7/15/2016

7\ 5

Mid-Point of 5G Journey

Dr. Chih-Lin |
CMCC Chief Scientist, Wireless Technologies
CMRI, China Mobile

Keynote, European Conference on Networks & Comm. (EUCNC),
June 29, 2016, Athens, Greece

www.10086.cn
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I:!— Green Communication Research
% = Center established in Oct. 2011,

SEMEDTIT 0 initiated 5G Key Tech R&D.
To start a green journey of wireless systems
For no more “cells” via C-RAN
To make network application/load aware
To make BS “invisible” via SmarTile

To enable wireless signal to “dress for the occasion” via SDAI

To enable Soft RAN via NGFI

To enable User Centric Cell and real-time flexible air interface via MCD
“Towards Green & Soft: A 5G Perspective” |IEEE Comm. Magazine, Vol.52, Feb.2014

“5G: rethink wireless communication for 2020+”, Philosophical Trans. A. 374(2062), 2015

“New paradigm of 5G wireless internet”, IEEE JSAC, vol.34, no.3, March 2016



7/15/2016

b E
China Mobile

®

Expert Committee IMT-2020 (5G) Promotion

Group is the major platform to
promote 5G research in China

Founded in Feb, 2013

Secretariat

Requirement . . Wireless Metwork
C G

*  The Group has 56 members including the main operators, *»  Official website: www IMT-2020.cn

vendors, universities, and research institutes in China.
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Three major application scenarios

Enhanced Mobile Broadband
Naming:IMT-2020
Gigabytes in a second —| .
30 video, UHD screens

Work and play in the cloud
Smart Home/Building:
Augmented reality
Industry sutomation
Mission

Voice critical application

e.g. e-hoalth
Smart City Selt Driving Car
Future IMT |

Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

Traffic Connection Latency Mobility Energy
density density efficiency
10Tbhps/Km2 1M/Km2 1msAl 500Km/h 100 times
User experienced Spectrum Peak data rate
data rate efficiency
0.1~1Gbps 3,5 in some cases 10~20Gbps

KPIs
ITU-R M.[IMT.VISION] Feature Diagrams
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2016 2018 2020
AT&T (USA) KT/SKT (Korea) Docomo (Japan)
Verizon (USA) TeliaSonera (Sweden)

5G 5G
5G Field Trial Pre-Commercialization Commercialization

-
AL QR
QG
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End of May, 2016

BS 9 Subscriber

~1.28M 4G BSs ~409M Subscribers (@~835M)

~1.4M @2016 ~500M@2016

Terminal ;o) Coverage

Sales volume 300M+

~1.2B ~86%), Reach Vill
Types 2000+, Price <50% pop (~86%), Reach Villages

: TD-LTE commercial networks in 43 countries
e TD-LTE base stations
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- Operators’ Annual Revenue and Profit
&\ 1EBH
2 ChinaMoblie
Company
Revenue (52% for Mobile data) 2013 2014 2015 2013 2014 2015
668.38  ChinaTele ., cp 35448(0.90%) 331.2B(21%) 1768 17.78 (0.80%)  20.1B (19.2%)
630.2B 641.4B (RMB)
A A . )
l 1.80/. 2.61 A 29508 2847B(350%) 277.08(27%) 1048 12068(158%) 1068 (12%)
DOCOMO
4461.2B 4383.4B(-1.7%) 4527.1B(3.3%) 464.7B 410.1B(-11.8%) 548.5B(33.79
2013 2014 5 (ven) (-1.7%) 4527.1B (3.3%) 410.1B (-11.8%) 548.5B (33.7%)
SKT 0 10, 0,
Profit (wox) 166028 17164B(3.4%) 17136.7B(-0.2%) 16108 17998 (11.80%) 1515.98(15.7%)
121.7B ?J;‘DT) 12878 132.48 (2.87%) 146.88(10.84%) “5°F 658 (:64.90%) 13.3B (104.7%)
. 10938 10858 Verizon
v v i 12068 127.1B(5.41%) 1316B(3.57%) 11.5B  9.6B(-16.30%) 17.9B(85.76%)
-10. -0.6 DEUTSCHE
TELEKOM 60.1B  62.7B (4.3%) 69.2B(10.37%) 2.88B 24B(-14.30%) 4.1B(70.83%)
(EURO)
2013 2o AULe Telefonica
(EURO) . 451B  S04B(1L70%) 47.2B(627%)2238  3.0B(3470%) 27B(853%)
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Has been widely deployed in ~ 100,000 Small BSs
Commercial Network (2016) to be depl‘))‘ed in 2016

Pre-commercialization at
end of 2017

@

Mo§t:of génidprs-sugpoit; « : &
some terminals will SUpHortin

later oF 2016e s ssssssas

€
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Massive MIMO (128 ant.) Pre-com. Product.
China Mobile, Shanghai , Sep.18,2015

Targets: 3D coverage, deep coverage, thp improve

Location: urban district with high buildings
(ChangShou Road, Shanghai)

Scheme (high-rise):

BS (25m), aims to cover a 75m building
& neighbouring roads

Tech: 3D beamforming & multi-sector networking

g(f,q& 2.6G&20M @ 630 Mbps aUp to 43bitHz
& commercial. terminal 5~6x improve
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l == Green Communication Research
Center established in Oct. 2011,
SEBEHITL nitiated 5G Key Tech R&D.

