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General Revision3GPP and IEEE evolutions

3GPP 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, IS-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
• CDMA2000 1X (1999)

• CDMA2000 1xEV-DO (2000)

• EV-DO Rev. A (2004): VoIP

• EV-DO Rev. B (2006): Multi-carrier

• 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
• 802.16 (2002): Line-of-sight fixed operation in 10 to 66

GHz

• 802.16a (2003): Air interface support for 2 to 11 GHz

• 802.16d (2004): Minor improvements to fixes to 16a

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

• 802.16m (in progress): Higher data rate, reduced
latency, and efficient security mechanism
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Beyond 3G
• International Mobile Télécommunications (IMT)-2000
introduced global standard for 3G.

• 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.

• 3GPP and 3GPP2 are currently developing evolutionary/
revolutionary systems beyond 3G.

– 3GPP Long Term Evolution (LTE)
– 3GPP2 Ultra Mobile Broadband (UMB)

• IEEE 802.16-based WiMax is also evolving towards 4G through
802.16m.

Beyond 3G
• Release 99 (Mar. 2000): UMTS/WCDMA

• Rel-5 (Mar. 2002): HSDPA

• Rel-6 (Mar. 2005): HSUPA

• Rel-7 (2007):
DL MIMO, IMS (IP Multimedia Subsystem),
optimized real-time services (VoIP, 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.

• LTE advanced
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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
• and/or new air interface defined by

3GPP LTE
• Less processor load cost

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

• Need for high quality of services
• Use of licensed frequencies to

guarantee quality of services
• Always-on experience (reduce control

plane latency significantly)
• Reduce round trip delay (→ 3GPP LTE)

• Need for cheaper infrastructure
• Simplify architecture, reduce number

LTE Defined Data Rates

• Downlink
– 100Mbps theoretical

• Uplink
– 50Mbps theoretical

• 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

• Duplexing Methods
– FDD

• UL and DL can reach the peak traffic simultaneously

– TDD
• UL and DL can not reach the peak traffic

simultaneously

• 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
– Turbo code
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LTE Maximum Latency (1-2)

• For control Plane
– The delay of changing the mobile mode from the

active to non active and vice versa
• If the terminal was in the idle mode it needs 100msec
• If the terminal was in the dormant  it needs 50msec

• For User Plane
– Time the terminal takes to transmit small packets

to the RAN and Vice versa is 5 msec

LTE Maximum Latency (2-2)

• What is the idle mode
– Terminal unknown for the RAN
– No Radio resources assigned

• What is the dormant mode
– Terminal is known for the RAN
– No Radio resources assigned
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LTE theoretical Capacity

• Active Mode
– At 5MHZ BW the Cell can

support 200 users
simultaneously.

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

• IDLE Mode
– Can support more than 400

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.
• Enhanced MBMS

– Up to 16 multimedia
channels per just one carrier

LTE deployment aspects

• Flexible spectrum
– The carrier could be 1.25

MHZ , 1.6 MHZ, 2.5 MHZ
,5MHZ , 10MHZ , 15MHZ or
20 MHZ

– Can use the IMT2000 Band
• 1910-1920 and 2010-2025 are

the TDD Band
• 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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• LTE Frequency Reuse Pattern
– Generally it is equal to 1
– IIC (Inter cell interference coordinator) is used to reduce

the interference  and make the reuse for cell outer area > 1

Interference handling

Architecture and Migration
• LTE RAN agreed on the following

– Packet bearer support
• Real Time
• Conversational

– Reduce the number of the new
interfaces

– NO RNC
– NO CS-CN

– Reduce the single point of failure
– NO RNC

– Separate the treatment of different
types of traffic (O&M, Control and
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

• Easy design
• Less complex
• No redundant feature
• Minimize Cost and maintain system

performance
– Low complexity
– Low power consumption

LTE Services (1-2)
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LTE Services (2-2)

Course Contents

• Historical Vision
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• System architecture
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Network architecture Evolution

3GPP-LTE Architecture High level
(1-2)
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3GPP-LTE Architecture High level
(2-2)

SAE Network Architecture
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Evolved UTRAN

EPC (1-5)
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EPC (2-5)

EPC (3-5)
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EPC (4-5)

EPC (5-5)
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Interfaces

UTRAN interfaces
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EPC Interfaces ( 1 – 5 )

EPC Interfaces ( 1 – 5 )
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EPC Interfaces ( 2 – 5 )

EPC Interfaces ( 3 – 5 )
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EPC Interfaces ( 4 – 5 )

EPC Interfaces ( 5 – 5 )
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Interworking Architecture (1 – 4)

Interworking ArchitectureInterworking Architecture (2 – 4)



٦/٢٥/١٤٣٦

٢٤

Interworking ArchitectureInterworking Architecture (3 – 4)

Interworking ArchitectureInterworking Architecture (4 – 4)
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Roaming Architecture (1 - 3)

Roaming Architecture (2 - 3)
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Roaming Architecture (3 - 3)

Overall LTE system Architecture
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Thank You

LTE Key Technologies
Prepared By: RF Team

AbdelRahman Fady & Mohamed Mohsen
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Course Contents

• Accessing Techniques for DL & UL
• Multiple antenna techniques(MIMO)
• Scheduling, Link Adaptation and HARQ
• Traffic Cases

General RevisionOFDM(Orthogonal Frequency
Division Multiple Access)

• OFDM is a type of Multi-Carrier Transmission.

