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A GLOBAL INITIATIVE

The project covers cellular
telecommunications network
technologies, including radio
access, the core transport
network, and service
capabilities - including work
on codecs, security, quality
of service - and thus provides
complete system
specifications.

3GPP_

TSG RAN

Radio Access Network

RAN WG1
Radio Layer 1 spec

RAN WG2
Fadio Layer 2 spec
FRadio Layer 3 RR spec

RAN WG3

lub spec, lur spec, lu spec
UTRAN Q&M requirements

RAN WG4
Radio Performance
Protocol aspects

RAN WG5
Mobile Terminal
Conformance Testing

RAN WG6E

Legacy RAM radio and protocol

TSG: Technical Specification Groups

WG: Working Group

TSG SA

Service & Systems Aspecis

SA WGH

Services

SA WG2

Architecture

SAWG3

Security

SA WG4

Codec

SA WG5S

Telecom Management

SA WG6E

Mission-critical applications

= R A AL

Project Co-ordination Group (PCG)

The 3rd Generation Partnership Project (3GPP)
C{E%H,1998%

TSG CT

Core Network & Terminals

CT WG
MM/CCISM (lu)

CT WG3

Interworking with external networks

CT WG4
MAP/GTP/BCHISS

CT WGH
Smart Card Application Aspects
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€ TSG RAN: Radio Access network

TSG RAN: 1 53GPP L4k A\ MHE AR HHTE
€ TSG SA: Service & System Aspects

TSG SA: 1 5i3GPP55 5 RS I H ARG
€ TSG CT: Core Network & Terminals

TSG CT: 11 573GPP#Z% 0o WX Je 2& i 77 THI FAHE A E

@ TR : Technical Report #F 572k 15

@ TS: Technical Specification i R JE
S| (Study Item)#ai HH A 5i i 5 (TR)
WI (Work Item)ia i 52 BETE (TS)
N B 2 A SUTF R R, SRS AW BT
WAL TAF. A wI<withdraw
TRITSYIRFISMig S, EITRxX.yyy TSXX.yyy
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M’ 3GPP Organizational Partners

o BRI EELTGE TR HE AL H1 A4 (European Telecommunications Standards Institute, ETSI)

o JbSE 1) L TFGE TR Y A w7 R 556 B (Alliance for Telecommunications Industry Solutions,
ATIS)

« HASH L 7 Mk 2> (Association of Radio Industries and Businesses, ARIB) A1 i 38 1145
N7 i14x(Telecommunication Technology Committee, TTC)

o 155 [E 5 B AR B 22 (Telecommunications Technology Association, TTA)

o o [H @ TR HELL P23 (China Communications Standards Association, CCSA) 19994F JilI A\

o EIJE HE AR UELL & 2 P4 (Telecommunications Standards Development Society of India,
TSDSI) 20154 I

The seven 3GPP Organizational Partners determine the general policy and

strategy of 3GPP and perform the following tasks: t 1 ’.‘%
. _ adls

» Approval and maintenance of the 3GPP scope; wan)

» Maintenance of the Partnership Project Description; H RlB é{—

« Taking decisions on the creation or cessation of Technical wAPA) COSA
Specification Groups, and approving their scope and terms of (comay
reference; TI

» Approval of Organizational Partner funding requirements; w ETSIAA__ \\\

* Allocation of human and financial resources provided by the W\ 74
Organizational Partners to the Project Co-ordination Group; ) Eomers

 Acting as a body of appeal on procedural matters referred to them. //"r T/A/ tst|

N
5 (KOREA) {INDIA}

http://www.3gpp.org/about-3gpp/partners Retrieved:20161028
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3GPP specifications and studies are contribution-driven, by member companies, in
Working Groups and at the Technical Specification Group level. The three Technical
Specification Groups (TSG) in 3GPP are: Radio Access Networks (RAN), Services
& Systems Aspects (SA), Core Network & Terminals (CT) .

The Working Groups, within the TSGs, meet regularly and come together for their
quarterly TSG Plenary meeting, where their work is presented for information,
discussion and approval.

3GPP’s Meeting Cycle (Q4 example)

December

September October November

TSG#73 BRanil k'] o=
E.3 Ecr:l

. - @ L sa ferl

Cg]g)::,tyed Individual Working Group BAN! Wc():r?(llr?g;: aC;(ragUD Cg—llé(:::ftyed

Meetings Ordinary / Bis / Ad-hoc Meetinas Meetinas
(x4 per year) Meetings EANQ = 0



M. 1N&5: 3GPP

# The 3rd Generation Partnership Project (3GPP), 1998

€ TSG: Technical Specification Groups
TSG RAN: Radio Access network
TSG SA: Service & System Aspects
TSG CT: Core Network & Terminals

€ 3GPP Organizational Partners
ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC

- . O
€ 3GPP Market Representation Partners atis-
€ WG: Working Group HBN!B 0&4?‘
TR : Technical Report -
TS: Technical Specification TI m:///%\\\
W\ 74

(EUROF

3GPP's Meeting Cycle (Q4 example) e
AT tsdsi

{INDIA}
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3GPP Release

Name Status Start date End date Closure date
Release 17 | Open 2021-09-17 (SP-93)

Release 16 | Open 2017-03-22 2020-06-19 (SP-88)

Release 15 |Frozen 2016-06-01 2019-06-07 (SP-84)

Release 14 |Frozen 2014-09-17 2017-06-09 (SP-76)

Release 13 |Frozen 2012-09-30 2016-03-11 (SP-71)

Release 12 |Frozen 2011-06-26 2015-03-13 (SP-67)

Release 11  |Frozen 2010-01-22 2013-03-06 (SP-59)

Release 10 |Frozen 2009-01-20 2011-06-08 (SP-52)

Release 9 Frozen 2008-03-06 2010-03-25 (SP-47)

Release 8 Frozen 2006-01-23 2009-03-12 (SP-43)

Release 7 Closed 2003-10-06 2008-03-13 (SP-39)(2014-09-17 (SP-65)
Release 6 Closed 2000-03-28 2005-09-28 (SP-29)(2014-09-17 (SP-65)
Release 5 Closed 2000-05-01 2002-09-12 (SP-17)|2014-09-17 (SP-65)
Release 4 Closed 1998-08-01 2001-06-21 (SP-12)(2014-09-17 (SP-65)
Release 1999 | Closed 1996-11-01 1999-12-17 (SP-06)|2008-06-05 (SP-40)

http://www.3gpp.org/specifications/releases Retrieved:20191110




M’ 3GPP Ongoing Releases

2017 2018 2019 2020

Release 14

R?Iease 15 :KSG Phasé: 1)

ASN.1 (A}bstrafct Syng‘tax I\ilotatibn onefe)

Ra:lease 16 (:SG Phase 2§)

2019i’é|56)%§6E|, 511%.:
. FEBE. FEEE. FEELZR
567 KRR, FEFNSGEH TS

http://www.3gpp.org/specifications/releases Retrieved:20191110
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3GPPFRERYEH
Generations of Mobile Systems

Generation

Major Systems Milestones

1G

Analogue technology, from the 1980s onwards.

2G

First digital systems, deployed in the 1990s introducing voice, SMS and data services,
including GSM/GPRS & EDGE, CDMAOne, PDC, iDEN, 1S-136 or D-AMPS.

3G

The 3G system is based on evolved GSM. This has allowed for the maintenance and
development of GSM, with the evolution of General Packet Radio Service (GPRS)
and Enhanced Data rates for GSM Evolution (EDGE), as well as further
developments with the Universal Mobile Telecommunications System (UMTS) and
High Speed Packet data Access (HSPA).

3G brought a global vision to the evolution of mobile networks, with the creation of
the ITU's family of IMT-2000 systems which included EDGE, CDMA2000
1X/EVDO and UMTS-HSPA+ radio access technologies.

