5G Internet

Networking Reconfiguration and Virtualisation Support
CeTeBble HACTPOWKM U MOAIEPKKA BUPTYaIU3AIUU

Network Function Virtualisation

BupTtyanunsauusa CeteBbix PyHKUum (NFV)



Network Functions Virtualization (NFV)

MHnumatmnea NfV
*  AHoHcuposaHa Ha meponpusatumn “SDN and OpenFlow World Congress” B ropoge Darmstadt, B oktabpe 2012r

[Mpeanocbinku:
*  Passutue obnayHbIX TEXHONOMMM
*  YBenuyeHue npou3BoauTeNnbHOCTU X86
* CraHpaptusauus U nosceMecTHoe ucnons3osanue Ethernet
* TexHonoruv asTomartusauuv NpesocTaBneHus ycnyr
OxXuaaHus OT BHEAPEHUS
*  YmeHbweHue CAPEX n OPEX
* bBbicTpoe passepTbiBaHue ycnyr
* [ubkocTb B NpegocTaBneHun ycnyr
He siBnsietcst SDN, HO MOXeT ucnonb3osartb TexHonorum SDN—API, KoHTponnepbl




YCcnyru crneayroLlero nokoneHus

HoBble BO3MOXHOCTU AN Ou3Heca ¢ ucnonb3osaHmem texHonorun SDN n NVF

MexxaomeHHasa opkecTpauus
* ABTOMatu3auusi — oTkpbiTas nnargopma ans uHterpaumm VNF 1 npunoxeHuni
» [Noaaepxka TpagULMOHHOW U BUPTYanu3npoBaHHOW CETEN

* BO3MOXHOCTb KOHTPOIS KITMEHTOM
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Virtualised substrate with network functions
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Virtual Managed Services (VMS)

CueHapum obecnedeHus aocTyna

Cloud VPN Cloud MPLS Cloud IWAN
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OyHKLUMOHanNbHaa apxutektypa VMS

OyHKUMOHaNbHaa apxutekTypa peLlueHus
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ApxuTtekTypa Cisco VIV
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ypoBeHb kavecTBa obenyxveaHus (QoS) Quality of Service Control

Network Resource Provisioning Hacmpoiika cemeswvix pecypcos

“« e« Pathi rooted at IR1 === * Path2 rooted at IR1 o w= Path3 rooted at IR1
w—— Pathd rooted at IR2 w— = PathS rooted at IR2 IR'ER: Ingress/Engress router

we we PathGrooted at IR3 = «= « . = Path7rooted atIR3  mpedodmd D ud Traffic flows

[Hlustrations of resource sharing inside a network.



A use case architecture for scalable resource control scenarios in the 5G Internet.



HoBbIli noaxon K pecypcy 4yepes BblaeneHUsi pecypcoB

MexaHun3am nHterpaumm SDN u
NFV

Control Information Repositor (CIR) ¥Ynpaenenue xpanunuwem ungpopmayuu
Service Admission Control Policies (SACP) norumuxa ynpasienus npuemom cepsuca

Network Resource Provisioning [Ipedocmasnenue cemegvix pecypcos

Control Enforcement Functions Konmponv ¢pynkyuu binoiHeHus
Network Configurations

Network Operations



Mean spectral efficiency (bVs'Hz)

Small Cells for SG Mobile Networks
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What are Small Cells?

SviroRments

Small cell types.
Typical power range
# concurrent users
Type Typical deployment supportied Indoor outdoor Range
Femto  Primarily residential Residential Femto:  10-100mW  0.2-1W teas of meters
and enterprise 4-8 users
ERVIFDRMERLS Enterprise Femio:
16-32 users
Pico Public areas (indoors)  64-128 users 100250 mW 1-5W tens of meters
outdoors ; airports,
shopping malls, train
stations)
Micro  Urban areas to fill 128-2568 users - 5-10W Few hundreds of
MACIo COVErage paps meters
Metro  Urban areas to provide 250 users - 10-20W  hundreds of meters
additional capacity
Wik Residential, office and <50 users 20-100mW  02-1'W  Few tens of meters
enlerprise




lIporHo3 pa3BeprbiBaHHA «MaJibix coT>» B Mmupe, 2011-2016
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WiFi and Femtocells as Candidate Small-Cell Technologies

Buabi «manbix cor» (small cells) u» TMNMUHbIK paauyc AeHCTBUE NO CPAaBHEHHUID C MAKPOCOTaMH
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Tunosbie chepbl HCNONb30BAHHUSA «MaNbiX COT» W MEpPaAPXHUS CeTeH




deMTOCOTA




IIukocora (picocell)

Flexi Zone G2 Pico base station




OCHOBHbIe
MOCTaBLLUKU

KnioueBbie BEHA0PbI S3KOCHCTEMbl ManbiX COT

“Cor

33aKOHYeHHble peweHus (End-to-End)

NSN, ip.access, Cisco, Alcatel-Lucent,
Ericsson/BelAir, ZTE, NEC, Public Wireless

Huaweil,

Touku poctyna (Small-cell access-point)

Ubiquisys, ip.access, SpiderCloud, Airvana, Netgear, Juni
Global, Airspan, Juni

MocTaswmky 3nemenToB onopHou cetu (Core-network
providers)

Kineto Wireless, Axis Teknologies, SpiderCloud

MOCTaBWMKN NPOrPAMMHLIX PELIEHMI U KOMNOHEHTOB
(Software and component providers)

Picochip/Mindspeed Technologies, Broadcom/Percello,
Continuous Computing, Texas Instruments, Freescale,
Qualcomm, Radisys, Cavium




[lona NMKOCOT B CTPYKTYpPe pPbiHKa Manbix cot, 2011-2016
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ona MmanbixX COT B pacxofax onepartopoB Ha ceTu pagumogocryna, 2006-2016
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BbIE KPMTEPMM PAAMON/IAHUPOBAHUS

",; Wam HerarMsHoro 8o3aencrana Ha Makpo yposeHb, T.€.

