Front End — annapaTHas peanu3auns anroputmo LIOC aons
CUrHanoB Ha BbIXOeE.




l1l. [1porpammmpyemoe
paauo.

OCHOBHbIE XapakKTepUCTUKnN BXOAHOIo CUrHarsia

[lencTBUTENbHbLIN CUrHar

Hwn3kas mowHOCTbL — 0 -107 abm

bonbLion gnHammnyecknn ananasoH — o 15 npbm
Y3KOMOSOCHbIN CMEKTP C HecyLMMn Yactotamm ot 0.8 go 6 'L,

OCHOBHbIE XapaKTEPUCTUKN BbIXOOHOIO CUrHana ans umdpoBon YacTu

KomnnekcHbIn curHan (I/Q — KOMMNOHEHTHI)
[Nonoca curHana go 40 MlTy




l1l. [1porpammmpyemoe
paauo.

TpeboBaHua k BY-4actn npnemHuka

- CurHan gomkeH HaxoaMTbCs Bbillie LIYMOB ansa obecrneyeHunsi XopoLuen
BER

- BbICOKOMOLLHBIE CUIHarbI HE OOIMKHbI Neperpy»katb KOMMNOHEHTbI
npuemMHuKa

- BbICOKOMOLLHbIE CUIHarbI B COCEOHMX KaHanax He OOIMKHbI BMUATb Ha
NPON3BOANTENBHOCTb

- Bo3MOXHOCTb peanun3oBaTtb anropuTM B BUAE MHTENPUPOBAHHON
CXEeMbl C MMHMUMAarnbHbIM KOFTMYECTBOM KOMMNOHEHTOB
- Hwunskoe sHepronotpebrneHmne
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[Mpsamon nepeHoc (Direct Conversion)
Gain 80dB
— X ’\DC‘ audio,
LNA BPF ¥ / digital,
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Synthesiser (frequency equal to the
centre frequency of desired channel)
[MpenmyLuecTBa:
1) Hwn3kas cnoXxXHocTb
2) [Nogxogut ans peanu3auun Ha NC
3) [lpocTble TpeboBaHUA K
dounnsTpam
4) [lopgasneHue 3epKkanbHOro KaHana

caenaTb npotue




. [1lporpammmpyemoe

paauo.

[Mpsamon nepeHoc (Direct Conversion)

HepocTtaTku:

1)
2)

3)

4)

TpebyeTtcsa reHepaTop YacTOTbl, KOMMOHEHTbI KOTOPOrO akKypaTHO
cbanaHcupoBaHbl N0 aMmnInTyae U dase Bo Bcen 0651acTn 4YacToT NpueMHuKa.
CurHanbl Ha cMecuTensx AOMKHbI ObITb cbanaHcnpoBaHbl U paboTaTthb B
OOCTaTOYHO LLUMPOKOM YaCTOTHOM AnanasoHe.

[TpoTekaHme cocTaBnsAlWmin reHepaTopa Yepes cmecutenos u MUY byget
N3ry4YaTbCs C aHTEHHbI N OTPaXXaTbCs 0OpaTHO B MPUEMHUK. DTOT CUrHar
byneT BapbMpoOBaTbLCS B 3aBUCMMOCTU OT XapakTEPUCTUK cpeabl, rae
yCTaHOBIeHa aHTEHHA. OTOT U3MEHSIOLLMNCA BO BPEMEHM COBUI MOCTOSAHHOM
coctasnsoLwen (DC offset) BbiI3BaHHbIM CaMOCMELLUMBAHUEM (self-mixing)
aBngaeTcd npodnemon.

Bonbluas YacTtb ycuneHma NnpuxoanTcsa Ha 1 YaCTOTHbIW AnanasoH, co3fgaBast
noTeHuuan ans HectabunbHOCTN.




l1l. [1porpammmpyemoe
paauo.

CynepretepoanHHbIN NPUEMHUK (Superheterodyne receiver; Multiple
Conversion)

P Q channel for further
i processing
: Y

IF Amplifier 3

m{ > ADC|—e DSP
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£90°

~ i 4 I channel for further |
; i - . i
\J | processing :

Variable LO e——

- Numerically
@ controlled local
oscillator

...................................................................................