3G/4AG

LTE( From Release 8) has been the basis for all new mobile systems. LTE-
Advanced (From Release 10) is the first true 4G technology to be specified by
3GPP. LTE-Advanced Pro (Release 13) is set to be used by other sectors, beyond
telecoms, including Critical Communications (blue light services & other Mission
Critical systems), the machine-to-machine or Internet of Things (loT) sector,
Transport (Rail, ITS, etc), Education and many other areas. LTE-Advanced Pro is
3GPP's stepping stone to 5G systems::
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Cellular network standards
List of mobile phone generations
0G (radio telephones) MTS - MTA - MTE - MTC - MTD - IMTS - AMTS - OLT - Autoradiopuhelin - B-Metz - Altai - AMR
AMPS family AMPS (TIA/EIANS-3, ANSITIA/EIA-553) - N-AMPS (TIA/EIANS-91) - TACS - ETACS

16559 Other NMT - C-450 - Hicap - Mobitex - DataTAC 2 . SG
GSM/3GPP family GSM - CSD - HSCSD
3GPP2 family cdmaOne (TIA/EIANIS-05 and ANSI-J-STD 008) 2.15G
261999 AMPS family D-AMPS (1S-54 and 15-136) 3.5G
Other CDPD - iDEN - PDC - PHS 375G
GSM/3GPP family GPRS - EDGE/EGPRS (UWC-136/126HS/TDMA-EDGE) :
2?;?(:5:';5"2; 3GPP2 family CDMA2000 1X (TIA/EIANS-2000) - CDMA2000 1X Advanced 3.9G
Other WIDEN - DECT
& o) 3GPP family UMTS (UTRA-FDD / W-CDMA - UTRA-TDD LCR / TD-SCDMA - UTRA-TDD HCR / TD-CDMA)

JGPP2 family CDMAZ2000 1xEV-DO Release 0 (TIA/I'5-856)

JGPP family HSPA (HSDPA - HSUPA) - HSPA+ - LTE (E-UTRA)
3G transitional

JGPP2 family CDMA2000 1xEV-DO Revision A (TIA/EIA/S-856-A) - EV-DO Revision B (TIA/EIA/IS-856-B) - EV-DO Revision C
(3.5G, 3.75G, 3.9G)

IEEE family  Mobile WiMAX (IEEE 802.16e) - Flash-OFDM - iBurst (IEEE 802.20)

4G (2013) JGPP family LTE Advanced (E-UTRA) - LTE Advanced Pro {4.5G Pro/pre-5G/4.93)
{IMT Advanced) IEEE family  WildAX (IEEE 802.16m) (WiMax 2.1 (LTE-TDD}))
5G (2020) LTE
{IMT-2020)

(Under development) 9G-NR https://en.wikipedia.org/wiki/GSM Retrieved:20171028
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M 3GPPHRAERYSEIHF: Formal name & Release
Radio Access Milestones

99 | 00 | ‘01| ‘02| ‘03 | ‘04 | ‘05 | ‘06 | ‘07 | ‘08 [ 09 | 10| ‘11|12 | 13| 14 |5 | 16

¥ Release 99: W-CDMA (UMTS)
V¥ Release 4: 1.28Mcps TDD
V¥V Release 5: HSDPA (& IMS)
¥V Release 6: HSUPA, MBMS
V¥V Release 7: HSPA+ (MIMO, Higher order modulation)
V¥V Release 8: LTE (OFDMA)

V¥V Release 9 LTE improvement, SON
Release 10: LTE-Advanced (Carrier Aggregation, eMIMO, elCIC)=» ¥

Release 11: COMP,E-PDCCH= V¥
Release 12: FDD/TDD CA, ProSe (D2D),eMTC=> ¥

WCDMA: Wideband Code Division Multiple Access Re'ease.lz LTE:\d:"fed Pr°')ﬁ ¥
TDD: Time Division Duplexing - N |r§$rAggrega >
HSPA+: High-Speed Packet Access+ ' gia’::?ig:‘(a:gfzmggf/c? e
HSDPA: High Speed Downlink Packet Access @ LA

HSUPA: High Speed Uplink Packet Access t @ ’\

LTE: Long Term Evolution I- e Ilt4 n A""",":ie:
LTE-Advanced: enhancement of LTE lt

: /~°
LTE-Advanced Pro: the next evolution of LTE 5&‘
14
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Figure 15: Relative Adoption of Technologies*?

Relative Subscriptions

Rysavy

1 Computing Platforms: Research

50s First commercial computers
60s Mainframes

70s Mini-computers, Unix
80s Desktop PCs
90s Internet

00s Web

10s Mobile

LTE |nhnovations:
LTE-Advanced

UMTS/HSPA

Innovations:
HSPA+

GSM

Innovations:
AMR
EDGE

- CDMA2000

— > > >

1990 2000 2010 2020 2030
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@ Generations of Mobile Systems
LTE-Advanced (From Release 10) is the first true 4G technology
2009 F1HT7H, TASERRIN=7K3GHLIE
2013 F12 H4AH, TASERABOE HLAGHIE (TD-LTER| )
201552 H 27 H , A5 & ) o [ F A= Ao [ i & I FDD-LTERRE,
#5313 4 % SIFDDALI
2019F6 H6H, TAFESIEIm EB G, PEZBZ), hEBE. E
HL R TR G T FH he R
@ Radio Access Milestones
WCDMA: Wideband Code Division Multiple Access
TDD: Time Division Duplexing
HSPA+: High-Speed Packet Access+
HSDPA: High Speed Downlink Packet Access
HSUPA: High Speed Uplink Packet Access
LTE: Long Term Evolution
L TE-Advanced: enhancement of LTE
LTE-Advanced Pro: the next evolution of LTE

16
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BG P Pi;ﬁj\_E g - IX_X‘I zg ;3'%1;@ http://en.wikipedia.org/wiki/Gsm

2 MSS: Mobile Switching Server
VLR: Visitor Location Register
HLR: Home Location Register

MCE

BTS: Base Tranceiver Stations
BSC: Base Station Controller

Structure of a GSM network

ME: Mobile .
Equipment CS: Circuit
MT/TE Switched

174\d )
"I \“\
/i o =X
SIM1ME BSC: 18
Transceiver Controller Gb\ /) -
SIM | C
e Station .| |- :
UE: User GERAN: GSM EDGE Radio “—\' &n |
Equi.pment Access Network SGSN Gi ° SMS-GMSC
BSS: Base Station System GPRS PS: PS & CS
MS: Mobile Station AN: Access Network Packet Switched . Gp\lGGSN CN: Core Network

MGW: Media Gateway
GPRS(general packet radio service)
GGSN (Gateway GPRS Support Node)
SGSN(serving GPRS support node)
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3GPPIEIFIE[E: M54

uCs
uB RNC — CN (Core Network)
u
Node B -
— 3GPP UMTS R5 - 3Q’°02
IluR |
3GPP UMTS R4 - March’01
Node B I |
RNC 3GPP UMTS R99 - March’00
Uu
| UE UTRAN

RNC (Radio Network Controllers)

20094E1 H7H, TobAEBAE T

IMS
IP3#UAT A%

SR =K 36GRE R . T [E 25

3RA5 TD—SCDMARELHE: ;  HH [E H1./5 3R 45 CDOMA2000 L e s H ] BPca ) 3k
5 TWCDMAR IR, i, FR[E IE 35 A 3GHF AL
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M 38 i

GGSN: Gateway GPRS Support Node
SGSN: serving GPRS support node

UTRAN: Universal Terrestrial Radio Access Network
RNC:Radio Network Controllers———————h—lt—) ----------- N

MSC: Mobile Switching Center
VLR: Visitor Location Register
HLR: Home Location Register

|
|
|
i o GMSC
| A
i Node B RNC
|
i Iub doglsqin
Uu/Vg __ ﬂ _______________________ .
.r [ur
- HI.R \
u
@ PS
" ATM domain
_ _ ode RNC .
PSTN: Public switched telephone n rk
PDN: Packet Data Network Tub GGSN

PLMN: Public Land Mobile Network
€« UIRAN _____ pq_--Lorenetwork
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UTRAN: Universal Terrestrial Radio Access Network
E-UTRAN: Evolved Universal Terrestrial Radio Access Network
GERAN: GSM EDGE Radio Access Network

LTE-Uu

UE E-UT_Rm |

S1-U

MME: Mobility Management Entity
SGSN: serving GPRS support node

&: 4G LEZ L4

Non-roaming architecture for 3GPP accesses

PCRF: Policy and Charging Rules Function
S-GW: Serving Gateway

PDN: Packet Data Network
P-GW: Packet Data Network Gateway
HSS IMS: IP Multimedia Subsystem
PSS: Packet Switch Streaming
T S6a
PCRF
+— 512
s4 G
Serving S5 PDN i Operator's IP
Gateway [— Gateway Services
(&g. IMS, PSS etc.)

