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Enabling Hyper-Dense Small Cell Deployments with UltraSON Introduction

ABSTRACT

As mobile data demand continues to increase exponentially due to existing and emerging devices and
applications, mobile networks need to prepare for 1000X traffic growth over the next decade. |
addition to utilizing more spectrunthe mostpowerful technigue to address this data demand is

through network densification, i.edeployingmore small cellgo serve a geographical area and thereby
achieving cell splitting gains.

In this paper, we present hodensificationof LTE small cel{about 1000 small cells/kfin an
unplanned mannecan effectively increase the network capaditya factor of over 4@mescompared
to traditional deploymen{normalized with respect to sptrum and service area)This network was
deployed in2013, where initial testing asconducted duringone of the NASCAR Sprint Cup race in
November 2013 The present document summarized results fromMerch 2014race whereesting
performed in partnership with Sprint, NASCAR, and Airspan, at the Phoenix International R4&&Rpy
to demonstrate the future of wireless netwask

NASCAR PIR garage area chosen for thirial since it created the most challenging test environment
imaginable due tol) RF challenges (large trucks and dense user environment with mobility), 2) High
datacapacity demand, 3ynamic environment which makes network planningdassible ahead of the
race Basically if hypedense small cell network could work in such a chailleg place like NASCAR
venue, thensuch networkshould be able to worklmost any environment

To achieve such high density deployments in a cost effective manner, small cells reedefgloyed in

an unplanned manner. Furthermore such deployments cagompromise from the carrier grade

guality of service that cellular users enjoy todalye mall celhetwork at PIR vasdeployedin an

unplannedway (no detailed RF planning ef@andNBf ASR 2y ! f iNFX { hbeli® ! t iNI {hb
OrganizingNetwork (SON)techniquesdevelopedby Qualcomm Technologies, Ito enablewidespread

deployment of unplanned small cells, while providing carrier grade performance and operator control.

Inthe context of the trial, a reduced set of featun@asused, focusing oMobility Management as well

aseNB TransmiPower and Resource Management. Ultimately, for commercial deployment, self

configuration features will be added to the product to ensure thgber-densesmall cell networks are

deployed in a cost efficient way

These trials show that network densification using small cells (together with some increase in available
spectrum, e.g., 10x) can lead to 1000x capacity increase compared to traditional deployments with high
Quality of Serviceand user experience.

MoreAY F2NXNI GA2Y | 02dzi vdzr £ O2YY ¢SOKy2f23AS4ax LyO®Q3
http://www.qualcomm.com/research/projects/smallcelland

http://www.qualcomm.com/solutions/wirelessietworks/technologies/smallcells
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1 Introduction

The advent of smartphonemnd tabletshas served as catalyst for significant increase in mobile

broadband data traffic on cellularetworks. The mobile data demand continues to grow exponentially

thus that inthe not so distant future, there will be a need to support 1000x more mobile data traffic
O2YLJI NBR (2 GNXYTFTFAO OFNNASR o6& (2RI & (ealike@&icds dzf || NJ y
as well as an increase in data consumed per user. This data demand needs to be met at a low cost to the
operator as well as the end user to sustain and further fuel wireless data growth. Addressing this 1000x
data demand in a costffective manner presents formidable technical challenges and requires

innovative solutions. A mulfironged approach is needed incorporating: 1) Network densification, i.e.,
deploying more base stations, each with a small coverage footprint, in geographicahdttehggh data
demand, 2) additional spectrum, and 3) significant improvement in system efficiency (e.g., efficient use

of existing spectrum, optimal use of multiple technologies concurrertly) [

As a follow up to4], in thispaper, we focus on aecentnetwork hyperdensficationtrial. The trial was
conductedin collaboration with SprintNASCARNd Airsparat the Phoenix International Raceway
whichhosted one of the NASCAR Sprint Cup race in March Z0®&4trial was aimed ateployingan
equivalent density of over 1000 cells/kno test and demonstrate benefits of network densification
using small cells

Network densifications expected tdoost @pacity by providing cefiplitting gains due to increased
spectrum reuse.At the same time, network densification lesith increasan interference and increase
in handover rate as more and more cell boundariespesent inthe network. Effectivelyjn hyper
dense networks, 3 aspects need to be balanced:

- Increasing the cebplitting gain, which is inherently achieved when more and more cells are

deployed;
- Mitigating the interference, in particular at the many boundaries in the network;
- Managing the iginaling load indirectly caused by the multiplication of cells boundaries.