[penmyLlecTBa: Digital IF
1) Xopowasa n3dunparensHoOCTb
2) YcuneHue pasgeneHo Mexay HECKOSTbKMMN KOMNOHEHTaMN, paboTaloLlwmnmmy B
pasHbIX YaCTOTHbIX AnanasoHax
3) [llepeHocC Cc HecyLLleN OCYLLECTBISAETCA Ha HEKOTOPYO PUKCUPOBAHHYHO

yacTtoTy. CbanaHcmpoBaHHbIe cuUrHanbl TpebyeTcsa obecnevnBaTb TOSMbKO ANd
9TON PUKCUPOBAHHOM YaCTOThI. 10




l1l. [1porpammmpyemoe
paauo.

CynepretepoanHHbIN NPUEMHUK (Superheterodyne receiver; Multiple
Conversion)

HepocTtaTku:

1) BbICOKas CIIOXXHOCTb

2) MoxeT NnoHagobuTbCA HECKOSTbKO CUrHaNoB reHepaTopoB
3) Tpebytotcsa cneunanusnpoBaHHble MNP,

11




l1l. [1porpammmpyemoe
paauo.

Apxutektypa ¢ Hu3kou MY (Low IF Architecture)

[MpenmyLLecTBa:
1) [lpobnembl NOCTOAHHOW COCTaBNSAOLWEN CXEMbI C NPSAMbIM NMEPEHOCOM

peLLatTcsl, CoXpaHas 6ONbLUIMHCTBO NPEUMYLLIECTB 3TON CXEMBI.
2) MeHbLUasi CNOXHOCTb, YeM CyNepreTepOANHHbBIN MPUEMHMK, HO DonbLuasi, Yem
cxema c NpPAMbIM NePEHOCOM

HepocTtaTku:

1) TpebyeTca nydllee nogaBrneHne 3epkarnbHOro kKaHarna, YeM B CXeMe C NPAMbIM

NepeHOCOoM.
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l1l. [1porpammmpyemoe
paauo.

CDI/IJ'IprbI nepenaryinka m npunemMHmnKa.
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These filters perform
similar functions

Linearity specification of these
amplifiers will be high

Receiver

blocker filter

\
Bandwidth of these filters will be approximately
equal to the channel bandwidth

Linearity of these amplifiers
will not be critical

2
Y
7
Y

IF amplifier

channel delining filter 82 8

N
These lilters will be identical
and probably realised in DSP
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l1l. [1porpammmpyemoe
paauo.

[Mpssmon nepeHoC B nepegartyuke.

1Q modulator

&

Q DAC s,
DSP '>—>
: £90°

[MpenmyuwiecTtaa:

1) Hwu3kas CrnoXHoCTb

2) [Mooxogut ans peanusaunu Ha NC
3) [lpocTbie TpeboBaHMA K ursTpam

4) [MpobGnemsbl cBsiI3aHHbIE C 3epKarbHbIM KaHANoM peLlaTb NpoLle, Yem B

OPYruMx cxemax

HPA
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. [1lporpammmpyemoe

pagvo.

[Mpssmon nepeHoC B nepegartyuke.

HepocTtaTku:
1) CwurHanbl Ha cMecuTensax OOMKHbI ObITb cbanaHcnpoBaHbl U paboTtaTthb B
OOCTaTO4YHO LUMPOKOM YacTOTHOM AnanasoHe.
2) CwmecuTtenu gomkHbl paboTaTb B LUMPOKOM AMana3oHe 4acToT
3) Heobxoanmebl cxeMbl IMHEapU3aUnmn yeunurtens, paboTatowme B LLMPOKOM
avanasoHe 4acToT.
4) YTeudKa c reHepartopa Yyepes cmecuTesrib ByaeT nanyvyarbCs C aHTEHHbI.
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l1l. [1porpammmpyemoe
paauo.

MHOXXEeCTBEHHbIN nepeHocC B rnepenartymke.

From DSP
o
—DAC >— T ®—
TENGA
A
Channel 2
filter %
/00° HPA
s A
—»{DAC >- A @
N
From DSP Variable 1O
@ Fixed LO
[MpenmyLlecTBa:
1) [lepeHoC Ha HecyLLyH OCYyLLECTBNAETCA C HEKOTOPOWN PUKCUMPOBaAHHOM
4acTOThl.

2) CbanaHcupoBaHHbIE curHarnbl TpebyeTca obecrneumBaTb TOMbLKO AS1 3TOM
domKCcnMpoBaHHOM 4YacTOThl.
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l1l. [1porpammmpyemoe
paauo.