HSS: Home Subscriber Server

3GPP TS 23.401 V15.1.0 (2017-09)

Evolved Universal Terrestrial Radio Access Network (Release 15)

25




3GPPEIFIERE]: AGMILEEEH
Roaming architecture for 3GPP accesses

MC

UTRAN: Universal Terrestrial Radio Access Netvyork
GERAN: GSM EDGE Radio Access Network h —
E-UTRAN: Evolved Universal Terrestrial Radio Access Nefwork
PLMN: Public Land Mobile Network G)/
Sha
MME: Mobility Management Entity o SG'I Operator's 17
SGSN: serving GPRS support node l (e.g. IMS, PSS etc))
HPLMN HSS: Home Subscriber Server

CRF: Policy and Charging Rules Function
-GW: Serving Gateway

DN: Packet Data Network

-GW: Packet Data Network Gateway

MS: IP Multimedia Subsystem

'SS: Packet Switch Streaming

“Serving
| Gateway

UE

3GPP TS 23.401 V15.1.
Evolved Universal Terrestrial Radlo Access Network (Release 15)
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Non 3GPP IP Access
Mobility Management Entity (MME)

Serving Gateway (S-GW)
—~ Packet Data Network (PDN)
¥GEMN ) Packet Data Network Gateway (P-GW)

o ) ‘
xx )\

Serving GW

MC

PCRF

S1-MME

Internet )

LTE-U6

UE eNode B

S1u S5 SGi

S2a Wn*

|
S2c



3GPPEIHIEE: 5GHRLiZEM
Service Based Architecture

MC

The roaming UE interfaces the Data Network (DN) in the visited network (VPLMN) and the
home network (HPLMN) enables it with subscription information (UDM), subscriber
authentication (AUSF) and UE specific policies (PCF). Network slice selection (NSSF), network
access control and mobility management (AMF), data service management (SMF) and
application functions (AF) are provided by the VPLMN. The user plane (UPF) is managed
following a model of control and user plane separation similar to what was already introduced in
the latest 3GPP 4G release. Security proxies (SEPP) protect the interactions between PLMNS.

Nudm i Nnrfi
l Nausf ! \ Nnef

HPLMN

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

3999 _

VPLMN

hSEPP

System architecture milestone of 5G Phase 1 is achieved, December 21, 2017
https://www.3gpp.org/NEWS-EVENTS/3GPP-NEWS/1930-SYS_ARCHITECTURE Retrieved:20191110



3GPPREIFIEE]: SGHRLGEEM
ME Network Slicing

A distinct key feature of the 5G system architecture is network slicing.

4 .48 .4 N\ N\

Smartphone Slice 1 (e.g. for the network operator’s subscribers)

Smartphone Slice 2 (e.g. for a virtual operator’s subscribers)

Vehicle Services Slice 1 (e.g. for a truck manufacturer’s fleet assistance)

M2M Service Slice 1 (e.g. for a goods or container tracking system)

Overall operator network (PLMN) domain

. (Radio) Access Data Network
\UE domaln) \ Network domain j \ore Network domamj /applications/

System architecture milestone of 5G Phase 1 is achieved, December 21, 2017
https://www.3gpp.org/NEWS-EVENTS/3GPP-NEWS/1930-SYS_ARCHITECTURE Retrieved:20191110




3GPPEIAIEE: 5GHRSGLeH
Deployment with Network Slicing

MC

 slice #3 is a straightforward deployment where all network functions serve
a single network slice only.
« a UE receives service from multiple network slices, #1 and #2.

3GPP deployments using network slicing .%F?

vvvvvvvvvvvvvvvvv

NRF)

-

- - -
- -
—— e n e m e e

System architecture milestone of 5G Phase 1 is achieved, December 21, 2017 30
https://www.3gpp.org/NEWS-EVENTS/3GPP-NEWS/1930-SYS_ARCHITECTURE Retrieved:20191110
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MC Application support

7
d
\

11—
QoS rules NN NN

Application / Service Layer @
Data packets from applications serenss AT
\ 1l W | Ha
!

Toat JL It
VvV VWV |
(mapping UL packets to QoS flows
/ and applying QoS flow marking)
QoS flow .

C I\ \
I

' (all packets marked with
- 1 / the same “QoS flow ID”) \'r_‘
N SDF templates
(classify packets to SDFs)

1 I I:l Mapping QoS ( ]
fl
B o e [ ]
I Resources
\ for QoS flow marking
‘ AN Resources PDU session
AN UPF

UE
user plane (UPF)

31

System architecture milestone of 5G Phase 1 is achieved, December 21, 2017
https://www.3gpp.org/NEWS-EVENTS/3GPP-NEWS/1930-SYS_ARCHITECTURE Retrieved:20191110
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MC

The new modes allow for relocating the IP anchor. There are two options,
make-before-break (SSC mode 3) and break-before-make (SSC mode 2).

Session and Service Continuity (SSC) modes

Pl ———— IP1

SSC mode 1 SSC mode 2 SSC mode 3

System architecture milestone of 5G Phase 1 is achieved, December 21, 2017 o

https://www.3gpp.org/NEWS-EVENTS/3GPP-NEWS/1930-SYS_ARCHITECTURE Retrieved:20191110

Session and Service Continuity (SSC) modes
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2G/3G/4AGHTF

MCE

i wa(e) ) Voiee(psTN) _
L S =

PON-GW GGSN
_]-{5_‘ Gn
Céieis s11 - Gs
PRz | MME S-GW SGSN MSC
53 lu.p’ lu-cs
RNC - RNC

lub

gl () (g (

Node B's

|
Interface
2 4 ot
UE “

)
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M 3GPPEIFIE[E : 255544
2G/3G/4G/Non-3GPP{<HitL 7%

S-GW: Serving Gateway HLR: Home Location Register
P-GW: Packet Data Network Gateway PCREF: Policy and Charging Rules Function
MME: Mobility Management Entity HSS: Home Subscriber Server

SGSN: serving GPRS support node

HLR/HSS|| PCRF IP networks )

|
Gr! isea sal
| S|
[ . S4 SAE GW
} ' . (PDN GW and
S8 S11) Serving GW)
SGSN MME A T
S10
Gb ucP: [s12 L :
' S1CP! [S1UP
; b
:l':l|
S l'-'
o 1|
BSC hs | ,
N \
BTS .. /B
oy et e - I o e e -t g -
2G 3G LTE ISR G2 Non-3GPP access

with cellular
EHWIC
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4G/56Jcc,ﬂ,ﬁ

MCE

Release 16

- Release 16
——————

Q4 o1 az Q3 04 a1 Qz Qs Q4

53 Initial Study 5G Release 15 Non-Standalone

5G Release 15 (incl.Standalone)

5G Evolution Studies for Belease 16 5G Release 16

, Non Standalone —— / Standalone \

5G Cre

=== Data Plane
----- Control plane

=== Data Plane
----- Control plane




MC NG

®GSM

€3G

®4G

5G

BTS(Base Tranceiver Station)
BSS(Base station Controller)
GPRS(general packet radio service)
GGSN (Gateway GPRS Support Node)
SGSN(serving GPRS support node)

Node B

RNC (Radio Network Controllers)
CS(Circuit Switched Domain)
PS(Packet Switched Domain)
IMS(IP Multimedia Subsystem)

eNodeB
MME (Mobility Management Entity)
EPC(Evoled Packet Core)

Service Based Architecture
Network Slicing
Application support

€ 2G/3G/4G/5G/Non-3GPP¥K-Ei3t 7
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M hg5: 3GPP Release&i#t

& Release 99: #f N3G

@ Release 5: IMS. HSDPA

@ Release 6: HSUPA. MBMS

@ Release 7: HSPA+

@ Release 8: #f AN4G?, LTE

@ Release 9: MIMO. Dual-Cell HSDPA
@ Release 10: Dual-Cell HSUPA

@ Release 11: Hetnet. CoMP

®Release 12: J7 2014445, SEFr2015.037%k 45
MIMO, small cells, femtocells, M2M, Proximity Services (ProSe), SON, Heterogeneous Network (HetNet)
mobility, Multimedia Broadcast/Multicast Services (MBMS), Local Internet Protocol Traffic Offload/Selected
Internet Protocol Traffic Offload (LIPTO/SIPTO), Enhanced International Mobile Telecommunications Advanced
(eIMTA) and Frequency Division Duplex-Time Division Duplex Carrier Aggregation (FDD-TDD CA).