• OFDM is a special case of FDM Technology.

• It is a way of FDM but with the condition of orthogonality

• OFDM is the DL Accessing Technique for LTE.

Think About the benefits?
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OFDM Frequency Structure
• The idea of OFDM is to divide the BW into group of orthogonal sub-carriers

• 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
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Advantages and  Disadvantages
of OFDM
• Key OFDM Advantages

• •Increased Spectral Efficiency

• •Robustness to Multipath Fading

• •Scalable Bandwidth Allocation

• Disadvantages
• •High Peak to Average Power Ratio (PAPR)

• •Sensitive to Frequency and Timing Errors

• •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
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Inter Symbol and inter Carrier
interference

• Inter Carrier interference comes from Doppler shift effect

• 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).

Beyond 3GCyclic 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).
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SC-FDMA
• SC-FDMA is used as an Uplink Access Technique.

• SC-FDMA is 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.

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
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SC-FDMA

Course Contents

• Accessing Techniques for DL & UL
• Multiple antenna techniques(MIMO)
• Scheduling, Link Adaptation and HARQ
• Traffic Cases
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Historical Overview

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)

• Multi antenna techniques are used to increase system performance
including capacity, coverage, QoS.
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Idea of MiMO
• 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.

MIMO Main benefits
• 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

• 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
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• 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

Important Definitions

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

• It is 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 ?!!
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Spatial Multiplexing

Spatial Multiplexing
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SU-MIMO & MU-MIMO

• 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.

SU-MIMO & MU-MIMO
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Course Contents

• Accessing Techniques for DL & UL
• Multiple antenna techniques(MIMO)
• Scheduling, Link Adaptation and HARQ
• Traffic Cases

Channel dependent Scheduling

• 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) MAX C/I
2) Round Robin
3) Proportional fair
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What it is (a),(b) & (c) ?

Channel dependent Scheduling

DL Scheduling
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UL Scheduling

LTE Channel Quality Indicator (CQI)

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

– CQI not only considers time domain but also frequency domain. CQI
reference resource:

• Time: Defined by a single sub-frame
• Frequency: Defined  by PRB corresponding to the band to which the derived

CQI value related

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

by higher layers
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Presentation / Author / Date

DL Link adaptation

• 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

Optimizing air interface efficiency

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

Modulation Order
2  QPSK
4  16QAM
6  64QAM

High MCS
corresponds to
high throughput

Only a subset of the complete table
(3GPP TS 36.213 specifies 110 columns)
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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

QoS Handling
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LTE Air Interface
Prepared By: RF Team

AbdelRahman Fady & Mohamed Mohsen

Main LTE Key Feature … reminder
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Main LTE Frequency bands

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

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.
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LTE bearer concept

UE protocol stack (1-3)
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• RRC Layer

UE protocol stack (2-3)

• PDCP, RLC, MAC and Physical Layers

UE protocol stack (3-3)



٦/٢٥/١٤٣٦

٥١

UE Categories

• All UEs support 4 Tx antennas
at eNodeB

• Soft buffer sizes under
discussion

• MBMS is a separate capability

• FDD, HD-FDD and TDD are
independent capabilities

Time domain Structure
• LTE Duplexing Mode

– FDD
• In 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

•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 μs
CP_Extended duration is
≈16.7 μs

TDD time domain structure (1-3)

• DL to UL switch
point in special
subframe #1 and #6
only

• Other subframes
allocated to UL or
DL

• 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)

TDD time Domain structure (3-3)
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Frequency Domain structure

• Δf: Subcarrier spacing
• 15 KHZ in normal cases
• 7.5 KHZ in MBSFN transmission

• DC Subcarrier: Direct Current subcarrier at center of frequency band
• Fs = Nfft X Δf ….. Sampling frequency

• Where Nfft is the IFFT size
• BW = Nused X Δf …. Actual needed BW

• Where Nused is the actual number of used subcarriers

Frequency Domain Configurations

• Δf: Subcarrier spacing
• 15 KHZ in normal cases
• 7.5 KHZ in MBSFN transmission

• DC Subcarrier: Direct Current subcarrier at center of frequency band
• Fs = Nfft X Δf ….. Sampling frequency

