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CelPlan Technologies

A Provides Planning, Design and Optimization Software
for all applications and network technologies

A Provides planning, design an optimization services
I Has planned WIMAX and LTE networks worldwide

A Provides field measurements and RF propagation
characterization

A Prepares RFPs, selects Vendors and Supports
Deployments

Provides High Level Consulting
Provides Technology Training
Provides Managed Services
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Presenter

A Leonhard Korowajczuk
I CEO/CTO CelPlan Technologies

I 45 years of experience in the telecom field
(R&D, manufacturing and services areas)

I Holds13 patents
I Published books
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published by Wiley in 200063 pages, available in
hard cover, ebook and Kindle
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published by Wileyn June 2011750 pages, available
in hard cover, ook and Kindle

I Books in Preparation:
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I second edition (2012) L#A&and 802.16m (1,000+ pages)

A Network Video: Private and Public Safety
Applications (2013)

A Backhaul Network Design (2013)

A Multi-Technology Networks: from GSM to LTE (201
A SmartGrids NetworkDesign (2014)
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Qwreleﬂ Global Technologies

Myths
A You can use the same channel in all your cells (re:*=
of 1) ‘g

A You can have a throughput of 200 Mbps over a 10
MHz channel (.
=

A MIMO B (Spatial Multiplexing) will double or I
quadruple your throughput. You just need to a"%g
antennas.

A Your network was designed for a standard 3GPP
environment, ETU30 (Extended Typical Urban m
and it will provide indoor coverage

A Link Budget : our equipment can provide indoor
coverage at 10 km from the Base Statio%
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Myths

A LTE provides a solution to the Peak to Average
Ratio (PAPR) that affects WIMA 1

A LTE provides much more capacity then WiM, '
A WiIMAX UEs will be more expensive then LTEI UEs
A All operators have chosen LT o s

A My car was tested to do 10 kmﬁth less than 1
drop of gas s
I 1 omitted to tell that the test was done downhill

A Some myths are repeated over and over until
became virtual truths




Truths

A Specification Aspects
A Commercial Aspects
A Planning Aspects

A Technical Aspects

A Performance Aspects
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Specification Aspects e

LTE has backtracked in many of its decisions about PAPR

I SCOFDM (Single Carrier OFDM) brought several disadvantages that out weig|
the advantage
A Release 10 allows for separated resource blocks, but keeps the shortcoming®BDSC
LTE does not have a solution for interference management
I Issue was passed for vendors, resulting in incompatibility between systems

I SON was offered as a future solution, but papers already indicate that a sound
planning beats SON

I LTE did not adopt permutation, segmentation or zoning used in WIMAX to con
interference
A Vendors are adopting it under the hood

LTE specs are not compatible between versions
I Release 8 UEs are not compatible with Release 8.2 UEs and so on

WIMAX specifications are mature, LTE are still evolving (two to three ye
away)

Both technologies do not specify schedulers and vendors are reluctant
share their implementations

I Suggestion is to WIMAX Forum specify a scheduler
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Commercial Aspects ) CelPlan

Large operators have announced that they will deploy LTE
I LTE is compatible in many aspects with existing 2G/3G infrastructure
A USIM compatibility is the main factor

A Roaming is also a factor, but it has been prejudiced by the excessive band Ditipias was to
leverage the GSM/UMTS infrastructure

I In practice, little of existing infrastructure can be reused
I Core prices are very high
I Few did deploy until now

WIMAX is being supported by
I Medium and small operators
I Overlay for large operators
I Was adopted by the aeronautical industry as the next generation technology
I Is being adopted by several Power grid operators
I Is being adopted by the Oil and Gas industry

UE/CPE vendors announced that several of their units will be dual mode: WiMAX and

WIMAX advantages
I Lower equipment cost, commercially available infrastructure (IT based), provides larger vendor
compatibility
I Mature specification set, with vendor compatibility, through Plugfests
LTE advantages
I If adopted by major operators, will be a source of roaming revenue (restricted by band compatibility
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Planning Aspects Truths (Range

A Link Budget magic: our equipment can provide
Indoor coverage at 10 km from the Base Statior

I Not really

I Manipulating link budget parameters will not help In
real life
Algnoring that the antenna gain is not uniform
AUsing Gaussian fading instead of Rayleigh fading

Alncreasing the FEC code to extremes like 1/12 will reduce
throughput to a trickle

T A 500 mto 1 km is a more realistic distance for
Indoor coverage



3GPP TR 3.913 v10.0.0 ¥

A The peak spectrum efficiency is the highest data rate normalised by overall cell bandwidth assumifigerror
conditions, when all available radio resources for the corresponding link direction are assigned to a single UE.