@ Release 13: 2016.03% 44

LTE in unlicensed spectrum, Carrier Aggregation enhancements, LTE enhancements for Machine-Type
Communications (MTC), Enhancements for D2D, Elevation Beamforming / Full-Dimension MIMO, Enhanced
multi-user transmission techniques, Indoor positioning, Single-cell Point-to-Multipoint (SC-PTM)

@ Release 14: 2017-06-097% 45
@ Release 15: 2019-06-07#% 45, #EA5G
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3GPP: The 3rd Generation Partnership Project
5 FHPLMN (Public Land Mobile Network)ys i3t

3GPP [ 2% ) Ji 1E

€ 4.5G (LTE-Advanced Pro)
LTE-WLAN Inter-working
LTE-WLAN Aggregation
LTEXT PR M ) S HF

\ Jid=Enle
5GHREAL 2L 2R
SR T L2
S5GH ATiAR?
S5GHILIR
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Gy

M 4.5G (LTE-Advanced Pro)

Advanced
l 3
eTM

3GPP{£201545-10 H 22 H f)PCG(Project Coordination Group, 3l H & 1F2H) 5535
Ry b IE 2 W LTE B br iy 44 NLTE-Advanced Pro. X &4.5GTE A
FRIEAM 4. LTE-Advanced Prof#5 IE/E 34T b AL IFLTE Release 13 & J&
SRR AS B N 28, 3 LA LAA(Licensed-Assisted Access). 3D/FD-MIMO(FD,
Full Dimension). NB-loT(Narrow Band Internet of Things). Massive Carrier
Aggregation. Latency Reduction. Downlink Multiuser Superposition
Transmissionf1SC-PTM(Single Cell-Point to Multi-point)3% .

41
http://www.huawei.com/minisite/4-5g/cn/



, 3GPPFrERYEFE: Formal name & Release
MO
Radio Access Milestones Y\e\]\e\ﬂ

99 | 00 | ‘01| ‘02| ‘03 | ‘04 | ‘05 | ‘06 | ‘07 | ‘08 [ 09 | 10| ‘11|12 | 13| 14 |5 | 16

V¥ Release 99: W-CDMA (UMTS)

V¥ Release 4: 1.28Mcps TDD
V¥V Release 5: HSDPA (& IMS)
¥V Release 6: HSUPA, MBMS
V¥V Release 7: HSPA+ (MIMO, Higher order modulation)
V¥V Release 8: LTE (OFDMA)

V¥V Release 9 LTE improvement, SON
Release 10: LTE-Advanced (Carrier Aggregation, eMIMO, elCIC)=» ¥

Release 11: COMP,E-PDCCH= V¥
Release 12: FDD/TDD CA, ProSe (D2D),eMTC=> ¥

WCDMA: Wideband Code Division Multiple Access e
TDD: Time Division Duplexing - Rerowtaid Irc:;c—erAggrega o
HSPA+: High-Speed Packet Access+ g i e

HSDPA: High Speed Downlink Packet Access e

HSUPA: High Speed Uplink Packet Access A
LTE: Long Term Evolution )

ﬂ )
LTE-Advanced: enhancement of LTE lte 4DVA~CED ’?‘Advamd
L TE-Advanced Pro: the next evolution of LT4E2

Pro



M’ 4.5G(Release 12/13)

L IR NENS

¢ LTES5WLANEL&
LTE WLAN interworking ({45 439%)

LTE WLAN aggregation (F#HE4E)
LWA: LTE-WLAN Aggregation
LWIP: LTE WLAN Radio Level Integration with IPsec Tunnel

© LTEXS IR M ) S HF
Low Power Wide Area Network(LPWAN)

10T in 3GPP Release 13
EC-GSM-IloT(Extended Coverage-GSM)
eMTC(LTE-M, Low-Cost MTC)
NB-10T
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3GPP: The 3rd Generation Partnership Project
5 FHPLMN (Public Land Mobile Network)ys i3t

3GPP [ 2% ) Ji 1E
€ 4.5G (LTE-Advanced Pro)

LTE-WLAN Inter-working
LTE-WLAN Aggregation
LTEXT V86 WA /Y SCHF

\ Jid=Enle
S5GHRENZHZA
SR T L2
5GHT A HR?
S5GHILIR
RTBCH AR KM B
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M RAN LTE-WLAN Inter-working
3GPPE X T 6 MLTESWLANRR & HIIAR

€ 3GPP system based Access Control: The user faces control procedures
(authentication and authorization) similar for WLAN as within the 3GPP
domain.

€ 3GPP system based Access Charging: This capability enables that the
3GPP charging mechanism can be reused for WLAN.

@ Access to 3GPP system PS based services from WLAN: The user is
offered access to the same PS based services over WLAN as may be
accessed via the 3GPP system.

@ Service continuity: services will survive the process of change of access
network technology between WLAN and a 3GPP system.

@ Seamless service continuity: to provide seamless service continuity
between the access technologies by minimizing aspects such as data loss
and break time during the switch between access technologies.

@ Access to 3GPP system CS based Services with seamless mobility: to
allow the operator to grant access to 3GPP system CS based services
through the WLAN.

45
3GPP TR 22.934, Feasibility study on 3GPP system to Wireless Local Area Network (WLAN) interworking (Release 13)



MC

RAN LTE-WLAN Inter-working 7= {5

Non-Roaming Architecture within EPS using S5, S2a, S2b

PCRF

Gx

S2a: Trusted WLAN access HSS
S2b: Untrusted WLAN access
S5Ba
Gxc
3gPp | Semving T
Accdss | y —
S5
52a
HPLMN
Non-3GPP T
MNetworks

AAA: Authentication, Authorisation and Accounting

ePDG: Evolved Packet Data Gateway

PCRF: Policy and Charging Rules Function

PDN: Public Data Network
HSS: Home Subscriber Server

3GPP TS 23.402, Architecture enhancements for non-3GPP accesses (Release 13)

Rx

Operator's

Services
(e.g. IMS, PSS

IP

Untrusted

n-3GPP IP




M /h\g5: RAN LTE-WLAN Inter-working

& Rel-8F Bttt

ePDG: Evolved Packet Data Gateway

S2a FH X% 15 FIWLAN 2 A

S2b £ JE4% A5 FIWLAN A

S2c ] AR 242 A5 A AEFAE FIWLAN 2 A
¥ Rel-9: MAPIM

MAPCON: mutiple access PDN connetion

IFOM: IP flow mobility

® Rel-10:

Access network discovery and selection function (ANDSF)

®Rel-11: SaMOG
TWAG/TWAP
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3GPP: The 3rd Generation Partnership Project
5 FHPLMN (Public Land Mobile Network)ys i3t

3GPP [ 2% ) Ji 1E

€ 4.5G (LTE-Advanced Pro)
LTE-WLAN Inter-working
LTE-WLAN Aggregation
LTEXT PR M ) S HF

\ Jid=Enle
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M’ 3GPP LTE/WLANEEA S EZHiHERE

Rel-10 2011Q2 )

Rel-11 2013Q1 I.'l'.ém 'I'_e
.13 201601 AZEIDETDETDITD
Rel-13 2016Q1

WLAN RAN Assisted RAN Controlled
Offload Interworking Interworking
Offfoad O o—p—eo
LTE/WLAN LD
Interworking /.
Aggregation . LWA
LTE-U
LTE over @
unlicensed —~_ 3‘* > e:““‘

LWA (LTE-WLAN Aggregation )
LWIP (LTE WLAN Radio Level Integration with IPsec Tunnel)
LTE-U (LTE-Unlicensed)

LAA (Licensed Assisted Access)

49



LTE-A Carrier Aggregation

LTE eNB (3GPP)

86—

D &1&""’-

EPC

F 1

UE

LWA Link Aggregation

LTE eNB (3GPP)}

R W W

D‘“ss s

UE  goz2.11
Wi-Fi AP (LWA®@5GHz)

sty

Mative Wi-Fi AP (802.11@5GHz)

M LTESWLANREE KT 8E75 2

LTE-U/LAA Carrier Aggregation
LTE eNB [3GPP)

SZ'/

Elh
5’5 i “, CPRI or GE

44— EPC —

Cﬂ”fennuni Small RRH (LTE-U/LAA@SGHz)
[
802.11 “

Native Wi-Fi AP (802.11@5GHz)

Multipath TCP Path Aggregation

LTE eNB (3GPP)

LTE MP Proxy
+— EPC
f5e— _VEF]
o —
L .y

Mative Wi-Fi AP (202.11@5GHz)

(1=



LWA: Network Architecture
LWA (LTE-WLAN Aggregation )

MC

LWA supports two deployment scenarios:

@ *Collocated —integrated eNB and WLAN Access Point
(AP)/Access Controller (AC)

MME / S-GW *Non-collocated —eNB and WLAN AP/AC connected via
WLAN Termination (WT) using standardized interface
Xw

;

IEEE 802.11-16/351r1
http://www.3gpp.org/images/PDF/2016 03 LWA LWIP_3GPPpresentation.pdf



LWA: Data Plane

’
MC LWA: Control Plane

* In Release-13, LWA supports aggregation in downlink only, while
uplink transmission is always on LTE

« PDCP PDUs sent via WLAN are encapsulated in LWA Adaptation
Protocol (LWAAP) which carries bearer identity

« LWA activation and deactivation are controlled by eNB

« eNBconfigures WLAN mobility set for UE

= ah A\
EPDCPFZRESE
/ \ S1-MME s1-U
& I 3
NAS | Application layer |
Control plane, K
(R ][ e toer CRe T | el =i
| PDCP | | PDCP | | PDCP | | PDCP | Aggregation
A A A [ - User plane, Function
\ 4 e.g. Xw, X2-U :
| Adaétation | L\_
Y A Y h 4
[ Ric__J[[_RLC__][B0241LLC] [ RC_ [ _RC ]
| MAC | [EoziwAc] | VAC |
\ PHY | [802.11 PHY | | PHY |
fF 3 »
\ UE / \ MeNB / WLAN termination
F 3 '\ /

Iy




M’ Licensed-Assisted Access

LTE-WLAN aggregation, introduced in Release 13, is another area where protocols
will be enhanced in Release 14. Release 13 supports LTE-WLAN aggregation for the
DL. Release 14 will allow aggregation for the UL as well. Additional information
collection and feedback (e.g., better estimation of available WLAN capacity) as well
as automatic neighbor relation procedures are to be introduced to improve
performance.