Groen Communication Research Center

To start a green journey of wireless systems

For no more “cells” via C-RAN

To make network application/load aware

To make BS “invisible” via SmarTile

To enable wireless signal to “dress for the occasion” via SDAI

To enable Soft RAN via NGFI

To enable User Centric Cell and real-time flexible air interface via MCD
“Towards Green & Soft: A 5G Perspective” |IEEE Comm. Magazine, Vol.52, Feb.2014
“5G: rethink wireless communication for 2020+”, Philosophical Trans. A. 374(2062), 2015

“New paradigm of 5G wireless internet”, IEEE JSAC, vol.34, no.3, March 2016 10
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SDAI: Software defined Air Interface
UCN: User Centric Network
NMC: No More “Cells”

11
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China Mobile

Green and Soft

« Flexible Access Cloud | N
+ Smart & Open Control Cloud Lomid] B30

« High efficiency Forward Cloud ) Y-

—€ontrol Cloud
Context

services
s o
WMy
ration management

Access Cloud

SDN/NFV

Low Freq. Massive- Mission-
New RIT MTC RIT Critical RIT
Latency re
EzmaEaEl 1

Centric DC

Distributed GW

Forward Cloud

Seamless wide-area  Hotspot & Low-power & Low-latency &
coverage high data rate  massive-connections  high-reliability

12
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Mobile
Internet

HSS/AAA/PCC
CN Entity

Smart Operation
Internet/App

I '_l

Centralized
Radio Network Controller

@ RAN Entity

Including C-RAN (Centralized and Cloud)

1.
Ultra low latency )

Radio Data Center

atisfactory service
[Egliirements.

Nore powerful Platfa

Signaling E Data

= f
H Next Generation Fronthaul Interface
: (NGFI)

|

€

Framework of radio access network

CN-RAN Repartition , Turbo Charged Edge , Network Slice as a Service, RAN restructure

13
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GSMBS TD-SCDMABS TD-LTEBS Service VM
Software Software Software CDN/
Stack Stack Stack Web cache

Virtual Machine Pool/ RT-Guest OS (Linux)

Real-time Cloud for
centralized
processing

Traditional BTS

High bandwidth optical
transportnetwork

Centralized Control and/or Processing

Collaborative Radio
Real-Time Cloud
Clean System Target

WP “C-RAN: The road towards green RAN”.[Online]. Available: labs.chinamobile.com/cran

“Recent progress on C-RAN centralization & cloudification” in IEEE Access, 2014
“Cloud Radio Access Networks: Principles, Challenges, and Technologies “in ICC, 2015

14
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CPRI 2:1 compression with SFBD: already mature enough to save the fiber usage by four-folds

@
m/é "

N
B - ;D

BBU
pool

/

Macro BS

BN MUX/DEMUX /‘m
=d—=6o—=m

ONU

* Active WDM/OTN :
v Gradually mature since 2015
v Diverse functionalities: large capacity,
multiplexing, protection, flexible networking
v'Two major concern: cost (especially OTN
solutions); demarcation
v'Applicable scenarios: C-RAN with high
centralization scale

+ Passive WDM:
v Maturate fast since 2013
v Low cost, easy installation, free of maintenance
v Little change on the transport. Infra.
v Applicable scenarios: small/medium
centralization scale

CMCC currentl C-RAN deployment maily adopts passive WDM.

th E#5=h

China Mobile

©

C-RAN centralization as a preferred deployment solution
in CMCC’s “Network Deployment Guidance” (2016)

. 2016 deployment plan: extension to 7 provinces
. One province of the scale of around 2000 sites
Various FH solutions verified

TR e CAN g

100000 94.43% 95-41%100%
80000 ® 94.26%® 95.16% ° ® 95%
60000 659 83.25% 90%
40000 I I 1 o is 85%
20000 I I I I 80%
P | | n a1 1 1 7500

N = = O H o= O = = O - = O = H O -
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TCP UDP TCP UDP TCP UDP

Inter-site CA at good
coverage

Inter-site CA at cell Intra-site CA at good
edge
CA Test

coverage

. Demonstration on TCO saving and performance improvement
- Energy saving: 60%, CA gain: 83%-~ 95%, UL CoMP gain: 50% ~ 300%

300%

=UL CoMP gain
50%

200%

UL CoMP gain (%)
N

150%

100%

50% i

0% i
Q > NS »

ROFSIRGIRI IR RO I S - -

RSRP
UL CoMP Test
16
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* NFV-compliant C-RAN implementation [
ost kerne ¢

« Key technologies adopted
- RT enahncement: RT-Linux, DPDK, OVS

* VM realization of LTE
. . Host kernel spa
- Effeciency improvement: RT-KVM

- Management: Openstack

» Commitment since 2013
« Optimization on interrupt latency: Average 4us Vv.s.
~100us for traditional system

« Optimization on platform processing latency:
25~30us v.s. 300~500us in traditional Linux system

