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Abstract: This paper evaluates the user performaartaysisat system levebf pico-cells and macreells in

3D Extended Channel ModelS E-Advanced NetworksThe analysis makes use oftstaf-the-art 3D ray
tracing for a large number of macro and poedl base stationsnd user equipment locations. A baseband
LTE-A link level simulator for 2x2 MIMO was designed and implemented in MATLAB to determine the
user performance in piecells andmacracells for line-of-sight andnon-line-of-sight link. A pico-cell and
macrocell UE analysis at the system lewaid a comparison of external wall and lapgst mounted pico

cell are also presentedUser performance is analyséd terms ofmean powerlink budgetand path loss
coefficient The empirical path loss equation for picells and macraells in a HetNet urban environment
are analyzedusing 3D ray tracing datahe analysis showshatthe user gains in terms of received power
when the Pico #ise station is mountezh an external wall of a building rather than a lamp .postan be
determined that thdeploymentof pico-cells can be used to improve existing macro network coverage and
performance in an LTRAdvanced networknostlynear the celedge.

Keywords: HetNets, Cellular network8D-Channel ModelOFDMA, Downlink.

1.0 INTRODUCTION predicted to double each year from 30t 2018 [2]. 1000

Wireless communication technology has movedt'mes more capacity is predicted over 10 years period.

towa_rds the deV(_anpment of digital technology. As the USEE e mrias
density and various demands for services such as higl,,
speed data, audio, video, seamless connectivity, servic

. . . = W Other Portable Devices (0.3%, 0.3%)
anytime and anywhere increases, it becomes much mo Bl . oo e
complex to implement in real time. This is a key problem = - - & Libts (o o

for future generation cellular technology. The problem =& i W M2M (4.9%, 19.7%)

with 3G networks is that they arstruggling to meet Smartphones (24.9%, 38.5%)

consumer demand for data. Analysis of AT&T's data o
growth reveals that iPhone users, compared to other ce
phone users, spend 25% less time talking and 21% mo

time accessing music, games and the internet [1]. Th 203 2014 2015 2016 2017 2018

objective of 3G wasat provide multi rate, multimedia, Figure Error! No text of specified style in document.The
cellular communications anytime and anywhdfeom a  global mobile traffic forecast for 2010 to 201§2].

link performance perspectivepng Term Evolution I(TE) According to the statistics [2], smartphones
already achieves data rates very close to the Shannon limigpresented only 27% of tétglobal handsets in use in
Increasing the number of cells has always beemthm 2013, but represented 95% of total global handset traffic
means of adding capacityAs illustrated in Figure 1, Since the data traffic demands in cellular networks are
mobile data traffic for smartphones, laptops and tablets igrowing rapidly, significant improvements are now
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required in spectral efficiency. In order to enhance peakate and the residual packet error rate. An appraidma
datarates and overall network capacity, one of the mosfor throughput is given byhroughput= (1- PER® R, ,

interesting solutions is to complement the macro layer withyhere theRb represents the peak erfoee transmission

a number of lowpower pico base stations, thereby forming yata rate and PER is the residual PER for a specific MCS
a heterogneous network (HetNet)3i[7]. The initial |5qe.

deployments of LTE consist of macbase stationéBS) . . ,
and user equipment (UE) that caters for high mobility The transmission date rateis defined as
users. Thus, through HetNets a combination of macro anffo = Nss(NarcbNs)/tgor, whereNssdenotes the number
pico base stations can be used in order to increase tiéspatial streams\s the number of data subcarriersthe
spectral efficiency per unit area in existing macetis. coding rate, b the number of coded bits per subcarrier, Ns

Thi kes the following k tributions: is the number of OFDMA symbols per time slotdgy: is
's pape makes the following key contributions the duraibn of the time slot. In order to perform lis&vel

1. An analysis of pico and macro propagation for & 2x2;a\ysis in an efficient and scalable way, a PHY layer
Spatial Multiplexing (SM) MIMO LTE-Advanced  phqiraction technique is require@he received bit mutual
system in eHetNetscenario in terms of mean received j,¢ormation rategRBIR) abstraction technique is applied in
power. this work to @termine the ptimal MCS mode.

