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Global mobile data traffic

2438 25 ( EB/Month) M2M: 2.68B1 (0.52B-2.68B)
Wearables: 469M1 (109M-578M)
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Global Mobile Devices & Connections
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Continuous emergence of new services and application scenarios
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Re-invention of the Mobile Phone
trigger the era of Mobile Internet

T o
@ SRR

2014, CMCC’ mobile data traffic has increased by 115.1%

O 0.47 Billion users &2014 (0.54 B@2013) O 246 Million users@2014 (238 M@2013)
O 0.9Million BTS 9,006 O 0.50Million BTS

0153 Millionw4G users
(fa'l\ii@April)
- DOU: 2.7x; ARPU: 1.4x
5,268 00.86Miillion TD-LTE BS
(.685M Macro, 0.175M Indoor)
Data by 2015.4
O 250 Million users

1Q 2[]-31;_n 1 Millionz'[l}DrLTE BS

O 4.41 Million AP@@2014 , At the end of 2015
The largest 4G network worldwide
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2 IBEs L e e
' China Mobile -
Revenue 2013 2014 IR 2013 2014 IR
64 1 4 B China
630.2B A Telecom 321.68 32448 090%  17.55B 1778 0.80%
(RMB)
1.8%
China
Unicom 205048 28478 -3.50% 10418 12068  15.80%
(RMB)
201 3 2014 DoCoMo o %
- 44612038 4383.397B  -170% 4647298 4100938  -11.80%
Profit
121.7B 121.7B (S\;\(/TC)N) 166028 171648 3.40% 1610 B 1799 B 11.80%
e 1287528 132.447B 287% 18553B 65188  -64.90%
-10.2% (BEE)
;’Uesrg;’“ 120550 8 127.079 B 5.41% 114978 96258  -16.30%
DEUTSCHE
2013 2014 TELEKOM 60.18 60.7B 1.00% 288 248 -14.30%
(EURO)
Profit -5.6% @ 2015Q1 (T:L'Je;g’)“ca 4518 503778 11.70% 2238 3.001B  34.70%
c

How to Embrace the New Era?
Era of Industry 4.0 & Internet+

THE FUTURE IS LANDING New Markets
9P > New Services

- 9 < ® New Requirements

- New Technologies
New Eco-system

- New Business Models
New ...
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Immersive
Seamless

Tactile i - e '“-'-_;, SN Ultra Dense

Massive

Ultra Reliable ®

® o 10F 3 -3 | A, |

Seamless Coverage, Hot Spot High Capasitysiowspoweriassive-connection, Low-latency Ultra-reliable

New design principles, new key technologies, ...

Fiber-like access “Zero” latency Up to 100
data rate user experience Billion connections
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Consistent experience Smart optimization based 100 times improvement

under diverse scenarios on services and users sensing  in energy and cost per bit
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Requirement study” "

trends

“ Huawel  Alcatel-Lucent @ cesa
Mokha Siermens
neNa TE 2013 20142015 2016

m .- 5G new technology .
| ‘

_collect and evaluation

2017 2018 2019 2020

“Information a finger away, everything in touch”
“ERBELE , BYFR
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Whitepaper, IMT-2020 PG, 29 May 2014
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~Peak Data Rate

V4
Mobility (f/Radlo Latency ?

Minimum guaranteéd
Data Rate
ta Rat

Peak data rate

= 10 Ghps

Minimum guaranteed
user data rate

= 100 Mbps

Connection density

1 million connections/km?

Traffic density

=10 Thps/ km?

Radio latency

< 1 millisecond

EZ2E latency

millisecond level

Mobility

up to 500 km/h

Spectrum efficiency (bps/Hz/cell or P

bps/Hz/Km2) 5~ 15 time
Energy efficiency (bit/J) 100+ times
Cost efficiency (bit/Y) 100+ times

Whitepaper, FUTURE Forum, 06 Nov. 2014

d Mobile Broadband

g

@

Gigabytes in a waco

GD video, UHD scrwany
Wioek and play in the cloud
Seart HomeBuilding:
;u tirvetud rmality
ritical

Indusry sutomation

Naming:

« IMT-2020
* IMT-2020 Connect (IMT-2020
in short)

Massive Machine Type
Communications

Traffic Connec
density tion
density

Latency

10Tbps/
Km2

1M/Km2 1ms Al

Mobility

500Km/ 100
h

Three major application scenarios

Energy
efficien
cy

times

KPI

Ultra-reliable and Low Latency
Communications

User Spectru
experie m

nced efficien
data cy

rate

0.1~1G
bps?

