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* 5G: New Air, New Architecture, New operation Pre-5G concept
(Industry Defined Network Slicing) «128 antennas
* Air interface technologies : e All-in-one: BB/RF/Antennas

SCMA. F-OFDM, Full Duplex, PolarCode
» 13.5Gbps@E-band over the air demo
*5G air interface able to adapt to service requirements

5G Radio Test Bed :
» Dual Connectivity(LTE+5G)

Multiple Connection
* mmW : pencilbeam, 7.5Gbps@ 28GHz « Up to 5.8Gbps@15GHz

(3D calling, Driverless cars, 10T)
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Enhanced Mobile Broadband

Gigabytes in a second _I_. N - .
3D video, UHD screens al I I I I Ig [

s IMT-2020
s " Msion s pptcn IMT-2020 Connect (IMT-2020

mart IW‘I—‘ FUture IMT Self Driving Car i n S h O rt)

Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

Peak Data Rate LserExpationced

Three major application scenarios b

“‘ User experienced
3 datarate

Traffic Connec Latency Mobility Energy User Spectru
density tion efficien experie m
density cy nced efficien
data cy

/ bili
rate 7 Mobility

Ultra-reliable and
low latency
communications

10Thbps/ 1M/Km2 1ms Al 500Km/ 100 0.1~1G 2/3/5? 20Gbps?
Km2 h times bps?

KPI Feature Diagrams
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Seamless Wide-Area Coverage Low-Latency High-Reliability

- Air interface latency: 1 ms
- End-to-end latency: ms level
- Reliability: nearly 100%

Low-Power Massive-Connections

D et

& : a8
- I b :
“ "h‘ = el Sl A

Sy &3
S

- Connection density: 106 / km?2
- Ulira-low power consumption
= Ulira-low cost

- User experienced data rate: 1 Gbps
- Peak data rate: Tens of Gbps
- Traffic volume density: Tens of Tbps/km?




Bring agility into implementation of each network
element from core network to access network

Green

Heighten the efficiency in utilization of any
resources supporting wireless communication from
the network side to the user terminal side

Super Fast

Provide Immersive and tactile user
experience in any predictable extreme scenarios.
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"\ Rethink Shannon

te To start a green journey of wireless systems
Network centric design : :
’ Rethink Ring & Yong

Spectrum efficient only

, / For no more “cells”
L

arge data packet optimized

_— Rethink Signaling & Control

: To make network application/load aware

: ~Environmentally intrusive

Rethink Antenna
To make BS invisible

Global optimized trade-off

Rethink Spectrum & Air Interface

To enable wireless signal to “dress for the occasion”

(IEEE Comm Mag, Feb. 2014)
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A New Eco-System for 5G

Soft 5G
-

SDN/NFVa

FInvisible

‘goftwa re BS

Defined Al

Traditional stakeholders

Cloud-
RAN
_ CMCC, Vodafone, DoCoMo,... New stakeholders
- Ericsson, Huawel, ZTE, ALU, Nokia, ...
- Qualcomm, Marvel, MTK, SPR, ... ' '

b - Intel, ARM, Xilinx, Altera, ...
L0 Lh, - IBM, Inspur, Lenove, Cisco...
Verticals, Individual - Windriver, Vmware,

_ - Open Source community
Consumers Service venders on the soft/open - premises owner

platform (OTT, MVNO, ...)

- Freescale, Ti, ...
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GSMBS TD-SCDMA TD-LTEBS  Service VM
B3 CDN/
Software Software Software
Stack K K Web
ac Stac Stac cache
o oooooor ™ ooooooooc PP Goooooooc oy
. Virtual Machine Pool/ RT-Guest OS (Linux) E
E RT-Hypervisor :
: IT HW platforms (x86, Power, ARM) :
| oo R oo IO :
M - --cooooooooooocosooooo AN

Baseband pool

Real-time Cloud
for centralized
processing

High bandwidth
""""""""""""""""""""""""""" ! optical

Centralized Control and/or transport
. Processing i
i » Collaborative Radio |

« Real-Time Cloud
 Clean System Target
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Cell only exists when user comes

f userl User2
= I ser T ser
. vBBU1 I| vsa@ Pool

&

(//_%‘\\ Ccgod Cce D
" RRU1 RRU2 [ m\“*»

*@ — W ml’-

User 1 User 2 o |
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Classical Network AppllanceApproach NFV ApproaCh |
Independent ~ 0
) 05 S
: : Software Vendors 333
Message Session Border A V:/ANt' . pireal || ictual | ‘ﬁ g %
Router Controller  Acceleration S| e C53
DPI Firewall Radlo/leed Access Tester/QoE Orchestrated,

Network Nodes automatic & remote install.