« Optimization on VM communication latency: ~10us
v.s. ~100us in traditional Linux system

@) >:0PNFV

Testbed:
@ °1TD-LTE macro
y. outdoor BS
<18 TD-LTE indoor BSs
*1 GSM outdoor BS
e e *Area : 0.8km"2,
C-RAN Virtalization * General Server/Switch
field testbed @ based BBU pool (with

Tsinghua University PHY1 accelerators)

17
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. C-RAN project & RAN EVOLUTION project lead in NGMN, leading the key tech study of C-RAN (2011~2014)
. Founding NOC member of ETSI NFV ISG, the one to propose RAN virtualizationin NFV WP (2012)

. Platinum and board member of OPNFV (2014)

. Founding member of IEEE 1904.3 TF & leading the project of NGFI in CCSA (2015)

. C-RAN as a key componentin NGMN 5G WP, FUTURE Forum 5G SIG WP, IMT-2020 WP (2015)

. C-RAN open source contributionin EURECOM (2015~)

. MW C showcase since 2014 & various events (2014~)

mrg " ) TEE @y

SEVENTH FRAMEWORK
PROGRAMME

e TAT-2020 o " :.0PnFV
Alcatel-Lucent (BB) Promation Association © ¥

N\ QIEEE cesa kt SKhtFelecom
SRR Klvencrg oty GreenTouch G mmmiE

</ (TS (2 CEITRY (D) 6D

18
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C-RAN inherently support MEC

C-RAN Platform as Service Demo

S J 8 J Firewall Subscriber
service

=
wanannns CEAEET

service

Cell Lload

Open API provide the abilit c .. . Enable Low
to F();apture tF;]e TEEr statu{; ‘ Video optimization latency service

Demos as early as in MWC 2014

19
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Demo on video optimization for VIP users of iQIYI

RAN as black box -

Field and Lab trial on Cache

Cache hit

« Scenarios: area without core LJ

network cache #
N ; PTNNW |
« Solutions: Single-level cache and & B

Two-level cache H

'

'

'

'

eNB
+ Advantages: latency reduction &
transmission saving
« Key concerns: Charging, Mobility =~ Lo oemeoaaao 7
management Charging 2
info.

Gharge BOSS
node

i EPC
VIP useré@ ”’j@i ....... Servige.sensing. . }

< Packet analysis by MEC to distinguish the service and VIP users, then BS informed
« Differentiated wireless BW and latency guarantee provided by BS

«Lab trial: 50% saving on latency & 50% increase on DL
«Field trial: 17% hit rate at peak traffic time & 16% saving on transport BW

. Scenarios: smart gateway, local content forwarding etc. !
. Solutions:
v Servicedelivery by eNB
v Servicedelivery by MEC
. Major advantage: latency reduction
Key concerns: Security

* More than 90 small cells
+ Maximum 100 users in service \Z - Internet
+ 0.5slatency comparedto live broadcast

HD live

20

10



NGFI based C-RAN
network structure

Core Network

(Next Generation
Front-haul Interface)

“Radic Cloud ™ 1
centre |
— ¥
I
="
777777 1
K
- £ . .
Level-1 Deep collaboration | | -(:)—-: S : Level-2 light collaboration

1 inside RRS | |

among R
Back-haul >
Features:

*  Separation of ant-related processing and non-ant-related processing

*  Separation of baseband upper and lower layer processing

* Layered coordination to address interference for area of different scale
*  Support 5G new technologies e.g. UDN, massive MIMO

Front-haul ] [

WP on NGFI released in June 2015

7/15/2016
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NGFI 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.

The key is function re-split between BBU and RRU,
& re-design of underlined transport networks

Ethernet as promising (Low-cost & Flexible)

* NGFI encapsulation: IEEE 1904.3 WG
(2-3 Jun 2015 in Beijing hosted by CMCC)

« Latency enhancement: TSN
« Synchronization: IEEE 1588WG & ITU-T

21

(ROSIEEE ngmn &
e NJMN_ €=
& TEBH

22 ChinaMobile

IEEE 1914 WG (7 Founding members)

T—RETEMEED ==sTELECOM SK g (inteD
Do 2 s @
Baoancom. \// China Mobile Alcatel-Lucent
White Paper of - Officially approved: Feb. 2016
Next Generation Fronthaul Interface +  Sponsor: IEEE COM/SDB
a0 + 7 founding companies with more than 100
June 4t, 2015 subscribers so far from ~40 companies
*  Target: efficient & scalable FH for 5G
China Mobile Research Institute . Scope of 1914.1 project'
Alcatel-Lucent '
Nokia Networks - NGFI transport network architecture
ZTE Corporation _ Requirements
Broadcom Corporation . . R
Intel China Research Center - Function Spllt ana|y5|s for LTE

« IEEE 1914 (NGFI) WG officially approved in Feb. 2016,

led by CMCC

* 1St NGFI WS held & NGFI WP released in June, 2015
- MoU signing with Broadcom, Intel, Alcatel-Lucent,

HuaWei, ZTE, Nokia, Xilinx & Altera

http://grouper.ieee.org/groups/1914/
The first NGFI WG meeting held on 25 — 28 April, San Jose