2/3/5? 20Gbps?

Draft version of ITU-R M.[IMT.VISION]

Feature Diagrams

12
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Technical
Performance
Requirements

LTE and new RAT

« Sls for evolved LTE and/or new RAT
including relationship between evolved

J

MRAN

« After December, work could be started
in WG level ba

sed on output outside

SA

Use (

* Good input for RAN and
other SA WGs

| N

A/RAN Joint

“IMT-2020"
proposals

“IMT-2020"
specifications

o

* Further
Enhancements

]

Session

» Wis/Sls

05262015

13

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.

14
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= b b Spectrum efficient only

lte Network centric design

Rethink Shannon

Large data packet optimized

) ~Environmentally intrusive

Global optimized trade-off

“Towards Green & Soft: A 5G Pe

bleswireless signal to sion

pegtive” IEEE Comm. Mag. Vol. 52, No.2, 2014

* EE and SE relationship from traditional Shannon theory

P

R =Blog, | 1 . A
osg, [ + NOB} 1
s °r

1 7 v - B 1) b Trade-off Between

MNee = o st EE & SE
No 278 —1 s :%(bps / Hz ) 2
* More factors exist in realistic systems T e

— Circuit power

— Transmission overhead
B7ge

Tee [P NGB (27 —1) 1 p »

.

| & |

o 1 P 5 3

B
SE (bps/Hz)

== e e No longer simple trade-off

“Fundamental Properties of the EE-SE Relationship”, IEEE WCNC2014,

16
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» For NM=L and independent N and M cases
— Given SE, there exists optimal N which yields highest EE
— Given SE, there exists optimal M which yields highest EE

— Antennaltransceiver On/Off

+ The BS can be designed with the maximum number of N and M under given SE requirement range,
and
» Enhance EE performance via antenna /transceiver On/Off based on the SE requirements

» Green point EE optimization
» For NM=L case

* There exists optimal N which maximize the green point EE

» Forindependent N and M case “Large Scale Antenna System with Hybrid Digital
+ The green point EE is monotonically increasing with N and Analog BF Structure” in IEEE ICC 2014
17

Iz
) Coverage range

0 O Macro-cell
\' o Micro-cell
O User

EE/SE R&D Framework
» From theory to practice
* From equipment level to

service level \ — )
° Key teChn0|OgieS evaluation “Network Deployment and Operation Based on Spatial and
Temporal Traffic Model”, IEEE ChinaCom, Aug 2014
Service- o -
o T

Network-level

Entity-level

Equipment-level

EE theoretical bound ’ ,Fig& EE?ES%Wa;é‘rfm:]anc;

MU-MIMO & Spatial NOMA SCMA &OFDM
“Energy Efficiency Optimization for Fading MIMO Non-Orthogonal
Multiple Access Systems,” ICC 2015. 18
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Douglas H. Ring & W. Rae Young
1947 at Bell Lab

CovEm SHEET PR Tecisncas MenoRANDS Unified broadcast

wce, WOULle Telephony « Wide Ares Coverage - Case 30564

/
£2

transmission

UL data
transmission

Amorphous Cells Concept
Multiple layers Signaling & Data Decoupling DL&UL Decoupling

DAS, Relay, HetNet, CoMP... From Network-Centric to User-Centric

19
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C-RAN : Revolutionary Evolution of RAN

« Common platform, software
based solution

» Live (soft) computation
i resource transition

. - S Inherent cooperation

High bandwidth
Base Station 1 Base Station 2 Base Station 3 Base Station n
(PHY+MAC) (PHY+MAC) (PHY+MAC) (PHY+MAC)

optical transport

PHY/MAC PHY/MAC PHY/MAC PHY/MAC

Real-time Cloud for

Distributed
configurable
wideband RRU

network
Hypervisor

GPP based Platform

BS virtualization
* Whiter Paper, “C-RAN: The Road towards Green RAN,” V1.0, 2010; V3.0, 2014, China Mobile

20
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Scheduled Resource Contention based Resource allocation
" Medium Access & Data frame J
I i pata |

PHY header
13 P i, S Overhead:
A Overhead: *  Guard interval
«  Control channel + Collision
onnectionles Connection

m Stegion Orien i

o

o

~

=

}_

o ity ‘ TumPoint  Normalized Load

DSR ratio of current network
“Small data optimized radio access network signaling/control design” ICC 2014

