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Licensed Shared Access to
spectrum

Business and technology perspectives

The Italian Pilot on the Licensed Shared Access in the 2.3-2.4 GHz band
Presentation of the results
Rome, 23 September 2016
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Future of spectrum
| SA business enablers
LSA technology enablers
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Explosion of possibilities
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Spectrum as a market gatekeeper
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Growth in demand for spectrum shows no sign of abating

Global wireless traffic e ~17x mobile traffic over

9,0 1.5 EB/day of 6 years, ~60% CAGR, ...
= 38 pd unmet demand! or 110x over ten years
g7 Vs’
> X ‘
go0 / —Jneonstrained - upto 100% CAGR
.0 / mobile data traffic in
=30 s o many networks
= / Network-limited
£ 20
R 10 e demand
10 -

0,0 - T

2014 2015 2016 2017 2018 2019 2020
Year

Even today demand threatens to outstrip supply. Yet,110x more mobile traffic by 2026.
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Dimensions for scaling wireless capacity to address capacity crunch
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Without additional sources of spectrum, only 40x of capacity gain still available
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Securing additional licensed spectrum is challenging
Increasing delays in making harmonized spectrum available for mobile broadband

Total spectrum identified globally for mobile communications
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Commercial mobile competes with other industries and applications for spectrum
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Diversified business environments and spaces

Site/premises owner role can be emphasized in building, operating and maintaining local
content and services related to connectivity
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How does densification help to double capacity?
Sparse networks To double capacity in dense networks requires
P a lot of densification or doubling of spectrum
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Value of spectrum increases for dense cells
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New roles emerging in the ecosystem
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Importance of content, context and commerce based business models
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Critical factors shaping future business models
m  Three new approaches to sourcing much-needed spectrum:
* Managed shared spectrum (LSA, CBRS)
¢ Higher frequency bands (cmWave, mmWave)
¢ Blending of unlicensed and licensed bands
e Emerging new scenario: managed shared spectrum model
* New routes to low-cost spectrum
* New, web-scale, spectrum brokers
e New dynamic business models for wireless communications
e Changing market landscape and players
* Fragmentation and new competition in operator business
e Emerging local micro-operators
* New opportunities with spectrum management and brokering
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echnologies
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The latest CEPT & ETSI standards with Nokia iSON LSA Demo Controller, FZ radios and OAM
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LSA and network’s Operation, Administration and Management (OAM)
3GPP SA5 study TR 32.855
i LSA Licensee Domain
LSA, -+
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LSA gl sA | oav 00 IR o=
Repository Controller >~ Station »
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LSAs o LSA IRP Type-7 iff 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 leverages existing OAM and Self-Organizing Network (SON) processes

2. Network operation (LSA spectrum control)

1. Network provisioning
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LC implementation steps and evacuation modes in the operational phase

o 2 2 23

Deactivation Deactivation Deactivation Reconfiguration
of all LSA cells of LSA cells within of interfering LSA of interfering cells
cells
Emergency Plan Minimum Separation Protection Zone Power Control (PWR)
Distance (MSD) Optimization (PZ0) Beam steering

@ coverageiayer-on P Lsa23GHz cell-on P LA 23 GHz cel - off LSA 2.3 GHz cell - reconfigured

Restriction Zone (RZ) ===y Minimum separation distance (MSD)
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Emergency plan speeds up large scale LSA spectrum evacuation
NetAct LTE OAM radio configurator performance test results for typical network configuration

MRBTS 1
(NBTS 1| | Objects in one ens 5432 Configuration plan file download < 1 min
LNCEL 12 | | Cells in one eNB 12 for a Single eNB
LNADJ 128 OMSes 4 . .
Emergency plan download with < 3 min
LNADIJL 1536 eNBs below one OMS 1000 N . . .
automatic activation operation
LNREL 1440 | | Total eNBs 4000 .
T o | — for the whole petwork.vx{lth small
LNADIG 256 | | Total objects 21.7 million amount Of Onlme mOdlﬂable
arameters (e.g. access class
LNRELW 860 Adjacency objects per eNB and P o g
LNRELG 480 data amounts in typical configuration ba rring case, LSA).

Network wide emergency plan in less than 3 minutes
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Minimum Separation Distance (MSD)
The required distance between interfering transmitter and victim receiver
o S’) Incumbent RX BS TX
e 1] ¥ LSA Small Cell
[} Network
j__) B Unlocked
5 ;
c |a MSD q ¥l LSA TD-LTE Network
- ] VI B unlocked
H Status change
A B Locked
A Interference T path 5 s Sectors
from BS TX ! MSD sector
Maxi : Loss
aximum , & ¥/ PMSE Incumbent
interference at p———— T - - m — = = = = = = — = - B Dynamic exclusion area
Incumbent RX i » Distance B static exclusion area
- MSD >
|

Required path loss can be translated into a separation distance between interfering transmitter and
victim receiver. For this purpose, the Modified Hata Propagation (MHD) model (ERC 068, 2002) was
used under the assumption of the propagation environment given for ECC 172 (2012) scenarios
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Protection zone optimization maximizes the number of transmitting BSs

