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Course Contents

e LTE Capabilities
e System architecture
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GPP evolution

1G (Early 1980s)
— Analog speech communications.
—Analog FDMA.
— Ex: AMPS
2G: Started years ago with GSM: Mainly voice
— - Digital modulation of speech communications.
— —Advanced security and roaming.
— —TDMA and narrowband CDMA.
— —Ex: GSM, 1S-95 (cdmaOne), and PDC
2.5G: Adding Packet Services: GPRS, EDGE
3G: Adding 3G Air Interface: UMTS

3G Architecture:
¢ Support of 2G/2.5G and 3G Access
* Handover between GSM and UMTS technologies

3G Extensions:
¢ HSDPA/HSUPA
¢ IP Multi Media Subsystem (IMS)
¢ Inter-working with WLAN (I-WLAN)
Beyond 3G:
¢ Long Term Evolution (LTE)
¢ System Architecture Evolution (SAE)
¢ Adding Mobility towards I-WLAN and non-3GPP air interfaces
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3GPP2 evolution OVIER

* CDMA2000 1X (1999)

* CDMA2000 1xEV-DO (2000)

* EV-DO Rev. A (2004): VolP

e EV-DO Rev. B (2006): Multi-carrier

e Ultra Mobile Broadband (UMB), f.k.a. EV-DO Rev.C
— Based on EV-DO, IEEE 802.20, and FLASH-OFDM

— Spec finalized in April 2007.
— Commercially available in early 2009.

IEEE 802.16 Evolution

e 802.16 (2002): Line-of-sight fixed operation in
GHz

e 802.16a (2003): Air interface support for 2 to 11 GHz
e 3802.16d (2004): Minor improvements to fixes to 16a

e 802.16e (2006): Support for vehicular mobility and
asymmetrical link

e 802.16m (in progress): Higher data rate, reduced
latency, and efficient security mechanism




Beyond 3G g OE

¢ International Mobile Télécommunications (/MT)-2000
introduced global standard for 3G.

(o4 Th ¢ Systems beyond IMT-2000 (IMT-Advanced) is set to introduce
evolutionary path beyond 3G.

* Mobile class targets 100 Mbps with high mobility and nomadic/
local area class targets 1 Gbps with low mobility.

e 3GPP and 3GPP2 are currently developing evolutionary/

revolutionary systems beyond 3G.
— 3GPP Long Term Evolution (LTE)
— 3GPP2 Ultra Mobile Broadband (UMB)

e |EEE 802.16-based WiMax is also evolving towards 4G through
802.16m.

Beyond 3G

e Release 99 (Mar. 2000): UMTS/WCDMA

«  Rel-5 (Mar. 2002): HSDPA

«  Rel-6 (Mar. 2005): HSUPA

e Rel-7 (2007):
DL MIMO, IMS (IP Multimedia Subsystem),
optimized real-time services (VolP, gaming, push-to-talk).

¢ Long Term Evolution (LTE)
— 3GPP work on the Evolution of the 3G Mobile System started in
November 2004.
— Standardized in the form of Rel-8.
— Spec finalized and approved in January 2008.
— Target deployment in 2010.

e LTE advanced
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UMTS Evelution

HSDPA &
[ HSDPA ] [HSUPA ] [ HSPA+ ]

Long Term Evolution (LTE)

LTE

OVER
Course Contents
* Historical Vision
e System architecture
3G evolution & o8

2006 2007 2008 2009 2010

Evelution timeframe far planned 2GPP systems.
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Why LTE ......?

Need for PS optimized system

¢ Evolve UMTS towards packet only
system

Need for higher data rates
¢ Can be achieved with HSDPA/HSUPA

e and/or new air interface defined by
3GPP LTE

Less processor load cost

e Less number of transitions between
different states will lead definitely to
less processor load

Need for high quality of services

e Use of licensed frequencies to
guarantee quality of services

*  Always-on experience (reduce control
plane latency significantly)

e Reduce round trip delay (- 3GPP LTE)
Need for cheaper infrastructure
¢ Simplify architecture, reduce number
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* Downlink

— 100Mbps theoretical

e Uplink

— 50Mbps theoretical

LTE Defined Data Rates

OV|ER

* Generally we can say the downlink rate relative to
HZ 5 bits/s/HZ and for Uplink 2.5bits/s/HZ
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LTE duplexing and accessing

... e Duplexing Methods

—FDD
e UL and DL can reach the peak traffic simultaneously
—TDD

e UL and DL can not reach the peak traffic
simultaneously

e Accessing techniques
— OFDMA for the DL
— SC-FDMA for the UL

Modulation and coding

* Adaptive Modulation and Coding

— DL Modulations: QPSK, 16-QAM and 64-QAM
modulation

— UL Modulations: QPSK and 16-QAM
_ Tu rbo COd e Pesk b rsae per = |rr-|'||rn|'n||n|||!witl|‘. crmbimmiarn

M4 an NS ANV 125%W20
oduation coding Mk M= Bl [SIEES ik
0 22 16 72 4.4
L7 43 T2 144 283
26 65 s 216 43,
39 ar L= 24 (R
52 130 26 a2 .4
4 4 8 19.4 324 [EE] 135
SAAM 454 10.4 59 412 B4 72.3
Prak bit rie per sub-carmicr/amdwidih combination
714 180720 INdE 0 L i) 1200620
Meduladon coding MHz Mz MHz MHz MHe
OrSK 142 Sirgh sream (1] 22 36 y A4 144
LGAM 142 Single streann 1.2 43 7.2 1.4 238
16AM 364 Single stream 2a 65 1na 26 452

1ECAN i Singhe stream 335 A Ha A 70
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ﬂk e For control Plane
T e

LTE Maximum Latency (1-2) RiEs

— The delay of changing the mobile mode from the
active to non active and vice versa

¢ |f the terminal was in the idle mode it needs 100msec
¢ |f the terminal was in the dormant it needs 50msec

e For User Plane

— Time the terminal takes to transmit small packets
to the RAN and Vice versa is 5 msec

- S
o =
%y e

LTE Maximum Latency (2-2) |iiss
| What is the idle mode

— Terminal unknown for the RAN
— No Radio resources assigned

e What is the dormant mode
— Terminal is known for the RAN

— No Radio resources assigned
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1+ Active Mode

LTE theoretical Capacity oy EE

— At 5SMHZ BW the Cell can
support 200 users
simultaneously.

— At BW more than 5 MHZ
the Cell can support up to
400 Simultaneously
terminal.

* |DLE Mode

— Can support more than 400 g2
Users at the same time

(==

~ |LTE System Performance targets(1-2)

'] * User throughput

— 95% from the users will take
average throughput

— 5% will be little bit smaller
than the average

* Spectrum efficiency

— It define high spectrum
efficiency Bits/MHZ/Cell

* Coverage
— 5 Km with high throughput
— 30 Km with low throughput

— 100Km with very low
throughput
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|LTE System Performance targets(2-2)

* Mobility

— 0-15km/ hour the more
better subscriber behavior.

— 120 km/ hour the accepted
behavior.

— 350 km/ hour very low data
rate and data throughput.

e Enhanced MBMS

— Up to 16 multimedia
channels per just one carrier

[37:)

LTE deployment aspects gD

| Do |
e Flexible spectrum
— The carrier could be 1.25
MHZ 4 16 MHZ' 25 MHZ TCDbesad radio aceets  FDC-tased tdoaciess
,5MHZ , 10MHZ , 15MHZ or R R

20 MHZ Pl ) S
— Canuse the IMT2000Band | | Zk 2l D B il |
e 1910-1920 and 2010-2025 a1 't tit W a0 W A0 it
the TDD Band Frequency i
* 1920- 1960 FDD UL and 2110-
2170 FDD DL

¢ Stand alone

¢ Coexisted with WCDMA and
GSM
— HO from LTE to GSM 500msec

for NRT and 300 for RT and
the same for GSM
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Interference handling o N

* LTE Frequency Reuse Pattern
— Generally itis equalto 1

— lIC (Inter cell interference coordinator) is used to reduce
the interference and make the reuse for cell outer area >

AN e cetosnisr terminais, o=t 4

Faduced Tx power

— Celkedpe sminals, ool 1

Coledge minaks, ol 2

Architecture and Migration [
e LTE RAN agreed on the following
— Packet bearer support
* Real Time :
« Conversational UMTS and LTE. architecture l i
— Reduce the number of the new . i, e
interfaces RE %D e *
- NoRNC g [ ==
— NOCS-CN i i A
— Reduce the single point of failure =i &a\me' ——
— NORNC i = .
— Separate the treatment of different 1=
types of traffic (O&M, Control and Weohd

Data) to utilize the BW

— Reduce the variable delay and Jitter
(TCP/IP)

— Agreed QOS between Transmitting end
and receiving end

— No SHO or Macro diversity

— MIMO and Tx diversity techniques
used
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Complexity

e Easy design

e Less complex

* No redundant feature

OV|ER

* Minimize Cost and maintain system
performance

— Low complexity

— Low power consumption

LTE Services (1-2)

Rich wolce

PaF messaging

Browsing

Paid infarmation

Personalisation

Giames

TV video an demand

Music

Real-time audio

SMS, MMS, low priority e-mails

Access o online information services, for
which users pay slondard nelwork rates.
Currently limited to WAF browsing over
GFRS and 3G networks

Comtentforwhich wsers pay over and ahove
standard network charges. Mainly text

Dased information.