21

Vehicle Network Wearable Devices

Concentrator ‘ é ______ El

————— »74 N

Eaas_ﬂ_g s%mr& new Al

“Trillions of nodes for 5G?!” |EEE ICC2014

22
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Large scale cooperation over modules is necessary
- Massive MIMO, Large Scale Antenna System
(LSAS)

W

Non-uniform antenna array
- Pixel antenna for Chinese
characters

Chih-Lin | 12
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“One” for all
Software Defined Air Interface (SDAI)

All programmable building blocks & parameters

Adaptive Frame structure
and coding

Processing Mode

Service-
Oriented

Green &
Soft

Multiple
Access

25

o

Typical network architecture for 5G:

upport robust mobility
= * Compatibility

2

0.5ms

System bandwidth 1.4MHzZ,3MHzZ,5MHZ, 10MHz,15MHz,

—-Multiple layer coverage « Existing Frame Structure sbemeracne
e — e
: Ensure coverage o S (B i
duration  Extended (16.67)x6 us.

hEE

China Mobile

- - - S —— : .
/ ) g ) L\____ N soms
“Disruptive Frame Structure r':.—:_ [ :- T ‘*.;?.Mi_‘:::._.'.. [T T 1] B
--- Satisfying 5G new requirements . Tt N
.Low latency (<1ms) R G a5 e @ wem
« High data rate (10Gbps) 10 e
— e s>

System bandwidth 75MHz,100MHz,5 MHz,125MHz,250MH z,500MHz ﬂéll:?ﬁ e 3
Subcarrier spacing | | I ,,,,,,,,, | I | I .........

Number of symbol per
slot

cP
duration

High data rate

Number of slots per
subframe

Flexible

Large bandwidth

Slot Duration

Coordination

frame Duration

Number of frames per Low latency
superframe

Superframe duration

“Perspective on New Air Waveform Design for 5G Small Cell” IEEE VTC2014 §2r

Chih-Lin |
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Low cost "Data Only” small cell carrier with the help of Macro

Dense small cells: Challenges « Solution: Simple, low cost, “data only” small cell
» Mobility support: frequent handovers v Only UL/DL data channels
» Signaling overhead: increase with cell density v Only UL/DL data related reference signals

All control in Macro:
Access, sync, RRM, handover control

I Nata Anh

No PSS/SSS, No CRS v'Coarse/Fine Synchronization; v'Utilize User-Specific RS for measurement and detection;
v'Discovery and Selection, incl. carrier specific v'UL Listening and Calibration with help of Macro
measurement supporting handover
v'Initial UL power setting

No MIB/SIB Small Cell Specific Info Delivery Delivered from Macro by Specific Signaling or Broadcast
No PRACH Initial and Continuous UL Sync UL Listening and Calibration with help of Macro

No v'User specific data scheduling v'Transmitted via Macro

PDCCH/PHICH/PCFIC  v'Small cell specific paging v'Small cells and Macro joint calibration

H/PUCCH v'Data transmission ACK

¥'Channel measurement feedback
“Macro-Assisted Data-Only Carrier for 5G Green Cellular Systems” IEEE Comm Mag., May 2015

27

DD: Re e the difference between TDD and FDD

Transceiver Structure for XDD
frequency """ [ ] ittty B e
/ ! H
frequency i [ T channel 1. (1) | |
| —a—3—3—2 uL U i i
i Rx channel 1 (f1) | ! <]
E Rx channel 2 (f2) i
t——¢( ¢ —(—6—4d || A T Achamel selection
UL+DL l DL+UL l UL+DL I DL u uL H DL
.4 .24 p 4 iy U ’ Duplex mode controller 'Wantennamapping

y 4
UL H DL+UL I UL H DL+UL I UL+DL

10123uu0)

BUUBJUER-[UURYD

/\frequer;lc-sl)?D

on

i -duplex (HD)

]
Inter-user interference avoidance

Networking with XDD

“Full duplex, coming into reality in 2020?” IEEE Globecom?2014 e

Chih-Lin |

05262015
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R&D Theme : GREEN SOFT Super Fast

~
EE/SE based Rethink Shannon
Green Theory
. J
e \ . .
Rethink Ring&Youn,
Network g g ]' No More cell
Architecture Rethink Signaling&Control
5G New Al Rethink Spectrum& Air In terface
Multi-Ant. Rethink Antenna S DAI
System J
.

