Long Term Evolution — Advanced (LTE-A)



HSPA LTE ADVANCED

HSDPA / HSUPA (IMT

ADVANCED)

Max downlink 384k 14 M 28 M 100 M 1G

speed (bps)

Max uplink 128 k 57M 11 M 50M 500 M

speed (bps)

Latency round 150 ms 100 ms 50 ms ~10 ms Less than 5 ms

trip time (max)

(approx.)

3GPP releases Rel 99/4 Rel 5/6 Rel 7 Rel 8/9 Rel 10

Approx years of  2003/4 2005/6 HSDPA  2008/9 2009/10

initial roll out 2007/8 HSUPA

Access CDMA CDMA CDMA OFDMA/SC- OFDMA/SC-

methodology FDMA FDMA



LTE-A main features

100 MHz

M Support of Wider Bandwidth(Carrier Aggregation) ? >
e Use of multiple component carriers(CC) to extend bandwidth up to 100 MHz { Y Y Y Y \ R
e Common physical layer parameters between component carrier and LTE Rel-8 carrier —— > f
=» Improvement of peak data rate, backward compatibility with LTE Rel-8 CcC

M Advanced MIMO techniques

e Extension to up to 8-layer transmission in downlink

e Introduction of single-user MIMO up to 4-layer transmission in uplink
e Enhancements of multi-user MIMO

=» Improvement of peak data rate and capacity

M Heterogeneous network and elCIC (enhanced Inter-Cell Interference

Coordination)
e Interference coordination for overlaid deployment of cells with different Tx power
=» Improvement of cell-edge throughput and coverage

M Relay
e Supports radio backhaul and creates a separate cell and appear as Rel. 8 LTE eNB to L
Rel. 8 LTE UEs
= Improvement of coverage and flexibility of service area extension ) i ﬁ
M Coordinated Multi-Point transmission and reception (CoMP) é%\ ,

e Support of multi-cell transmission and reception ‘-%5
= Improvement of cell-edge throughput and coverage



Backward compatibility

LTE-Advanced backward compatibility with LTE Rel-8

LTE-Advanced contains all features of LTE Rel-
8&89 and additional features for further
evolution

LTE Rel-8 cell | LTE-Advanced cell |
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LTE Rel-8 terminal

An LTE-Advanced terminal can
work in an LTE Rel-8 cell

An LTE Rel-8 terminal can work
in an LTE-Advanced cell




LTE-A main features

100 MHz
M Support of Wider Bandwidth(Carrier Aggregation) p >
e Use of multiple component carriers(CC) to extend bandwidth up to 100 MHz { Y Y Y Y \ R
e Common physical layer parameters between component carrier and LTE Rel-8 carrier —— > f
=» Improvement of peak data rate, backward compatibility with LTE Rel-8 CC
M Advanced MIMO techniques
e Extension to up to 8-layer transmission in downlink ’
e Introduction of single-user MIMO up to 4-layer transmission in uplink ——
e Enhancements of multi-user MIMO \ %
=» Improvement of peak data rate and capacity Il
AW Heterogeneous network and elCIC (enhanced Inter-Cell Interference mE—— =
Coordination) —_— "ﬁ,o
e Interference coordination for overlaid deployment of cells with different Tx power
= Improvement of cell-edge throughput and coverage
A Relay
e Supports radio backhaul and creates a separate cell and appear as Rel. 8 LTE eNB to
Rel. 8 LTE UEs
= Improvement of coverage and flexibility of service area extension i i‘i
A Coordinated Multi-Point transmission and reception (CoMP) 5%‘

¢ -
e Support of multi-cell transmission and reception - ‘-%5
=> Improvement of cell-edge throughput and coverage



Carrier aggregation

Extends the maximum transmission bandwidth, up to 100MHz | by aggregating up to five LTE
carriers — also known as component carriers (CCs)

Lack of sufficient contiguous spectrum forces use of carrier aggregation to meet peak data
rate targets:

— 1 Gbps in the downlink and 500 Mbps in the uplink

Motivation:

— Achieve wide bandwidth transmissions

— Facilitate efficient use of fragmented spectrum

— Efficient interference management for control channels in heterogeneous networks
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Carrier aggregation modes

Component Carrier (CC)—
up to 29\MHZ BW
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OFDMA/TDD structure
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LTE-A main features

A Support of Wider Bandwidth(Carrier Aggregation)

100 MHz

e Use of multiple component carriers(CC) to extend bandwidth up to 100 MHz
e Common physical layer parameters between component carrier and LTE Rel-8 carrier : f

=» Improvement of peak data rate, backward compatibility with LTE Rel-8 CC
M Advanced MIMO techniques

e Extension to up to 8-layer transmission in downlink

e Introduction of single-user MIMO up to 4-layer transmission in uplink —
e Enhancements of multi-user MIMO \: .‘:

=» Improvement of peak data rate and capacity

A Heterogeneous network and elCIC (enhanced Inter-Cell Interference
Coordination)
e Interference coordination for overlaid deployment of cells with different Tx power
= Improvement of cell-edge throughput and coverage

A Relay
e Supports radio backhaul and creates a separate cell and appear as Rel. 8 LTE eNB to
Rel. 8 LTE UEs

= Improvement of coverage and flexibility of service area extension ) i i‘i
A Coordinated Multi-Point transmission and reception (CoMP) &%\

* -
e Support of multi-cell transmission and reception o ‘-%5
=> Improvement of cell-edge throughput and coverage
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SISO Single Input Single Output

x1 yl =hlxl

\’ fading hl \;

transmit receive



SIMO Single Input Multiple Output
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Mitigating fading with receiver
diversity

SNR vs. OFDM Frequency Bin
L T

—a— Combined

70 10 20 30 40 50 60
Frequency Bin




MISO Multiple Input Single Output
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MIMO Multiple Input Multiple Output

fading h' y1l = h1x1+ h2x2
. y2 = h3x1+ h4x2

X2

fading h4 R

transmit receive




An audio metaphor
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MIMO brings

Y

Diversity gain Array gain Spatial multiplexing gain
\/ \J \J
Decorrelates fading Provides a beamforming Enables multiple data
through different effect that focuses streams to be transmitted
transmission paths radiated energy in the on the same

direction of the receiver frequency/time resource



Multi antenna configuration

LTE uses of multiple antennas at both
communication ends

LTE-A standard supports for
— 8 antennas at the eNodeB
— 4 antennas at the UE

Multiple antennas may be used in
three principle ways

— Reception/transmission diversity

— Beam forming

— Spatial multiplexing (MIMO antenna
processing)

Downlink MIMO

— TXdiversity

— Beam forming

— Spatial multiplexing
Uplink MIMO

— Multi user MIMO (SDMA)

Downlink MIMO

Multiple TX antennas are
used to beam form aggregate
antenna pattern for each UE

TX diversity

Same signal — sent through
multiple antennas. Decreases
probability of signal fade

Spatial
multiplexing

Fading channel is utilized to
create multiple parallel
transmission paths between
eNB and UE

Uplink MIMO

UE utilize same time
frequency resources. eNodeB
separates two signals using

beam forming




Beamforming

Regular Antenna; Smart Antenna (Beamforming):
Like 8 Light Bulb: radiates energy in all directions. Like a Torchlight: focuses the radio beam in the needed direction
This results in wasted RF energy and interference This results in stronger signal and less wasted RF energy.
@
’ !
X 7
¥

Transmitter detects the positions of reception devices and transmits focused
point-to-point signals with directionality

Mitigates interference and reinforces signal of interest

Strong stable transmission covering longer range



Positioning in LTE
e OTDOA (Observed Time Difference of Arrival)

i\ i Neighbour
| Cell#l

?