2. A pico-cell and macrecell UE analysis at the system

and Ink level in terms of link budget and path loss Table Error! No text of specified style in documentDL

exponent. Link Level Simulation Parameters
3. A comparison of external wall and larpost mounted [ porameters value
pico-cell BS deploymentat link level Carrier Frequency > 6 GHz

Section 2 presentsthe system design and ke Transmission Bandwidth 10 MHz

parameters employed in this stud@ection3 describeshe | Time Siot/Sub Frame 0.5 ms /1 ms

smulated data collection usedUser performan@ | pyration

evaluatiors are presented in Sectlonrélatlve to mean g b rrier Spacing 15 KHz

power, mean SNR, pass loss, link budget and propagati a ing F 15.36 MI2 ( 4 x 3.84 MH

model.Finally, conclusions are drawn in Sectin ampling Frequency ' (4x3. 2)
IFFT size 1024

2.0 SYSTEM DESIGN AND KEY PARAMETERS Number of Occupied 600
Subcarrier

In this paper,a baseband LT link level simulator | Number of OFDMA/SG 7

for 2x2 MIMO was designed and implemented in FDMA symbols

MATLAB in order to analyse UE performancgable 1 | per time slot (Short CP)
shows the key parameters of the LAEFDD downlink | cp Lengt h ( & g (4.69/72)x86, (5.21/80) x 1
system used in this simulation. A channel bandwidth of ]
MHz and a carrier frequency of 2.6 GHz are assumed.
the physical layer parameters, unless explicitly stated,
listed in Table 1. Perfect channel estimation is used in th

lf,:hannel Knowledge Perfect

Channel MMSE/MMSE
stimation/Equalization
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simulation. A packet size of 54 bytes is considered _ _ Distributed (the bandwidth
throughout thepaper In adiition to that, 2000 channel| SUcarrier Mapping Scheme| expansion factor of the
realizations are considered in each simulation unlgss symbol sequenc&=4)
otherwise stated. A maximum of PER 10% is defined jpfChannel Coding Turbo

order to evaluate area coverage. The chosen schemes ang 3 N ¢ 2x2 SM (closedoop)

assumed to lie in outage if they exceed this PER limit.

The systm noise temperature was 290K and a receive
noise figure (NF) of 7dB waassumed at th&E [8]. The 3.0 SIMULATED DATA COLLECTION
PER for each of the MIMO OFDMA PHY layer
transmission modes is simulated as a function of SNR |, ihis paper, the work is implemented based on 23

using MIMO channel data extracted from the 3D-ray pacro pase stations and 200 pico base stations. The
tracing m(_)db Three data modulation schemes arepropagation data for this study was made at@H& in
supported in the LT system (QPSK, 2QAM, and 64 ;13 areas of central Bristol, (17.6 km&jfter excluding

QAM). The MCS considered in the simulation for 2x2 SM g the UE rooftop locations, the above process resulted in
MIMO are given in Table IThe achievable throughputs at 347 598 UEPico links and 9492 MacteNB-UE links.
the PHY layer can be calculated from the error free data ' ’
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This large number of base stations was employed to ensuvhere
a statistically valid dataset. In practice, far fewer base R N W
|

T - VH
. . . . Vv e 9 5=V
stations are required by any single operator to provide eETX,me caVe VIT 5 CERen@

VH
— a € Rx,n <
effective coverage in this ared@he propagation channel “mi~=ScH g o nv GHH g Gen U
. . ~ | HH L)/ -
between eeh BS and UE is modelled as the spatial and €T & € q € &Rl @
polarimetric convolution of the antenna patterns with the

spatial and temporal multipath components from our 3D4.0 USER PERFORMANCE EVALUATION
outdoor raytracer [9]. In this investigation,Pico base

stationis mounted onhte external walls of a buildingnd I. This section presents the results that have been
on a lamppost refer asPico-eNB and PicoLampPost  obtained from the LTEA PHY layer simulation of a 2x2
respectively DL SM MIMO OFDMA system. In particular, results