Possible transfer of 1904.3 RoE project to under 1914 WG;

Potential collaboration with 802.1 CM

22

11
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SDAI: configurable for verticals

Scenarios ‘ Flexible
and service and efficient

Configurable functions and parameters

Frame
structure

Multiple
access

Modulation
and coding

Beamforming Spectrum

mMIMO/hybrid BF Flexible frame structure New waveform Hybrid multiple access

N
RARRRRRRRRRNNN

DL control DL/UL data UL control

-—

T
Carrier
€

* Hybrid beamforming * Flexible DL/UL and duplex « Low out of band emission * Unified framework
* Coverage enhancement * Scalable bandwidthand TTI « Support for asynchronous * Capacity enhancement
* Capacity enhancement * Latency reduction transmission * Spectral efficiency improvement
23
N\ 7
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Evaluation scenarios (IMT-2020 PG Requirement WG)
Hotspot
Massive Connection mMTC
Urban Coverage eMBB
» loT
Auto-driving
Rural Coverage Wide Coverage
Industrial Control
High Speed
* KPIs Requirements (IMT-2020 PG Requirement WG)
The values of KPIs are ongoing updating
Usage Scenario | Metricname TE value TE2value TE3value TE4 s‘c’jﬁﬂﬁo Metric name TE 1value
= = IConnection Density 100M/Km2
e Ha TP 6-8bps/Hz/Cell Bops/Hz/Cel Hz/Cell User Ei
Sy | o | e | wees | e mte | ey | o
User experienced Datal Dugxgﬁfmm: Coverage Extension| 170dB pathloss
rate 1Gops S00Nops 1000bps |DL:50Mbps/
eMBB 250 Sg:r?g?io Metric name TE 1 value
Trafficvolumedensity|  10Tbps/Km2 500Gops/Km2 10Gbps/Km2 06Gbps/Km2
Latency 1ms OTA
Peak Data rate 20ips 10Gtps scops scaps URLLC | iapiity | ©-29999 with 5ms
delay budget
24
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Flexible Frame Structure ! Flexible Waveform

Dynamic subframe configuration for UL/DL via broadcast or uriicast signaling 'H
‘ I I ‘ ‘ | I Waveform configuraticﬁ’ 3
. | i

ample of wafderm configurations for different scenarios

i B OFDM

B =T

il L, |Lmgh ]
g I OFDM ‘nomal Vi
y UFMC 3

5 Fiter

_"> icr Noue

EGFDM K ’FDM

| # Different timeffreq |
I Duesd 300 I resources within each

Dynamic frame structure 1

— X carrier ! ‘ ! = - i
‘ | ‘ ‘ ‘ | ‘ # Different component |[aa | ! ] : - i
" 8 i L ! FBMC eg, 10240KH;
Lt 1 ! ti ! Curer | carrier | M N L —
| [&— - L ey s s + o OFDN Nomal
| # Different scenarios o mme TURC Nom T Narow
I Compatible Low Complexity | v E 75/7.5KHz
I I I I I I I I I I I 1 Unified implementation architecfure il Fiteted OFDM Normal —
DL control DL/ULdata UL control |
______________________I___L __________________ Fm———m e mmmmmmm e mm———
Flexible Multiple Access | Flexible Spatial Processing : Flexible Duplex Mode
e ! , @ To better match DL/UL traffic
- | @ Need careful frame structure design
-, . 1 4 Complicated networking and interference
e 1 £ mManagement
e v ™ g
s e I A
Suit- (ol = . £
(N, SV N 7D
P o , [2T0] [717]
[ 1
« Various beamforming structures and schemes An I f2[D]D] [D]D]
« Unified signaling scheme Dplex fo t 1
« Unified reference signal design and feedback scheme ’ Single/Fixed Flexiblelccmfigurablez5
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Frequency

No More “Cell”: Decoupling “UE” from “Cell” Four-dimension
Base Station | | ol Stack Base Station, L Stack R_ io Resource:
g Time
N Cell
Rgﬂin Resource Frequency
withinone TT1 .., Space
‘Space
Come Dpne
MCD: Multi-level Centralized and Distributed o mension
... Architecture:
s 3\
m: C/U definition Control Plane User Plane “““‘SE"STE?
1.Control Plane: Combination of RRC (slow control) and II| C-plane
MAC (fast control) o D-plane
2.User Plane: dynamic centralized and distributed
function definition o
. . . KBS for Ideal
B Dynamic configuration =~ =t =g || rontu:
X ‘ DRC+RLC
1.FC-MAC control DRC and RLC dynamically based on f } | Split Line
RRC Sl nalln ‘ ‘ ‘entral and Remote)
9 . 9 i Mutually” \L!, _ ,!\ The <
2. DRC flexible control : a) Independent entity; b) new exclusive - componets
) ) RLC Entity RT-WAT RT-MAC for Non-
function for PDCP ; c¢ ) new function for RLC e
PHY PHY
h g 26
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IMIC 2014

NGMN 2014
— PT/EXPO 2014
GSMA 2014 2}* _\j‘/ ] ﬁ“i -7 - |
I o &a 1#&2!-H\N live carrier miﬂﬂ e ;
L J , & SmarTile based Invisible BS S N N