Predeminantly ringtones, also includes
screensavers and ringbacks

TNownloadable and online games

Streamned and downloadable video conlent

Full track downloads and analogue radio
SeTvices

OV|ER

WolP, high quality video conferencing

Photo messages, IM, mobile e mail, video
messaging

Super-fast browsing, uploading content to social
networking sites

E-newspapers, high gualily audio steaming

TRealtones [original artist recordings), personalised
mabile web sites

A comsslent online gamny expenence saoss both
fized and mobile nelworks

Broadeast television services, true on-demand
television, high quality video streaming

Higgh quality musie downboading and storage
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LTE Services (2-2)

Content messaging and  Peer-to-peer messaging using third party

tross media content a5 well a5 interaction with other
media
M-commerce Commission on transactions (including

gambling] and payment facilities
undertaken over mabile networks

Mobile data networking  Access to corporate intranats and
databases, as well as the use of
applications such as CRM

OV|ER

Wide scale distribution of video dips, karaoke
services, video-hased mobile advertising

Mobile handsets as payment devices, with payment
details carred over high speed networks to enable
rapid completion of transactions

P2F file tramsfer, business applications, application
sharing, M2 communication, mobile intranetf
extranet

OV|ER

Course Contents

e Historical Vision
e LTE Capabilities
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INetwork architecture Evolution

Internet
Internet

L Direct tunnel

MME
........... i \.......: SAE W

. ....... |nternet

Evolved Node B Direct tunnel

Uzarplane

sasssnenens Control Flane

[

3GPP-LTE Architecture High level

(1-2)

o LTE/SAE zrchitecture is driven by the goal to
oplimize the system for packet data transfer

+ Mo cireuit switched companents

+  Mew appreachin the inter-connection batween
radio access network and core network

+  The EP5 architecture ismade up of an EPC {Packet
Core Metworl, also referrad 2s SAE and an
2UTRAN Radic Accass Network [slso referred as
LTE}

*  The (N provides acoess to external packet (P
retworks enc performs a number of CN relsted
functions {e.g. QoS security, mobility and terminal
contextrmanagement) for idle {camped) anc active
tarminals ERS

+ The RAN performs all radic interface relatec
functions
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(2-2)

%ﬂ E-UTRAN SAE or EPC

x!

i e
A B e
PCAF HEEAA

’//é// 3GPP-LTE Architecture High level

//4// SAE Network Architecture

f
M Evolved UTRAN (E- UTRAN) Evolved Packet Core (EPC)
c - 3| L ;
e

[ I ain references o architectura in 3G7F specs: ]
T523.401,7523402, T535.300

OY EIR




/

Evolved UTRAN OVER
Evolved Node B (eNB)

d BN TP ~
(eNB) -

-Rawlin Raarar: com:m madifications and -
rmd Rﬂm Ruw ICAE

— Itis the only network element defined as pant Connation:
of EUTRAN TR R

— ltreplaces the old Node B F RMNC combination
from 30

— tlerminates the complete radio interface

including physical layer

— It provides all radio management functions
= AneMB can handle ssveral cells
- Toenable effident inter-cell radio

managemeant for cells not attached to the

same eMNE, there 15 a inter-2NB interface X2

specified [twill allow to coordinate inter-eNB

handovers without direct invalvement of EPC \;rmmﬁmmaauummm“iﬁm MBMS)

during this process A
EPC (1-5)
ili : MME Functions \
Mobility Management Entity (MME) T
: NorAccess Stratum 0WS)
El\.:jhreeg Secutly (Adhentication,
integrity Protection)
(=MR), si- ﬁ—f—ﬁ i by
iy 563 Idle State Mobility Handling
A 2 Tracking Area updates
13 Serving PRy =
Gateway sefiketibbson
= Itz apure signaling enuty Inside the EFC. g&nm?mmg
= SaAkE uses fracking areas 1o track the po=ition of dle UEsS. The basic F il
principle is identical to locatian or routing areas from 2G/33. Radio Secuity Control
- MME handles attaches and detaches to the SAE system, 25 well as T
Iracking area updales ;rglt:!ml "-“:::g':ﬁ:
- Therefore it possesses an interface wwards the HSS (home subscriber
server) which stores the subscription relsvant informabion znd the -Roaming Cnntml csnnhtufa:a
currertly assigred MK E in its permanent data bass NS i
— A second functionality of the MME s the signaling coordination Lo sstup Imer-CN Nove Signaing

transport 2earers (SAE bearers] through the EPC for 2 UE
= MMEscan be interconnected via the =10 nterface

(S ilinterface), alloves efficient -
* inter-MME tru:ldngama npddss T
“and attaches T
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EPC (2-5) —
S Serving SAE Gateway

{ENE! §1.MME

|
I
: Senving SAE PON
I Geewey Gateway ;

— The serving geteway i€ a network element that manages
the user data path (SAF bearers) within EPC

— It tharzfore connzcls via the S1-U nterfzee lowards el 3
and mezeives uplink packet data from here and tranemits
downlink packet data or it

— Thus the serving gateway is come kind of distribution and
pecket data anchonng function within EPC

= It ralays the packet dats within EFC via the S5/S8
intarface to or from the PCN gateway.

= Assrving geleway s conlrelled by one or mere MMES via

~Mobility ancharing for Inter3GPP-
mability. This is sometimes referned |
~ tn as the IGPP Anchor function

Idle Mode Packet Buffering and
notification loMME

Packet RoutingForwarding
hetween eNB, PDN GW and SGSN |

=71 nterface L A
EPC (3-5)
Packet Data Network (PDN) SAE Gateway
& ™
FOM Gatewsy Fundions
Mobiliy anchor far mohilliny between
IGPP access systems and non-3GPP.

1
Senving PON SAE
Gateway Gateway :

— Ths PDN gatsway provides the connection batween
ERC and a number of exterral data networks

- Thus itis comparableta GGEN 0 2G/2G networks.

= Amajor functionality provided oy a PON gateway is the
Qo coordination betwaen the externa PON and EPC.

— Therefore the PDM gateway can be connected via 57
to & PCRF [Policy 2nd Charging Rule Function).

access systems. This is sometimes
referred to as the SAE Anchor function

| Policy Enforcement (PCEF) i

Perlser based Packet Filtering fie.
deep packet inspection)

Packet Houting/F orwarding betwean |
| Serving G and external Data Network

| Packets creening (firewall fun r.tionali(ﬂl
. - /
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EPC (4-5)

Policy and Charging Rule Function (PCRF)

PCRF: Pclicy & Charzing
Rule Function

it Bt e = iansmqnegoﬁainmahpnu |

e s 3 | Charging Policy: determines how
Serving PON SAE | g Py GEe
I Gate ;f Galeway : | packers should be accounted
1)

— The PCRF major functionality is the Qualiiy of Sevice
(20S) coordination between the sxtemal PDN and EPC

— Therefore the PCRF is connectec via R=+ interface to the
external Data netwark [FDN)

= This funclion can be used to check and modify the Qo5
aceocizted with a SAE hearer cetup fram SAE or to request
tha zeup of 3 SAE bearer from the PDN

=This Qo5 management resemalas the policy and charging
control framew ok infroduced for IMS with UMTS release €

EPC (5-5)

Home Subscriber Server (HSS)
HSS HS5 Functiars
@—1—. ‘ Permanent and central subs criber [
o6 dalabase
[“stores niubiiiy and service data for

— The HES is already introduced by UMTS ke
release 5. ‘ Conlains the Aulhentication Center ‘
— With LTE/SAE the HSS will get additionally UK funcoy

data per subscriber for SAE mobility and service
handling.

—Some changes in the database as well as in
the HSS protocol {DIAMETER) will be necessary
to enable HSS for LTE/SAE.

—The HSS can be accessed by the MME via
S6a interface.
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!///{/ Interfaces

Evolved UTRAN (E-UTRAN)

LE

o
P R e e e A

g&-

User plang  weeees ceenConol Flane = — — -Control Flanz + User plans

OYER

LTE/SAE Network Interfaces

Evolved Packet Core (EPC)

1

POCP (ROHC =RFC 3095) || |
L ALC || hreas 200
| WA I
W

[TE-L7 00T 00-07 DM A FoMA] J A
! " aNB

LTE-Uu

X2.CP X2.up
[Control Plang) [User Plane]

1535429

TS35.4

7836429

T336420
[currerlyalszin 75 36,320 520

LTE Radio Interface and the X2 Interface

OYER

LTE-Uu

Alrimerface of EUTRAN

Baszd on OFCMA in downlink anc SC-FOMA inuplink
FOD ard TOD duples methods

Scalzble bandwidth 1 4MHz to currently 20 MHz

[hata rates upto 100 Mbpsin DL

MM O (W ultiple Ingut Multiple Qutput) is & major
coirponent githough optional.

X2

|ner eNH interace

Handover coordination without inveking the EPC
H2AP: special signalling protacol

During HO, Sourzz eNE can use the X2 interface to
fanveard downlink packets still buffered or arrving from
thz serving catewsy (o tha target eNB.

This will avoid loss of a huge amount of packets during
inter-zM3 handaver.
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EPC Interfaces (1—-5) i

S1-MME & S1-U Interfaces
S1-MME

Cortral interface between eNB and MYE S1-MME
S1flex allows 7 eNE to connect to several MME
MME and UE wil| exchange non-sccess slratum
signaling via eNB trrouch thisinerface.