The BS makes use of horizontally spaced arrajocus on UE performance fdroS andNLoS locations.
elements while at the UE the elements are verticalljResults are summarized in the form &fumulative
spacedThe terms handset or UE, BS or Macro eNode BDistribution Function €DF) and complementary CDF
(Macro-eNB) and Pico eNode B (Pi@NB) are used graphs.
interchangeably in this papeFigure 2 shows example
macroacell and picecell coverage maps based on the total i i o o
avaage received signal power at the UBhc® macrecells In this section, user performance is given in meds
provide larger coverage areas than pieds, in the macro and macrecells forLine-of-Sight (LoS) andNon- Line-of-

case it can be seen that there is less signal received at thight NNLoS) links based on the relative strength tbe
cell-edge when compared to the picocell. direct and scattered components (i.e. thdagtor), the

RMS delay spread and the RMS AoD and AoA azimuth
and elevation spreads of the UE signal. In addition, the
user performance assuming 2x2 SM MIMO (LoS and
NLoS) was evaluated for neaell and c#-edge users for
pico-cells and macraells, respectively. Figurgillustrates
the relationship between the total mean received power (in
dBm) and distance (in meters). Distances range from 5 m
o up to 150 m for picecells and 50m to 1km for macells.
In NLoS environments, it can be seen that the users are
distributed mostly at the cell edge in picells, compared

] to macracells. It can be seen from the figure that an
(a) Macro-cell (b) Pico-cell increase in the BSJE distance significantly decreases the

Figure 2: Examples of coverage. a) Maetell. b) Picecell. Link ~ mean power for both piecels and macrecells.
colour indicates UE received signal strength: red implies strong, For both picocell scenarios; Pitwall and Pice

blue implies weak. LampPost, similabehavioris observed in LoS and NLoS.
. L . _For instance, taking the maximum distance (at the- cell

A detailed statistical analysis of the propagationgqge) from the analysis carried out for LoS, the mean
parameters can be found [8]. The method was used t0 yower recorded in aigo-cell is-54 dBm and52 dBm for
compute a statistically valid set of wideband channepjcowall and PiceLampPost, respectively. Furthermore,
matrices suitable for Orthogonal Frequency Divisionyacrocells have less mean received powes9( dBm)
Multiplexing (OFDM) modelling described if10].The  (pased on the three cases studied here). Meanwhile in
doubledirectional timeinvariant channel impulse response NLoS, the minimum received power wd0 dBm in both
hmn for themt™ transmitting andh” receiving antenna link is picocells and macraells (this is the lowest power

given by Eq. (1]11], where ?@representshe Dirac delta  Predicted by the Prophecy modelling tool). .
If the average received power (dBm) and the UE Noise

L ; : Waop /W
function, Uis the timeof-flight, “"A0b" T"A0A represents  Figyre (NF) are known then the mean SNR is given by the
the departure/arrival angle andis the total number of following equation:

multi-path component§viPC9.

L
hml"L ([iWAoD!WAoA) = lé_llhmnl(t vWAoDiWAoA)

A. Performance Relative to Mean Power

SNR(dB) = Pr(dBm)- Kgoizmand BABM)- NF(dB)

where Kggjmann=1.38° 10 ?°mWHz 'K 1, andP s the

average received power in dBm computed from a power

L
= ElAmnld(t - 11)0(Waop - Waop) ) (Waon- Waoar)
@ sum of all arriving multipath components at each location.
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T, B, andNF represent the temperature in Kelvif) (the
bandwidth in Hertz (Hz) and the noise figure (in dBjhe
receiver, respectivelyPr and the corresponding B3E
distances can be obtained from the ray tracing simulation
data.
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Figure 3: Scatter plot of BSJE distance versus mean received
power for picecells and mero-cells with isotropic antennas in
LoS (left) and NLoS (right). Data presented using the Bristol
scenario

Figure 4 shows the CDF of the mean received power

obtained for picecells and macreells in LoS and NLoS
environments for Bristol and London. Thigure also

18

compares the mean received power for the picocell using
Picowall and PiceLampPost assumptions. Significant
loss in the mean received power is observed when moving
from LoS to NLoS.

In LoS and NLoS scenarios, Pidall produces
the highest reeived powers compared to PicampPost
and macrecells. It is interesting to note the UE gains in
terms of received power when the R&lNB is mountewn
an external wall of a building rather than a lamp post
NLoS, the picecells and macreells in Landon have
lower performance compared to Bristol. For example in
Bristol the median PicdVall received power in NLoS is
78 dBm, while PiceLampPost and macteells provide-
81.2 dBm and80dBm, respectively.