LAA secondary cell

<< | (| )) » Opportunistic capacity boost
LTE small cell

.— Unlicensed spectrum

™ licensed spectrum

HEmacro LTE primary cell
* Reliable control signaling
» Seamless coverage and mobility
* Robust/real-time user data with LTE QoS

Figure 2. LAA enabling transmissions on secondary cell(s) operated in unli-
censed spectrum controlled from a primary cell operating in licensed spec-
trum using carrier aggregation.

53

Hoymann, C., et al. (2016). "LTE release 14 outlook.” IEEE Communications Magazine 54(6): 44-49.



M LWIP

(LTE WLAN Radio Level Integration with IPsec Tunnel)

« UE uses WLAN via IPsec tunnel between eNB and UE

 WLAN is hidden from CN

* LWIP is controlled by eNB, based on UE measurement reporting

* For security reasons IPsec tunnel is terminated in LWIP-SeGWin eNB
* IPsec tunnel is transparent to WLAN infrastructure

« Single IPSec tunnel per UE for UL and DL data

a

MME / S-GW

IEEE 802.11-16/351r1 4
http://www.3gpp.org/images/PDF/2016 03 LWA LWIP_3GPPpresentation.pdf



M LWIP: Data Plane

S1-MME §1-U
Private Publ —
bt W EPERA
eNB + A
WLAN
G — xo- )
RRCi\ ‘
poc| | | poce| | LWIP-
SeGW o
[ RLC ] [ RLC ]
[ MAC ‘ [ MAC | .
[ PHY ] [ PHY ]
RRC| NAS ";:::;
User plane UE - LWIP-5eGW
IP Packets & |Psec Tunnel °
l PHY ‘ WLAN from DRB
PHY
[ MAC ‘ /
l RLC | RLC] LWIP Tunnel
PDCP | | PDCP] ":ﬂ'fg
RRC
ot [ e e
APP/Higher
UE Layers

IEEE 802.11-16/351r1

95

http://www.3gpp.org/images/PDF/2016_03 LWA_LWIP_3GPPpresentation.pdf

Uplink and downlink data
supported over WLAN
Multiple bearers can be
offloaded via IPSec

In uplink, PDCP SDUs are
encapsulated in Generic
Routing Encapsulation
(GRE) protocol

No re-ordering support: eNB
in DL and UE in UL are not
expected to send packets on a
data radio bearer via LTE and
WLAN simultaneously



MC N LTESWLANRLE

Unified Network (LTE — WLAN)

Single RAT (LTE)

<€ >

RAN Asissted RAN LTE WLAN License
Controlled LTE WLAN Integration LTE .
Complete name LTE-WLAN . . . Assisted
. LTE-WLAN Aggregation with Unlicensed
Interworking . . Access
Interworking IP Tunneling
3GPP Release 12 13 13 13 12* 13
EPC + EPC + EPC +
legacy WLAN legacy WLAN EPC + WLAN legacy WLAN EPC EPC
WLAN relation Offload Offload Aggregation Aggregation co-existence co-existence
Co-existence CSMA CSMA CSMA CSMA CSAT LBT
Aggregation layer IP IP PDCP IP MAC MAC
DL and/or UL DL and UL DL and UL DL only DL (and UL) DL only DL only
LTE-WLAN LTE-WLAN LTE Carrier
Offload Aggregation Aggregation

LAA(Release 14): Licensed-Assisted Aceess
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M (RINFET 13 2%
Low Power Wide Area Network(LPWAN)

LPWANZ 9 i 57 FH A MM 5 S seAe AL B, BT At s g, IR R
. HRIHAE. RS, DUERMNKEER, AT AR ANESE A
1007 Lyt B Y10 28 X SR ) s R Je 28 Y 25 08 THE R o LPWAN ) AR B Jligt —
¥R, Sigfox, LoRa, Telensa, PTCZ: N & b ML 78 f LPWAN$E A .

Street lighting

* Trafficinformation .
« eCall .
* Infrastructure monitoring

* Trash and waste containers

Traffic sensors & control

Vehicle telematics * Electric » Public events - location services
+ Water * Advertising displays
* Gas * ATM’s, vending machines
* Heat » Smart parking

* Infrastructure & production

Smart metering

» FEarthquake sensors

« Motorcycles, bicycles « Avalanche and flooding
e : * Heating and AC

. TrL_Jck_tra|Iers _ « Equipment status

» Shipping containers « Forest fires

* Kids, pets + Air pollution
* |nsurance - valuable assets

* Find my stuff

+ Medical wearable’s

Environment & Industrial mHealth




MO LPWANRBYSS S

Low Power Consumption Low Device Cost Massive Connections
5
10 Years $1~2 Chipset 100k
Battery Life /$5~10 Module Connection per Cell

WAVIoT Sigfox

1BS 3BS

Node Fix obstacles Urban environment with random obstacles
7ecm 10cm 20cm
ith link budget available wooden brick concrete 16 km of urban area

wiall wall wall

RPMA 2.4 GHz @ 163 dBm




M BWRL AT A HILPWANT AR ?

= AN
# LoRaWAN LoRa ite
®3GPP LTE-MTC (release 12)> LTE-eMTC (release 13)
@ DASH7 E8 D7

€ RPMA(ingenu) . U1GENU
¢ WAViot waviot

@ Telensa o

€ Nwave nu-ave

@ Sigfox

€ Weightless REEIGHTLESS

Low Power Wide Area Networks: A Survey
https://arxiv.org/pdf/1606.07360.pdf 60
http://cms.edn.com/ContentEETimes/Documents/EDN/LP%20WAN%_20Comparison%20Table%?20final.pdf



M BBSTLPWANBIF AR S HH 52

ol WA‘!."I::fT Link Labs Ingenu l\!wave

NB-Fi LoRa RPMA Weightless
Freguency 868.8 MHz 868.8 MHz 868.8 MHz 2.4 GHz 868.8 MHz 8 -2.7GHz
Max urban range with 99% reliability, m. 16 600 7200 9500 4600 4100 640
Maximum link budget, dBm 166 151 156 63 147 147
Mode bandwidth 100 Hz 125 kHz 100 Hz MHz 200 Hz 192 kHz
Spectrum efficiency High Very Low Low Medium Low High
Gateway mode Full Duplex Half Duplex Half Duplex Half Duplex Uplink Only Full Duplex
Nodes per gateway 1350 000 40000 50 000 500 000+ 50000 20000
Scalability High Very Low Low High Low High
Simultaneous demodulation capacity 120 000 8 25 4000 25 64
Security XTEA 256 bit 32 bit 16 bit AES 128 bit No 128 - 256 bit
Minimum node cost, USD $1.99 $29.00 $1.99 $5.00 $19.00 $5.00
Battery lifetime 10 years 10 years 10 years 10 years 10 years 5years
Sector antennas ‘Yes NO No No No ‘fes
Commercial Deployment 100+ 100+ 100+ 30 10 N/A until 2020
First commercial project 2011 2014 2010 2010 2013 2020 I




M BB LPWANBIH AR S EH e

Wi-SUN SIGFOX LoRa EC-GSM CAT-M1 CAT-NBI

Available Y Y (EU,NA) Y Y 2017 2017>
Deployment Private SIGFOX Private/MO Maobile operator/software upgrade

- ETSILTN 3GPP
Spedification 802.15.4 (exp. YE'T7) LoRaWAN 3GPP 3GPP (exp. YE'I6)
TX up (dBm) >=3 14 14 23/33 20/23 23

: 200-400-600 100/600 Hz
Bandwidth up KHz (EU/NA) 125-500 KHz 200 KHz 1.08 MHz 200 KHz
, DBPSK up Chirp spread /2 BPSK
Modulation FSK CESK down e GMSK /4 QPSK QPSK QAM
50 Kb/s to 100 bps (EU) 0.3 kb/sto

Data rate up 300 Kb/s 600 bps (NA) 50 kb 70 kb/s 375 Kb/s 65 kb/s
Rand Unlicensed, sub-GHz IMS band e TE 5C and LTE

Low-Power Wide-Area Networks at the IETF

(433 MHz and 868 MHz in EU, 928 MHz in NA)

IEEE Communications Standards Magazine « March 2017
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High performance

LTE
Cat-6
S LTE Cat®im -
‘ ® LTE 4 \\
3G HSPAM Cat-1 \
HSPA : T)
3G . ~~~~ ’}
B __ Y e,
MISTBASE
FOCUS
AREA

Low cost, power and throughput




M’ 3GPPTE2/N;

5 [ BE

e
/7)) //%,«/’f z" (.x:, ;}/; /jf“"; , I,/

Y/
7

7/,

f{\ﬁ 9 )
o X

20 65

kbps kbps
LPWA

<350 1.0

kbps E Mbps

CAT-1

L}
TRIALING NOW AVAILABLE NOW

CAT-?