BS TX
Incumbent

Interference
from BS TX

interference at
Incumbent RX

Distance

Protection Zone Optimization (PZO) method computes the aggregated interference and takes into
account the interference impact of the network holistically compared to MSD computation of individual
base stations.
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LSA field Trial#6 run system end-to-end performance evaluation in May 2015
With Self Organized Network iSON LSA Controller and novel protection algorithms

Table 1. LSA band evacuation measurement results

[Meas| Evacuation | Evacuation
[point MSD PZO
Timc[s][SD[s]|Time[s][SD[s]
1. Incumbent makes *
evacuation request via LSA Li? 0 0 LSA Small Cell
Incumbent Manager (IM) Network
2.LC receives incumbent | | 027 B uniocked “
information from LR . -~
3. OAM starts de-activation oan| 2.35]1,74] 117|075 ~| LSA TD-LTE Network .
command B unlocked
-'l.eN'l.E cellon LSAbandis [LSA 24.40| 1,53 24.19] 2,13 Status change
deactivated band B Locked .
- c §
5-OAMnotifyLCthatplan) | | 5 30| 1 54 50.88| 0,75
commission is completed
6 Incumbent userreceives | - ~ _MSD Sectors
confirmationon evacuation | - *| 5157|173 51.14| 0,68 MSD sector *
toLSA IM
~| PMSE Incumbent .
Table 2. Total measured cxccution times of cach tral system B Dynamic exclusion area "
clement 2 B static exclusion area
Total ion time [s] 2 a0 stts g g e s 10
MSD | PZO | MSD | PzO i : H : it
NS i mE s a5 7 Minimum Separation distance (MSD}) Protection Zone Optimization (PZO)
iC 51,03 50.61| 2.55] 1.83
IR 51.57] 51.14| 0.54] 0.54
‘Algorithm calculation 030 009] o030] 0.09
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Source: “Licensed Shared Access (LSA) field trial using L TE network and self organized network LSA Controller, Springer Journal of Signal Processing Systems, 2016

Power control algorithm maximizes the LSA capacity

== ! = = =L3A signal level in PZ, before = = =—L5A signal level in PZ. before
0. LSA signal level in PZ. after SA signal level in PZ, after
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Aggregate field strength of the Aggregate field strength Cumulative distribution Density functions of the
network when BSs transmitting after applying the power functions of the LSA signal LSA signal levels in the
at the maximum power level. control algorithm levels in the PZ before and PZ before and after the
after the power control. 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.
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Source: “Field Trial of Licensed Shared Access (LSA) with Enhanced L TE Resource Optimization and Incumbent Protection,” DySpan Sept. 2015
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Restriction Zone (RZ) with power control

Maximum powers Restriction
for BSs Zones

- Protection
| | PWR algorithm | I‘m

1. The transmit power of the BS is restricted to the value of the pixel.

2. Afull signal strength prediction is performed to the MNO network
using the transmission power levels restricted by RZ.

3. The obtained prediction data is used in LC optimization algorithms
along with the Incumbent PZ characteristics to achieve an optimal
transmit configuration in the MNO network. When using combined
PZ0O algorithm and RZ protection dynamically, RZ defines, which
base stations can be used in the network
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Example of EIRP constraints on the
mobile service developed under the
restriction/exclusion zone concept.
EIRP restrictions become more
stringent towards red color pixels
(100x100m2)
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BS interference dominates in TDD networks
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When mobile network is operated in TDD
mode, both BS and UE transmit on the
same frequency. Due to higher antennal
location and higher transmission power,
interference from base station is higher
than interference from user equipment.

Due to this effect, it is possible to simplify
interference analysis of a mobile cell by
computing the interference of the base
station only in TDD case.

NOKIA
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LTE-A features and SON functions automate and optimize LSA operations

| Process | | LSA workflow |
= Sharing Enter and store sharing framework,
< | framework & || sharing agreement and spectrum
5 licensing license information, report to OAM
2 Network Receive incumbents usage & protection
2 planning & requirements; Identify, configure and
0 | configuration || optimize BSs for LSA spectrum.
BS radio activation and configuration,
Activation interference estimation and reporting on
LSA spectrum usage
=
g Optimize LSA resource usage,
© Operation interference estimation, maintain QoS
2 and QoE
O |
o BS radio de-activation, interference
De-activationsll| estimation, maintain QoS and QoE,
confirm resource usage
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How to avoid the interference without locking the cell ?