En if a UE performs a racking area update the
TRACKING AREA LUFDATE REQUEST message will
be sent fram UE to eNB and the eNS wil forward the
mzssage via S1-MMEtc the MME

S1AP:S1 Applicztion Protocol

S1-U
U=er plane interface between el and s2rang |
gatevesy ) Sevig
It ‘5 a pure user date interface (U=User plane). T5 Gateway
S1flex4l also supportec: 3 single elE can connect o
several Serving GWs ,
which Serving GVW a usar s SAE bearer will have to LR | L
use 15 signaled rom te MW= of this user.
L —
TEI6.413

feurmertly n TS 36 203 §19]

EPC Interfaces (1-5) B oE

EUTRAN & EPC connected with S1-flex

Several cases

eNB 1 Sng e 5°-MME
Singe 57-1

elB 2 Single S1-MME
Wullple S1-L1-251Flex-Ul

eNB 3 Mulliple S1-
MME=31Flex

Smngle 21-U
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EPC Interfaces (2—-5)

$10 & S6a Interfaces

510 Candidate
{Control Plane)

Sha Candidate
(Control Plawe)

HSS

=

[ Lz ]

. 4

-
<10 TR 2 EY

Interface between cifferent MMEs

User curng inter-MWE tracking sres updates

The rew MME can contact the od MME the user had
been registered before to rerieve data ebout identity
(IS, security informaticn {s2ourity context,
authentication veclors] erd aclive SAE bearzrs (FDON
Qataways t coatacs, Qs e )

o
SCTP
P
L2

3 S
—_—

58a TR280

Intertace hetwaen thz MME and the HSS

The MME usz=it b retr eva subscnotion nformation
from HES (handaverfrzcking arez restrictions,
atzrnal PON allowzd, Q05 etz ) during attzches and
updates

The HES can during thesz procedures also store te
user'scurrent MM E sodrass in its databass,

Qigviousky 10 is a gure signaling intzrfzce, o0 user
data rurs oot

EPC Interfaces ( 3 —

S11 & S5/S8 Interfaces

—_— S11
m Intarface between MME and a Servieg GW
& zingle MIME can handle mulliple Serving
: GW esch onz wilh (s oven 811 interface
S11 Candidate  15aq 1o zoordinate the stablisament of SAE
{Control Plang)  bearers within the EPC

SAE besrer sstup can be slarted by 1he MWVE
(default SAE bearer] or by the PON Gatewsay

Control and User Plan

Serving
Gatzaway

55,58 GTP Candidates | S3/S8 IETF Candidates
' ‘Contral and User Plan

5) OV|ER

S5/58

Inertace aetwesn Serving W and FON GW

35 If Serving GWand PO G bzlong to the same
network (nan-roaming case)

S8:If this 13 not the case (roaming cass)

S8 = 55 +inter-operator secunly funclions

tlainly uzed ro transter user packet deta between POM GW
ard Sering W

Signaling on 35¢33 is Used 1o satup the assodated bearer
[CENH

55/58 can be implemented aither by reuse of the GTP
protocal from 25736 or by sineg Mobi'e IPYE with same
|ETF erhancements.

FDH

: Gateway 0 ﬂ

|
- TE2RANTREAEN 1523402/ TR 29.801




EPC Interfaces (4—5) i

S7 & SGi Intefaces Eﬂ%‘mm} ﬁ
7 — i

Interface between PDN GV and PCR=
(Policy and Charging Rule Function]
It allows:
—Ihe PCRF (o request the setup of s S4E
hearer with appropnate (oS

allowes the PON GWW 10 ask far the CoS of
ar SAE bearer to setup

to indicate EPC stawus changes to the
PCRF m apply a new policy ruls.

SGi

Interface us=t by the PON GW to send and raceive datz o
and fram the external data networs

It is typically either |Fvad or (PyE based

Downlink data coming from th2 extamezl PDN must be
assignad to the roht SAE bearer of the nght user by anzalysis
of the incoming packet's IP addresses, port numbers, st
Thiz nterface comesponds ta te Giint2riace in 2G/36
networks

EPC Interfaces (5—5) i

Rx+ Interface

R+
WControl Flane; -
87 [ ]
} FCRF 7

[

oo

—— -
TR 23,203

FOM
Gateway
Rx+
Interface between PCRE{Folev & Chargng Rules Functior) and the external PDMN
netwarkioperators (M3
Standardized in 3GPF TS 23.203.
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| Interworking Architecture (1 — 4)

SAE/LTE Interworking with 2G/3G Networks

: Servirg POM
Uu Cataway Gatewsy

Evolved UTRAN (E-UTRAN)

Evolved Packet Core (EPC)

::ff Interworking Architecture (2 — 4)

SAE/LTE Interworking with 3G - Alternative
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Interworking Architecture (3 —4)

S3 & S4 Interfaces

83 >
5. (User Plang)
{Control Planeg) —————y

2]

TR 28301 /75 222
TR2Z300 /T3 208N

- erving

Gateway

5384

Interfaces hetwveen EPC and 2G/35 packet switched core network domain

Thay would zllow inter-system changes between SAF and 36136

Tha 3= a pure signzlling interface us2d to coordinate the inter-system change between MME and SGSMN
Tha 54 isthe user plans interface and it is located hetwesn SGEN and Serving SAE GWW

This would sllow to either forward packet data from EUTRAN via Servng SAE GW to SGSM [and then to
GEEN) or from 2G/3G FAN to SG3N o Serving SAE GWito FON GV

Interworking Architecture (4 —4)

512 Interface

512
{User Plane)

CoE ] g
LAz | Gahswa'gd

-

512 TR 9804 /7525 401
Interfaces between EPC and 35 Radio access netwark
It would sllow inter-system changes betwean SAE and 36

Tha 512 I3 the user plana inter face used for tunnaling user dat directly between the Serving SAE GW
and the UTRAN.

This weuld allow @ forward packet data from 3G RAN to Serving SAE GW to PDN GW,
Itisbasad on the Gninterface betwaen the SGEN and the GGSN and so uses the GTP-U protocol.
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Roaming Architecture (1 -3) Ris

LTE/SAE Roaming Architecture — Case 1

Home PLYH |
hRLMN
\isitad PLMN
¥ELMN

Home Routed Traffic

| ag o By cornectng Serving GW
| invELMN to PDN GWin
— i‘g hPLKH
el > —a
ILTEUy S GTP tunnel and MIPE
v i ‘:;';:_'g, i options over the 53
i s Mpuesinsgpen NN oy intarizce
Evchiad UTRAN (S LTIAM) Evobved Peckel Core (EPC) Also called ‘Remote
Ereakout’

(==

Roaming Architecture (2 - 3) Ris

LTE/SAE Roaming Architecture — Case 2
Case 2; “Local Breakout” f
LUE can zccess the PON network directly from the i Hes
vPLMM rather than rrafic being roued through the : 5
hPLK . Breakout should depend an the service:
B internet =local breakout Forme PLIMN
.8 cinternzt scceselacsl breakoul B |

.2 JzCoess (o corporete Y P =remote breakoul

39: PCRF-to-PCRF intzrfacz: roarring contra led i\
ly HPLM M |3EI|IEIBS B R i
"\;155@11 PL N‘N-.

VPN P R SRt e 5

elB

E i ‘E"’
- LTE-Uu

Serving POM
Gateway Gateway
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Roaming Architecture (3-3) Ris

S9 Interface

=
{Control Plang)

e R AR
|

A
|
|
|

hPCRF ¥PCRF

TR 2980 /TS 234N FFI77FT
59
Interfaces between the hPCRF and the vPCRFused in roaming cases.
Itisused enforcement in the YPLMM of dynamic control polices from the HPLMN.

Overall LTE system Architecture
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Course Contents

e Multiple antenna techniques(MIMO)
e Scheduling, Link Adaptation and HARQ
 Traffic Cases

OFDM(Orthogonal Frequency
Division Multiple Access)

* OFDM is a type of Multi-Carrier Transmission.
* OFDM is a special case of FDM Technology.
« Itis a way of FDM but with the condition of orthogonality

* OFDM is the DL Accessing Technique for LTE.

%ﬂf"
S |
i

1

[}
me o N
Shipment

FDM Trucking Company OFDM Ceo

Think About the benefits?

We take

It all in ane truck
v
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IOFDM Frequency Structure

‘J* The idea of OFDM is to divide the BW into group of orthogonal sub-carrers

1. sub-carrier spacing is the inverse of Ts(Symbol Time)ensure orhogonality

* Considering Ts=66.7 Microsec So we have sub-carrier spacing=15 Khz

OFDM TX/RX Block Diagram Rk

Modulation mapping Transmitter
e.g. QPSK symbals

DM 11710110001

[ARIRTTGRER ]
-

Receiver
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Advantages and Disadvantages
of OFDM

Key OFDM Advantages
e eIncreased Spectral Efficiency
« *Robustness to Multipath Fading

* +Scalable Bandwidth Allocation

¢ Disadvantages
«High Peak to Average Power Ratio (PAPR)

« +Sensitive to Frequency and Timing Errors
e +Guard Band Requirement

« Inter Symbol interference and inter Carrier Interference

[

Inter Symbol and inter Carrier
interference

* Inter Symbol interference comes from delay
spread of Multi-Path fading

—T,—]

= | Direct Path|

— Delayed splash from front symbol

,_ S — R
S e 50 B
b o '|u/ Vi OO W

Symbol 1 Symbol 2




Inter Symbol and inter Carrier
interference

|+ Inter Carrier interference comes from Doppler shift effec

* The most important part of the symbol to be protected is
the front part is it carriers the phase change.