In the NASCAR trial, selectditraSONeatureswere put to the test, to verify how these 3 competing
forces interact in a realistic field deployment.

© 2014 Qualcomm Technologies, Inc 8



2 Network Layout and Capacity
Improvements

2.1 Challenges associated with the venue

The motivations of testing hypatense small cell network in a NASGYRnt Cupgarage areanainly
came from the challenges associated with such venkiffsctively, the postulate was th#thyper-
dense small cell network could woirksuch a challenging plactensuch networkshould be able to
work anywhere.

The challengeassociated with this type of venwan be grouped in 3 main categories, namely:

- RF challenges, due to the nature of the area whhesvenuesare located as well &be activity
at the venue.The location itself present challenges due to its isolation, andwhteut
existing microcell in the immediate vicinity. Taaivity at the venue present challenges, from
an RF perspective as the garage is full of lemgeks,cars,i 2 2f 02ES&X Ol dzaAy 3
scattering. In addition to the teams and their movement within the garagjallenges are also
coming from the large nundy of nomadic spectata Lastly ithis environment, and
considering the number of cell deployed, in most area a user would have direct view to several
cells, leading to high interference.

- Capacity requirements, coming not only from the spectator aghier sports venues, but also
from the teams themselves

- The highly dynamic environment, with RF conditions changwegnightas illustrated irFigure
1, thus limiting the possibility of manual optimizatiahead of time contrary to what is typically
done in other venues.

/) 3
Pt

3 &

/5 :

Figure 1: Overview of the garage area, A) before the race and B) during the race
weekend

© 2014 Qualcomm Technologies, Inc 9
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Enabling Hyper-Dense Small Cell Deployments with UltraSON Network Layout and Capacity improvements

On top of theseQualcomm aimed at
deploying theg 2 NJddRh$2st outdoor
small cells network testablish a baseline
for network dengfication.

As mentioned earlier, one of the challenges
at a race track is the fact that the venue
hostslarge metallic objecsuch as cars,
trucks, tool boxess illustrated irError!
Reference source not found.Such objects
are the main attraction for the fans, but
from an RF point of view, they act as
reflectors,bouncingthe signal irdifferent

directions. As an extreme example, as
where the trial took place shown inFigure4, atruck parledin front of
the antennacausingsignal from that

.
X

Figure 3: Changing RF conitiﬁs in the

Figure 4: Due to the lack of infrastructure NASCAR environment sometime mean
and high data demand, teams build their truck parking in front of the installed
own ad-hoc network for the duration of the  small cells.

race

© 2014 Qualcomm Technologies, Inc 10
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antenna to be detected at the other siddé the garagevhen the Power Managemenone of the
UltraSON fetures,wasnot activated To add to the challengethe RF environmenthanges literally
overnight, as the garage is populated on Thursday night while the racing activities start on Friday
morning. With suchsuddenchange in RF environment, manual optimization as typically done is not
possible, thus the need to rely on automatselforganizingnethods, as offered by UltraSON.

As forthe capacity requirement, the considered venue caters to up to 90 thousand fans distributed over
the entire venuegarage grand stand, concession are@he garage, where the trial was conducted
catersto only a subset of the general public, typicallys®@to 3000, but also hostover 40NASCAR
raceteams, each one with its own telecommunication infrastructure. The individual team
telecommunication infrastructureas illustrated irFigure3, coupled with their random location in the
garage further contributes to the RF challenges: with little coordination between thegdeaenusing

WiFi becomes a next to impossible mission. With that in mind, offering a networlalmtsst unlimited
capacity wold provide anuch neededilternative.

2.2 Small Cell Network Architecture

>Figure 5: Trial network layout where 31 cells were deployed at site-to-site
distance of 22m to reach a density of over 1000 cells/km?

© 2014 Qualcomm Technologies, Inc 11
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2.2.1 Small cell Network

With the goal of deploying 1000 cells per square kilometers, Qualcomm deployed 3Teslsabver the
garage area. Considering the actual dimension of the garage, an equivalent density of over 1100
cells/knf was achieved. The placement of the cells around the garage area is illustr&igdries for
clarity. It should be noted that to achieve such density, thetsitsite distance was ranging from 6m to
75m with an average value of 22m. For
reference and comparison, in traditional
macro deploymenthe site to site distance
varies from 200m to 1000m in dense urban
environment, and 500m to a few
kilometers in the suburban environment.