MWC2014 MWC2015 PT/EXPO China 2015

27
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SDAl/Smartile 2.0: CMCC & Cobham/Keysight/R&S/Sunnad

14
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. FUTURE 5G SIG launched in Mar. 2014 White Paper 2 0] 2018/T1
. FUTURE 5G WP 1.0 (Nov 6, 2014):
. FUTURE 5G WP 2.0 series

- FUTURE 5G WP 2.0 (Nov 6, 2015) . e

- Topical WP 2.0a to 2.0g (Nov 6, 2015)

- Topical WP 2.0h : 5G High Mobility (Jun, 2016)

Massive MIMO Technology Agile Duplex High Frequency Communications B pjternative Multiple Access

5G enabler: § 5G enabler: oG enanle 5G enabler

. Security Technologies Test and Measurement High Mobilit
Ultra-Dense Network for 56 Technologies for 56 g y

29

I\ b
© SRR

Multilateral Partnerships for 5G

L WP-on 5G Wireless 1] \

O eon WPONSGConcept Tochmology  Archtéewredesion | | SE8,| |
B Ajghitecture = = | o PAT-202¢ |

| E (56) A |

BC, |

I IMIIF !

@| 20May, 2014 @| 11Feb, 2015 @) 29May, 2015 (5|31 May, 2016 | "o SG?.,W,“:

: k> |

1 AFICL L, !

" October 20, 2015 )

@| 29 May, 2015
% 31 May — 1 Jun, 2016 in Beijing

THE 1*

WP on 5G Netwotk: Global 56 Event
BUILDING G TECHNOLOGY ECOSYSTEM
TeEhnology —— Moy 31-Ama 1,216 S
Architecture
“Information a finger “A Core KPI + * Oct. 2016 in Rome
away, everything in A Group of Key
touch” Technologies” (SG ppp)

30
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* Project 1 5G R&D
1.1 5G standardization overall scheme research & promote (CMCC, in part )
1.2 5G high performance BS AD/DA converter test sample R&D
1.3 5G BS high-freq. wide-BW PA test sample R&D (20 16.1-2017. 12)
1.4 5G BS high-freq. wide-BW RF filter test sample R&D
1.5 5G high-mobility wide-area seamless coverage scheme and test-bed R&D (CMCC, in part )
1.6 5G low-power massive-connection scheme and test-bed R&D
1.7 5G high freq. comm. scheme & test-bed R&D (CMCC, in part )
1.8 5G Ultra dense networking scheme & test-bed R&D
1.9 5G new multiple access scheme & test-bed R&D 5
1.10 5G RAN architecture & system R&D (CMCC, lead)
1.11 5G network based high-precision indoor location R&D
1.12 Automatic driving oriented 5G key tech. research & demo (CMCC, in part)

Project 2 LTE-A R&D and Industrialization
2.11 LTE-V wireless transmission tech. standardization & prototype (CMCC, in part)

@ ExMEEAEH

National Science and Technology Major Projesl

*Project 3 Mobile Network Supports Industrial Internet

3.1 Wireless mobile oriented industrial internet (CMCC, in part)

31
@ China Mobile
ITU:
- 8KPIs proposed by China adopted by ITU-R;
- Co-lead ITU-T IMT-2020 FG work and contribute to the network softwarization paper and gap analysis.
IEEE:
- |EEE 1914 NGFI WG led by CMCC officially launched in Feb. 2016;
- Contribution on White Paper of IEEE SDN Initiative.
NGMN:
- Lead in 5G requirements study, actively contributed tech & network architecture study, & jointly issued NGMN 5G WP;
- As NGMN representative, providing Operators’ vision on 5G scenarios & tech requirements to 3GPP & ITU.
ETSI NFV :
- Founding member of NOC; Extended NFV scope from CN only to E2E including RAN;
- Contributionon NFV WP 1.0 to 4.0;
- PoC contributionto demonstrate VRAN capability;
- Prioritization on feature proposals for NFV 2016 planning, feedback on NFV stage 3 planning etc.
CCSA
- Lead in CCSA NGFI study Item, contribution on NGFI study report;
- Actively involved in candidate high freq study, including channel measurements;
- Actively involved in dedicated spectrum study for V2V.
32
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3GPP SA2, lead in the 5G network architecture design Sl

- “Study on Architecture for Next Generation System” led by CMCC approved on Oct. 22, 2015 with 48 companies’
co-signature(expected reach to 55 companies in SA plenary). It is the first large-project related to 5G standardization led by
China;

- Already developed 28 high-level requirements, 19 key issues (9 of them are basic), initial high level architecture, candidate
solutions.

3GPP SA1, lead in “SMARTER-Network Operation (NEO)” SI
-  SMARTER: New Services and Markets Technology Enablers
3GPP 5G RAN Standardization Timeline
- Sep. 2015, Sl on high-freq channel modeling initiated;
- Dec. 2015, 5G requirements Sl initiated (CMCC lead);
- Mar. 2016, 5G technology Sl initiated (~50 submissions from RAN1 to RAN4);
- Mar. 2016, “Study on Context Aware Service Delivery in RAN” Initiated (CMCC lead) in RAN3

Sep 2015, RAN 5G workshop:
- Phase 1 WI to be completed at the 2" half of 2018, targeting network deployment at 2020;
- Phase 2 WI to be completed at end of 2019, for ITU spec submission deadline with all the requirements satisfied.