* The solution of this problem is to add a CP(Cyclic
Prefix).

Cyclic Prefix insertion

The idea of Cyclic Prefix is to copy the symbol end in the from to protect the
phase information.

Cyclic Prefix is removed before de-modulation.

The disadvantage of this is reducing the symbol rate (Ts/Ts+Tcp).

TR T, p—

Direct Patk | [

S nerecearon T ] 1 [ |

Ao

L

I .'. 1 .‘ III v
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e r— - L \
L] { L f T, i
W/ 4 - \/ \
’ wr oy ¥ g
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SC FDMA B SE

SC-FDMA is used as an Uplink Access Technique.
e SC-FDMA s a solution for the PAPR occurred in OFDM.

* OFDM transmits data in parallel among different sub-carriers while
SC-FDMA transmits data in series among different sub-carriers
grouped as single carrier.

A8 AT - -
QOFDMA e

SC-FDMA

SC-FDMA
Symeo

SC-FDMA

» the nominal bandwidth of the transmitted signal will be BW =M/N -fs.

* M the instantaneous bandwidth of the transmitted signal can be varied,
allowing for flexible bandwidth assignment.

» Furthermore, by shifting the IDFT inputs to which the DFT outputs are
mapped, the transmitted signal can be shifted in the frequency domain

gy Ayy eonr g1 Size-M - rﬁﬁ + Size-N cp _;'6; """""" 1x0) |
il l i . e
VI ;
M O_EJ_’ '
;
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~ |SC-FDMA

{ cocupying entire
{ uplink channal
bandwidth

OV|ER

Course Contents

xil Accessing Techniques for DL & UL

e Scheduling, Link Adaptation and HARQ
 Traffic Cases

OV|ER
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Historical Overview

The radio
Transmit channel Receive
antennas e antennas
! SIMO :_

1. These diagrams show different single- and
multiple-antenna techniques.

Historical Overview

* Multi antenna systems is the use of multiple receive and/or transmit
antennas

« If one transmitting and many receiving, is called SIMO(single input multi
output)

« If many transmitting and one receiving, is called MISO(multi input single
output)

« If many transmitting and many receiving, is called MIMO(multi input multi
output)

e Multi antenna techniques are used to increase system performance
including capacity, coverage, QoS.




/

(==

Idea of MiMO OVER

MiMO makes benefit of channel Multipath fading.

The two antennas must have “low fading correlation” in order to create
different channel paths.

MIMO Can'’t perform well in a non Multi-path environment.

= Angular spread at base station side typically much lower than at the terminal side
- EBeamforming at base siation side beneficial
— Easier to obtain low spatial correlation at terminal side (shorter antenna distance
than at base station)

Ar'g llar spraad Angular spre dd

(==

~ IMIMO Main benefits e

MIMO has two main benefits either:
1) Improving SINR in case of Low SINR

2)  Sharing SINR in case of High SINR

MIMO Achieves these Main benefits through certain modes of

operation:

1) TX Diversity(Open Loop or Closed Loop)

2) RX Diversity(MRC & IRC)

3) Beam Forming

4) SU-MIMO & MU-MIMO(Spatial Multiplexing)
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MIMO Channel Model OVER

4 |+ To be able to understand the MIMO main operations

we have to understand the Channel model in case
of MIMO

« MIMO adds a new dimension besides time and

frequency called spatial domain

* We would consider a 2x2 MIMO as an example

MIMO Channel Model

T

=y received signal, a: transmitted signal on antenna port,
h: radio channel transfer function

» h
a { y=ha

= With MIMO, the radio channel transfer function
becomes a matrix, H

!FJ]]I h]!
Radio channel H H=|

i I_f YR

y=Hn

v [ haa
_1‘:__ fy gy | oy

¥y =l + b,

¥y =hya, + haa,
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Important Definitions

e Channel Rank: is the number of independent paths that can be
created in the channel

* TX Rank: is the Min of (Nt,Nr) where Nt is the No. of TX Antennas
and Nr is the number of RX antennas

* Channel rank < TX Rank>>>> Why?!

» PMI: pre-coder Matrix indicator that it is calculated at the mobile
from RS(Reference Symbols) and reported to the eNB to perform
required signal processing

TX Diversity Open & Closed Loop

* Open loop means there is no knowledge about channel
conditions

* Open loop TX Diversity is done by transmitting same
code word from different antenna ports

e ltis done by either STBC(Space Time Block coding) or
SFBC(Space Frequency Block Coding)

* Closed loop is when there is feedback about channel
condition, CSI(Channel State Information) is reported

¢ Closed loop is called “ Beam Forming”
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Beam Forming

The idea of beam forming is to direct the antenna
radiation pattern towards a certain group of users in a
certain place

This is done by multiplying by a certain pre-coding Matrix
calculated from user feedback about the channel spatial
characteristics

Beam Forming increases the SINR and decreases the
interference

It is not used till now in any operator

RX Diversity

RX Diversity is done through either MRC(Maximum
Ration Combining) or IRC(interference Rejection
Combining)

MRC when channel is mainly impaired by noise
IRC when channel is mainly impaired by interference
IRC is a kind of Beam Forming ?!!

Target / Interfering
Y Y 1 base station
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Spatial Multiplexing

Single layer = Two layers

N+

N+

Power: £ —'é—’ l::> SINR:p  Power: P12 ———{ % — |]:> SINR: 2
L

Power: /2 _'é_’ I I, SINR: g2

= High SINR satures single layer throughput i

= SINR "shared” among layers TN [er—
* ldeally, multiple layers better (C,,,... > Cp) 7"
= In practice, MIMO may be worse due to B >

— Inter stream cross-talk
== lowers MIMC SINR:s
—  SINR imbalance

-+ SINR

E .ﬂ-'?-!. o H

| High SINR => greater chance multiple layers is better!

(==

OV|ER

Spatial Multiplexing

Without MIMOC With MIMO

Single stream Rx/Tx processing, Multistream Rx/Tx processing,
Multiple Rx and/or Tx antennas Multiple Rx and Tx antennas

C-log(1+SNR)  C-log(1+N x SNR)  Crmimo ~N x log(1+SNR) — 7|

N x SNR

SNR
Nx
S SNR
Low SNR: approx linear increase in rate Share SNR between streams —
High SNR: logarithmic increase in rate Linear increase in rate
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[37:)

SU-MIMO & MU-MIMO S

SU-MIMO is used in downlink where the two created
layers are used with a single user so the gain is in the
average user Throughput.

MU-MIMO is used in uplink as the UE can’t transmit with
two antennas simultaneously, so the two created layers
are used to serve two different users.

[37:)

SU-MIMO & MU-MIMO S
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Course Contents

| * Accessing Techniques for DL & UL
e Multiple antenna techniques(MIMO)

e Traffic Cases

Channel dependent Scheduling

e Scheduling in LTE is fast scheduling done every TTI(1ms)
¢ Scheduling is the most important function in the eNB

¢ Trade off between Fairness and Throughput while
satisfying the required QoS

¢ Scheduling has three main types:
1) MAXC/I
2) Round Robin
3) Proportional fair




, fChanneIdependentSchedang

Radio-link quality
Radio-link quality
Radio-link quality

v

Time
(a)

What itis (a),(b) & (c) ?

[522)

DL Scheduling S—

= Ue provides a Channel
Quality Report (CQlI)
based on DL reference
symbols

= Scheduler assigns _

resources per RB based
on QoS, CQl etc.

= Resaource allocation is
transmitted in
connection with data

= Many details remain
open in 3GPP

eNodeB

[522)
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|UL Scheduling T

Ue request UL
transmission via
"scheduling request”
Scheduler assigns initial
resources without
detailed knowledge of
buffer content

More detailed buffer
status report may follow
in connection with data
Either D-SR on PUCCH
or RA-SR on RACH

(==

LTE Channel Quality Indicator (CQl)

— Indicates the DL channel quality as experienced by the UE
UE proposes eNB and optimum MCS so BLER is on target

— CQl not only considers time domain but also frequency domain. CQl
reference resource:
¢ Time: Defined by a single sub-frame

* Frequency: Defined by PRB corresponding to the band to which the derived
CQl value related

— ‘Meaning of CQI reporting’ (for periodic and aperiodic):
¢ Wideband CQl: Referred to the complete system BW
¢ Sub-band CQI: value per sub-band (certain # of RB) that is configured

by higher layers
%ﬁ :))
ated deta

: Mo d“\
a\\oca't ,0 sed on
frequenc
cQ
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B  Present]

DL Link adaptation

[ Optimizing air interface efficiency

I
* Motivation of link adaptation: Modify the signal transmitted to and by a

particular user according to the signal quality variation to improve the
system capacity and coverage reliability.

* If SINR is good then higher MCS can be used -> more bits per byte ->
more throughput.

* If SINR is bad then lower MCS should be used (more robust)

* The selection of the modulation and the channel coding rate is based:
* Downlink data channel: CQI report from UE
* Downlink common channel (PDCCH)
* Uplink: BLER measurements

ion / Author / Date

(==

MCS/TBS Selection

| - Based on CQI Status, Appropriate MCS and TBS index is selected based on

SINR value (3GPP Standard measurements)

» After MCS and ITBS selection Transport Block - code word Throughput and
PRB can be mapped and scheduled in DL

"”‘"':’" ”“"”E,:"”“_"}:““ Only a subset of the complete table
0 T T (3GPP TS 36.213 specifies 110 columns)
2 l:‘

1 -
] E; L[] i
= 3

T
E ]
L
W i

T4

w3 I
7 * — High MCS =
o : L] corresponds to iz
¥ - & high throughput 1

3 )
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UL Link adaptation

The eNB measures the uplink channel quality and orders the UE to
use a specific modulation and coding scheme (MCS) based on this.
Other parameters may also be taken into account, such as UE power
headroom, scheduled bandwidth, buffer content and acceptable delay.