ENBZ

Serving Cell

Measurement M NN
uncertainty | TII—— ta-ty
Neighbour
Working of OTDOA Cell#2

eNB,



Beamforming

User 1 @ Beam 1

Transmitter



Beamforming

Main Beam
(Lobe)
Direction

e pm— B Antenna Array
. L 2 Transmit Antenna

Antenna Array
2 Transmit Antenna



Radiating Elements and Antennas

Antenna

One Radiating
Element



Radiating Elements and Antennas

Main Lobe

Antenna Antenna

One Radiating Two Radiating
Element Elements



Radiating Elements and Antennas

Antenna

One Radiating
Element

Antenna

Main Lobe

Two Radiating
Elements

Main Lobe

Side
Lobe

Antenna * *
|

Four Radiating
Elements




Antenna Gain (dB) = Element Gain + 10 logi(N) .
N = number of array Elements Antenna Gain = 6

dB Main Lobe

Antenna Gain = 3
dB

Main Lobe

Antenna Gain =0
dB

Side
Lobe

Antenna * *
|

Four Radiating
Elements

Antenna Antenna

One Radiating Two Radiating
Element Elements

Two times stronger Four times stronger



Beamforming

Adding a Phase Change
“Phased Array”




Visual representation of Phased Array
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Visual representation of Phased Array



Patterns, beamwidth & Gain
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Towards 5G: Massive MIMO and beamforming

Large antenna arrays to
increase cell throughput
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Different MIMO capabilities

Cooperative

MIMO MU-MIMO

SU-MIMO



Different MIMO capabilities

* SU-MIMO
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A. Beamforming B. Generalized beamforming

Serve single users by directing the energy Serve single users by sending the same data stream
toward the user. in different directions and possibly forming zero (nulls)
in the directions of other users.

(1)
(¢l

y (1 I‘I )

C. SU-MIMO D. MU-MIMO

Increase data rates by transmitting several data At high load, serve more users simultaneously at high
streams to a user. load.

(¢ I‘I 1)




SU MIMO: (cell center)
4 Tx, Rank 4

4 streams

E\

TM3/4

SU MIMO: (mid cell)
4 Tx, Rank 2

2 streams

IS

TM3/4

SU MIMO: (cell edge)
4 Tx, Rank 1

1 stream

()

UEE

'///



Transmission modes

MM :.o SAstpie irput MR
B
Single Antenna or w
Fixed Array ]
SISO B "
s o
o
C(llltﬂ‘lﬂs T T™ME
Dedicated RS TDD
SISO or SIMO [+ Singie ayer peam "'“'a“""p'.“")‘ !
{Ant Port 0) 1 siream fAnk. Port ) || 2streams (Ant 7 or)

Example antennas — others are typically possible

Figure 3 — Taxonomy of smart antenna processing algorithms in LTE Release 10. Shadows behind blocks indicate that they are capable of transmitting multiple streams.
(LTE Release 11 recently added Transmit Mode 10 with explicit support for CoMP (Coordinated MultiPoint Transmission Reception) use which is not shown.)




Spatial multiplexing in LTE

* Two types

— Open loop (used high speed scenarios)
e Large delay Cyclic Delay Diversity (CDD)

— Closed loop (used in low speed scenarios)
*  Mobile provides channel feedback to eNode B

Feedback Closed loop spatial multiplexing Open loop spatial multiplexing

PMI (Pre-coded PMI feedback from UE based on instantaneous No feedback from UE. Fixed pre-coding at eNode
matrix indicator) channel state B implementing cyclic delay diversity (CDD)
I (Ch | li
cQ ((i:njirlgfo?)ua 'ty Separate CQl for each code word Aggregate CQl (one value)
RI (Rank indicator} Based on the rank of estimated channel matrix Based on the rank of estimated channel matrix
(indicates number of spatial channels) when SFBCs are used
MTX N TX
antenna antenna
Select the
number of . Channel Spatial .
Modulat L : Demodulat
:g:ijdes _I\_ anod g:d:ﬁ; _I\l/ maTJBI'-J?I:Q _I\lf Precoding s::;::anliegn _r\_l/ :r?god:cztgzn :>
(1.2) Closed loop
T oMl spatial
cal multiplexing