The deployment model used for this trial
was akin toa metro/picocell as defined in
[4Error! Reference source not found.
using Band 41 (2.6 GHgectrum This
band is approved for Time Division Duplex
(TDD) and frame configuration 1 was used.
As a reminder, in configuration dpou

: ; ; : 60% of the resources (in time) are used for
Figure 6: Airspan Alrsynergy 2000 downlink (DL), andbout40% are used for

mounted 11 dBi, 65 degrees horizontal Uplink (UL) For this trial, Airspan
beamwidth, antenna. Airsynergy 20005] small cels were used

together with an integrated 65 degrees, 11 dBi
antenna, as illustrated iRigure7. It should be
noted that even if the product is capable of up
to 30 dBm in 20 MHz bandwidth, the power
was limited to a maximum of 20 dBm in this
trial. The actuakransmitpowerwas
automatically determined byJltraSONPower
Management (PMjeatureto values ranging
from-10 to + 20 dBm. Such PM feature will bgs
further describedn Sectior3.2.1.

To minimize the deployment cost, and prove =
that unplanned deployment are a viable
option, Qualcomm made use of existing
infrastructure either existing buildings
shown inFigure? or existingpolesand fence '
posts the laterillustrated inFigure6. . L

2.2.2 Traditional Deployment

Before attempting to compare the
performance achievedrothe small cell

Figure 7: Due to the small form factor, Small
_ ~ o Cells were installed on existing
network with traditional deployment, it is infrastructures; existing fence in this example

© 2014 Qualcomm Technologies, Inc 12
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worth mentioning howthe venue is typically covered. For this track, coverage is brought to the venue a
few weeks before the event, when celh-wheels (COWarerolled in. The CO®by their dimensiorsfit

in the NASCAR environmentthgy are based on 18 wheeletsailer trucks each supporting a-8ectors

base stationas illustrated irFigure8. For his particulavenue due to multiple technologies to cater

for, CDMA2000 1x, 1XERO, LTE, and tteapacity

needs 2 trucks were rolled in back to back.

One sector of th&€OWwas selectedor capacity
comparisoras it overlagwith the targeted coverage
area where the small cell network was deployéedt it
should be noted that this this sector was also coverin
a section of the grand stand, a parking area... as
illustrated inFigure9.

Through measuremesbver the entire coverage area,
the capacity of the COW, or at least a representative
sector, was determinethrough single user
measurement, while adjacent sectors were loaaeith
DL traffic To ensure that the final number was
representative of the enti sector capacity, the
measurement was performed over the area where th
majority of the users would gather: the grand stand
andthe garage for this sector, area highlighted
Figure9.

PP

This process yieldsmeasure median single user data™
rate of 7.1 Mbps as shown itfFigure10. Duringlog N1 .
analysis it was observed thall resources blocks (RB) Figue 3 In NASCA venues. coverage |
and fram_eswere not utilizedall the time W_lth tha‘F and capacity is typically provided by
observation, and to ensure a fair comparison with theg|jing in Cell-on-Wheel. \

Small Cell Netark, the measured median throughput

=3t 7 WY

wasnormalized for 100% scheduling rate
and 25 RB assignments, leadingatmedian
normalized throghput of 8.8 Mbps value
that will be used foarea spectral efficiency
comparison

Figure 9: Coverage area of the sector of the COW
used for capacity comparison. Single User
throughput measurements were performed in the
highlighted area, where the majority of the traffic
demand is expected during the event.

© 2014 Qualcomm Technologies, Inc 13
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Figure 10: Measured and normalized single user throughput for the COW. It should be
noted that the measurements were done with adjacent sector loaded. Based on the
measurements, the capacity of the COW was estimated at 8.8 Mbps, median normalized
value.