High volume standard servers

SGSN/GGSN PE Router Carrier
Grade NAT .
* 200 members from both IT and telecom industry since its foundation on Oct. H |gh V :

of 2012
* Multiple WG/EGs, e.g INF, SWA., MANO, PER, REL and SEC.
* Have released 5 ISG-level documents to the industry, including architecture, — Re—
use cases, terminologies, requirements and PoC promotion. H|gh volume Ethernet switches

Source: ETSI NFV ISG
10
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World-first L1+L2+L3 live migration demonstration 71 « Front-end: CPRI termination
RVII\_/IL+OA1 ) Y. Linux: special optimization to
EPC DrSC:rX SmarTile improve real-time performance
D < * LTE stack: OAI + virtual machine
Commercial « Commercial EPC, UE
UE
(Samsung) . | » Integrated with SmarTile
1
" Spectrum . |« BS configuration & management

’
1
! analyzer [|--- modules
\

- (Keysight)__!
e e 20MHz, 2 antennas

soft BBU SmarTile

* Based on OAl, yet significant improvements via SW T :
architecture re esigng& various gptimization Highlights:

¢« 5MHz -> 20MHz LTE * LTE in VM without acceleration

*  World-first L1+L2+L3 live migration

+  Peak DL throughput (45Mbps, Config. 3, single port) demonstration
*  FFT module processing time saved by 1/3 *  Optimized down-time performance of 10ms
. . . order of magnitude
. Dgnamlc dDL r(esdpurce sc)hedullng to support adaptive
Video coding (edge app. * No service interruption during LM

* Host->VM +  1/Q data soft handover during LM

* OAlIl setup a new branch for C-RAN (Sep. 2014, . .
https://ser\).eurecom.fr/openairsvn/opengir48/branches/cran) * ___Memory sharing to allow high-speed 11

~AarmmiinicAaATinnm AW roonod.ond ~rar ('S aSNnl



https://svn.eurecom.fr/openairsvn/openair4G/branches/cran
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CPRI

@

CPRI for 5G? Probably NOT
— Too high data bandwidth
— Scalability issue to support 5G evolution
— Lower efficiency due to TDM mode

@ Initial work in SDOs
— NGMN conducted initial function split solutions for
LTE

— Newly founded TF in IEEE 1904 WG, to address
the CPRI encapsulation in the form of Ethernet
packet;

— Newly founded project in CCSA to study the
requirements, scenarios and the key technologies

— Discussion in ITU-T and IEEE TSN recently

Rethink FH

— Traffic dependent to enjoy and enable statistical
multiplexing for FH transport networks

— Decoupling cell processing and UE processing
— Decoupling UL and DL
— Support key 5G technologies, e.g. LSAS, CoMP
etc.
A new FH requires joint design from both
wireless and transport perspectives
— Function split b/w BBU and RRU
— Careful transport network design to address the
latency, jitter and in particular, synchronization
requirements
More radically, could we relax the critical CPRI
requirements (e.g. 0.002ppm sync. req.)?

T



Initial study on BBU-RRU function split for
LTE
Design principle:

— Traffic-dependent BW adaptation

—  Statistical multiplexing

— Multiple mapping relationship b/w BBU
and RRU

— Independent of antenna number

Initial verification of the feasibility of
CPRI over Ethernet
— Simple point to point connection

— CPRII/Q sampling -> Ethernet packet of
512 Bytes

— 1588v2 for RRU phase sync.

China Mobile
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Cell Processing

T

cp :

R Rem. T
iF

CcP 'F

&

| Add. H H Resource Mapping ]

UE Processing

PUSCH Processing per UE

PUCCH Processing per RB

PDSCH Processing

PDCCH/PBCH/PCFICH/PHICH

GPS
RRU CPRI Front- 10GE
(ALU) end card
1PPS& 10MHz 10G
SyncE
Switch
Commerci RRU CPRI Front- 10GE
al UE (ZTE) end card
1PPS& e
10MHz
VM+0OAI
EPC RT Linux+ | .PCle Sync & 10GE Si/(r’SE
(ZTE) Driver data NIC e iteh
10MHz

WP on Next-generation Radio Interface (NGRI) ongoing, to be published by
NGRI Forum planned for Q2 2015 (contact: Auangjinri@chinamobile.com)

13
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All Spectrum Diverse

Access _ Scenarios
5G Alr

Fragmented spectrum N\ f loT/MTC: massive small I
resource I N ter ace asynchronous burst connections
« Various channel ’ S:Jozzrt;ggg_rate low-latency

characteristics : _
« RFissues + Tactile Internet: real-time Cyber-

« Antenna Size physical control

NG J \ High Speed Train.... /

14



“One” for all

Software Defined Air Interface (SDAI) greirevrlmfeec-i

All programmable building blocks & parameters

Adaptive Frame structure
Modulation
and coding
Processing Mode

Multiple
Access

Antennas Protocols

Waveforms

Spectrum

15
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Large scale cooperation over modules is necessary
- Massive MIMO, Large Scale Antenna System

Non-uniform antenna array
- Pixel antenna for Chinese
characters
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v' Every SmarTile with 2 channels,
16.5cmx10.5cm in size
v" 15 SmarTiles to form Chinese character

“I:P"

UE and PC

. Y v BBU+ SmarTile+ 2 UEs
. | v" Air interface or cable
|

: Beam ping demo .
8 Channels
LTE source + Interface

board + SmarTile + Multi-
channel SA

LTE source and interface
board

BBU and Camera
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e 5G Vision: Mobile Internet + IoT

 5G KPIs: Performance + Efficiency
« 5G Themes: Green, Soft, and Super Fast
« 5G Technology Pearls: Rethink Fundamentals

« Qur Strategic R&D Topics:
- C-RAN
NGRI
SDAI
LSAS with SmarTile

New Era = New Service
<2 New Technologies & New Business Models

20



