
3/3/2016

1

16/03/20161 © Nokia 2016 WInnComm 2016 

LSA FIELD TRIAL WITH ENHANCED 

LSA CONTROLLER POWER 

CONTROL CONCEPT ALGORITHMS

WInnComm 2016, Mar 16, 2016

Seppo Yrjola, Vesa Hartikainen, Lucia Tudose , Jaakko Ojaniemi, Arto Kivinen, Tero Kippola

16/03/20162 © Nokia 2016 WInnComm 2016

Introduction

Research objectives

Overview of Licensed Shared Access (LSA) concept

LSA field trial environment

Trial set up and workflow

Performance validation

Conclusions

Outline



3/3/2016

2

16/03/20163 © Nokia 2016 WInnComm 2016

Mobile traffic is expected to grow exponentially until 2020

Mobile data traffic increase scenarios
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Traffic pattern is changing
Long tail of media content, services and devices
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Spectrum Sharing touch key trends shaping mobile broadband industry
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LSA, CBRS

Carrier
Aggregation

Re-Assignment
Re-Farming

Additional harmonized 
spectrum for LTE by re-
farming & re-assignment

Dynamic combination of 
fragmented spectrum
• Wideband RF 

technologies

Unlock more spectrum by 
Shared Spectrum Access 
with predictable QoS

Spectrum sharing unlocks more quality spectrum use for Mobile Broadband
10x spectrum for Nokia 1000x capacity vision

Carrier aggregation
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Harmonization and global standards drive economies of scale
Spectrum usage models

Complementary 
license model 

Licensed Shared Access
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16/03/20168 © Nokia 2016 WInnComm 2016

LSA enables faster access to harmonized QoS spectrum

Increasing delays in making harmonized 
spectrum available for mobile broadband

For internal use
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Spectrum roadmap for mobile broadband
European example

Licensed + 
Licensed Shared Access

�470-698 MHz convergence and shared use 
between Broadcast and Broadband

�Shared use in C-band  will enable wider 
bandwidths for dedicate small cell layers

�Licensed Shared Access (LSA)
will unlock additional spectrum for LTE

�Additional Spectrum shall be allocated and 
put into use quickly

�Exclusive Spectrum Access has top priority

�Dynamic combination of fragmented 
spectrum through Carrier Aggregation
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Research objectives

Introduce LSA controller implemented as a part of Self 
Organizing Network solution fully integrated into commercial 
Operations, Administration and Management system.

Validate LSA Controller with novel Power Control incumbent 
protection algorithms to maximize LSA spectrum resource 
availability while ensuring incumbent protection. 
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LSA concept
Licensed Shared Access functional model
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LSA is progressing on all levels in Europe
Research – standardization – regulatory bodies and administration

LSA 2.3 GHz timeline

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
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Finnish CORE++ LSA trial environment 2016
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LSA and network’s Operation, Administration and Management (OAM)
LSA leverages available OAM and Self-Organizing Network (SON) platforms and functionalities
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LSA demo controller build on multivendor capable iSON manager platform
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OAM
NMS

LSA and network’s Operation, Administration and Management (OAM)
3GPP SA5 study TR 32.855 scenario 2: LC as part of the OAM

LSA controller is part of the OAM. LSA controller performs the configuration decisions 
(some or all) internally and communicates actual configuration attributes (TX power, 
antenna downtilt, etc…) to the corresponding functional blocks.

LSA 
Controller

Regulator

Incumbent

LSA 
Repository

LSA3

LSA2

LSA1

LSRAI

Base 
Station

Base 
Station

Incumbent

Network reconfiguration

LSA Licensee Domain

Internal & proprietary i/f



3/3/2016

9

16/03/201617 © Nokia 2016 WInnComm 2016

Deregistration Req

Deregistration Resp

LSRAI Confirmation Resp

LSRAI Confirmation Req

LSA system Architecture - High level procedures
ETSI RRS TS 103 235

LR LC
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Operational phase : LC implementation steps and evacuation modes

LSA 2.3 GHZ cell - on Coverage layer - on LSA 2.3 GHz cell - off LSA 2.3 GHz cell - reconfigured 

Minimum separation distance (MSD)Restriction Zone (RZ)

Deactivation
of all LSA cells

Emergency Plan

Deactivation
of LSA cells within 

Minimum Separation 
Distance (MSD)

Deactivation
of interfering LSA 

cells

Protection Zone 
Optimization (PZO)

Reconfiguration
of interfering cells

Power Control 
Beam steering
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How to avoid the interference without locking the cell ?

Protection Zone

Reduced
Tx power

Nominal
Tx power

Base Station TX 
power optimization
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control / Beam 

Steering
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LSA resource 
available

How to avoid radio link failures when locking cells?

Graceful 
shutdown

time

Graceful 
shutdown

Evacuation 
request

The users connected to interfering cells will 
experience a Radio Link Failure (RLF) when these 
cells are locked with Hard Shutdown.

In the Graceful Shutdown Tx power is reduced 
stepwise during a certain period. This allows users 
to be handed over to other cells, reducing the 
number of RLFs. 

LSA resource
not available
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The LSA Incumbent Manager graphical interface
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LSA trial network status view in the LC UI
Example of the power control algorithm method - ongoing PWRCtrl configuration

Enable LSA network

Emergency evacuation

Minimum separation distance protection

Dynamic protection zone optimization
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Power control algorithm maximize the LSA capacity

Source:  “Field Trial of Licensed Shared Access (LSA) with Enhanced LTE Resource Optimization and Incumbent Protection,” DySpan Sept. 2015 

Aggregate field strength of the 
network when BSs transmitting 
at the maximum power level. 

Aggregate field strength 
after applying the power 
control algorithm

Cumulative distribution 
functions of the LSA signal 
levels in the PZ before and 
after the power control. 

Density functions of the 
LSA signal levels in the 
PZ before and after the 
power control.

SON LSA Controller’s objective is to maximize the average received signal power in the MNO network 
(outside the PZ) given the constraint on the allowed interference level in the incumbent protection 
zone, and the constraints on the feasible values of the transmit power levels. 

Protection
zone

Protection
zone
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LSA field trial performance measurement results

The average evacuation time to no 
interference for the PZO was 24s and 
the graceful PWR reconfiguration 58 s
Including the Graceful Shutdown (GS) 

option with took 33s 
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• Trial successfully demonstrated that TD-LTE network licensee can take 3GPP band 40 (2.3-
2.4 GHz) into LSA use and vacate it when requested by the incumbent. 

• Dynamic availability of the LSA spectrum resource can be managed with commercially 
available radio network complemented by integrated LSA controller and LSA repository.

• The LSA Controller was developed as a SON feature within commercial OAM system.

• Power Control algorithms were tested to maximize LSA spectrum resource availability for the 
licensee while ensuring incumbent protection.

• Measurement results revealed that the evacuation operation can be done in a way that 
fulfills typical PMSE service incumbent’s requirements.

• Comparing to the previous LSA trials, the OAM integrated LSA controller reduced overall 
operations delay approximately 31% in evacuation cases and increased reconfiguration 
phase delay by 88% when graceful shutdown + power control was utilized.

Conclusions
LSA field trial with enhanced LSA controller power control concept algorithms
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Thank you
Questions/discussion?

seppo.yrjola@nokia.com
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