RI Feedback from the UE




Antenna configurations (LTE)

LTE defines 7 transmission modes

Decision on transmission mode — scheduler at eNode B
Implementation equipment vendor dependent

Later LTE releases added more MIMO modes

Transmission . ..
Description Comments
modes

1 Single antenna (Port 0) Used for SISO and SIMO transmission

2 Transmit diversity Used in low SNR and high mobility

Beneficial in high SNR and rich

3 Open loop spatial multiplexing e e
. . . Beneficial in high SNR and rich
4 Closed loop spatial multiplexing B S —
5 Multi-user MIMO Beneﬂajal in high SNR enV|r9nment for
interference reduction
6 Closed loop Beneficial in low SNR environments
7 Sl eriEnie per Used for beam forming of antenna

arrays



TM1: SIMO mode

Default transmission mode

Every other mode — explicit signaling

Assumes one TX port (i.e. one antenna)
Mobile still may use diversity reception

Not used often — limits the performance of DL

Typical uses:
— eNode B with one physical antenna
— Simple UE with a very low traffic requirements
—  M2M communication (simplified signaling)
— Limited coverage area



TM 2: DL transmit diversity

Two implementations
— Cyclic Delay Diversity (CDD)
— Space-Time Transmit Diversity (STTD)

CDD

— Multiple antenna elements are used to
introduce additional versions of the signal
that are cyclically delayed

— UE perceives these signals as additional
multi-paths

— Assuming low correlations between TX
antennas —created “multi-paths” fade
independently — source of diversity

STTD

— Uses Space-Frequency Block Codes
— Special encoding (SFBC) makes the channel
matrix unitary (full rank)

— Reference symbols are used to estimate
and invert channel matrix

-
-a

[ =)

—1 OFDM

Modulation

QOFDM
Modulation

— OFDM

Modulation

OFDM
Modulation

CDD TX
diversity
’
UE
SFBC TX

.diversity



TM 3/4: Open/Closed loop spatial multiplexing

Open loop = no PMI, CQl and Rank are still provided ((

(¢ rl)
Closed loop = PMI, CQl and Rank provided by UE cal é )
2| ith different informati hi ====
ayers with different information on each layer BMI A

Rank of channel is 2 Rank

May use 2 or 4 ports (antennas)
If four antennas are used CDD is used on the same layer

No PMI, eNodeB cycles through a pre-defined sequence
of PMis (TM3) I

PMI present = eNode B uses the UE recommended PMI
(TM4)

Note 1: UE recommends transmission mode PDSCH Channel estimation
: . : - : based on DRS

configuration; UEs of different capabilities easily

accommodated

Note 2: PMI estimates only valid for slow moving

mobiles



TM 5/6: MU-MIMO/Closed Loop

TM 5 TM 6
e Users are multiplexed in spatial domain * One layer (i.e. one code word)
e Scheduling for multiple users *  PMl selected by the UE

— Same frequency resources

* Appropriate for slow moving mobiles
— Different layers

. . o * Not used much in practice
* Requires very precise channel estimation

* Not used much in practice



TM 7: Beam forming

Transmission mode used for beamforming

Multiple antennas are used to form a higher gain beam towards the mobile
This is accomplished through phase and amplitude scaling of individual ports
This is rank 1 technique, i.e. it does not support spatial multiplexing

Used predominantly as means to help UE’s at cell edge

MS

<<

Note: transmission uses
multiple antennas that are

Target User

combined to act as a single BS

high gain antenna
MS

AR

"~
-
o’
3
o
e




MIMO mode selection in LTE

SIMO

Decision tree of TX
modes

TM1 -SIMO
(low end devices, in-
building systems,
M2M, low
complexity, low
rate)

TM7 -Beam forming
(Cell edge UE’s,
interference
reduction)

Note: “Green” modes are used more frequently than “red”

modes.