Srmme o A g RAN1~RAN5 held in Nanjing, from 23 May to 27

May, hosted by CMCC and partners!

33
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Made agreements for forward compatibility/compatibility of different features, including
- Support of multiplexing different numerologies within a same NR carrier bandwidth

Made working assumptions/agreements on NR numerology/frame structure, including
- Support of flexible NW and UE channel bandwidth

- Support of flexible HARQ scheduling timing and asynchronous DL/UL HARQ

Made agreements for waveform/multiple access, including

- Evaluation cases and evaluation assumptions for waveform

- Support of synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes at least targeting for eMBB
- Evaluation assumptions for autonomous/grant-free/contention based UL non-orthogonal multiple access
Made agreements for multi-antenna schemes, including

- Study on potential technologies such as beamforming, RS structure and CSI acquisition, etc.

Made agreements for evaluation assumptions, including

- Evaluation assumptions for following deployment scenarios

Indoor hotspot, Dense urban, Rural, Urban macro, High speed, Extreme rural, Urban coverage for massive connectivity,
Highway, Urban grid

Some other evaluation assumptions agreed in relation to:
mMTC, URLLC, V2X, MIMO & antenna modelling, UE PA model, Waveform evaluations, Multiple access evaluations
34
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Architecture:
Intra-NR aggregation :
1: Aggregation of NR carriers to be studied

2:Asin LTE, NR shall study both lower layer aggregation (e.g.
CA-like) and upper layer aggregation (e.g. DC-like)

3: User plane provides an in-sequence, secure and guaranteed
delivery for transport of RRC signaling.

User Plane:

LTE L2 functions are consider as a baseline for NR. Order,
allocation to sublayers, and merger of functions needs to be
considered depending on use cases

Control Plane:

Study the introduction of a RAN controlled “state” characterised by,
at least:

1: UEs in RAN controlled state should minimise signalling, power
consumption, and resource costs in the RAN/CN, which maximises
the number of UEs utilising (and benefiting from) this state

2: Data transfer with low delay (as RAN requirements)

7/15/2016
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Agreements:

1: DC approach for LTE-NR aggregation will be studied
(FFS: 3c/1a-like or other UP architecture)

la: Both LTE as master and NR as master will be studied..

2: The CA based LTE-NR aggregation will not be studied
as part of the study item

UP : Study both split bearer (3C bearers) and direct routing
(1A bearers) for LTE-NR multi-RAT.

\Y[e] e

NR eNB corresponds to 1 or many TRPs

NR shall support a state with network controlled mobility
handling and a state with UE controlled mobility

Two levels of network controlled mobility:
1: RRC driven at 'cell' level.
2: Zero/Minimum RRC involvement (e.g. at MAC /PHY)
FFS: definition of a cell

35
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B Deploy scenarios (Agreed CU and DU deployment scenario, aligned with RCC and RRS architecture)

Non-centralised deployment

Lower layers

Lower layers Lower layers
Inter 8s of NR BS of NR BS of NR BS (e R ]
nterface \—C—‘ . ?H_'_‘
" entralize eployment

(CU and DU deployment)

Co-sited deployment with LTE  Shared RAN deployment

B Agreed to study the options against LTE and NR, which is aligned with our study (NGFI)

pin opins, opins optien optons

N War Low- Hat Lows
=
4 Owmi oz opes O

Preference
Option 2 and 3 Option 7 Option 8
(Non-ideal Fronthaul) (Ideal Fronthaul, mMIMO) (Ideal Fronthaul)
BWUL | 3024 Mb/s 15.2Gb/s 157.3 Gb/s
BWDL | 4016Mb/s 9.8Gh/s 157.3 Gb/s
Latency | 10ms 250us 250us

B Agreed on the following evaluation criteria for functional split

‘ 1) Protocol Split option; 2)Required bandwidth; 3) Max. allowed one way latency; 4) delay critical feature.
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Chlna Moblle

I UE | A rapporteur §z/
‘ ] Wi Workitem on shortened TTiand Ericsson 34 14
processing time for LTE
‘ ) wi Enhancements of NB-loT Vodafone 34 12 :
& {::_:m:n oD o Among 7 Approved Projects,
o E o 5 Projects have relations with loT
R3 S1 ‘ Study on SON for eCoMP for LTE Nokia 10
| ‘ st Multi-node tests for LAA B eieRe| 38
‘ Re s smdr:nuu-n::hn: Dr:::lnm-nt for gt:::‘:::l‘:um 10 3
| | Samsung |
16.3 17.3 18.6 19.12
H RAN R15 RAN R16

“Study on Next-Gen New Radio Access Tech”

A New Radio SI

| SAL S |

New Radio S| | For early 5G
commercialization
| Phase 1
SALWIR15 | Phasez A
WI R15 | Wi R16 | “IMT-2020” specification.