Whilst in the NLoS London scenarios, Pigdall
achieved-73 dBm (median received power) and both Pico
LampPost and macyeell achieved-74.7 dBm. Bristol
achieved higher received powers than London for all cases.
It can be seen that the maximum received power in the
London scenario decreases by 12di 2dB for Picewall
and macrocell, respectively. PitampPost is seen to
generate the same values for London and Bristol.
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Figure 4. CDF of mean received power for macrocell and path loss compared to PitWall and PiceLampPost in
picocell scenario in LoS and NLoS. Data geteteusing Bristol | 0S and NLoS scenarios.
and London database

-50 E e
B. Performance Relativéo Link Budgetand —~ - *  Picocell (LoS)
Propagation Model i% -60

. | . Yy
This section presents a link budget analysis for the-pico = _4g ’%%
cells and macraells based on the LFBdvanced system. e
The received power can be determined by the transmitted 2 et

. S S -80 T

powerP,, the antenna gains at the receivly, and i T
transmittei5, and the distance between the eNB and the % I
UE. In this sectin, empirical path loss equations for pico 0 50 100 150
cells and macraeells in a HetNet urban environment are Distance between UE and Pico-eNB (m)

developed from simulations conducted using a 3D outdoor

ray-tracer in Bristol and LondomAn example of path loss  Figure 5: Scatter plot of mean path loss versus &S separation
in a picacell is shown in distance for one of the 300 picocell sites in Bristol (RibtB
Figure5. height = 5m)

Figure illustrates the relationship between the mean pathy, the LoS scenario, it can be seen that the mean path loss
loss and the BRJE distance for one of the Pi@NB  for picowall is less compared to PidmmpPost. For
devices m_ounted ona Iar_mmst in B_rlstol. The UE.I|es ininstance, taking the maximum distance (at theeggje) in

a LoS enwonment. In this analysis, path loss in dB is the oS scenario i&rror! Reference source not found,
defined as the mean transmit power divided by the meaj can pe seen that Piaall in Bristol achieves a gain of
received power, where the antenna gain is already includegls 4B over Rio-LampPost. However, in London there is

in the measurement. no difference obtained between PMll and Pice
Error! Reference source not found6é shows a LampPost.
scatter plot otthe simulated path losgersus logdistance The difference between Pidtall and PiceLampPost

for the entire data set as a function of distance u@08 in terms of mean path loss performance is more noticeable
pico-cells and 23 mackoells in Bristol. It compares the jn NLoS scenarios. The UE performance in Riisat the
performance of macroell and picecell path loss in LoS  celledge with Picevall and PiceLampPost is poor
and NLoS scenarios, where the P& is mounted on  compared to London. In Bristol at the eetige, the Pico

the external walls of buildings (Piétvall) and on lamp  \wall and PiceLampPost show a loss in path loss
posts (PicdlampPost). The path loss exponent varies performance of 6.8dB and 8.7dB, respectively. It can be
depending on the carrier frequency, the BS & UE antenngeen that the London maecell achieves a gain of 2.8dB
height, and the environment typel2-15. Error! iy | oS and 13.8 dB in NLoS compared to Bristé.

Reference source not foundilustrates the mean path loss gjmjlar trend can be seen for the London deployment case
versus logarithmic UENB separation distance for pico

cells and macreells in LoS and NLoS scenarios in Bristol
and London. It can be seen that the mamis suffer more
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(a) Pico-Wall Bristol -NLoS

(b) Pico-LampPost Bristol

(c) Macro-cell Bristol
summarized inTable 2. The results show the difference
Figure 6: Path loss versus log distance Bristol. and similarity between ipo-cells and macraells [Ray
Tracing Urban Macrocell Propagation Statistics and
The path losexponent is obtainedfrom the large  Comparison with Worldwide Initiative New Radio
spread of mean predicted path loss data in LoS and NLo$WINNER) 1l/+ Measurements and Models paper].
for picocell and macrocell in Bristol and London, are