MIMO

Open loop

Closed loop

TM2 TX diversity
Single stream
(fast moving
mobiles in Rank 1
channel)

TM3 open loop SM
1-4 streams
(fast moving

mobiles with higher

rank channel)

TM6 — Closed loop
Rank 1
Single stream with
PMI

TM4 closed loop SM
1-4 streams
(slow moving
mobiles with higher
rank channel)

TM5 MU MIMO
Multiple stream
(user multiplexing in
spatial domain)




Typical distribution of MIMO modes

e Use of MIMO mode — scheduler
decision

* Most useful modes:
— TMA4 (spatial multiplexing over rank
2 channel with precoding)

— TM3 (spatial multiplexing over rank
channel without pre-coding)

— TM2 (transmit diversity)

— TM6 (closed loop MIMO over Rank 1 B
channel) Transmission Modes

Percentage

mTM2

™3
nTM4
mTM6

Example of an area and
MIMO mode distribution




LTE-A main features

A Support of Wider Bandwidth(Carrier Aggregation)

100 MHz

e Use of multiple component carriers(CC) to extend bandwidth up to 100 MHz
e Common physical layer parameters between component carrier and LTE Rel-8 carrier : f
=» Improvement of peak data rate, backward compatibility with LTE Rel-8 CC

M Advanced MIMO techniques

e Extension to up to 8-layer transmission in downlink

e Introduction of single-user MIMO up to 4-layer transmission in uplink
e Enhancements of multi-user MIMO

=» Improvement of peak data rate and capacity

A" Heterogeneous network and elCIC (enhanced Inter-Cell Interference

Coordination)
e Interference coordination for overlaid deployment of cells with different Tx power
=» Improvement of cell-edge throughput and coverage

A Relay
e Supports radio backhaul and creates a separate cell and appear as Rel. 8 LTE eNB to
Rel. 8 LTE UEs
=» Improvement of coverage and flexibility of service area extension

A Coordinated Multi-Point transmission and reception (CoMP) 5%\ A@&

& .
e Support of multi-cell transmission and reception o ‘-%5
=> Improvement of cell-edge throughput and coverage



Heterogeneous networks in LTE-A

Capacity

QG
e |

' Mejy iy - .
\ = (X%))

L N

Coverage

v




Heterogeneous networks in LTE-A

a)Macrocell user jammi
the UL of a fe

emt

Femtolf{ |
UE NL:

b) Femtocell jamming the
DL of a macro user

© Successful user
o/ User in odage

\ Strong carrier

TS <D Weak carrier
=33 Strong interference

=~ s 3 Weakinterference

’

s

4

Femto
UE

Macrocell

User connected to the Y
picocell due to its expanded §*/,
coverage range

This user may suffer low
signal quality in the DL

acrocell user jamming
the UL of a nearby picocell
A4 Picol UE

User connegted to the Picgcells coveragy limited

Hlaneslihe s . in the presen
o the larger DL 1COC of the r[r)\acroce
VK <1 MUE
. d) Range expanded picocell
A Amitigates-pico UL interf.)
\ /7 - \
{ Picq UB

Ra expanded
region

=

Pico UE [

due to the range expansion



enhanced Inter-Cell Interference
Coordination (elCIC)

* Coordination between eNBs at different tiers (e.g.
femto-marco) to mitigate interference

* Three categories

— Time-domain: Almost Blank Subframes (ABSFs) at
macrocells, where no control or data signals are
transmitted.