«SW simulation platform : New Al, New NA, New evaluation criteria, Link/System

« HW evaluation platform : Massive MIMO ( SmarTile ) ., SDAI, Full-duplex

29

NMC: No More “Cell”
SDAI: Software Defined Air Interface

20

Chih-Lin | 15



IEEE 5G Summit

Core Network
SDN/NFV
- Transportation
\ network -

N e e e e e e e e e e e e e e ———— — e e e e e e e e e e e e, e, e, === =~

05262015

Unified RAN architecture + Common high layer protocol (User Centered Network: UCN)

SDAI(Adaptive radio access)

Low Freq.
lved RIT 3 - )
— Low Freq. New | High frequency | Massive-MTC | Mission-Critical
RIT RIT RIT RIT
Seamless wide-area Hotspot and high Low-power & Low-latency &
coverage data rate massive-connections high-reliability

21

Ce=d

RRU1 é

22
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@ LSRR
Proposed to extend NFV scope to include RAN
. . NFV Approach
Classical Network Appliance Approach PP
-~ : ; - Independent o
l"'° - Software Vendors ms 3
- . o g oS
M CDN Session Border WAN z2og
essage I Acceleration z22g
Router — Controller rBD <5
EE U= o ”
= ] o :
Firewall Radio/Fixed Access Tester/QoE | Orchestrated,
Network Nodes monitor automatic & remote install.
SGSN/GGSN PE Router Carrier High volume standard servers
Grade NAT .
* More than 240 members from both IT and telecom industry since its ngh VOlu_m_e Standa_rd: storage
foundation on Oct. of 2012
* Multiple WG/EGs, e.g INF, SWA., MANO, PER, REL and SEC.
* Have released 11 ISG-level documents to the industry, including architecture, . "
use cases, terminologies, requirements, etc. High volume Ethernet switches
. 1 fini 2
Phase 1 finished, now under phase Source: ETSI NFV ISG s

@\¢¥5ﬂl

China Mabile

Phase 1: pure vertical virtualization structure

L1/L2/L3 of a carrier in one VM, OAI nature

Phase 2: migration from traditional BBU to GPP platform and VM

Part L1 of each carrier in accelerator

Remaining L1 and L2 of each carrier in one VM

W

L3 of a BBU in one VM (including all carriers, according to traditional BBU structurg, |

Phase 3: Hybrid structure for CoMP and future 5G stack reconstruction

g gr~n v asas

Hardware AB C(CPR ]

Physical Server

| | I | — e v
vM vM vM
t L1 19 )
part ‘ part L Hypervisor/VMM
e ‘ Haraware [ Ao ] |
| saraware [ oan g |
Physical Server

24
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World-first L1+L2+L3 live migration demonstration

EPC

soft BBU

SmarTile

Based on OAl, yet significant improvements via SW
architecture redesign & various optimization

*  5MHz->20MHz LTE
*  Peak DL throughput (45Mbps, Config. 3, single port)
*  FFT module processing time saved by 1/3

. a&ggrgig d%lgrfesdogtgcéepgf‘)heduling to support adaptive

¢ Host->VM
OAl setup a new branch for C-RAN (Sep. 201

. 4
httgs:éésvn.eurecom.fréogenalrsvnéogenalm ébrancﬁesgcran )

05262015

& HEEH

China Mabile

*  Front-end: CPRI termination

Linux: special optimization to

SmarTile

improve real-time performance

e LTE stack: OAI + virtual machine

N '
Commercial + Commercial EPC, UE
UE
(Samsung) . |+ Integrated with SmarTile
I
" “Spectrum i |+ BS configuration & management
analyzer r---- modules
1

_ (Keysight)_,

*  20MHz, 2 antennas

Highlights:

LTE in VM without acceleration

World-first L1+L2+L3 live migration
demonstration

Optimized down-time performance of 10ms
order of magnitude

No service interruption during LM

1/Q data soft handover during LM

Memory sharing to allow high-speed

& HEEH

China Mabile

. Cloud platform brings great new possibilities with the ideally infinite capability and scalability by virtualization

. However, it requires redesigning SW architecture to exploit the potential

. Traditional SW architecture is not future-proof
—  Carrier as the basic processing unit

- "Hard”
card

—  Limited support for cell coordination
—  Poor support for 5G' s “softness”
. Design principle
—  Scalability: to accommodate more carriers
- Performance: in support of 5G tech.
—  Flexibility: to accommodate “No More Cells"

- Multi-network support: basic architecture for SDAI
(Software-defined air interface) realization

nature: a small number of carriers for each channel

Chih-Lin |

. Some ideas on the SW architecture for LTE in virtualization
environment

— Signaling control VM

—  Packet processing VM

- Centralized scheduling VM
- Air interface processing VM

air interface
processing per

EPC eNB
A b
x2 g
g g

centralized
scheduling

<— Data —&

air interface
processing per

carrier carrier

26
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Chal lenges for future interface/transport network NGF| considerations

The objectives of NGFI,

___________ ! * Enable statistical multiplexing for FH
* Decoupling cell proc. & UE proc, and UL&DL
¢ Support 5G key tech., Massive MIMO etc.