Submitted to ITU

“Study on Arch for Next-Gen System”

Both NSA-NR and SA-NR to be supported for Phase 1

Chlna Moblle

2015Q1 2015Q2 2015Q3 2015Q4 2016Q1 2016Q2 2016Q3
3D-MIMO pre-commerial N M N N N N N
products : . . : H . :
Massi\éng\){ﬂMO 1 3D-MIMO in single site ( 128TX, Huawei,> @TE @shangs:))i,_ﬁ{:h:v?elin@sscr?;ghai, Datang : sots0n
(1287) ZTE) Mobile@beijin :
Full Dulplex - : H : - : :
(lnterfer';nce . Prototype and tests (Huawei, UESTC:@chengdu) . >: 2015Q4
Full Dulplex Prototype cancellation ¢ B . . .
102dB ) : : : : . :
I%: High Frequency : : ZTE ( @Shanghal lSGHz) UESTC (@chengdu : sot601
'+ (6GHz-30GHz) - : 26GHz } . Huawei@Chengdu(Ka/E/V band .
Multiple Access. H ZTE ( @shan h.‘ q H
H B ghai, MUSA ) . Huawei ( @chengdu , SCMA ) | >
S M ¢ : i Datang Mobile ( @Beijing , PDMA ) s o
Waveform . . T - 7 H R s :
v N . ZTE ( @shanghai , FB-OFDM ) , Huawei ( @chengdu , >
FgFO?E[h)/IM) E E 1 F-OFDM ) . 2016Q4
UDN . . . H H H .
(28 eNBs, 210 UES) : : { Datang Mobile @Beijing > s
High Frequency . . . . < . . .
Prototype Ch(a;:)rli:rlccozgl;'g { HEJawei@Chengd.u >~
i .  2016Q4
Uﬁ;ﬁ;ﬁ'c | Ericsson, Nokia, Huawei >
E : : K i : + ) s s 2016Q4
SDAI . | Cooperate with Huawei, .ZTE, Datang M:oblle, Cobham: >
Chipset Device + - - : = = .
(3D-MIMO. High & | TI. MACOM. :Qorvo. MURATA : > 2oisQ
frequency ) . . . . "
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2016 2017

2018

2019 2020

R16 Phase2 for 5G 5G

"

i
i
Solution V se 2: Product R&D & Trial

Led by CAICT; Operators, Manufactures & Lefi b}{ Operators in China; lManufactures &
Scientific institutes actively involved. Scientific institutes actively involved.

* Phase 1: key tech R&D and trial

* Phase 2: Product R&D and trial
» Key Tech Verification (2015.9-2016.9): key tech prototype performance test
» Solution Verification (2016.6-2017.9):  5G BS prototype performance test
» System Verification (2017.6-2018.10): 5G networking performance test, and typical service demo.

b E £

Commdrcialization
1

39
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2015.Q4 2016.Q3 201§.Q4 2017.Q§ 2018.Q3 2018.Q4 2019.Q4
: : : + R15: 15 5G Al standard
Lab Test & field i :
trials Key technology System concept Large Scale Trial >
Develop the prototype of 5Gukey technologies Develo;; the 5G NR PoC and Validate the Build the 5G pre-commercial network and
based on LTE framework [ system solutions ______________. conduct the end to end test

i Objective: ; }

Objective: | > define pre-commercial product specs | | Objective:

> Below 6GHz, LTE air interface: ! > eMBB based on 3GPP NR SI : > Build the end-to end field trial |

* 3D-MIMO/Massive MIMO | Framework: 3Gbps in DL, 1.5Gbps in UL,| environment

+ New Access/ Waveform ! 3.5GHz = 100MHz 128 antennas (64 > Validate the 3GPP R15 features

) :=r1a-me structure & numerology : TX/Rx), Short TTI (0.125ms) ; > Finalize the commercial product specs !

¢+ lo : . o S '

. SDAIUCN .... i > 10T : low-cost, massive connections; 3 » Finalize the deployment strategy :

loV; Industrial internet }
Target [ Key Tech. Feasibility Validation ] Product Architecture& Multi-vendor Inter-operation and
hardware proof end-to-end test

required

G A Channel measurement Network performance
RF testing instruments A i A
& simulation instruments test instruments
q Terminal conformance testing Business testing
Terminal emulator 5 A
instruments instruments

40
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2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Technologies & Requirements~ Standards & Prototype Trial & Deployment

. . Pre5G 5G Phasel E
3GPP Timeline (erse/R14) (R];;e _ * NR may be accelerated

N 7?15:_3&112; N 10T enhanced (mMTC)

T e ) ke (GRULO

I\ b
© SRR

During the evolution from 4G to 5G, China Mobile will cooperate with the industry for
applications and product joint innovation, to build a cross-industry ecosystem

Internet of Internet of Industrial Cloud
AR/VR

|
| | | l

eMBB uRLLC mMTC

(Enhance Mobile Broadband) (Ultra Reliable & Low Latency Communication) (Massive Machine Type Communication)
42
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g §§ Open Source community

- Openfog, On.Lab

SDN/NFV

Software
defined Al

y

Traditional stakeholders ,g §,§ 4
- CMCC, Vodafone, DoCoMo,... K ﬂ
- Ericsson, Huawei, ZTE, Nokia, ...
- Qualcomm, MTK, SPR, ...