— Frequency-domain: Select different frequency
channels for victim users in macro and femto

— Power-domain: Reduce power in femtocell to mitigate
interference to macrocell



Almost Blank Subframes

Almost Blank Subframes

g J s =

- Schedule Cell Schedule Cell
Inner Border

» Increased coverage

+ Higher spectral efficiency

» Significant improvement in capacity and cell edge performance




Almost Blank Subframes

UE2 UE2 UE2 UE2 UE2
ABS ABS

+ e

-
| _ =~ Macrocell Subframes
-

UE1 can be scheduled during
these subframes of PicoCell

R

X

\J
A

T
l’:’:‘:‘l‘:ﬁ R T
¢

XX

\X

Y
AX

/X

eNB (MacroCell)




Almost Blank Subframes

ICIC

Subframe (#1) Subframe (#2)—

Macro
cell

hd
Control CH Data CH
[ #: interference) (no interference)

t
symbols

B macro cell UE B B small cell UE

Release 8 (LTE)

* 1
SIp'mbn-E

elCIC
f
r 1
Subframe (#1) .| Subframe (#2) ——
ABS
" v symbols. '
Cantrol CH Data CH
ABS
5y I:|-:.uls:;t

B[] macro cell UE Ol B small cell UE

Release 10 (LTE-A)



LTE-A main features

A Support of Wider Bandwidth(Carrier Aggregation)
e Use of multiple component carriers(CC) to extend bandwidth up to 100 MHz

100 MHz

RERN

1

e Common physical layer parameters between component carrier and LTE Rel-8 carrier
=» Improvement of peak data rate, backward compatibility with LTE Rel-8

M Advanced MIMO techniques

e Extension to up to 8-layer transmission in downlink

e Introduction of single-user MIMO up to 4-layer transmission in uplink
e Enhancements of multi-user MIMO

=» Improvement of peak data rate and capacity

A Heterogeneous network and elCIC (enhanced Inter-Cell Interference
Coordination)

e Interference coordination for overlaid deployment of cells with different Tx power
=» Improvement of cell-edge throughput and coverage

M Relay

e Supports radio backhaul and creates a separate cell and appear as Rel. 8 LTE eNB to
Rel. 8 LTE UEs

= Improvement of coverage and flexibility of service area extension

A Coordinated Multi-Point transmission and reception (CoMP)
e Support of multi-cell transmission and reception
=> Improvement of cell-edge throughput and coverage

| e——

CC




Relaying in LTE-A

DeNB

er the air
backhaul eNB

Area of poor coverage with
5 j no cabled backhaul



Where to use
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LTE-A main features

100 MHz
A Support of Wider Bandwidth(Carrier Aggregation) E .
e Use of multiple component carriers(CC) to extend bandwidth up to 100 MHz ( \( Y Y Y \
e Common physical layer parameters between component carrier and LTE Rel-8 carrier —Tf
=» Improvement of peak data rate, backward compatibility with LTE Rel-8 CC

M Advanced MIMO techniques

e Extension to up to 8-layer transmission in downlink

e Introduction of single-user MIMO up to 4-layer transmission in uplink
e Enhancements of multi-user MIMO

=» Improvement of peak data rate and capacity

A Heterogeneous network and elCIC (enhanced Inter-Cell Interference
Coordination)

e Interference coordination for overlaid deployment of cells with different Tx power
=» Improvement of cell-edge throughput and coverage

A Relay

e Supports radio backhaul and creates a separate cell and appear as Rel. 8 LTE eNB to '
Rel. 8 LTE UEs

=» Improvement of coverage and flexibility of service area extension ) )
a0 Coordinated Multi-Point transmission and reception (CoMP) ‘%‘ Q‘

e Support of multi-cell transmission and reception

"
=>» Improvement of cell-edge throughput and coverage




Co-ordinated Multipoint

= CoMP

e Stands for Coordinated Multipoint Transmission and Reception
e Generally known as distributed MIMO or network MIMO
Backhaul

@ Multi-cell MIMO user : &J

Single-cell MIMO user :£7

"~ DL UE Data
CSl

X2 iﬂterﬁ{;e




Co-ordinated Multipoint

(a) Coordinated beamforming/Coordinated scheduling

eNode B

Cell

< Main-lobe control toward desired user
<~ = Null control toward other users

(b) Joint processing
; Coherent/Non-coherent transmission

-

eNode B
0 Ris cell

(b-1) Joint transmission

-

Instantaneous cell selection

-

eNode B k"’
0 RRE Cell

(b-2) Dynamic cell selection




CoMP — Coordinated scheduling

Low power High power High power Low power
Low power
F
f ()
O
‘5\3(’\ Ef' fs
. ‘/"
No interference in ﬂ
central region
Cell A Cell B

Allocating different frequency resources
to Al and B1

« Cell A and Cell B cooperate
with each other to allocate
different frequency resources
(f;, /;) to Al and B1 at cell
edge, avoiding interference.