2.3 Capacity Comparison

The capacity of the small cell network was estimated empirically by distributingest80Es over the
entire garage areas illustrated irFigurell. It should be noted that the UE distribution was not even,
largely impacted by the way the different teams of the NASCAR Sprint Cup paglkgarage and to
ensure that the UEs were plat@ a way that it would not interfere with the racing activitiehile

being accessible to the testers

Full buffer data was pushed to each of the test UE and the overall network traffic was recorded over a
30 minutes time window. The resulting network throughput is illustrateigurel2 and shows a
median throughput of over 220 Mbps.

This served capacity should not be directly compared with the traditional deployment capacity as the
technology was different (LTEDD for COW vkETETDD for small cells), the bandwidth was different (5

+ 5 MHz for COW vs 20 MHz for small cells), and the coverage area was different. Because of these
differences, normalization for bandwidth and area is required. This normalization is ddrebtal

and demonstrates that the network area spectral efficiency increased by a factor of over 40 when using
small cells compared to traditional deployment.

© 2014 Qualcomm Technologies, Inc 14
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Figure 11: Network configuration and UE placement, as used during the capacity testing
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Figure 12: Measured network throughput over the small cell network, based on full buffer
traffic pushed to 50 users distributed over the coverage area. Median throughput over a
30 minutes period was in excess of 220 Mbps
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Traditiond Deployment (COW) Small Cell Network
Coverage Area [kfh 0.11 0.028
Spectrum [Mhz] 5+5 20
Technology LTEFDD LTETDD
Configuration Duplex 1 (60% DL, 40% UL)
Average Sitdo-site distance [m] 519 22
Equivalent Celilensity[cells/knT] 9 1107
Area spectral efficiencyDL)[bps/Hz/km?| 15.9 666

Table 1: Deployment and spectral efficiency comparison between traditional deployment
and Small Cell network. With small cell deployment a gain of over 40x is estimated
(666/15.9).

2.4 User experience on Small Cell Network

The advantage of such capacity increase has direct consequence
the user experience. During the demonstration given on Hiree
types ofcommercial applicationwere used speed test, video
streaming and mapping.

Using a speed test application allowed to estimate what throughp
commercial user would experien@@such deployment. Testing at
different location throudpout the garage, at different time, the
observed throughput, as illustrated Figurel3, was similar to the
throughput observed during testing, i.&nging from ~ 2 Mbps (10
percentile) to over 18 Mbps (90 percentile), with an median value
~ 6.5 Mbps. Such throughput distribution was reflecting both the F
conditions in the network and the loading. Regarding this last poi
it should be noted tht the measurement, either application or
mobile user measurement were done while the network was carry
in excess of 200 Mbpasdetailed in sectior?2.3

Figure 13: Over the small

, . X k Y network high user
most user that streaming uninterrupted video, at high definition, throughput was observed

would be possible. To better understand the benefitshaf t over multiple location at all
increased capacity and considering a typical video stream play batimes
rate of 750 kbps, based on tmetwork throughput measured

For video streaming, having such capacity available would mean f

© 2014 Qualcomm Technologies, Inc 16



Enabling Hyper-Dense Small Cell Deployments with UltraSON Network Layout and Capacity improvements

almost12 users could concurrently watch a video clip over
the traditional deployment, whil@lmost300 users could
watch corturrently over the small cell network.

The hst of the commercial applicatiamsed,mapping
application show similar improvements when comparing th
userexperience over the traditional deployment and over
the small cell network. As illustrated ligurel4, while the
map rendering was completed foruser connected to the
small cell network, the download was still ongoing over the
traditional deploymentPractically, a user served by a small
cell network would be on his way to his destination while
the user on the traditional deployment, would stik fbost.

Traditional
Deployment

Figure 14: Comparison of user
experience, mapping application,
over the small cell network and
traditional deployment. While map
rendering is completed on the UE
connected to the small cell network,
image are still being downloaded for
the UE connected to the traditional
deployment

Small Cell
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3 UltraSON feature

UltraSON is a suite of techniques developgd@ualcomm to enable widespread deployment of
unplanned small cells while still providing carrier grade performance and operator control. It enables
auto-configuration of small cell® reduce the needof planning ando automate optimization of small
cellsthrough mobility management and power and resource management algoritiitraSON features
can be categorized in 4 main categorias describedh Table2.

