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Mobile traffic is expected to grow exponentially until 2020

Mobile data traffic increase scenarios
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Traffic pattern is changing
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Spectrum Sharing touch key trends shaping mobile broadband industry

Industry Entry of new Mobile data Mixed radio Declining
consolidation J players traffic growth [ technology operator
environment revenue
growth

Network Utilization Spectrum Telco cloud From data
sharing & of spectrum availability and analytics to
operator assets & virtualization cognitive
consolidation  J re-farming SIS
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Spectrum sharing unlocks more quality spectrum use for Mobile Broadband
10x spectrum for Nokia 1000x capacity vision

Dynamic combination of Carrier aggregation
fragmented spectrum

* Wideband RF
technologies

Carrier
Aggregation

Re-Assignment
Re-Farming

Additional harmonized
spectrum for LTE by re- l - - I

farming & re-assignment 400-700 700-900 3600 5400

LSA, CBRS
Unlock more spectrum by ~ o~ N N
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Harmonization and global standards drive economies of scale
Spectrum usage models

\
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Mainstream approach Complementary Shared approach
auctions license model unlicensed
of cleared spectrum Licensed Shared Access (Wi-Fi, LTE-U, ...)
Exclusive use Exclusive shared use Shared use
ensures exclusive use on a sharedand binary unpredictable
Quality of Service basis in time, location, and/or frequency Quality of Service

with incumbent (government, defense etc.)
predictable Quality of Service
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LSA enables faster access to harmonized QoS spectrum

Increasing delays in making harmonized
spectrum available for mobile broadband

Spectrum band 6 years 8 years more
years

900 MHz

2.1GHz I
2.5/2.6 GHz |

23GHz I
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Spectrum roadmap for mobile broadband
European example

Total Amount of Spectrum / MHz
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» 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

Licensed +
Licensed Shared Access

[T 74
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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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based
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(MNO) Usage reporting (Incumbent) w ramewor ser
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LSA is progressing on all levels in Europe
Research - standardization - regulatory bodies and administration
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Finnish CORE++ LSA trial environment 2016
Trial uses global and available LTE technologies to ensure economies of scale and early use

LSA Repository LSA Controller NMS -
Fairspectrum, Cloud Internet Nokia Espoo, Cloud Nokia Tampere
JSON data . Nokia CM .
E @ Websocket connection @ Open API @

LSA iSON iOMS

Incumbent LSA
Controller Manager

Manager Repository

SAE-GW " MME '
E E] Multi mode
terminals
EPC Nokia Oulu / Nokia LTE HetNet RAN
FDD 2.1 GHz, TD 2.3GHz & TD 3.5 GHz, Centria Ylivieska

HSS

Cloud EPC Nokia Espoo
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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

2. Network operation (LSA spectrum control)

1. Network provisioning
Radio Planning

Network — s——
Data Tools

——  Network SON functions & management

Inventory Fault &
—— Performance Performance
& Statistics Management

——  Network
Repository
Element
Management A

—— Subscriber
NOKIA

,_
wn
LSA Controller CE
<

Profiles

——  Business
Models

LSA Licensee domain
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LSA demo controller build on multivendor capable iISON manager platform
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LSA and network’s Operation, Administration and Management (OAM)
3GPP SA5 study TR 32.855 scenario 2: LC as part of the OAM

LSA, _§_ LSA Licensee Domain
: LSA
LSA * | LSA | oAMm K
Repository Controller > Station
; LSRAI
LSA; —+ : . , _
! Internal & proprietary i/f Network reconfiguration

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.
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LSA system Architecture - High level procedures

ETSIRRS TS 103 235

LC unregistered

LC operation

LSA
Operation States
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Registration Req

e

Registration Resp ' 1

>

Connection Check Notification
6  Connection Check Notification Ack

<

LSRAI Notification
3 | LSRAI Notification Ack
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Deregistration Req