Real-time Cloud for
centralized processing

High bandwidth optjcal
transpor_t netw

CPRI" —NGF | The key is function re-split between BBU and RRU,

4| P2P connection & re-design of underlined transport networks
Low-efficiency,

assive carr ers

High ti Ethernet as promising (Low-cost & Flexible
(9. 8Gbps for each carrier2 with 20M&8 Ant.) ‘e C?néur?p ron P 9( )
Ny | |nflexibility * NGFI encapsulation , IEEE 1904 WG
smaTos |t (2-3 Jun in Beijing hosted by CMCC)
.
) R [ e Latency enhancement , TSN
Hs— * Synchronization, |EEE 1588WG & ITU-T
I '\ n@ Ri
g& \ h 1st NGFI WS will be co—located on 4. June
'.: Macro Cell ‘ e "
Pico Hotspot -
Distributed Antenna Centralized Antenna = gIETmEE ngmn @
\ ncing Technology e i
Massive antennas (160Gbps for 128 Ant.) Humanity L o .V
37

& i858
SDAI building blocks
Channel Multiple .
1
SeD?r::n i Coding — Access Plil)c:?sain — Waveform — Frame — RF —
g &Modulation Coding g
] i i i 1 i 7y
A
Data Plane Configuration
Control Plane
Service type Traffic Volume
& Scenario density
- Ty
Context st > Intellicent Controll SE & EE System
Information . ntelligent Controller Latency Utility
Connections
o Q - Coveree

“Software Defined Air Interface: A Framework of 5G Air Interface” IEEE WCNC2015

38
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Data Bit i
Interface _ | =i Gl < Multiple Access patia : Filtering
Modulation Processing [ Structure DAC
; SCMA/MUSA, wsas NV /=2 S . L__ o
. NOMNPF)MA Hybrid digital-analog Pilot and System
e P signalization
i N G o A
i Service type & scenarig
- | Context csi Loy .| System Utility
! |nf0rmati0n Connection Coverage FunCtion
I e e e e e e e e s e s e Syt = =
Data Bit
Interface

Demodulation &
channel decoding

29

Towards a collaborative 5G Era

4
Industry , ‘I | K;

Smart Home i '7_‘ Agn:ul:ure. ¢
- =
Wearable Devices ¥ o '
ik, (9=
ealit Hospital

-\‘? f' Educaion

nterainment
.K\‘ =

Cloud Office ) =
) Trafic

Augmentedreaity B T1TH ’ E
Igh Finance

Enviranment

40
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Traditional stakeholders
- CMCC, Vodafone, DoCoMo,...
- Ericsson, Huawei, ZTE, ALU, Nokia, ...

- Qualcomm, Marvel, MTK, SPR, ...

- Freescale, Ti, ...

o

Vertical, Individual
Consumers

Software
Defined Al

Service venders on the soft/open - Premises owner
platform (OTT, MVNO, ...)

X\
Q& 8 - Intel, ARM, Xilinx, Altera, ...
- - - IBM, Inspur, Lenove, Cisco...
- Windriver, Vmware,

05262015

FInvisibley
BS

New stakeholders

- Open Source community

41

SDAI (MWC2016)

. KPIs: Performance + Efficiency/Agility

. Mobilized & Connected: Internet & 10T or Industry 4.0 & Internet+

. Themes: Green, Soft, and Super Fast
. Technology Pearls: Rethink Fundamentals
+  CMCC 5G Framework: SDN/NFV, NMC(UCN)+SDAI

. CMCC Strategic R&D Topics:

Greener & Softer Network (MWC2014)
Virtualized C-RAN (MWC2015)

LSAS with SmarTile (MWC2015)
NGRI/NGFI (MWC2016)

New Era - New Service & New Technologies
&New Business Models! - New Eco-system

42
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Thank youl!

icl@chinamobile.com

REIESRIPIERETEL,

REFRFASES. R, (&8,

Chih-Lin | 22