Category UltraSON Feature

SelfConfiguration Automatic cell parameter Automatic PCI selection

configuration Automatic neighbor discovery (ANR)

Channel Selection

Mobility Management Optimizes HO performance an
reduces signaling load

Frequent Handover Mitigation
Forward handover

Robust mobility (including MRO)

Resource and Tx Power Managemefptimizes
capacity and minimizes pilot pollution

Tx power management
Resourceartitioning and coordination

Load balancing (including MLB)

Do [0 Do o [ B> o[> > D>

Backhaul Aware Operatiortiandles backhaul
constraints

Backhaul quality aware load balancing

Table2: Overview of UltraSON features

In this trial, a limited set of faareswere demonstrated, mainly in the aseof mobility management
and resource and transmit power managemaestthese features were considered the most appropriate
to respond to the challenges posed by the RF conditions at the venue

3.1 Mobility Management

Effective mobility management is essential for the viability of a network with kgipase small cells

solution. Such dense small cell deployment creates more cell boundaries and potentially more handover
events. The mobility management problem basichdiils down to avoiding excessive handovers while
ensuring robustness of necessary handovers for all mobiles, including legacy ones.

3.1.1 Frequent Handover Mitigation (FHM)

With a dense small cell deploymesiich as theNASCAR environmemin active(connectal) UE, even
stationary would experience frequent handovéHO)between small cells. In themvironment such
frequent HO is mainly due to the RF conditions constantly changing due to people, cars and other
objects constantly moving between the UE and ¢iNB.
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Frequent handovers between small cells are undesirable as they can cause packet losses and/or packet
delays leading to poor user experience. They also can lead to large signaling load at the core network.
Thus, it is desirable to take appropriatetian to avoid such frequent UE handovers in small cell
deployment. A three step approach is proposed:

1 Determine if a UE is experiencing frequent handovers.

2 Classify frequent handovers based on cause (high speed UE qrguiging UE).

3 Determine actiondased on the number of frequent handovers and tha@ssification.
LF KIYR2OSNE FINB WINBI|dSYy(i-LRYARKGYRERDSINER > NXEK St I
can make it more difficult for this UE to handover to the girmyging (or neighborig) cells through the
adjustment of UE specific handover parameters. If delaying handovers to th@ging cells does not

work (i.e., frequent handovers continue), intftequency handover to the macrocetbuldbe initiated
by the small cell, as a falick option.

3.1.2 Forward Handover

Forward handover can be effective in improving the handover performance. Forward handover is

applicable to handover scenarios where the target cell is not prepared by the source cell. In such cases,

the target cell can fetchhie UE context from the source cell to reduce handover interruptionthad

signaling toward the Core Network (CNhis is particularly relevant in scenarios where the signal of the
1904 aSNBAy3a OStf RSINI RSE& NI LAdutbailding and ditdsSrilyl Y LI S =
loses lineof-sight path to the cell.

3.1.3 Signaling load reduction with mobility management features

With the FHMand power

managemenfteatures activatedin HO Rate CDF

the small cell networkthe ! ] — e
reduction in signaling load across 0.9 = Usonon [
the network was over 60% for both 08 .JV_,_

mobility and stationary UEThe ' 'lJ_','__n :
per-UE HO rate is illustrated in 0.7
Figurel5for all usesand inFigure 0.6 -Ij
16for the mobility users only.
When considering all usefFigure
15), it should be noted that 40% of 0.4
the useswere experiencing HO
even if only 15% of tha were
actuallymoving within the network 0.2
The difference can be attributed to o1
HO caused by variation of the RF
conditions. Such HO would be the % 1 2 3 4 5 6 7 8 9 10
primary target forthe FHM feature. Per UE Avg. HO/min

When considering only the mobility Figure 15: HO rate for all users (stationary and mobility)
users Figure16), the reduction of ~with UltraSON feature disabled and enabled. Reduction
HO can be attributed mainly to the of HO rate can be estimated to be 60%.

reduction of the number of cells

0.5

CDF

0.3
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boundaries, reduction inherent to the Power Management.

HO Rate CDF
1 T 14
USON OFF
USON ON

0.9

0.8

0.7

0.6

0.5

CDF

0.4

0.3

0.2

0.1

0
1 2 3 4 5 6 7 8 9 10

Per UE Avg. HO/min
Figure 16: HO rate for mobility user with UltraSON
feature disabled and enabled. Reduction of HO rate
can be estimated to be 55%.