Protection Zone Protection Zone

Base Station TX Antenna Tilt
power optimization control / Beam
Steering
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How to avoid radio link failures when locking cells?
" LSA resaurces not available ASA resources not available
z T T T s i e T T T — T
é\m. & i ’ i & ’: i NG -
LSA resource Graceful LSA resource [ Sttt \’ -
available shutdown not available sl Coverageband | ey i
£l ' S B e L S
e AT T
Evacuation Tims (ssconds) ’
request ‘ ASA‘ reso'urces‘ not ‘awaila'ble . A‘SArEsources not available
In the Graceful Shutdown Tx power is fam etk -
reduced stepwise during a certain period. ? ok ?/;Ul s b e e b
This allows users to be handed over to ( | B e
other cells, reducing the number of RLFs 5 =0 — period
when these cells are locked with Hard ] with - =
£ [ graceful =
Shutdown. 2 P shutdown —
i =
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FDD - TDD Carrier Aggregation boosts mean and peak downlink user throughput

More efficient spectrum usage due to soft load balancing between FDD and TDD carriers

FDD TDD
carrier carriers

Time domain

FDD-TDD Scell1+Scell2

CA capable UE FD

Frequency domain

Boost mean and peak downlink user throughput via allowing for aggregation of component carriers
working in FDD and TDD duplex modes
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User experience enhancement with TDD-FDD Aggregation

Coverage and capacity

TDD-FDD aggregation for coverage:

« Uplink uses lower FDD carrier for coverage

*Downlink uses TDD and FDD catrriers for high
data rates

FDD S
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User experience
TDD idle, FDD Congested

TDD-FDD CA
TDD only

e
L
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Enhanced user experience
FDD Congestion relieved
and TDD usage increased.
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Load Balancing optimizes infrastructure utilization & end user experience

Interworking and mobility functionality examples

Idle Mode Mobility
Dedicated priorities
enable for certain
percentage of the
terminals to smoothly
reselect the other freq.
layer during call release.

Statistical distribution of
UEs towards different
frequency layers and RATs

® " ®
L -

unbalanced

balanced

Impact on operational KPIs

Improved distribution
of UEs on different
layers

Network impact

Superb capability to
manager special events
with high traffic density

Difference of # o
connected UEs between freq(s)

Inter frequency load

balancing . L

. Effective capacity gains with
UE can be offloaded via \oad_ba|andpng ’e
Inter Frequency =

Handover (iFHO) to cell
that belongs to the
same or neighbor eNB

Inter-frequency

intra-frequency Intra eNB

inter-eNodeB
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)) UEs distributed more
evenly

Network and user impact

-
= Improvement in #of connected # of
spectrum utilization UEs before connected
UEs with LB
NOKIA
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Traffic steering distributes traffic and customers across the HetNet to increase
network capacity and maximize performance for high value traffic
Result
@ Wi-Fi 5000 MHz
3500 MHz
®
Wi-Fi @ Femto 2600 MHz
LTE ® : LSA 2300 MHz
3G @ Pico 2100 MHz
2G ((;)) Micro 1800 MHz
900 MHz
@ Macro 700 MHz
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LSA evolution scenarios towards dynamic use cases
Evolution from static LSA to dynamic LSA (including spectrum pools for Small Cells)

LSA spectrum resource is -~ Dedicated LSA spectrum resource is

Mt LoA oo LSA #oel eif L5 Thess blocks are shared by'a
supported by dividir)g the LSA 1 resource resource Iimite(_j number of LSA Licensees.
spectrum resource into several blocks blocks A flexible set of sharing rules

blocks. Each block is then
dedicated to a LSA Licensee

(policy) will guarantee that the
. . blocks are averaged between the
LSA evolution LSA Licensees

Dynamic Spectrum sharing support for LSA: Spectrum Management Function

« Dynamic spectrum control by Incumbent Solution + Extent defined interfaces, protocols & data model (re-use)
* Policies for dynamic sharing via a spectrum pool proposal * Flexibility in adding spectrum management function to the
- Adaptation of protocol between LSA Controller and LSA LSA network (Repository or independent Network Entity)
Repository » Allow new roles for LSA (e.g. Spectrum Manager)
; § LSA Spectrum LSA Network

- R(Elg?suory / L %Log)tloller - MFCN Manager / Controller:: 28 MFCN
B sA, LM i sa, (LNC)

LSA Licensee domain LSA Licensee domain
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LSA evolution scenarios with the US 3 tier CBRS

Extended LSAL1 interface is a
comparable to SAS-User interface
to support LSR that are organized

in Spectrum pools

Interference (dBm)

~~~~~ o O\ Interference map
o/

Spectrum Network [EE T
/ Manager —/— Control- (LNC) . NECN- |
LSM Mediation fessaseesatesoanseonaieed
e B (sa,
/

Spectrum Manager i !
is a extended LR B
(comparable to SAS) ‘

" Operator domain

LSM, LNC and LSA1’ may be extended to Network Control Mediation (Domain proxy) is a extended
support all types of spectrum authorizations | C that translates operator network information in virtual
deployments and vice versa to protect Operator know how
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Licensed Shared Access to spectrum

* Traffic grows faster than new traditional exclusive spectrum is coming available

* LSA allows for sharing while meeting the requirements of mobile operators and
incumbents for predictable conditions of spectrum use and QoS.

» LSA opens bands otherwise locked for long time for harmonized MBB use like the
2.3 GHz and 3.5 GHz bands supported in commercial radios today.

» LSAis a simple concept which can be implemented today with evolution path
towards dynamic use cases like spectrum pooling and the US 3tier CBRS concept.

» The LSA pilot has proven above aspects testified by all stakeholders including
regulator, incumbent, mobile operator and supplying industry.

» LSA lowers entry barrier and paves way to new business model designs

* 5G will only be possible with intelligent spectrum sharing.
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