- Freescale, Ti, ...

Verticals,

1595
kik
Service venders on the

soft/open platform (OTT,
T MVNO, .

- TIP, Open5G, Open-O

ﬁ New stakeholders
- Intel, ARM, Xilinx,...

- IBM, HP, Dell, Cisco...

- Windriver, Vmware,

-Premises owner

)

- Facebook, Google, Microsoft
-Tencent, Ali, ...

MCES (Multi-RAT Cooperation Energy-saving System)
N:ﬂa:B

)
d

Data Collection Module
Real-time information collection

Terminal

4
£

Policy Decision Module

Collaborative energy saving algorithm
is implemented to obtain the optimal
traffic distribution scheme

Execution Module

The Base Stations are turned up /off
according to policy decisions

Multi-RAT Cooperation GSH
Energy-saving System

Possible
solutions searching

Associated with
abnormal signaling

Abnormal
signaling analysis

Automatically
Saccurately match
the network

Proposes provided,
integrated with programme
optimization

Intelligent cause
analysis, with nearly
300 regulations &

Road test LOG
analysis, including
signaling contents &

Has been completed in Oct. 2014

43
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- UE QoS
B INPUT UE Location
Network configuration & traffic data
BSs Energy Model

S-cell List
Traffic Distribution
Total Energy Forecast

OUTPUT

TD-LTE
QHC/0SS

Has been completed at the end of 2015

Trelligent
alers

Signaling
collection

Data cleaning

Hon
KPL
genaration

Has been completed at the end of 2015

44
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Example of wireless big data sources NSFC R&D Themes for big data (2017-2022)

co__eo
® 0. O
-

> Modeling of various big data: user data, signaling,

3 channel state information, user-context, application data,
e nall User generated i braskraml location, mobility, environments, weather, user behavior,
download contents e-commerce

etc, in various deployment scenarios

> Availability of accurate CSI with minimum overhead, to

AN - o .
w0 gl @ S5 support advanced transmission schemes in ultra dense
Health sensing e ameiirg, i s s network with massive antennas and connections
Example of big data based multi-RAT system > Big data based massive multiple access schemes with
é - w efficient coding/decoding, resource allocation and
Data Collcton Modle n:A L scheduling
Real-time information collection ‘ ’
Torlal Dljj DE >  Bigdata based efficient air interface design, radio access
| m'”_ymw" “_m"'e_ e network architecture, network deployment and
e operation for cost, spectrum and energy efficiency
traffic distribution scheme '
Executon Module >  Bigdata platform to fully test and demo big data theories
The BaseSttion are turned up off R )
acording o plicydeision: Jal4i-AT Cooperatian oy i and applications.
Energy-saving Systen Qc/05S 0UC/055 OUC/08S
45
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Regional TIC
Ve R
Juno OpenStack
NFV Hardware

Self
Developed
Open-0

ér NFV Hardware !
Self ) =) E8) =50
Access TIC

Nanocell.GW #4fsecom | vBRAS #t2 VNEM

Integrated

Regional
TIC

(R Aot A A el WIND RIVER . \{j/’ \

KVM SDN-Gtrl hEE

- —_— («A!)_

Open-0O Project officially announced in GTI A
(China Mobile, Huawei, Linux Foundation)

Pt NFV Hardware
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O'QenFog 0 N ‘L A B <> TELECOM INFRA PROJECT OPGHSG

e’

-gkascik
Accelerate the adoption of Tools and platforms for Reimagine the traditional Open
fog computing for loT SDN approach to building and platform&technologies  for
deploying telecom network 5G

Architecture . ONOS infrastructure * Radio

Communication + CORD .« Access technologies

I . OVX « Transport

Security Nt e Backhaul 5 P

. L] L]
SW infrastructure Mininet * Core ore
Testbeds + XOS + Security platform

e ) | |
e (intel SI?Gﬁ g & $EED NOKIA IlCIIlSIéIOl. NEC

ciena o HE

verizon | e UNIVERsITY  FUITSU ARM

HUAW

&VA ﬁ PRINCETON
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. World’s Largest 4G/4G+ Network: ~1.28M BSs, ~409M Subscribers
. Sustainability (5G perspective in 2011): Performance + Efficiency/Agility

. Themes: Green, Soft, and Super Fast
. Technology Pearls: Rethink Fundamentals

- E2E5G: SDX (UCN + SDAI)
. Enabling Tech: SDN/NFV, UCN (C-RAN/NGFI), and SDAI/MCD

. Sample Demo:

Service on Edge (MEC) on Greener & Softer Network (MWC2014)
Live Migration on Virtualized C-RAN, Invisible BS (mMIMO) with SmarTile (MWC2015)
SDAI /SmarTile 2.0 (MWC2016 ), Mini C-RAN/NGFI (MWC2016)

. China Mobile 5G Joint Innovation Center, Test & Trials

. Verticals, Open 5G (Open-0) & Big Data (CMCC 7K TB/day)
. SDO’s, Fora & Alliances

. LTE-A Pro v.s. NR
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Thank you!

www.10086.cn
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