« Al and B1 receive data, only
from their respective serving
cells, Cell A and Cell B.

F= {fb flt ey fN}

f; : RBs or sub-carriers

RB: Resource Block



CoMP — Joint transmission

* Multiple eNBs transmit to one UE using UE-specific reference signals:

v
T 3 =l
Bva S e
L UE IS
£ A . S
= ) \
= A \
— | §r---*> 0
1 codeword = o o N\ Y
c T co-ordination W {
> arbitrary beamforming vector b
&

beamform

arbitrary beamforming vector———#

* eNB selection per transmission (UE connected to multiple eNB).



CoMP — Dynamic cell selection

 Data only available at one eNB;

* eNBs jointly decide scheduling of transmission in time,
frequency and space:

- E e e e— — s

e—
s
A
7R
|
I\l ],
|
]
I
I
I
I
I
!
\ 4
G
combining

PMI/CQI/RI

layer map
Y
beamform
(|
(|
(|

1 codeword

—»
—>

arbitrary beamforming vectors co-ordination




Example of CoMP

S SDlmi(to= S S()lma(to

* Using CoMP it is possible for the UE in the grey area to
have both the best DL from the macro-eNB and the best
UL to the base station of the the small cell



Example of DL CoMP

a) Joint Transmission

Data is transmitted - in the same frequency and at the same time - from multiple TX-points , here two

b) Dynamic Point Selection

Data is transmitted from one TX-point at the time.

Radio frame, with 10 subframes ‘/

The green and the blue TX-point
transmit in different subframes

Radio frame, with 10 subframes ‘/
Both the green and the blue TX-point
transmits in each subframe

a) Joint Transmission: two TX-points transmit to one UE in the same radio resource

b) Dynamic Point Selection: two TX points are ready to transmit, but only one will be
scheduled in each subframe



LTE-Advanced Improvements

= A schematic view on LTE-Advanced improvements

LTE-Advanced

Data rate

Spectrum
Aggregation

Coverage Extghsion
HeNB/Refhy

T eN 1



LTE Advanced: part of a rich roadmap of LTE technologies

2012 2013 2014 2015 2016 2017+ 2018+
Rel- 101112 Rel-13 and beyond
0 )
I:tﬂ el | TE Advanced LTE Advanced Pro
Faster. better mobile broadband Path to 5G

Achieving Providing Bringing
Gigabit Class LTE enhanced HetNets new ways to connect
Carrier Aggregation (CA) Interference management L TE Broadcast
FDD/TDD CA Best use of all spectrum LTE Direct (DZD)
LTE-U / LAA Dual connectivity
256-0AM Coordinated multipoint

Advanced MIMO SON+



3GPP Releases

Q Rel. 8-9: LTE

a Rel. 10-12: LTE-Advanced (4G)

Q Rel. 13-14: LTE Advanced-Pro (4.5G)
Q Rel. 15-16: LTE NR (5G)
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Release 13 Features

Active Antenna Systems (AAS)
Self-Organizing Networks (SON)
Elevation Beamforming

Inter-eNB CoMP

Indoor Positioning

Carrier Aggregation Enhancements
License Assisted Access (LAA)

LTE-WLAN Aggregation Enhancements
Wi-Fi with IP Flow Mobility

RAN Sharing

Enhanced D2D Proximity Services (PROSE)
Dual Connectivity Enhancements

MTC Enhancements

Single-Cell Point-to-Multipoint (SC-PTM)
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Release 14 Features