MHOXXEeCTBEHHbIN nepeHocC B rnepenartymke.

HepocTtaTku:

1) BbICOKas CIOXHOCTb

2) MoxeT noHagobuTbCA HECKOSTbKO CUTHaNoB reHepaTopoB
3) Tpebytotcsa cneunanusnpoBaHHble MNP,

18




l1l. [1porpammmpyemoe

pagvo.

MuoromepHasi mogens NOP.

User Request for
New Service or
Capability

Software | —
Downlead F

SBR provides flexibility in
service specification to the cnd
user.

SBR provides market and
service differentiation to
service providers/operators.

SBR provides flexibility in the
deployment of new
techmologies to the network
operator.

SBR provides flexibility to
radie designers as an
implementation technique.




l1l. [1porpammmpyemoe
paauo.

OnpepneneHus.

[MOP — nporpammHo-onpenensiemoe paano (SDR)
KP — korHntmneHoe paano (CR)

Congnition — N03HaBaHMe (pacrno3HaBaHue,
n3mepeHue)

Sensing — CYUTbIBAHUE (U3MepeHUne)




l1l. MNporpammumnpyemoe
paauo.

TeneBn3NOHHbIE AMana3soHbI.

;
'

Number of White Channels Available

B o-11 [ ]12-23[ ]24-32
[ 33-39 [ 40-47




l1l. [1porpammmpyemoe
paauo.

Spectrum sensing

UNDERSTANDING

« reliable context charactenization

* best response strategy related to user needs
(radio resources, wireless services)

SENSING

real time wideband monitoring
(context acquisition)

RADIO
ENVIRONMENT

ACTION

transition Lo new operating

parameters




l1l. [1porpammmpyemoe
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Spectrum sensing (M3MepeHne, pacno3HaBaHue cnekTpa)

MAC LAYER

SPECTRUM SHARING

COOPERATION

SPECTRUM MANAGEMENT

SPECTRUM RENTING

SPECTRUM
SENSING

GEOLOCATION

ADAPTIVE MODULATION

& CODING

DYNAMIC FREQUENCY SELECTION

PHYSICAL LAYER

TX POWER CONTROL




Il. [Tporpammmpyemoe
paauo.

Sensing-understanding-action
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Il. [Tporpammmpyemoe
paauo.

Full Cognitive Radio
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l1l. [1porpammmpyemoe
paauo.

Full Cognitive Radio

SPECTRUM MANAGEMENT

LAYER TWO

COOPERATION

DYNAMIC SYSTEM/NETWORK ACCESS

LOAD BALANCING

SYSTEM/NETWORK DISCOVERY

SPECTRUM GEOLOCATION

ADAPTIVE MODULATION

& CODING

SENSING

DYNAMIC FREQUENCY SELECTION

COOPERATION

PHYSICAL LAYER

TX POWER CONTROL
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|IEEE 802.11 n OFDM
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l1l. [1porpammmpyemoe
paauo.

|IEEE 802.11 n OFDM
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l1l. [1porpammmpyemoe
paauo.

One uplink slot T,y
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Transmission bandwidth
configuration Mg B 15 25 50 75 100




l1l. MNporpammumnpyemoe
paauo.

OFDMA n SC-FDMA

QPSK modulating
data symbols

15kHz  Frequency fe
OFDMA
Data symbols occupy 15 kHz for

one OFDMA symbol period

Sequence of OPSK data symbols to be transmitted

Frequency

SC-FDMA

Data symbols occupy Nx 15 kHz for
1/N SC-FDMA symbol periods




l1l. [1porpammmpyemoe
paauo.

Downlink Resource Grid

slot slot
X T |’/J
Control Information L Broadcast Channel
Coding Transport
lteDCIEncode 1lteBCH
lteDCIDecode lteBCHDecode
Modulation Modulation
1ltePDCCH ltePBCH
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Resource indices Resource indices
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Hybrid ARQ Indicator Shared Channel
Coding Transport.
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Control Format Indicator ltePDSCHIndices
lteCFI
lteCFIDecode General
lteDLResourceGrid

N

1tepcf1cn lteDLResourceGridSize
ltePCFICHDecode lteOFDMModulate

. j lteOFDMDemodulate
esource inaices
ltePCFICHIndices

subframe




l1l. [1porpammmpyemoe
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Uplink Resource Grid

Control Channel Format 2
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1lteUCIEncode
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