A Average spectrum efficiendy defined as the aggregate throughput of all users (the number of correctly received
bits over a certain period of time) normalized by the overall cell bandwidth divided by the number of cells. The
average spectrum efficiency is measuredps/Hz/cell

A The cell edge user throughput is defined as the 5% point of CDF of the user throughput normalized with the
overall celbandwidth. The calculations are done for 10 users randomly distributed.

LTE FDD ITU (Release 8) Spectral Efficiency Objectives (bit/s/Hz)

Downlink Uplink
) Cell Edge Cell Edge
Scenario Antennas  Cell Radius Path Loss  Peak Average 10 users per cell Peak Average 10 users per cell
(m) (dB) (bps/Hz)  (bps/Hz/cell) (bps/Hz/cell/luser)  (bps/Hz)  (bps/Hz/cell) (bps/Hz/cell/user)

3GPP Cask 1x2 3.75 0.86 0.028
Carrier: 2 GHz 2x2 500 20 7.5 1.63 0.05
Bandwidth:10 MHz 4x2 15 1.93 0.06

4x4 2.87 0.11

LTEA ITU Spectral Efficiency Objectives (bit/s/Hz)
Downlink Uplink
Cell Edge Cell Edge
Scenario Antennas Cell Radius Path Loss  Peak Average 10 users per cell Peak Average 10 users per cell
(m) (dB) (bps/Hz)  (bps/Hz/cell) (bps/Hz/cell/luser)  (bps/Hz)  (bps/Hz/cell) (bps/Hz/cell/user)

ITU Indoor Hot Spot gii 60 3 0.1 225 B
ITU Urban Micro x2 200 2.6 0.075 1.8 0.05

2x4
ITU Urban Macro gzi 500 2.2 0.06 1.4 0.03
ITU Rural Macro 4x2 1732 11 0.04 0.7 0.015

2x4

1x2 1.2 0.04
3GPP Cask 2x4 2 0.07
Carrier: 2 GHz ixg 500 20 5'2 8'8;
Bandwidth:10 MHz X - -

4x4 3.7 0.12 15

8x8 30



Planning Aspects

Adaptive Modulation Scheme

A You can have a throughput of 200 Mbps
over a 10 MHz channel

I Not really, even the 3GPP in its best
estimates targets 4 bits/s/Hz

I Real system do average less that 1 bit/s/Hz

CelPlan

Wireless Global Technologies

Transmit Power (dBm)nax 30 dBm

Power Control
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Adaptlve Modulation Relative Arefs

Unrestricted cell
Propagation in free space: 20dB/decade

To I I

are not used
Cell capacity drops with the increase in cell size

To

Bits / Symbol

64QAM5/6 | 5

64QAM 3/4 | 45

64QAM 1/2 3

-
“l16QAM 3/4 | 3

16QAM 1/2 | 2

QPSK 3/4 1.5

QPSK 1/2 1.5

3/14/2013 Copyright CelPlan Technologies Inc.

Percentages will change if cells are closer to each other and lower modulation scher

- 64QAM 5/6 (0.4 km?)

64QAM % (0.6 km?)
64QAM Y% (0.8 km?)
16QAM % (1.2 km?)
16QAM ¥z (1.6 km?)
QPSK % (2.8 km?)