Enhance Narrowband IoT (eNB-loT)

Enhanced Machine Type Communications (eMTC)
Enhanced LWIP (eLWIP)

Enhanced LTE-WLAN Aggregation (eLWA)
Enhanced License Assisted Access (eLAA)
Enhanced Full-Dimension (eFD) MIMO

Enhanced Multimedia Broadcast Multicast Service (eMBMS)
Multiuser Superposition Transmission (MUST)
Layer 2 (L2) Latency Reduction

Vehicle to Vehicle (V2X) Based on Sidelink

Uplink (UL) Capacity Enhancements

Light Connection



MIMO 2x2
SU-MIMO
Open loop
Closed Loop

Release 7 Release 8

5G specifications

* Enhanced MIMO
* Enhancements on (eMIMO) (in
+ eCoMP (Non Ideal Full-Dimension MIMO particular >6 GHz)
Backhaul) » 32TXfor CSI * Enhancement on CSI
+ New 4TX Codebook o 64TX * Improve Throughput

» TM 10 * Full Dimension MIMO * Further
* CoMP (ideal * 16TXfor CsI enhancement

Backhaul) * 647X CoMP

Release 9 Release 10 Release 11 Release 12 Release 13 Release 14 Release 15 Release 16 = Release 17

LTE-A Pro



Inter-eNB CoMP

Coordinated Multipoint Operation (CoMP) in Release 11 was
restricted to eNBs connected via ideal backhaul
No need for network interfaces

In Release 12, a signaling interface has been added which
allows eNBs to interchange measurement and resource
allocation information

In Release 13, new signaling elements were added




Indoor Positioning

Q Position can be determined by:
0 Barometric sensors

O Wireless LANSs

QO Bluetooth beacons

0 Terrestrial beacon system broadcasting signals for
positioning, e.g., Metropolitan Beacon Systems (MBS)

Q R13 supports only standalone mode without network
assistance

Q R14 introduced advanced techniques



Carrier Aggregation Enhancements

» CA was introduced in R10

> R12 limited to 5 carriers -> 100 MHz

> R13 extended to 32 carriers -> 640 MHz
» Inter-band and Intra-band
» Licensed and Unlicensed



RAN Sharing

Multiple operators can share a radio access network (RAN)
Owner operator can put limits on total UL/DL load of sharing
QoS profile can also be limited as agreed

Multi-Operator Core Network (MOCN) Gateway Core Network (GWCN)
LTE eUTRAN Sharing LTE eUTRAN Sharing
Operator A Operator B Operator A Operator B
Core Network Core Network Core Network Core Network
MME MME
MME MME

Shared
MMEs MME MME MME
S1 Interface S1 Interface
eNB eNB eNB eNB
Shared Radio eNB Shared Radio eNB
Network et Network
eNB —enhanced NodeB eNB — enhanced NodeB

MME — Mobility Management Entity MME — Mobility Management Entity




Enhanced D2D Proximity Services (PROSE)

Q Device-to-Device (D2D) was introduced in R12

Q In R13:
0 UEs can search multiple networks for “side-link”
0 Support for relaying using D2D

0 Out-of-coverage D2D discovery




Cellular Vehicle-to-X (C-V2X)

Vehicle-to-Vehicle (V2V): Collision
avoidance

Vehicle-to-Infrastructure (V2I): Traffic
lights

Vehicle-to-Pedestrians (V2P): Safety
alerts

Vehicle-to-Network (V2N): Maps,
routing

Use 5.9 GHz VANET spectrum for V2I,
V2P, V2V

Use licensed spectrum for V2N

2 inter-vehicle
communication

vehicle-to-roadside
communication

inter-roadside
communication



D2D vs. V2V

D2D V2V
Application [ Voice M2M
Packet Size [Small Large
Latency Not Critical Critical 20-100 ms
UE Density | Low number High number of vehicles
Dynamics |Pedestrian speeds 250 km/h