Sounding Reference Signal (SRS)

Used by network to be able to estimate the channel quality of uplink channels for
different UE in order to be able to apply dependent UL link adaptation and scheduling
for different UEs.

HARQ Operation

LTE Can Recover PDU errors at two layers: RLC & MAC

MAC introduces H-ARQ solution at MAC layer to recover
any error in the physical layer

UE Combines all of the retransmission to increase
probability of successfully reception

The number of simultaneous H-ARQ operations depends
on Mobile category

If the number of HARQ Retransmission is reached the
RAB is released
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QoS Handling

Type Priority ::;I;e:tnelay ::i:et Error Service Example

GBR 2 100ms 102 Conversational Voice

GER 4 150ms 103 Conversational Vioice

GBR 3 50ms 1073 Real time gaming

GBR 5 300ms 10" Real time video

Mon GBR |1 100ms 108 IMS signaling

Non GER |6 300ms 106 video with buffer
. Mon GER . 7 ”1OGIT15 .1 03 \;-'oice, Video, Interactive Gaming
Non GER |8 300ms 108 Video, TCP (HTTP, E-mail, FIP etc)
Non GER |3 300ms 10¢ Video, TCP (HTTP, E-mail, FTP etc)

(==

QoS Handli & o8
LPS Rearer CcS depends on the resouree type: GER or Non-GBR
* A Defoult EPS Bearer is @lways Non-GBR
+ A Dedlcated EPS Bearer can be GBR or Nen-GBR
/’ EPS QoS Parameters Mon-GER ‘\

005 Class Identifier (QCI)
Allocation/Retention Priority [ARP)

Guaranteed Bit Rate (GBR), Maximum Bit Rate (MBR)

GBR Bearzrs only - {Uplink/Downlink]

Per UE/APN Aggregate MRR{UE-AMBR, APN-AMER)

Mon GRR Bearers anby - (Uplinky/Tiownink)

APM = Access Point Name

m | ue-amer |

GBRQ=S Qa5

Er eNB (':qsu:w_w. GER/MER) |
.2 \
&

Dedicated Qas: OCI, GBR/MER EPC
UE Deafult Qod: COI APN-AMOR

QoS Provisioning & Control

- Subscribed QoS (5-0o%)]
T Emmtl * VE-AMBE, per IS
HSS = EPS Q% QL] ARP, GER, MER]
= APN-AMER, per APN
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Main LTE Key Feature ... reminder

User#1 scheduled  yuqmgy  User#2 scheduied

= Downlink: Adaptive OFDM and OFDMA

— Channel-dependen! scheduling and fink adaptation
in time and frequency domain

« Uplink; SC-FDMA with dynamic bandwidth (Pre-coded OFDM) frequency
— Low PAPR = Higher pawer efficiency
— Reduced uplink interference (enables intra-celf
orthoganailty ) _5;-
* Multi-Antennas, both RES and terminal frequency
= MIMO, antenna beams, TX- and RX diversily, milemerence rejection
— High bit rates and high capacity

B —
N —

= Flexible bandwidth
— Passible fo depicy in & different bandwidths
up fo 20 MHz - - I pr— R—
] 10 20 MHz

14 3 15
* Harmonized FDD and TDD concept

~ Maximum commonalfty between FOD and TDO Fpp Half-duplex FOD TDD-onl,
— EEE 1.

f
= Minimum UE capability: BW = 20 MHz g

O D
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Main LTE Frequency bands

E-UTRA Uplink (UL) Downlink (DL)

Band FuL_low | — | FuL_nign Fut_tow | — | FuL_nigh
1 1920 MHz | — | 1980 MHz 2110 MHz | - | 2170 MHz
2 1850 MHz | — | 1910 MHz 1930 MHz [ - | 1990 MHz
3 1710 MHz | - | 1786 MHz 1805 MHz [ - | 1880 MHz
4 1710 MHz | — | 1758 MHz 2110 MHz | - | 2155 MHz
5 824 MHz | — | 849 MHz 269 MHz | - | 894mHz
& 830 MHz | - | 840 MHz 875 MHz | - | 885 MHz
7 2500 MHz | = | 2570 MHz 2620 MHz | - | 2690 MHz
8 380 MHz | - | 915 MHz 925 MHz | - | 960 MHz
9 1749.9 MHz | — | 1784.9 MHz 1844.9 MHz | - | 1879.8 MH=
10 1710 MHz | — | 1770 MHz 2110 MHz | - | 2170 MHz
11 1427.3 MHz | — [ 1452.9 MHz 1475.9 MHz | - | 1500.8 MHz
12 698 MHz | — | 716 MHz 728 MHz | - | 746 MHz
13 777 MHz | — | 757 MHz 746 MHz | - | 756 MHz
14 788 MHz | — | 798 MHz 758 MHz | - | 768 MHz

Protocol states and mobility

Fandve
d ddd
® @ .=:I e'hi@ L]
St |
\'-q_ S || VE pasiton kninam o Cell
JE pos o o0 TA b M| | vl i
Oelich Atach i, [
Tall et \ |
7 Syiy
[ e v ]
ety
7
FiEy
13 Y
[pating”
hen | EUEE | ECHOOWECTED
Wi A
.
P /4 O
o0+ Sl
R T e B
[[CEGKTERED,  ®5  FegTERED
‘\_ "—'\.W,'.i('j,’“:

o
g

ECM. EFC Correcin
Weregeren

ENM R Moty
Maragemen:

P, Radk Azsumce
Mageren

One of the main LTE advantages is
minimizing number of states
transitions that led to huge saving in
processor load.

Pt i1
LTE DETACHED | LTE ACTIVE LTE WLE
o ke +IF akpess assinet + Pt ssipic
*Poatim el s ~ianacted 12 nown cel ;mﬂ—’

[ OUTOFSYRE L N SIWC

| L e paat g o (L eapn

| L e i e L ik
I Pl

TAU: tracking area update occurs
when LTE-Ue change its tracking area
while it is in idle mode.

Handover: done through x2 or S1
and it is controlled totally by e-
NodeB.




/

=5

LTE bearer concept

|
UE | Peer
. | u o
|
( End-to-end Service
[ [
( EPS Bearer
[ T I |
( E-RAB
| P T
( Radio Bearer il S1Bearer | |
| 1 '
' | I
! | |
Radio g1 SwS8

(A ———& mmuﬂiepcgm—mm—
L]

=5

UE protocol stack (1-3)

N T T .

S o] e | A B v
b

= ()

ControliRepart SAFs
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RRC Layer

)
/// UE protocol stack (2-3)

OYER

System nformation
Cell Selection / Reselection
Connection control

— Paging
RRC connection establishment
Security activation
RRC connection reconfiguration
RRC connection re-establishment
RRC connection release

—  Radio link failure related actions
Measurement Control

—  Measurement configuration

- Measurement reporting
Mobility Management

- Inter/intra E-UTRA mobility

—  Mobility from E-UTRA

- Handover to E-UTRA
Other procedures

DL Direct Transfer

— UL Direct Transier

—  UE capability transfer

- Protecol error handling

| 15 36.331

=

e ]

)
/// UE protocol stack (3-3)

PDCP, RLC, MAC and Physical Layers

OYER

MAL

Pty Ny,
paiced selection

Aetranzmizzion
conid

MAG schadular

CPS pearars —

E UTRA Radio b
Bearers

Logical Channels -

Transport Channels  —=

Physical Channels  —
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UE Categories |
Cmoy | 1| 2 [ 3|48
Otk | 1y | 5 | 0| | 00| areneden

UL pack rete 5 % 0 0 75 |+ Soft buffer sizes under

discussion
L ot BQAN e MBMS is a separate capability
Hlax UL mod 1604 fM |+ FDD, HD-FDD and TDD are
independent capabilities
Layers for DL
: 1 ) 4
spalialmu

-+

)
4
[
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Time domain Structure

e LTE Duplexing Mode
— FDD

* |[n FDD there are 2 different time domain structures,
one for Uplink and one for downlink
—TDD

* In TDD there is single time domain structure shared
between UL and DL

— Peak LTE data rate couldn’t be achieved through
TDD.
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General time Domain structure

SSCH PSCH S P
f N
N One e 10 me) 0 slbbanes = 20 skt :

CINE BT iL‘ # o& &4 # A

PBCH

" One aulbfame {1 7s) =g s &
|

r (ot [0.6 ms) =T OFDM symins

s T T O S N N

T T

*PBCH sent in subframe
#0, slot 1, symbol 0-3 over
4 consecutives radio
frames (40 ms)

*SCH sent in subframe #0
and #5, slot 0 and 10,
symbol 5-6 (4-5 in case of
extended CP)

CP_Normal duration is
=4.7 us

CP_Extended duration is
=16.7 us

(==

Cna redio frame {10 ms) = 10 sulbframes =20 sols

" ITDD time domain structure (1-3)

e DL to UL switch

point in special

[ @] == EEE
A T TR I

| sl rame (5ms) = Ssibfames | 2nc hll fame (Sms) = 5 e ;

#

subframe #1 and #6
only

i|* Other subframes
allocated to UL or

P80

$30H \

Ong subframe (1 ms)

m{iﬂﬂﬁzlas W s e |» » | DL

\'.