QPSK % (5.6 km?)
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Adaptive Modulation Capacity ¥~

To I I

Bandwidth: 10 MHz
Frame: 10ms
Cyclic Prefix: 1/8

Capacity per Modulation Scheme Coverage Limit
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AverageActive Subscriberper cell

fe)

g - 20.0 mm bits/symbol

@ 3.00 —1 GB/month plan

7 - 15.0

0,50 -2 GB/month plan

- 10.0 —4 GB /month plan

1.00 - 50 ——8 GB /month plan
O-OO | | | | | | | 0-0

QPSK QPSK QPSK 16 QAM64 QAM64 QAM6E4 QAM6E4 QAM
112 1/2  3/4 12 12 213 3/4 56

Modulation Scheme
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Planning Aspects Truths (Capacl

A You can use the same channel in all your cells (reuse of 1)

I Yes, you can, but the channels should be very lightly loaded
I The rule of a minimum reuse of nine holds

I Reuse applies to the following resources:
A Frequencies
A Subcarriers
A Time Slots

I This means that the maximum cell load should be around 10%,
considering all the resources

A Interference Averaging

I WiMAXsupportsseveral standardizegermutationschemes (PUSC,
FUSC, AMC.))

I LTE does not support permutation schemes and relies on vendor
defined SON

A Some vendors are using WiMAX permutation as a SON solution
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Planning Aspects Truths (Capac%”ij“”““"’”””

A Resource Reuse Factor

I 2G and 3G technologies use frequency (GSM) or
codes (UMTS, CDMA) as shared resources

I 4G technologies (WIMAX and LTE) use as shared
resources:

AFrequencies

ASubcarriers
I Segments (not supported Y E)

ATime Slots
I Zones (not supported by LTE)

ACodes
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LTE deployments

A Traditional cellular operators will use 3GPP
defined Access and Core

A Greenfield and WiMAX operators that add LTE
deployments plan to use WIMAX Core with LTE
Access

I Main reason Is economical and performance
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WIMAX TDD Frame

Amplitude
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Sub-carrier Sub-carrier
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Subcarrier spacing: 10.9375 kHz

Frame Duration: 2.25, 4, 5, 8, 10, 12.5, 20
ms

Downlink Su-rame duration: variable
Segments: up to 66
Zones: upto 5

o > o To I
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Performance Aspects

Comments about Data Speed
and Throughput



Experiment

A | tested my Data Throughput and got 10 Mbit/s

A When reading my -enails it took 20 second to open
12.5 kB amall

A What is going on?
A At that speed it should take 10 ms

A The explanation is the difference between
Instantaneous and average throughput (Tonnage)



Instantaneous Throughput

A Wireless networks always send information at the maximum
data rate possible

A This implies that high rates can be achieved

A 1t does not consider though the time the information has to
wait to be scheduled

A Many networks slow down transmission based on the amour
of data already transmitted by a user

A Speed test engines test the instantaneous throughput

A The instantaneous throughput gives only part of the
Information required to estimate the throughput
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Tonnage ) CelPlan

Tonnage is the amount of data that is exchanged over a period of time by a

It takes into account waiting time and is a much better way to measuring the
delivered service

Network tonnage is defined by the average instantaneous throughput, whicr
varies with the users location, due to the adaptive modulation

User offered tonnage is defined by the application it uses, based on a ideal
capacity network

I aAy3IES dzASNXQRa d2yyl3IS aKz2dzZ R 06S
the network could schedule several users to fill in its tonnage capacity

This is called oversubscription ratio, which is expressed by the number of us
sharing the same connection. It is equivalent to the telephony Erlang.

The network should avoid load the available tonnage to 100%, as congestio
will become an issue, as subscriber transmission times will coincide frequer

A load of 60% to 70% should be targeted

Tonnage can also be expressed in average bit/s (averaged over a period of
several minutes to 1 hour)
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A The peak spectrum efficiency is the highest data rate normalised by overall cell bandwidth assumifigerror
conditions, when all available radio resources for the corresponding link direction are assigned to a single UE.

A Average spectrum efficiendy defined as the aggregate throughput of all users (the number of correctly received
bits over a certain period of time) normalized by the overall cell bandwidth divided by the number of cells. The
average spectrum efficiency is measuredps/Hz/cell

A The cell edge user throughput is defined as the 5% point of CDF of the user throughput normalized with the
overall celbandwidth. The calculations are done for 10 users randomly distributed.