2 mnmm unrepdepenus i SON yMEHDLUEHHS SINR
M«mnuml YXyAWeHHA snaveriis KPI (HO failure, call failure, » 7.n.)

B 2 YayuweHue Kavecrsa paborbl ceti C yyeTom Aobas/ieHna YPOBHA MasbiX C

« YBenNeHHe @MKOCTH
= 'Vnywonuoonma nonvsosarens (User experience)

3. MuHMMM3AUMA CTOMMOCTH M BPEMEHM pa3BepTbiBaHMA

- OnTimancHoe pasmelwenne CanTos
= ONTHMANDHOE PelWeHHe NO O8ECneNerH o TPAHCMMCCHM

4. UccneposaHue Hopm 6e30nacHOCTH

= Pasmewenie Mansix COT JONKHO YAOBAETEOPATD HOPMAM NPEAEBHO J0NYCTHMOM MOLHOCTH



FOYEBBIE 3AZAYM
AAMOM/IAHUPOBAHMA MA/IbIX COT

~'bdmue 3aqaum, pewaembie 8 NPoLecce NNaHpoBaHuA:

- BoiBOP ONTHMANBHOrO MECTONONONEHNA MA/ION COTBI B COOTEETCTBMM C AKTYANBHOM
0BCTaHOBKOM

- FAPAHTHPOBAHME KAYECTBA CEPEMCA C MOMOLWBIO TEXHONOT ik BOPbBbI C uHTepdepeHumen

- [apaHTHPOBaHHE YNPABAEHUA CETHIO, YYMTBIBAA BO3pacTaee KOMYECTBO XIHAOBEPOB
Metro<>Macro

- OnpeaenienHe ONTHMANBHOM 30HbI AGHCTBMA ManoM CoTol ANA 3 DeKTUBHOMN Pasrpy3ku MaKp
yPOBHA

- Onpeaenenme s3aumoaencrema Metro<>Macro Ha PyHKUMOHANBHOM YPOBHE (noaaepikKa
HetNets)

- Onpegenenue 4OCTYNHOCTH / HAACKHOCTH BbIXOAHOM MOWHOCTH M TPAHCMUCCHMU
- Hacrposka 6anarica uplink - downlink

- Momnuponuue PaaHO NOKPBITHA MANOK COTbI C BHELUHEM AHTEHHOM, HaXO0AAWEMNCA HMKe
KPbiW 33aHMk



WiFi crangapr 802.11ac u WiGig

Cranpaprt Wi-Fi

802.11n (3x3)

54 450 1300
CkopocTts (M6ur/c)



Wupuua Max

Cranpapr lopg AwnanasoH KawWana AHTeHHan CKOpPOCTh
IEEE npunatua  (Mu) (MIy) Mogynauua TexHonorma  nepegauu
802.11b 1999 24 20 Ml (CK - 11 Mbur/c
802.11g 1999 5 20 My OFDM - 54 Mour/c
802.11a 2003 24 20 My (CK, OFDM - 54 MbuT/c
. MIMC, MU-MIMO,
802110 2009 24;5 20,40  OFOM{mo6: oo 4noroos, 600 M6i/c
QAM) Reamforminn
MIMO, no
802.11ac - 5 40, 80, 160 8;23‘ (R0 256 8 NoTOKOB, 6,93 lour/c
Beamforming

8621 1ae - 60 2160 SCOFDM Beamforming 6,76 [ou/c



Cuenapwit kondurypauun WLAN  (kopocTb B KaHane O6wan Tun
(PHY-Yposenn 0SI),  nponyckHaa  nonb3oBaTenbckoro

Wupura Touka Cranuma® Méur/c cnocobHOCTD, obopynoBanua
KaHana, mm“a MG"T/ C
My Konwuecrso antenn
1 1 433 433 Pyyubie TepMUHany!
80
2 2 867 867 flanTonsi, NnaHWweTsl
] 1 867 867 Py4Hble TEPMUHANGI
160
2 1730 1730 JlanTonbi, NNAKLLETE
4 - 867 K kaxaoM Cranyun 3470 Pvyubie TepMUHaNt |
21 867 PyyHbie TepMUHKAr b,
RANTONK NRAMINLTH,
160 2 1730 MK, obopynosauue
(MUMIMO) ¢ gg:agg;m) wdposoro T,
- 3470 SC/OFDM NPUCTaBKM, set-top-box

42 1730 - Nanvonet, nnanwesi, MK,
n N obopynosaxue undp. 18



AxTusHas Auurpnuua

KoupenuwonanoHan antenna [lepexniovaemas anTenna AAANTUBHARA aHTeHHa



Pa3nuuua ctaHpgaptos IEEE 802.11ac v IEEE 802.11ad
(WiGig)




Single-User MIMO Multi-User MIMO

Serves one device at a time Multi-user beamforming (MUBF) serves
multiple devices simultaneously




TexHonorus popmMrupoBaHUs HAIPaBJIEHHOTO CUTHAJa
(beamforming)

Today’s WiFi 802.11ac Beamforming Technology



crangapt 802.11ad
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w- WiGIg 60 GHz technology coexists and complements
ug existing wireless systems already being used in the home
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Cooperation for Next Generation Wireless Networks
O0benuHeHue /151 0eCMPOBOAHBIX ceTell ceaynero moKoJeHusl