=X
‘E DWPTS l G? ZI
: (Giarf Peod) ¥

¢ Sum of DWPTS, GP
and UpPTS always 1
ms

¢ Subframe #0 and #5
always DL Used for
cell search signals
(S-SCH)
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| TDD time Domain structure (2-3)

Special subframes #1 & #6

| TDD time Domain structure (3-3)

One subframe, 14 symbols, (1 ms} 'I
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Frequency Domain structure

Dc

Af =15 KHz Subcarrier
Rescurce Elock 1

A

= F =
TEBRHZ _ Channel Bandwidth PRI

— —

~ GuardBand ~

o

e Af: Subcarrier spacing
e 15 KHZin normal cases
e 7.5 KHZ in MBSFN transmission
e DC Subcarrier: Direct Current subcarrier at center of frequency band
e Fs = Nfft X Af ..... Sampling frequency
¢ Where Nfft is the IFFT size
¢ BW = Nused X Af .... Actual needed BW
¢ Where Nused is the actual number of used subcarriers

Frequency Domain Configurations

Channel Bandwidth [MHz] | 1.4 3 5 10 15 20
N. of Occupled Subcarriers
inctuding BC (No.) 73 181 | 201 601 901 1201
FFT Size (N) 128 256 | 512 1024 | 1536 | 2048

_ 102 768 | 1536 | 23.04 | 30.72

S ate IR 384 | O | 2384 | 4x384| 6x3.84| 8x3.84
N. of Resource Blocks 6 15 25 50 75 100
{Ngg)

e Af: Subcarrier spacing
e 15KHZ in normal cases
e 7.5 KHZin MBSFN transmission
e DC Subcarrier: Direct Current subcarrier at center of frequency band
e Fs= Nfft X Af ..... Sampling frequency
¢ Where Nfft is the IFFT size
¢ BW = Nused X Af .... Actual needed BW
¢ Where Nused is the actual number of used subcarriers




Resources grid (1-2)

y ! One: u\.\w:u '-:B.
3 ) — « Resource Element (RE)
o One element in the
N oM symbts time/frequency resource grid.

One subcarrier in one OFDM/FDM
symbol for DL/UL.
¢ Resource Block (RB)

- 1 Minimum scheduling size for
i g 0 DL/UL data Channels Physical
i .|: e Resource Block (PRB) [180 kHz x
2o 3 ! R bloch 180 KHz x D S}
= ] i | 05 Ms]
5 e * Resource Block Group (RBG)
M Group of Resource Blocks Size of
\ . RBG depends on the system
| L] >Rttt bandwidth in the cell
2 T
& x T
d T
=| =0 I=N % 1
time

One downlink T
SR ¢ Resource Element Group (REG)
Groups of Resource Elements to carry control
i orumt symbets information. 4 or 6 REs per REG depending on

| number of reference signals per symbol, cyclic
prefix configuration. REs used for DL Reference
Signals (RS) are not considered for the REG.

¢ Control Channel Element (CCE)

Group of 9 REGs form a single CCE. 1 CCE =36
Hemacmamenet | RES Usable for control information. Both REG and
] CCE are used to specify resources for LTE DL
control channels.

* Antenna Port

One designated reference signal per antenna
port. Set of antenna ports supported depends on
reference signal configuration within cell.
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LTE Channels

OV|ER

o DOWRIK: s R

Lk W

PCCH  MTCH MCCH  BCCH  DTCH DCCH - OCCH . DTCH  DCCH GCCH

T * wa, \»l! T 7.

PCl I

cal \
-ACKMACK ‘\

-HARQ inks ACKMACK Sohed req
L=l L -l -
PMCH  PBCH POSCH PCAICH PDCCH  PHICH @ PUCCH PUSCH PRACH

-wans fer OL sehad H
meas for mobiity naif frame syme frame 3ymo H measurements

~cohamsnt demad el id ~coll it QIO { wwbwenidencd  gor Ll scheduing
e L4 L4 i - -
RS P-BOH HBOH H RS BRE

Logical Channels
“Iype of information”
rafficicontrol]

Transport Channels
“how and wiih whai
charactaristics™
(eommovsharadimebe)

Physical Channels
“bits, symbols,
moduiation, radia
hames efc”

Physical Signals
“only L! info”

LTE Logical Channels (1-2)

Control Channels

*Broadcast Control Channel (BCCH): A downlink channel
for broadcasting system control information.

» Paging Control Channel (PCCH): A downlink channel that
transfers paging information. This channel is used when the
network does not know the location cell of the UE.

» Common Control Channel (CCCH): This channel is used by
the UEs having no RRC connection with the network. CCCH
would be used by the UEs when accessing a new cell or after
cell reselection.

» Multicast Control Channel (MCCH): A point-to-multipoint
downlink channel used for transmitting MBMS scheduling and
control information from the network to the UE, for one or
several MTCHs. After establishing an RRC connection this
channel is only used by UEs that receive MBMS.

OV|ER

* Dedicated Control Channel (DCCH): A point-to-point bidirectional

channel that transmits dedicated control information
between a UE and the network. Used by UEs having an RRC
connection.
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LTE Logical Channels (2-2)

Traffic Channels

 Dedicated Traffic Channel (DTCH): A Dedicated Traffic
Channel (DTCH) is a point-to-point channel, dedicated to one
UE, for the transfer of user information. ADTCH can exist in

both uplink and downlink.

* Multicast Traffic Channel (MTCH): A point-to-multipoint
downlink channel for transmitting traffic data from the network

to the UEs using MBMS.

LTE Transport Channels

Downlink:

* Broadcast Channel (BCH): A low fixed bit rate
channel broadcast in the entire coverage area of
the cell. Beam-forming is not applied.

* Downlink Shared Channel (DL-SCH): A channel
with

possibility to use HARQ and link adaptation by
varying the modulation, coding and transmit
power. The channel is possible to broadcast in
the entire cell and beam-forming may be
applied. UE power saving (DRX) is supported to
reduce the UE power consumption. MBMS
transmission is also supported.

* Paging Channel (PCH): A channel that is
broadcasted in the entire cell. DRX is supported
to enable power saving.

¢ Multicast channel (MCH): A separate transport
channel for multicast (MBMS). This channel is
broadcast in the entire coverage area of the cell.
Combining of MBMS transmissions from multiple
cells (MBSFN) is supported.

Uplink:

¢ Uplink Shared channel (UL-SCH): A channel
with

possibility to use HARQ and link adaptation by
varying the transmit power, modulation and
coding. Beam-forming may be applied.

¢ Random Access Channel (RACH): A channel
used to obtain timing synchronization
(asynchronous random access) and to transmit
information needed to obtain scheduling grants
(synchronous random access). The transmission
is typically contention based. For UEs having an
RRC connection there is some limited support
for contention free access.
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Physical channels (1-15)

Downlink

Physical Downlink Shared Channel (PDSCH)

— transmission of the DL-SCH transport channel
Physical Control Format Indicator Channel
(PCFICH)

—indicates the PDCCH format in DL

Physical Downlink Control Channel (PDCCH)

— DL L1/L2 control signaling

Physical Hybrid ARQ Indicator Channel (PHICH)
— DL HARQ info

Physical Broadcast Channel (PBCH)

— DL transmission of the BCH transport channel.
Physical Multicast Channel (PMCH)

— DL transmission of the MCH transport
channel.

Reference Signals (RS)

— support measurements and coherent
demodulation in downlink.

Primary and Secondary Synchronization signals
(P-SCH and S-SCH)

— DL only and used in the cell search procedure.

Uplink

Physical Uplink Control Channel
(PUCCH)

— UL L1/L2 control signaling

Physical Uplink Shared Channel
(PUSCH)

—transmission of the UL-SCH transport
channel

Sounding Reference Signal (SRS)

— supports UL scheduling
measurements

Physical Random Access Channel
(PRACH)

— UL transmission of the random access
preamble as given by the RACH
transport channel.