_ @/ 5

CAT-3&4 CAT-6

150 300 | 600+
Mbps Mbps : Mbps

COMING SOON

) &g ) 2RT

CAT-1 2+

Increasing speed
and performance



M’ User Equipment (UE) categories

User Max. L1 Max. number Max. L1
. equipment ;:r;:i of DL MIMO d:::::e JGPP Release
Note: Maximum datarates shown are for Category e S e
20 MHz of channel bandwidth. Category 6 NB1 068 1 10 ia
and above include datarates from “’;1 :E j :z .
combining multiple 20 MHz channels. 1 s 1 .
Maximum datarates will be lower if less 2 510 2 255
bandwidth is utilized. : 1020 2 510 Rels
4 150.8 2 91.0
5] 2996 4 75.4
Note: The 3.0 Gbit/s / 1.5 Gbit/s data rate 6 3015 2014 510
specified as Category 8 is near the peak 7 2014 1020 Rel 10
- 29985 8 1,497.8
aggregate data rate for a base station Z — o i
sector. A more realistic maximum data rate 10 s522 2014 102.0 o
for a single user is 1.2 Gbit/s (downlink) X T 2014 51.0
and 600 Mbit/s (uplink). Nokia Siemens = s T
Networks has demonstrated downlink ” 3917 5 9585
- - Rel12
speeds of 1.4 Gbit/s using 100 MHz of 15 750 2014 226
16 979 2ord n/a
aggregated spectrum. = 8 =
3GPP TS 36.306 VV14.4.0 (2017-09) - - S . o
User Equipment (UE) radio access capabilities (Release 14) 65
19 1566 2ordorg n/a

https://en.wikipedia.org/wiki/E-UTRA#User_Equipment_.28UE.29 categories



LTE Rel- LTE Rel-
LT(E: Re]I--S 12 13
at Cat-0  Cat-M1
DL peak rate 10 Mbps | 1 Mbps | 1Mbps | ~0.2 Mbps
UL peak rate 5Mbps | 1Mbps | 1Mbps | ~0.2 Mbps
Half or Half or
Duplex mode Full full full Half
UE bandwidth 20MHz | 20MHz | 1.4MHz | 0.18 MHz
Maximum transmit power 23dBm | 23dBm 2[:jgrrn23 23 dBm
Relative modem complexity 100% 50% 20-25% 10%

Note: peak data rates refer to full duplex operation for Cat-0 and Cat-M1

M 3GPP LTE-MTC - LTE-eMTC

- Scaling up in performance and mobility

Scaling down in complexity and power

LTE Advanced LTE Cat-0

>10 Mbps Up to 1Mbps
n x 20 MH: 20 MHz

Teday+ Release 12

@.4

Mcbile Video security Wearables

e 5O

Connected car Energy Management

Sample use cases

1) é

Object Tracking

Connected healthcare

LTE-M NB-IOT
10s of kbps up to 1 Mbps Up to 10s of kbps
~1MH2 narrowband ~200 kHz narrowband

Release 13 & beyond

. i

Environment monitoring

Release 13 & beyond

Utility metering

TO e

City infrastructure Smart buildings




M 3GPP LTE-MTC - LTE-eMTC

67

LTE Cat M1 |LTE Cat NB1
LTECatl |LTECatO (eMTC) (NB-10T)

3GPP Release Release 8 Release 12 | Release 13 | Release 13
Downlink Peak Rate 10 Mbps 1 Mbps 1 Mbps 250 kbps

: 250 kbps (multi-tone)
Uplink Peak Rate 5 Mbps 1 Mbps 1 Mbps 20 Kbps (single-tone)
Number of Antennas 2 1 1 1

Full or Half | Full or

Duplex Mode Full Duplex Duplex Half Duplex Half Duplex
Device Receive 1.08 - 1.08 -
Bandwidth 18MHz |18 MHz | FO8MHzZ 1180kHz
Receiver Chains 2 (MIMO) |1 (SISO) 1 (SISO) 1 (SISO)
Device Transmit Power |23 dBm 23 dBm 20/ 23 dBm |20/ 23 dBm

https://en.wikipedia.org/wiki/NarrowBand_IOT




M. 10T In 3GPP Release 13

€ EC-GSM-loT(Extended Coverage-GSM)
®ecMTC(LTE-M, Low-Cost MTC)
€ NB-I0OT(Narrow Band Internet of Things)

GSM (Rel.8) EC-GSM- LTE (Rel.8) eMTC (Rel.13)  NB-IoT (Rel.13)
loT (Rel.13)
LTE user equipment N/A N/A N/A Cat.1 Cat.M1 Cat.NB1
category
Range <15km <35km <35km <100km <100km <35km
Max. coupling loss  155dB 144dB 164dB 144dB 156dB 164dB
Spectrum Unlicensed Licensed Licensed Licensed LTE Licensed LTE Licensed LTE in-
<1GHz GSM bands GSMbands bandsIn-band bandsin-band band guard-band
stand-alone
Bandwidth <500kHz 200kHz 200kHz LTE carrier 1.08MHz 180kHz
bandwidth (1.4 (1.4MHz carrier (200kHz carrier
- 20MHz) bandwidth) bandwidth)
Max. data rate* <50kbps <500kbps  <140kbps  <10Mbps(DL) <1Mbps < 170kbps (DL)
(DL/UL) (DL/UL) (DL/UL) <5Mbps(UL) (DL/UL) < 250kbps (UL)

*Max data rates provided are instantaneous peak rates.



NB-loT
(Narrow Band Internet of Things)

MC

Qu.u.(o.wvx g

NB-OFDMA NB-LTE
EX .. 2014.07 201507 : 2016.12 2016.6
NB-M2M
— @ NB-CloT ¥ nedor W NB-loT
BAGR WEAs >

2014.05 2015.05 2015.09

.v.:. !_' ¢ M

Qw\movwm vodafone ‘e

Qumomv\ n

NB-IoTEAT . RIIAE. SR EIERIFF A, NB-IoTHIKAF. 4
NEFHINB-M2M, 5l 3 FHINB-OFDM, %3745 £ F INB-LTERN A 1M B%

. 20165E6 16 H, NB-IoTHiARWMUGRTT ¥ 3GPPIL AR (RAN) A
WHUOEN, EENB-IoThrAEE . 2016495, #it4TNB-IoTE REbrE
i, 12H 5Bk, NB-IoTR#EA BT B
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M NB-loTH RS E#EL T

GSM Standalone

2ookHz o JhA7EEZE (Stand-alone)
| Guard band o {RPHTEE (Guard-band)
NB-loT o — e wHNEE (Inband)
| In-band

200kHz

Tﬁ%ﬁHOFDMA, 120180k, T30k E] R 15kHz
47K HSC-FDMA, Single-tone: 375kHz/15kHz, Multi-tone: 15kHz.
&S’Z%H:XRI, HA B [F2PE 5

NB-IoT reuses the LTE design extensively, including the numerologies, downlink
orthogonal frequency-division multiple-access (OFDMA), uplink single-carrier
frequency-division multiple-access (SC-FDMA), channel coding, rate matching,
Interleaving, etc.

70
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¢ LPWAN: Low Power Wide Area Network
LoRaWAN
3GPP LTE-MTC (release 12)
3GPP LTE-eMTC (release 13)

@ 10T in 3GPP Release 13
EC-GSM-loT(Extended Coverage-GSM)
eMTC(LTE-M, Low-Cost MTC)
NB-10T: Narrow Band Internet of Things
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M IMT-202055G

In early 2012, ITU-R embarked on a programme to develop “IMT for 2020 and beyond”,
setting the stage for 5G research activities that are emerging around the world.