• Where Nfft is the IFFT size
• BW = Nused X Δf …. Actual needed BW

• Where Nused is the actual number of used subcarriers
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Resources grid (1-2)
• Resource Element (RE)
One element in the
time/frequency resource grid.
One subcarrier in one OFDM/FDM
symbol for DL/UL.
• Resource Block (RB)
Minimum scheduling size for
DL/UL data Channels Physical
Resource Block (PRB) [180 kHz x
0.5 ms]
• Resource Block Group (RBG)
Group of Resource Blocks Size of
RBG depends on the system
bandwidth in the cell

Resources grid (1-2)

• Resource Element Group (REG)
Groups of Resource Elements to carry control
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
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

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.
• 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. A DTCH 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 )
•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

•Primary Synchronization Signals (PSS)
1- Assists subframe timing determination
2- Provides a unique Cell ID index (0, 1, or 2) within a
Cell ID group

•Secondary Synchronization Signals (SSS)
1- Assists frame timing determination

1.1- M-sequences with scrambling and
different concatenation methods for SF0 and SF5)
2- Provides a unique Cell ID group number among 168
possible Cell ID groups
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Physical channels (3- 15)

• PBCH Function
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)
• TTI = 40 ms
1- Transmitted in 4 bursts at a very low data rate
2- Same information is repeated in 4 subframes

Physical channels (4- 15)

PCFICH Function
1- Carries the Control Format Indicator (CFI)
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
subframes

3.2- Frequency: spanning the entire
• 4 REGs -> 16 REs
• Mapping depends on Cell ID
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Physical channels (5- 15)
PDCCH Function
• Used for:
– DL/UL resource assignments
– Multi-user Transmit Power Control (TPC)
commands
– Paging indicators
• CCEs are the building blocks for transmitting
PDCCH
– 1 CCE = 9 REGs (36 REs) = 72 bits
– The control region consists of a set of CCEs,
numbered from 0 to N_CCE for each subframe
– The control region is confined to 3 or 4
(maximum) OFDM symbols per subframe
(depending on system bandwidth)
• A PDCCH is an aggregation of contiguous CCEs
(1,2,4,8)
– Necessary for different PDCCH formats and
coding rate protections
– Effective supported PDCCH aggregation levels
need to result in code rate < 0.75

Physical channels (6- 15)

PDSCH function
Transmits DL packet data
One Transport Block transmission per UE’s code
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

Mapping to Resource Blocks (RBs)
Mapping for a particular transmit antenna port
shall be in increasing order of:
–First the frequency index,
–Then the time index, starting with the first slot in
a subframe.



٦/٢٥/١٤٣٦

٦١

Physical channels (7- 15)

PHICH function
Used for ACK/NAK of UL-SCH transmissions
Transmitted in:
Time
–Normal duration: 1st 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

Physical channels (8- 15)

Reference signal transmission scheme
• Transmitted on 2 OFDM symbols each time slot with 6

OFDM sub-carriers spacing

RS transmission in single antenna scenario Cell-specific reference
signals
– Sequence is a product of
1 of 3 orthogonal sequences
1 of 168 pseudo-random
sequences
– 3×168=504 different
sequences 504 different
cell identities .
Used for
– coherent demodulation in
the UE
– channel-quality
measurements for
scheduling
– measurements for mobility
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Physical channels (9- 15)

Reference signal transmission scheme
• Transmitted on 2 OFDM symbols each time slot with 6

OFDM sub-carriers spacing

RS transmission in Multiple antenna scenario Cell-specific reference
signals
– Sequence is a product of
1 of 3 orthogonal sequences
1 of 168 pseudo-random
sequences
– 3×168=504 different
sequences 504 different
cell identities .
Used for
– coherent demodulation in
the UE
– channel-quality
measurements for
scheduling
– measurements for mobility

Physical channels (10- 15)
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Physical channels (11- 15)

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.

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

• ACK/NACK
• RA, PMI, CQI
• 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

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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Physical channels (13- 15)
PUSCH
• 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 (14- 15)

PUCCH
• ACK/NAK for DL data
• Scheduling Request
• CQI/PMI/RI
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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
positions within a frame (for different
bandwidths).
• Each random access preamble
occupies a bandwidth corresponding
to 6 consecutive RBs.

Thank You
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LTE Procedures
Prepared By: RF Team

AbdelRahman Fady & Mohamed Mohsen

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
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Cell Search Procedure-2/2

Cell Selection-1/2
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Cell Selection-2/2

Cell Re-Selection-1/4
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Cell Re-Selection-2/4

Cell Re-Selection-3/4
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Cell Re-Selection-4/4

TA(Tracking Area)update-1/2
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TA(Tracking Area)update-2/2

Paging
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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

Mobility-X2 Handover
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Mobility-S1 Handover-1/2

Mobility-S1 Handover-2/2
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Mobility-IRAT Handover

Handover Events
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Handover Events-A3

Handover Events-A3
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Thank You