Physical signals

Reference Signals (RS)

— support measurements and coherent
demodulation in uplink

Physical channels (2-15)

W

*PSS and SSS Functions

—Frequency and Time synchronization

1- Carrier frequency determination

2- OFDM symbol/subframe/frame timing determination

—Physical Layer Cell ID determination
1- Determine 1 out of 504 possibilities

ePrimary Synchronization Signals (PSS)

1- Assists subframe timing determination

2- Provides a unique Cell ID index (0, 1, or 2) within a
Cell ID group

eSecondary Synchronization Signals (SSS)
1- Assists frame timing determination

1.1- M-sequences with scrambling and
different concatenation methods for SFO and SF5)
2- Provides a unique Cell ID group number among 168
possible Cell ID groups

P subframe. i
—
{0 O T T A LA
o
.-’)'Ew — \
3
3
E
S
E s 4L/8
-~
4 - B REs » 72 Subcamiers.
2 E S 90KHz=1.04MHz
pil [PL3 & 583 whactvary ms
3 iy £2 Snbearreny)
g
-
3

feference Signal
Embedded OFDM
Symbals
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Physical channels (3- 15)

. 10ms ¥
Smy—— 4 subfme
1l —"
| T I T I I I ) |

e i d

¢ PBCH Function E
1- Carries the primary Broadcast Transport Channel

2- Carries the Master Information Block (MIB), which _
includes:

2.1- Overall DL transmission bandwidth

2.2- PHICH configuration in the cell

2.3- System Frame Number

2.4- Number of transmit antennas (implicit)
¢ Transmitted in
1- Time: subframe 0 in every frame , 4 OFDM symbols in
the second slot of corresponding subframe
2- Frequency: middle 1.08 MHz (6 RBs) L]
¢ TTI=40 ms
1- Transmitted in 4 bursts at a very low data rate
2- Same information is repeated in 4 subframes i

POCCH

SRBa
B0 HZ=1.08MHz

6100 RBs
PAIGH
PISTEER

ST

FCHCH

Reference Siy
Embedded OFDM
Symhols

1ms

Physical channels (4- 15)

 FEE—— subframa

| p—. ]
I 00 0 0 0 B B

PCFICH Function Al

1- Carries the Control Format Indicator (CFl) E
2- Signals the number of OFDM symbols of
PDCCH:

2.1-1, 2, or 3 OFDM symbols for
system bandwidth > 10 RBs -

2.2-2, 3, or 4 OFDM symbols for
system bandwidth > 6-10 RBs

2.3- Control and data do not occur in
same OFDM symbol
3- Transmitted in:

3.1- Time: 1st OFDM symbol of all

FECH
pnicu

POCGH

6100 RBa

[
B 150 KHzw1 DIMHE

subframes
3.2- Frequency: spanning the entire
¢ 4 REGs->16 REs -
¢ Mapping depends on Cell ID |:|

Refrrenor Signal
Embedded OFDM

Symbots

1ms
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Physical channels (5- 15)

™ 1y o)
" 5 ma- subtrame H
PDCCH Function “|‘|2|3|‘|'m' ’l‘i
* Used for: T
— DL/UL resource assignments [ f T
— Multi-user Transmit Power Control (TPC) E
commands
— Paging indicators ]
* CCEs are the building blocks for transmitting E E
PDCCH
—1 CCE =9 REGs (36 REs) = 72 bits
— The control region consists of a set of CCEs, i é
numbered from 0 to N_CCE for each subframe E ic
— The control region is confined to 3 or 4 % [gg
(maximum) OFDM symbols per subframe -
(depending on system bandwidth) -
* A PDCCH is an aggregation of contiguous CCEs =
(L2,4,8) B
— Necessary for different PDCCH formats and =]
coding rate protections 5 =
— Effective supported PDCCH aggregation levels L Refeeence Signal
need to result in code rate < 0.75 E L Mb;d.::fw
— T .

Physical channels (6- 15)

PDSCH function
Transmits DL packet data o
One Transport Block transmission per UE’s code L
word per subframe

A common MCS per code word per UE across all
allocated RBs

—Independent MCS for two code words per UE
7 PDSCH Tx modes

YT

POCCH
T

5100 R8s
POOOH
FOECH
& RBs

TREFIEH
PDSCH

Mapping to Resource Blocks (RBs)

Mapping for a particular transmit antenna port
shall be in increasing order of:

—First the frequency index, B
—Then the time index, starting with the first slot in

a subframe. g

|_PDSCH |

POECH
FOECH

Ax I8 Gk AN

Redtrence Sign:
Embhaddad OF
Symboh
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Physical channels (7- 15)

|-—!m—o| ,-TN

B[ T [afaTsef7afs]

PHICH function

Used for ACK/NAK of UL-SCH transmissions
Transmitted in:

Time

—Normal duration: 1t OFDM symbol

—Extended duration: Over 2 or 3 OFDM symbols
Frequency

—Spanning all system bandwidth

—Mapping depending on Cell ID

FDM multiplexed with other DL control channels
Support of CDM multiplexing of multiple PHICHs

4900 BBy

HHBs
St RO =108 MHz

Fpterence Signal
Temibadded DFDM
Fymbaly

Physical channels (8- 15)

RS transmission in single antenna scenario Cell-specific reference
signals

.IO"!»?P: AR AR I8 BN B 20 | 1 :MI“:F’ 45 IRE AR . _Sequence |Sa prOdUCt Of

I - =W 5 1 of 3 orthogonal sequences
w1 1 of 168 pseudo-random
sequences
—3x168=504 different
sequences 504 different
i cell identities .
Used for
— coherent demodulation in
the UE
— channel-quality
measurements for
| i | | s | scheduling
[ ) | ! — measurements for mobility

e Fe ]

.:_T-

Reference signal transmission scheme
* Transmitted on 2 OFDM symbols each time slot with 6
OFDM sub-carriers spacing
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Physical channels (9- 15)

RS transmission in Multiple antenna scenario

Reference signal transmission scheme

Cell-specific reference
signals

—Sequence is a product of

1 of 3 orthogonal sequences
1 of 168 pseudo-random
sequences

—3x168=504 different
sequences 504 different
cell identities .

Used for

— coherent demodulation in
the UE

— channel-quality
measurements for
scheduling

— measurements for mobility

« Transmitted on 2 OFDM symbols each time slot with 6

OFDM sub-carriers spacing

Physical channels (10- 15)

Example of Frame Structure Type 1 (extended CP) transmission

Physical Rescurce Block

Frequency

Time

OV ER
pericH [l
ech ]
roccH [l
re HEZE
roscH [l

Slat

Sub
Frame
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Physical channels (11- 15)

Uplink — physical channel
Physical Uplink Control Channel (PUCCH)
— UL L1/L2 control signaling

¢ ACK/NACK
¢ RA,PMI, CQl
¢ SR

Physical Uplink Shared Channel (PUSCH)
— transmission of the UL-SCH transport channel
Sounding Reference Signal (SRS)

— supports UL scheduling measurements
Physical Random Access Channel (PRACH)
— UL transmission of the random access
preamble as given by the RACH transport
channel.

Physical signals

Reference Signals (RS)

— support measurements and coherent
demodulation in uplink

Uplink - transport channels

¢ Uplink Shared channel (UL-SCH): A channel with
possibility to use HARQ and link adaptation by varying
the transmit power, modulation and coding. Beam-
forming may be applied.

¢ Random Access Channel (RACH): A channel used to
obtain timing synchronization (asynchronous random
access) and to transmit information needed to obtain
scheduling grants (synchronous random access). The
transmission is typically contention based. For UEs
having an RRC connection there is some limited support
for contention free access.

Physical channels (12- 15)

Sounding Reference signal

» Not associated with
transmission of PUSCH or
PUCCH

» Purpose: Uplink channel
quality estimation
feedback to the Uplink
scheduler (for Channel
Dependent Scheduling) at
the eNodeB

» Transmitted in
time/frequency depending
on the SRS bandwidth
and the SRS bandwidth
configuration (some rules
apply if there is overlap
with PUSCH and PUCCH)

SRS multiplexing:

* Done with CDM when there is
one SRS bandwidth, and
FDM/CDM when there are
multiple SRS bandwidths.
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PUSCH

e UL Data

* ACK/NAK for DL data
* CQI/PMI/RI

Demodulation Reference signal

» Associated with transmission of
PUSCH or PUCCH

» Purpose: Channel estimation for
Uplink coherent
demodulation/detection of the
Uplink control and data channels

« Transmitted in time/frequency
depending on the channel type
(PUSCH/PUCCH), format, and
cyclic prefix type

* |Physical channels (13- 15)

R e |

[T ENEEEEEE EIEEES EREN|

100 B

il

i

Freguency
Hopping

Frequen c;h‘
| Hopping
Frequancy
diversity thraugh
—hepping
Drwnins s RS
Pustn Ermedd S0
L P Byl
e

1 Time Slot
3 .

Aroemal Crelis Peothy,

r=r =7

Exrended Cyelic Prefiz
< = 5

-0 I=s
modulotion Reference
Sigral (DN-RS)

(==

OV|ER

Physical channels (14- 15)

PUCCH
* ACK/NAK for DL data
» Scheduling Request

* CQI/PMI/RI
1 Time Slot 1 Time Slot
Farmaat | 1a, 1b Farmmat 2, a, b
I\ml(\chj ;‘rrf:.. hmfal Cyclie mm;
[ T BT [ [E 111 |
=8 =7 1=8 ="
EXEnded Oyl Prefie - Buended CycicRiefz
[TEE T [(TTET]
1= I=g 1= 1=

5100 REs

JF'requency
% Hopat
/ Time Slot
/  Boundary




Physical channels (15- 15)

The preamble format determines the
length of the Cyclic Prefix and

Sequence.

* FDD has 4 preamble formats (for
different cell sizes).

« 16 PRACH configurations are

possible.

» Each configuration defines slot g
positions within a frame (for different i
bandwidths).

« Each random access preamble %
occupies a bandwidth corresponding
to 6 consecutive RBs.

5 RBs

- R
1pzp affser

‘ CF ‘ Sequence

T Targ

Thank You
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Cell Search Procedure-1/2

Cell search is done to obtain downlink synchronization
with cell to detect the BCCH

There are two synchronization channels P-SCH & S-SCH

Synchronization Channel (SCH) always occupies only 63
(62 + DC carrier which is not used) sub-carriers in the
center of the available spectrum Why?!

SCH are always transmitted in frame 0 & 5
10 s raadio e
- s
1 ms subframe o ...
- s 1w [ e T s @ [ w1 & | s 1 Fea
< Smedod _ usmesitc "'In_;mas_sg - arqrssu
nzs;H\;:uss nlzanM :nglg
2 %
Seconmbary Funary SERMAGHEL
drmtion wqral -
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Cell Search Procedure-2/2

= 168 cell identity groups with 3 identities each iy :
- 168x3=504 cell identities {u oo Kty i
- identity within cell identity group i

» orthogonal RS sequence mﬂ.umm
r.i\:l/ }.