In September 2015, ITU- Detailed Timeline & Process for IMT-2020 in ITU-R
R has finalized its “Vision”

of the 5G mobile
broadband connected

2014 2015 2016 2017 2018 2019 2020

WRC-15 WRC-13

) .. ] ®
society. This view of the
horizon for the future of @; ﬁq i iga ﬁ? 9 i ‘i ﬁq ﬁi ‘i‘i i @; ‘i

mobile technology will be
instrumental in setting the

agenda for the World

Radiocommunication

Conference 2019, where

deliberations on additional

spectrum are taking place

in support of the future -

g rOWth Of I M T. Note: While not expected to chonge, details may be adjusted iff warranted.

Mote: Meeting #31bis — if needed focus meeting towards WRC-19 (non-Technalogy), Meeting #33 — focus meeting en Evaluation (Technology)
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http://www.itu.int/en/ITU-R/study-groups/rsg5/rwp5d/imt-2020/Pages/default.aspx Retrieve: 20171028
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ARCHIVED
16/09/2015

CORDIS

Community Re

MI9844E FIFPLIF 46, 200741 H 1H B 85 BN BHEHESE 111 (2007-
2013) , P& N505.2112 887G, FPTAESGH R K BEFIH & 64ZKK IC .
OFPTHEL )\ NI HIRRSGE AL T E

METIS: Mobile and Wireless Communications Enablers for the Twenty-
twenty (2020) Information Society

5GNOW: 5" Generation Non-Orthogonal Waveforms for Asynchronous
Signalling

IJOIN: Interworking and JOINt Design of an Open Access and Backhaul
Network Architecture for Small Cells based on Cloud Networks.

TROPIC: Distributed computing, storage and radio resource allocation over
cooperative femtocells

MCN: Mobile Cloud Networking

COMBO: COnvergence of fixed and Mobile BrOadband access/aggregation
networks

MOTO: Evolving mobile internet with innovative terminal-to-terminal
offloading technologies

PHYLAWS: PHYsical LAyer Wireless Security
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8th Framework ProgrammeZ.5G
’
MC Horizon 2020

@ Horizon 2020 is the current EU framework programme

for research and innovation. With a budget of €75 billion,

Horizon 2020 will run over seven years from 2014 — 2020.
5G PPP HEUR M B BRI H W 51 BGTal ek ATZH 23 2,
THXI#£2014-20204F S R $L 5 742 B G, $i3h5-10F5 4 k4%
Bt 5G PPPiHXI| /& Jie8004 b, ELHRICT Y #4545tk
TEHGEM . YIEM. ITOE# L. SDN. =it&HE. K
) B 2. KM ge R,

545 PPP (o

The 5G Infrastructure Public Private Partnership : D

A
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Communications Monitoring Control

MC

Speed: >10 Gb/s

SES
COMMUNICATIONS ‘e‘

A

%

MONITORING
>10 year

CONTROL
Response: <10 ms

ol

+ Control
+ Things 2.0

4G - today
+ Video Conferencing
+ 3D Graphics

3G - 2002

+ Data
+ Positioning

2G - 1992

Voice
Gerhard P. Fettweis, The Tactile Internet Messages

IEEE vehicular technology magazine | MARCH 2014 -
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Spatial Densification

MC

Macrocell

Macrocell Dense small cells

Multi-radio

Anchor-booster

Small cell

g
0g | 8g) Tl [ Al
l edge I ]| II
WiFi offload —— nlll cell edg |nmhl“ .

Multi-radio Cell edge

Figure 1. The evolution of HetNet architecture.

Heterogeneous Networks: Macrocells, Picocells, Relay
Neighborhood Small Cells (NSC)
Device-to-device (D2D) communication

@) "k
Cellular link >
Backhauy/

D2D relay 3
o DZW Base station N
N B
X _oaiink” ?

5G WIRELESS COMMUNICATION SYSTEMS: PROSPECTS AND CH%—GEN( Figure 5. lllustration of D2D-based proximal communication and multihop
IEEE Communications Magazine e February 2014 (relay) service.
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Multimedia Broadcast and Multicast Services

MC

€®eMBMS uses the MBMS single frequency network
(MBSEN) transmission mode, where all cells in an area
transmit the broadcast signal synchronously

@ Interference does not occur from any cell in the area where
the signal arrives with a delay shorter than the cyclic prefix
(CP). The CP available today for eMBMS is 16.7 ms, but this
IS not large enough to offer higher spectral efficiency of 2
b/s/Hz in relevant deployment scenarios such as the lower 700
and 800 MHz frequency bands and rural scenarios with smaller
Indoor losses or outdoor rooftop antennas for TV reception.
This motivates the introduction of a longer CP, up to about 200
ms. In order to keep the relative overhead of the CP constant,
the OFDM symbol length and thereby the number of
subcarriers need to be increased proportionally.

87
Hoymann, C., et al. (2016). "LTE release 14 outlook.” IEEE Communications Magazine 54(6): 44-49.
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Network Slicing

CP/UP | ==}

0'\ 0(9\ :
O &
o & . . . =
b& S
N Smartphones

. Access node . Cloud node (edge & central) ' Networking node . . . Part of slice

5G White Paper By NGMN Alliance, 17-February-2015
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Network Slicing: 4732 [ 2&vs. K2 oL Y 2%

. ~ : @ Access node
(((P)) WIMAX @26/36/46/56 ’) Satellite 5 xDSL/cable @ Transport/aggregation node Edge @ Core
access access » aCcess access @ Core node cloud cloud

Network Slicing for 5G with SDN/NFV: Concepts, Architectures, and Challenges 89

IEEE Communications Magazine * May 2017
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Cloud RAN

MC

T AT AR 22 A AR 55

€ Cloud RAN (C-RAN), creates a super base station with
distributed antennas supporting multiple RAN protocols
and dynamically adapting its signal processing resources
based on the varying traffic load within its geographical

coverage.

C-RAN simplifies
Implementation of LTE-A
features such as coordinated
multipoint (CoMP) and
enhanced intercell
interference coordination
(elCIC) by centralizing
baseband processing.
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MLTE R10FF 15 AYSpectral Aggregation

@ Spectrum Availability and Multiband Operation

# Cognitive Radio Network
exploration of TV white spaces in the United States

25 = i

Ay A AR R &
( Intraband Contiguous CA )

WU A A AH SR B R &
_ Intraband Non-Contiguous CA )

P S AR R BIR &

Upto !
( outband Non-Contiguous CA )

Aggregated 150k,
Data Pipe
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MC LTE-U (LTE-Unlicensed)

LTE-U (LTE-Unlicensed) &= Z2 & MR Y HT 4 %R, FEIRH P & fRkmrE. 37

A EBARTT ZMEHLTE-A NEE R G TR, BERGWF RSN, M

WA E AT, B RBEA .. FrCAfERI3F$EH TLTE-U , B FH AR S 7k

NFELP AT AR FISCHE MO EN, KB RGN sL s 2 A
[TE-Csmall cell _ -~

HERRTT.
S """" Ity ITE-C small cell
) r—mmmmmm———— - Xommmmmmm e e e T (©)
5 \\}w; — ' 60’,‘7
Moad ( e
p)ﬂ =t (<7
0 . S/
\ lo -
2 (" - :
% \’}Ef\
e . \ ;

Unlicensed == | TE.y

(4 x 20 MHZ) = 0 0
| - TE-C
Licensed

20 MHz or less— ™ LTEA

- : o o 9. _ _
Cellular Communications on License-Exempt Spectrum, Bingying Ren, Mao Wang, Jingjing Zhang, Wenjie Yang, Jun Zou, Min Hua, and Xiaohu You
IEEE Communications Magazine « May 2016
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E—ypell

Type |
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Time

Figure 2. The 3G vision of a unified frame for different types of traffic.

Figure 2. The 5G vision of a unified frame for different types of traffic. Types I
and Il represent high rate data for video with possible non-orthogonal advanced
receiver processing for cell edge or CoMP users for the second type.

Type | possibly also carries real-time traffic. Types Il and IV is sporadic
asynchronous MTC traffic, possibly containing an energy-efficient spreading
element, for example, for sensors in the case of Type IV, as schematically

indicated by the green shade.

