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Outline

* What’s driving 5G
* 5G Technologies

* Summary
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What’s driving 5G: For a Unified Ecosystem

. Ultra-broadband
5G = unified Offering higher bitrates and Mission critical specialized
ecosystem ... supporting extreme traffic services and immersive virtual
densities for the evolution of reality
comms and entertainment

»

4 Ultra-narrowband Consistent user experience
Serving both Efficient sensing and control Better bits rather than simply
traditional and added to LTE broadband; more cheap bits to offer a
potential new massive densities of low more wireline like experience
applications like traffic devices and bearers

drones, real time
video surveillance,
mobile augmented
and virtual reality,
loT...
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Towards 5G

» LTE Evolution through enhancements
to Core Technologies

* Multi-carrier LTE remains in place to
carry bulk of wide area broadband
traffic

» Dual Connectivity for aggregating LTE
with new carriers

* WLAN continues to play a key role to
carry local broadband traffic

IMPROVING
PERFORMANCE
CONSISTENCY
AND COVERAGE

INCREASING
CAPACITY AND
USER BITRATES

L
MIMO ENHANCEMENTS FOR
CELL EDGE AND CAPACITY

CARRIER AGGREGATION
COMBINING CARRIERS FOR BlmTfs
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MULTI-RAT (LTE, LTE-U AND
WIF1 BOOST) FOR CAPACITY
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loT/MTC ENHANCEMENTS FOR
CAPACITY, COVERAGE AND COST
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DUAL CONNECTIVITY COMBINING
SITES FOR CAPACITY

Ultra-broadband continues to grow, concurrently with the rise
of new low-latency services, ultra-narrowband M2M traffic and
device numbers
This causes diverging requirements, both technical and
economic
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5G Technologies

A New RAT for 5G, providing: New Spectrum
Focusing on 4-6 GHz
 Adaptability and 20-60 GHz for
.. . Short Range Access MORE
« Efficient support for massive numbers SPECTRUM
of small packets
Small Packet

* High frequency operation >6 GHz QUALITY Optimizations

] ) Massive MIMO Allow devices to
» User-centric Radio Access for Large number of send short data
NIE antenna elements in EFFICIENT bursts with
Forward Compat]b]l]ty active array (Useful 139:06) 15\ 5 hoptimized signaling

Bits/Sec/Hz/cell
procedures.

)

Waveform Adaptive Numerology

Enhancements Filtering Combined Broadband,
for Adaptability Small Packets & Low

And Robustness Latency
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Adaptive and multi-service

Per-user optimization for different Dopplers and latency

requirements Low latency
High velocity

Robust Waveform: Enabler for flexibility —
Flexible Frame Structure: Variable TTIl and PRB size to [ Broadband / L
enable low latency services video pr—

|
Numerology scalable to 100 MHz bandwidth carriers Large area | I I |

Sub-carrier 15 kHz 3.75 - 120 kHz
TTI 1 ms 0.125 -4 ms
Max BW 20 MHz ~1 GHz
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Robust Waveform by Enhanced Filtering

Filtering of the OFDM/SC-FDMA waveform
for Improved Spectral Properties

Sub-band filtering: Complexity similar to
CP-OFDM

Enhanced filtering enables Per-user
numerology as well as asynchronous tx
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Filtered waveform: Robustness to time-frequency misalighment

Sub-band filtering with Dolph-Chebyshev
Window. Filter impulse response equals the
cyclic prefix duration

Filtering mitigates the rate loss on unfiltered
CP-OFDM in the presence of asynchronous
time and frequency alignment

Fraction of ideal rate

V: ¥ Unfiltered CP-OFDM, async
=l Filtered CP-OFDM, sync

Y= % Filtered ZP-OFDM, sync

= X Filtered ZP-OFDM, async
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0.6 H4=4 Filtered CP-OFDM, async  [-=--=-=-~-- e
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Small Packet Optimizations

((( ))) Aim for an efficient transmission scheme for
sporadic small packet (-~ 1000 bits)
transmission in UL

'@ Classical use case is MTC, but increasingly also
@@ many smart phone apps and control
Sl 28 signalling to support data transmission

services require
different solutions!

The solution should be:

a + Spectrally efficient when taking all
Mission critical MTC ~ Massive MTC overheads into account

Mobile broadband i.,))

Smart phone apps mmWave control

Low latency

Energy efficient
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Energy Consumption optimization for small packets

Different UE Power Saving States:

Low Energy Device Lifetime

 Discontinuous Reception (DRX): UE monitors the 14000
network in short intervals. Maximal sleep cycle 000 - —— Idle Mode
2.56 s == Small Packet Optimized
. . w 10000 - o Optimized Idle Mode
« LTE Idle Mode: UE needs to monitor cells, is out =
. o =— DRX
of sync and doesn’t have a security context. - 8000
£
+ Optimized LTE Idle Mode (‘R13’): Same as in Idle | % 6000 -
mode but allows the UE to maintain UE context S 4000 1 BN lova | | |||
in Idle mode. -la-y-ear req-u-irement—h O ""1TuEE
2000 .\I\.\.
* Small Packet Optimized: Double the LTE Idle o
e [ = o = = @
Mode lifetime £ ~20 ~5Q 160
* Number of packets per day with 10-year Small Packets per day
battery lifetime increased from ~20 to ~50
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User-centric Radio Access for 5G

* Motivation

- Allow conflicting design targets to be fulfilled
within a single carrier

- Coexistence and forward compatibility tJLTIeDrSI)D signal

* Building blocks
- User-specific physical layer channels and signals
only
- No must-be-present signals
- Initial Access Channel

/

User specific control information,
format configurable depending on
device and channel

UE1

Downlink user data

o~

w

o

| user identification signal
user specific control
downlink user data

m unused resource blocks

[ UEL
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High bands to add massive capacity

» 20-60 GHz, “mm-wave” bands

- Provides massive capacity for well placed users in [E =
dense urban areas 4000

- 1 T TTITIThOr T I TTTaIThnr
- Enormous blocks of spectrum available for short range | oo
outdoor or indoor access DL e e ep e
. _ , IR AR = | ,
« Using Massive MIMO as an enabling technology to i D R R
achieve high spectral efficiency through multi-user ~_zsoof -~ - =45 ihE - EREEy (R R R
transmission %2000 ,,,,, B
- Radiated energy efficiency over 4G O S R I B R 1Y I N
* “Low” and “high” band 5G combined by carrier L o
N 1000 | R 60 GHz, top
aggregat]on : : : Il ‘ eigenmode, 100 MHz BW
500~ ~ =~ 1~ LA LB -~ - e TTAT o T T
- Low Band Carrier assistance ==CT IO a0 RCHe oMW

Number of antenna elements

1 GHz BW at mm waves brings 10x capacity of a reference low-
band LTE link: using ~128 joint elements (e.g. 32 AP x 4 UE)
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Summary of Our views on 5G

* 5G supports enhanced mobile broadband and also large numbers of small packets efficiently

* 5G provides a multi-service performance consistency through an adaptive air interface that
enables asynchronous transmission and optimization for small packets

* Diverse and diverging requirements call for a New RAT that is user-centric and forward compatible
* 5G will follow a path of continuing evolution

* 4G/LTE evolution continues well after ‘5G’ launch
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Thank You
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