LTE FDD ITU (Release 8) Spectral Efficiency Objectives (bit/s/Hz)

Downlink Uplink
) Cell Edge Cell Edge
Scenario Antennas  Cell Radius Path Loss  Peak Average 10 users per cell Peak Average 10 users per cell
(m) (dB) (bps/Hz)  (bps/Hz/cell) (bps/Hz/cell/luser)  (bps/Hz)  (bps/Hz/cell) (bps/Hz/cell/user)

3GPP Cask 1x2 3.75 0.86 0.028
Carrier: 2 GHz 2x2 500 20 7.5 1.63 0.05
Bandwidth:10 MHz 4x2 15 1.93 0.06

4x4 2.87 0.11

LTEA ITU Spectral Efficiency Objectives (bit/s/Hz)
Downlink Uplink
Cell Edge Cell Edge
Scenario Antennas Cell Radius Path Loss  Peak Average 10 users per cell Peak Average 10 users per cell
(m) (dB) (bps/Hz)  (bps/Hz/cell) (bps/Hz/cell/luser)  (bps/Hz)  (bps/Hz/cell) (bps/Hz/cell/user)

ITU Indoor Hot Spot gii 60 3 0.1 225 B
ITU Urban Micro x2 200 2.6 0.075 1.8 0.05

2x4
ITU Urban Macro gzi 500 2.2 0.06 1.4 0.03
ITU Rural Macro 4x2 1732 11 0.04 0.7 0.015

2x4

1x2 1.2 0.04
3GPP Cask 2x4 2 0.07
Carrier: 2 GHz ixg 500 20 5'2 8'8;
Bandwidth:10 MHz X - -

4x4 3.7 0.12 15

8x8 30
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Truths about MIMO

A A MIMO 4 x 4 can improve your SNR by 20 dB (us
an USB)

I MIMO Transmit Diversity can only reducing fading. It do
not provide gain.

I MIMO Spatial Multiplexing has the potential to double tf
throughput, but the streams interfere with each other, sc
practical throughput increase is 20% or less

I MIMO requires uncorrelated antennas, but this is difficu
to achieve

I Increasing the number of antennas only makes it more
difficult to un-correlate them
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Truths about MIMO

A MIMO B will double or quadruple your
throughput

I MIMO Spatial Multiplexing has the potential to
double the throughput, but the streams interfere witl
each other, so practical throughput increase is 20%
less

I MIMO requires uncorrelated antennas, but this is
difficult to achieve

I Increasing the number of antennas only makes it
more difficult to uncorrelate them
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Performance Aspects

RF Channel Response, Fading ar
Antenna Correlation



€ CelPlan
Questions that do not have replies today

A2 KIFd Aa ySi62N] Qa wC Of
I How wide and long is the multipath fading?
I How many multipath are being received?

A How uncorrelated are cell antennas?
I How to adjust the antennas for maximum-gorrelation?

A What is the channel load and how are the resource
distributed?

A How should the network parameters be optimized
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CelSDRx

Universal Software Defined ReceivBDRX
Captures up to 100 MHz of spectrum from 100 MHz to 18 GHz
Digitizes signal at 129spsand provides | and Q components

Digitally extracts information for any digital technology: LTE, WiMAX, HSPA, UMT?
GSM
Performs

I Symbol synchronization

I Frame Synchronization

I SubChannel Equalization

I Bandwidth and frame number determinati
Detects

I RF Channel Response in time and freque

A Displays fading amplitude, band and duratf®

i Channel Traffic load

I Received signal coherence from different antennas

I Received signal coherence to different antennas
GPS data geeferencing, allowing drive tests
Ideal to plan network parameters
Ideal to scan competitive networks

Patents applied

3/14/2013 Copyright CelPlan Technologies, Inc. 33
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CelSDRx Specifications

—requency coverage: 100Hzto 18 GHz
nstantaneoudBandwidth: 100 MHz

DisplayedAverage Noise Level.

A-115 dBm @ 10 MHz
A-110 dBm @ 1500 MHz
A-110 dBm @ 2500 MHz

A MaximumRF input: +10 dBm

A Norrinput related spurs: <100 dBm
A MaximumRF gain: 20 dB

A IFgain:-10 to +30 dB in 1 dB steps
A PowerSupply +12 VDC

o T I




Impulse Response
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Measured Power per Resource Element (dBm

Wireless Global Technologies

Frarme - Measured Subcarrier Power [dBm]
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RF Channel Response (top view
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