5GNOW: Non-Orthogonal, Asynchronous Waveforms for Future Mobile Applicati&%

IEEE Communications Magazine, February 2014

OFDM
BFDM
FBMC
UFMC
GFDM

S5SGRft 4% K? PHY
New Waveform to Support Sporadic Traffic

Orthogonal Frequency Division Multiplexing
Biorthogonal Frequency Division Multiplexing
Filter Banks Multicarrier

Universal Filtered Multicarrier

Generalized Frequency Division Multiplexing

Filtered Multicarrier Systems

[\
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Latency Reduction

In the UL, the medium access is based on scheduling requests (SRs) that are sent by
the terminal to request resources if data needs to be sent. This introduces delay since

the terminal must wait for an SR opportunity as well as the extra round-trip time
needed to grant the transmission.

‘P H

v
By instead configuring a terminal with hocie 5 g § pe
a periodic UL grant (e.g., with a 1 ms ] | 1]
periodicity), referred to as a Fast UL

UL data I

grant [5], the terminal is allowed to

g ] (g
transmit without the SR related delay. ( X ) : / _____ 1
.?:; Inactive = Active  — gii*sLéL
I

UL data [

Figure 1. Conventional scheduling-request-based access (top) and access with
a Fast UL grant (bottom).
Y4

Hoymann, C., et al. (2016). "LTE release 14 outlook.” IEEE Communications Magazine 54(6): 44-49.
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’
MC NOMA: Non-Orthogonal Multiple Access

SIC of user 2 User 1 signal
signal detection

¥ Basic NOMA
with a SIC Receiver User 2

‘ LDS'CDMA FUSE" 1 > 3 o . Uf.jertz ilgnal
Low-Density Spreading CDOMA v, LT
¢ LDS-OFDM
Low-Density Spreading OFDM

€ SCMA
Sparse Code Multiple Access

€ MUSA
Multi-User Shared Access

$FDMA L i T Bs User1,::': @1:5;3 BS 2%\
Pattern-division multiple access /_ . A ’ WU, A

User 2 Llser 4 /
NOMA user pair__

NOMA user palr
Figure 2. Illustration of NOMA via power domain multiplexing: a) basic
NOMA with a SIC receiver; b) NOMA in MIMO systems; ¢) network
Non-Orthogonal Multiple Access for 5G: Solutions, Challenges, Opportunities 3@ Jyiyte. Research Trends
IEEE Communications Magazine ¢ September 2015

Power
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Massive MIMO

MC

@ Drastically higher capacity can be obtained by very
large MIMO (VLM) arrays employed at the base station.

€ ————

|

100 antennas ]
multiple terminals |
ZF processing

100 antennas
multiple terminals —
MRC processing

100 antennas
single terminal

It is expected that VLM will be
a core technology in next
generation wireless systems.

single antenna
single terminal

http://www.commsys.isy.liu.se/~egl/vim/vim.html 10 20 S 30t lE%fQ 50(b‘ts/6/0H) 70 80 20
http://arxiv.org/pdf/1304.6690v3.pdf pectral-LHIciency (bits/siiz



MC

The closed loop mode uses
measurement channel state information
reference signals (CSI-RS) per antenna
and a precoder matrix codebook for
terminal feedback (Fig. 4).

Open loop beamforming, where the
beamforming direction is determined
without explicit feedback from the
terminal, has increased efficiency for
large numbers of transmit antennas,
since the CSI-RS are terminal-specific
and beamformed (Fig. 5).

Hoymann, C., et al. (2016). "LTE release 14 outlook."
IEEE Communications Magazine 54(6): 44-49.
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Massive Multi-Antenna Systems

Basic idea for 1-2 streams

Beamforming W
. per polarization -z=-=-1

L stream per polarization :
+ Polarization el , ‘ ;
+ precoding. . :
' q W j = - :
’ — B X :

One beamformed

___________________________________________________________________

Figure 4. Closed loop MIMO where the terminal controls the precoders W1
and W2 for robust operation.

Standard
K CSI-RS transparent

resources VK'

B =£
— Py || CSIRST (2] V) |4
|

Symbal |
stream : : - ‘
- L] : ]

CSI-RS resgurce
selector

-

CSHRS K |

j"

Figure 5. Open loop beamforming, where the terminal selects one out of K

beams formed by the standard transparent precoders Vk, which are deter-
mined without explicit terminal feedback.
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mm-wave communications (3—300 GHz)

MC

FHEE T BT R Bl (5 W R IRBL, KR BRBLI A H i K GBI 1GHz)
2012.12 IEEE 802.11ad, 60GHz, 3Gbps

775 28.35
24.25 275
Eurupem
South e ge 265 295
Korea V9% - 1
775 29.5
Jawan @ E—
2475 275
China"
N I NN N N NN AN NN AN (RN NN SR NN NN (N NN N N N N I S SR R
| | | | | | | | | | | | | | | | | | | | | | | | |
24 75 26 27 28 29 30 GHz

3GPP Release 15 Overview 98
https://spectrum.ieee.org/telecom/wireless/3gpp-release-15-overview Retrieved: 20191110
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ITU has put forth some requirements for 5G that focus on fulfilling three KPIs:

O >10 Gb/s peak data rates for the enhanced mobile broadband (eMBB)

O >1 M/km? connections for massive machine-type communications (MMTC)

O <1 ms latency for ultra-reliable low-latency communications (URLLC).

Metric
Peak Data Bate

Peak Spectral Efficiency
User Experienced Data Rate

Area Traffic Capacity

User Plane Latency
Control Plane Latency

Connection Density
Reliability
Bandwidth

3GPP Release 15 Overview
https://spectrum.ieee.org/telecom/wireless/3gpp-release-15-overview Retrieved: 20191110

Requirement

DL: 20 Gh's
UL: 10 Gb/s

DL: 30 b's/Hz (assuming 8 streams)
UL: 15 b/sfHz (assuming 4 streams)

DL: 100 Mb/s
UL: 50 Mb/s

Indoor hotspot DL: 10 Mbyfs/m?

eMBE: 4 ms
URLLC: 1 ms

20 ms lencouraged to consider 10 ms)

1M devices per km?
99.9999% success prob.

=100 MHz; up to 1 GHz in = 6 GHz

102

Comments

Single eMBEB mobile in ideal scenarios
assurning all resources utilized

Single eMEBB mobile in ideal scenarios
assurning all resources utilized

5% CDF of the eMBE user throughput

eMBE

Single user for small IP packets, for both DL
and UL (eMBBE and URLLC)

Transition from Idle to Active (eMEBE and
URLLC)

For mMTC
32 L2 bytes within 1 ms at cell edge

Carrier aggregation allowed
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M’ SGHIBIES A

®2019F7H17H, 1£2019IMT-2020(5G)I&4= |, IMT-2020(5G)HE i 2H 2H K
T EEAAG 1 5G Lm0 A kit e
TH] [7] SA/NS AP Ffil] 2 1) A2 42 it B ) B2 85000085 F FTMTK [T Helio M70:E5 F
, HHAERTERL T %0 N E W DD RE R A7 M e L ) 4350 X 25
MTK R 5ER T E AN, SN RS R A
I TE TAINSABC TS Fr & i@ X500 A IR e e i i vy 51038 &, Herp s
TR T NE N RSN BRI, 586 8 AR IR I 48R B
X B B AE N AT I E FE A 4L F1.3~1.5GbpsEk1.5~1.8Gbps 2 [H] .

Balong 5000 is the first chipset to perform to industry
benchmarks for peak 5G download speeds. At Sub-6
GHz (low-frequency bands, the main spectrum used for
5G), Balong 5000 can achieve download speeds up to
4.6 Gbps. On mmWave spectrum (high-frequency
bands used as extended-spectrum for 5G), Balong 5000
can achieve download speeds up to 6.5 Gbps.
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M’ 3GPP Rel-16: Ongoing RAN-SA Studies

Common 5G focus areas across Radio Access Network and System / Core Network

System Studies RAN Studies

URLLC for 5G  Enhancement of URLLC supportin Physical layer enhancements for NR UR
5G, Enhanced support of Vertical and Low Latency Cases, NR-based access to
LAN Services, Cyber-physical control unlicensed spectrum, NR Industrial
applications in vertical domains Internet of Things

V2X for 5G Architecture enhancements for 3GPP NR Vehicle-to-Everything (V2X)
support of advanced V2X services

Positioning Enhancement to the 5GC Location NR positioning support
Services, 5G positioning services

UE Capabilities Optimisations on UE radio capability Optimisations on UE radio capability

signalling signalling — NR/E-UTRA Aspects
5G Satellite Architecture aspects for using satellite  Solutions for NR to support non-

access in 5G, Integration of Satellite terrestrial networks (NTN)
Aspects Access in 5G

Many other features have impacts across the system (both in RAN and non-RAN areas),
however, these are mainly handled on one side or the other. They require alignment not
significant coordination.
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