&

Deregistration Resp _ | 2

Conpection Check Req

“Connection Check Resp 7

LSRAI Req
LSRAI Resp 4

S

_ LSRAI Confirmation Req

LSRAI Confirmation Resp _: ' 5

Operational phase : LC implementation steps and evacuation modes

Deactivation
of all LSA cells

Emergency Plan

- Coverage layer - on - LSA 2.3 GHZ cell - on - LSA 2.3 GHz cell - off
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Deactivation
of LSA cells within

Minimum Separation
Distance (MSD)

cells

Deactivation
of interfering LSA

Protection Zone
Optimization (PZ0)

L

Reconfiguration
of interfering cells

Power Control
Beam steering

LSA 2.3 GHz cell - reconfigured

Restriction Zone (RZ) ==y Minimum separation distance (MSD)

WinnComm 2016
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How to avoid the interference without locking the cell ?

Base Station TX Antenna Tilt
power optimization control / Beam
Steering
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How to avoid radio link failures when locking cells?

5 LSA resources not available ASA resources not available
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The users connected to interfering cells will -
experience a Radio Link Failure (RLF) when these |
cells are locked with Hard Shutdown.
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The LSA Incumbent Manager graphical interface

Stations Licenses Organization My account Log out
~ LSA Device groups - Select device group for protection
LSA devices
Station name Case Set location | Latitude Longitude  MHz low MHz high Startday  Starttime End day End time | Emerg C
TRIAL_199 | Mobile videc~| Openmap 64.080383C 24.5291623 2 359,00 2369,00  30.09.2015 09.53 27.11.2015 | 10.53 o om
‘Add new station Save station list Cancel Previous Next

Close map

7 X b TURKU AMK Fairspectrum
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/\PPLIED SCIENCES
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LSA trial network status view in the LC Ul
Example of the power control algorithm method - ongoing PWRCtrl configuration
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Power control algorithm maximize the LSA capacity

Aggregate field strength of the

243268 244056

Protection
zone

2aq04 295722

24554 247356 24B176

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

Protection
zone

control algorithm

= — —L5A signal level in PZ. before
LSA signal level in PZ. after
rmearm Protection zone threshold

= = —LSAsignal level in PZ. before
e LSA signal level in PZ. afier
——~ Protection zone threshold

CDF

dBm dBm

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.

rotection,” DySpan Sept. 2015

LSA field trial performance measurement results
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Table 1. LSA band reconfisuration measurement results

Meas| MSD (s) PZO (s) PWR (s)
poimnt| Time| SD |Time| SD |Time| SD
1. Incumbent LSA 0 0 0
request via IM M
2 LC receives
Incumbent mnfo LC | 027| 0.03| 0.32]| 0,03| 041 0,03
from LR
3. NMS starts re-
configuration NMS| 0.98| 0.08| 4,10 0.75| 4.48 0,92
command
4.BS/cellonLSA LSA
band 1s re- 20.75| 1.36(23.48| 1,30(58.02| 149
) band
| confioured
5. NMS starts PWR MS 6482 0.9
conf.
6. NMS notify LC
plan commission LC |34.47| 1,08)|37.72| 1,25]95.26] 1,71
completed
7. Incumbent user Lsal. . .
TEeceIves ™ 35.49| 1,02(3864| 1,22|96.19| 148
confirmation to IM
& ENB reboot eNB| 463.9| 0,46

Table 2. Total measured execution times of system element

Execution time [s] ele component
MSD | PZO |PWER | MSD | PZ0O | PWR
NMS (GS) 3342 3342
NMS (reconfizg ) 3354|3377 |63.77| 33,54 33.77| 3035
LC 34.94137.989540| 140| 4.21|31.63
LR 3549)3864|96.19| 054| 066 078
eNB rebooting 4639 3677
Algorithm calculation 029] 031] 034

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

NOKIA
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Conclusions
LSA field trial with enhanced LSA controller power control concept algorithms

L]
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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.
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Thank you
Questions/discussion?

seppo.yrjola@nokia.com
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