3.2 Dynamic Resource and Tx Power Management

3.2.1 Transmit Power Management

Themobility related challengeimherent to dense deploymerttan be mitigated, in addition to the
schemes in Sectio® 1.1, by correctly calibrating the small cell downlink transmit power letdgwever
detailed RF planning or drive tests are usually not practical or cost effective for dense small cell
deployments. UltraSOMransmitPowerManagement (PMjeature automatically adjusts the transmit
power with a goal to optimize the capacity a8aynal plus kerference to Noig Ratio (SINR
experienced by users.

As a result of th&Malgorithm, as illustrated irFigure17, the different cells were assigned power
rangingfrom 20 dBn to -10 dBm in a way that was balancing thprovements inrSINR and cell splitting
gain With that tradeoff, the SINR improvement for moiby UES wasapproximately4 dB, while the
number of cell at high power was reduced from 29 to #3%hould be noted that the SINR improvement
is observed across the entire distribution, as illustrateBigure18:

- For the worst performing users (10 percentile), BENRmprovement § in the region where call
reliability is starting to be affected.¢.- 6 dBand below. With this mind, the improvement in
SINR couldhake the differencdetweena radiolink failure and auccessfuhandover thus
would directlyaffect the user experience.

- For the best performing users (90 percentile), BINNR improvement would lead to better
efficiency, with possible impact on overall network capacity.
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Figure 18: Power and Resource Management values used
during the trial. Power Management values, are represented
by the cell size and were defined to balance the cell splitting
gain and the reduction in interference (SINR). The coloring
scheme was defined to minimize the interference between
cells, once power management settings were accounted for.
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Figure 17: Measured SINR improvement for mobility
users. Improvement was observed over the entire
distribution with median improvement of 4 dB.
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The performance of the PM feateiwas further tested to verify how it adapts to the changes in RF
conditions. To that purpose, the same type of input was fed to the algorithm based on measurement
performed while the garage was empty, then while the garage was populated with truclexpéded,

the changes in RF conditions led to different power settingsti®ISINR improvement was comparable
in both cases.

3.2.2 Resource Management

In conjunction withpower management, radio resourceanagementacross small celis needed to

further optimize system capacity and user experience. In particular, users near cell edges are subject to
AYGSNFSNBYOS o6& ySA ResouchlPayitdning &ntl Co@rdinatipiRdsolideY A 4 a A 2y @
Management (RM) in shortan be usedo mitigate the cechannel and adjacerathannel interference

between neighboring cells by orthogonalizing their airlink resource usage for their respectigdgeel|

users. This can leverage the Inteell Interference Coordination (ICIC) framework in 3GPP

Resource management feature
coordinates resources in frequency
domain amongst neighboring cells.
Specificallyresource blocksRB

are classified into cell edge and cell
center RBs, higher power is
transmitted on cell edge RBs
relative to cell center RBs. RBs
assigned to cell edge users are
orthogonalized across neighbor
cells to avoid intessmall cell
interference to the edge user$his
orthogonalization is done
automatically by UltraSON, taking
UE feedback to determine how the
coloring, i.e. the orthogonalization,
should be done to minimize the
interference. Classification of a
user as cell edge or cell center is
done dynamicallpased on RF
conditions reported by the UE.

Figure 19: Test setup used to measure the impact of
Resource Management on a cell edge user.

This concepand its benefitareillustrated through a test performed at the venue. For this test, Power
Management was active at all time, as illustrated by the CRS SINR being constant over the entire test
duration. The test was performed in loaded conditions, and was focusing onisgreat the cell

boundary between PCI 19 and PCI 67 as illustratéibimme19. During the test, thdRM was initially
deactivated, then activated in the second st¥phenRM was deactivatedhe UEeven at cell edge

could be assignednynumberof RB, with the only constraint being the needs to serve all the users in
the cell at that time. Once theM was activated, and the UE waassified as CHtbm its CQI repds,

the number of RB was bound to 30nit inherentto the number of colors used in this deploymenrn
thistest, the UBwas experiencing stable RF conditions, as illustrated by the constant RS BigiRein

20. It should be noted that the Ukas served by PCI 19, while the strongest interference was PCI 67.
The coloring, the range of RB allocated to CEU, for these 2 cells were different, as illustFagedehO.
The impact ofesource managemerdan be observed byhe difference oModulation and Coding
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