- —— . &N T |
* Step 1~ primary synchronization signal L \J—,'/.\\.\'fz.i\ .
- 3 different sequences possible \ (00 lge)/”
v 1o break the SFN channe! \;_/__y/
- Used fo determine (at least) 5 ms timing
- Used to determine identity within cell iclentity
group

* Step 2 - secondary synchronization signal
- 168 different secuences possible
- Used to determine frame timing
- Used to determine cell identity group

Cell Selection-1/2

Cell Selection

(T}

"‘\\\
ET:lBI Qremmeas \\\

i)

-
//

/lea\m"eﬁ
(1egn)

;

Sojen > 0
Snter = Quesmeas = (Qedesmn + Queeimivazat) - Peompensrtion

eNB




Cell Selection-2/2

Parameter Description
Qrxlevmeas Received RS level
Qrxlevmin Minimal Required Rx level (dBm) in SIB1

Qrxlevminoffset

Offset to Srxlev, relative with PLMN

priority ,.QrxlevminOffset is only applied when a cell is
evaluated for cell selection as a result of a periodic search
far a higher priority PLMN while camped normally in a
VPLMN in SIB1

Pcompensation

max {P'-.‘taxirr!um allowed power — |jLII: MAX Output Power O)' where

PMaxmum allowed power Is sent in 5IB1

Cell Re-Selection-1/4

Intra Frequency Measurement

+ If the intra frequency measurement triggering threshold is not

configured, the UE perfarms intra frequency measurements

always.

« [f the intra frequency measurement triggering threshold is

configured:

o Srxlev = SIntraSearch , the UE dose not perform intra frequency

measurement

a Srxlev =Sintrasearch, the UE perform intra frequency measurement
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Cell Re-Selection-2/4

Inter Frequency/RAT Measurement

» For the neighbors with higher priority

a The UE always perform inter frequency /RAT measurement

» For the neighbor with lower or equal priority

a If the threshold is not configured, the UE always parform inter
frequency/RAT measurement
a If the threshold is configured !

« When Srxlev > SNonlintraSearch, UE does not perform inter

frequency/RAT measurement

« When Srxlev = SnonintraSearch, UE perform inter frequency /RAT

measurement

Cell Re-Selection-3/4

Intra Frequency/Same Priority Cell
Reselection Decision

((

Serving cell

) (1

Neighbor cell
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Cell Re-Selection-4/4

Inter-RAT/Inter Frequency High Priority
Cell Reselection Decision

« For the high priority cells, the UE perform cell reselection if
the following conditions are met :

o In “reselection time”, “Srxlev” of a neighor is higher
than “ThreshXHigh"

o More than one second has elapsed since the UE

camped on the serving cell.

TA(Tracking Area)update-1/2

UE's belong to multiple TA

/ ) \ 2. The UE will perform a TA update when
/ o : moving lo a cell withinTA4.

. After succesful TA update in TA4 the UE will

\\ beleng to TA2, TA3 and TA4
e MME
e P
e |
A " TANSLL /TAISIZ o |
j AT o -TA2
- TA2 -TAd

-TAZ \-TA4
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TA(Tracking Area)update-2/2

!

|_lﬂ [¢esH | TRic | lnP.JMI.!F"

. Trggertostan
TAU procedurg

old MME:
old 54
SESN

Guest
Hes=panze

e

T Cortet L~

bravdedge
£ Creale Sepson Requedt

0 M

58
£k Location

13 Cancel Locahon

L5 Ié Rislepzs Carvrand

14 Cance |ocation Ac

A7, Updatall scation Azk|

18 Delzte $easion Reguest

20 TAU .=‘\C'w%

18 el =_T easion Respanse

Paging

-

The eNadeB may have to buffer the paging message unt a UE's paging accasian oceurs,

o UEs in RRC_IDLE mode use DRX <o receive paging messages in order to reduce power consumption.

o The time positions of paging messages are fixad on the Uu interface, which are incicates by the
Paging Frames (Ps) and Paging Cccasion (PO] subframes. Cnz PF is anz radia frame, which may
contain one or multiple Pos. Qne PQ is & susframe whers the Paging Redio Network Temporary
Identifier (P-RNTI) is containzd The PO is transmitted over the PDCCH. UEs read paging messages
over the Physical Downlink Snared Channel (PDSCH) according to the P-RNTI.

The PF numier and PO subframe number can se calcu ated according to the IMSI of the UE, DRX
¢jce, and number of PO subframes in 3 DRX gycle. Frame numbers are stored in the Sl related to
the DRX parameters o the UE. When the DRX parameters change, PF number and PO sutfame

rumbzr change accordingly.
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RACH Procedure

1.Either network indicates
specific PRACH resource or UE
selects from common PRACH
resources.

2.UE sends random access
preambles at increasing power.
3.UE receives random access
response on the PDCCHwhich
includes assigned resources for
PUSCH transmission.

*Physical Resource Blocks
(PRB) and Modulation and
Coding Scheme (MCS)

4.UE sends signaling and user
data on PUSCH

e

i
& 1P Nebwork

s I-..L‘--\_ st

1
MMEE_

e,
A
-~

—
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Mobility-X2 Handover

1. RRC connaction recanfiguration

[[UE | Source erladen |

Ineluding the measurament
i liguration

2. Measurament reporns

3. Handave

| T RRC connection reconfiguration
| Insluding the mobiny Cemralnrs IE

o iR

(6. Admiass

G. Handover reauest
scknowiedgmeant

CEats fonamrsing

on contral

L 3 2 aCcess

a

8. RRC connoction reconfiguratien complote

[rarget eModen] [ mmE | [5-GW

11. UE context rolcaso

[[ 12 Hescurte reease )

10, DL path

wadtehing
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Mobility-S1 Handover-1/2

Target Source Target Sarving .
MME Serving GW GW FON GW I HES |
F]
S

3 Fclrw‘ﬂd Reducation Rey

3 Handouer equest gl Create Bader Responssl
53 Hsndm'h_ey_ g:kncmiedge

d Redocalion Rysponse
T Bswe Repusy

reslie. hae
|_ & Handoer Command e RABLEE
|10 Handdver Commahd
112, Oniy fbr Direct forwariing of dagy

g recy

g nChronize P new cel
[T Tianadver Confr
| = et il

fser Plans| :1.11.3

13. Handover Nolify

Mobility-S1 Handover-2/2
[e] Foas] oS | o

14, Forward Relocation Cgmplete

14b. Fo

| Source

Source
MME | Serving

PCH

Farget Serving ‘___
W

Downlink Ujer Plane data

1§. Tracking Area Update procedure

19c. Delete Bearer Request
192 UE Cantex Reteast Canimand — = = = ':"E
13b. lJE ontext Relzﬁ Completg
199 Delbte Bearer

e = o o

20a. Delete Bearer Request

20b. Delele Bearer Resppnse

e

21a Dal=te Baarer Request
P

21b. Delete Baarar Responsp

i o o o o o
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Mobility-IRAT Handover

1. Handover Required

2. Forward Relocaton Request
3. Create POP Context Request
4. Create POP Context Response
5. Relocation Request

6. Relocation Request Ack

7. Update FDP Context Request
B. Update FDP Context Response
. Forward Relocation Response

Create Bear

12. HO Command
13. HO from E-UTRAN Command

14. HO to UTRAN Complete

15. Relocation Complete

16, Forward Relocation Complete

17. Forward Relocation Complete Adk
18. Update PDF Conlext Request

19, Update Bearer Request

20. Update Bearer Response

21. Update FDP Context Response

[

Handover Events O iR

Threshold

Action

signal quality in the serving cell is higher
than a specified threshald

The eNodeB stops inter-frequency or
inter-RAT measurements.

Signal quality in the serving cell is lower
than a specified threshald

The eModeB starts inter-frequency
or inter-RAT measurements

A3 Signal quality in at least one intra- Source eNadeB sends an intra-
frequency neighboring cell is higher than | frequency handover request.
that in the serving cell

Ad Signal quality is higher than a specified Source eNadeB sends an inter-
threshold in at least one inter-frequency | frequency handover request
neighboring cell

B1 Signal quality is higher than a specified | source eNodeB sends an inter-RAT

threshald in at least one inter-RAT
neighboring cell

handover request.
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Handover Events-A3

Handover Decision

+ V Chn+Oen-Hys

"
\

Time

Evenl A3 is liggered

» Intra-frequency handover is triggered by event A3, which is
reported in event-triggered periodical reporting mode.
a Enter condition: Mn + Ofn + Qcn — Hys > Ms + Ofs + Ocs + Off

o Leave condition: Mn + Ofn + Qcn + Hys < Ms + Cfs + Ocs + Off

Handover Events-A3

Event A2 Triggering Algorithm

& t L] Time-to-trigger
1
gl it
g\ f !
g \ [t .
3 \. } H I
N “
N :
X N !
M, b 1 -
Ms N | i
N ] !
LY o
N, i .
Thrash LV "_ T
N\ N i
N 1S
. “ |
i g
. ~
i -
] : T e bl s
! s
H S

I
1 Time
Event A2 e triggered

» Enter condition: Ms + Hys < Specific Threshold

« Leave condition: Ms — Hys > Specific Threshold
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