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Wireless backhaul in future
heterogeneous networks

Deploying a heterogeneous network by complementing a macro cell layer with a small
cell layer is an effective way to expand networks to handle traffic growth. For rollout to
be successful, however, relies on being able to provide all the additional small cells with

backhaul capability in a flexible and cost-efficient manner.

# MIKAEL COLDREY, ULRIKA ENGSTROM, KE WANG HELMERSSON, MONA HASHEMI, LARS MANHOLM, PONTUS WALLENTIN

A number of proprietary wireless
small cell backhaul solutions
have been adapted to provide
carrier-grade performance in non-
line-of-sight (NLOS) conditions.
These solutions typically operate
in both licensed and unlicensed
spectrum in the crowded sub-
6GHz frequency range. However,
to cope with predicted traffic load
increases, the need to exploit
additional spectrum at higher
microwave frequencies has been
identified.

This need led to Ericsson researching
how NLOS wireless backhaul could be
used at 28GHz. This research' showed
how wireless small cell backhaul could
be implemented in an urban scenario
without a direct line-of-sight (LOS) path
between the deployed small cells and
the macro radio base station (RBS) pro-
viding backhaul connectivity" 2. The
Ericsson research showed how point-
to-point (PtP) microwave in licensed
spectrum could be used for small cell
NLOS backhaul, and® showed that

point-to-multipoint (PtMP) could also
be used for the same purpose.

Building on this research, Ericsson
has investigated the impact on user
performance in a heterogeneous net-
work of providing small cell backhaul
over a wireless link — by comparing it
with a system in which small cell back-
haul is provided over (ideal) fiber. To do
this, a study was carried out using sys-
tem simulations that captured the joint
impact of backhaul and access technolo-
gies on user performance. Two different
NLOS wireless backhaul technologies
were tested: acommercial high-end PtP
microwave backhaul and an LTE-based
PtMP concept — at 6GHz and 28GHz.
Both technologies were assumed to
operate in licensed microwave bands.

The results of the simulations show
thatwireless backhaul technologies can
provide user performance on a compa-
rable level to a fiber-based (ideal) solu-
tion. Theresults demonstrate that NLOS
backhaul deployed in licensed spec-
trumup to 30GHzis a future-proof'tech-
nology that can manage high volumes
of traffic in heterogeneous networks.

Terms and abbreviations

EIRP equivalent isotropic radiated power NLOS non-line-of-sight

EPC Evolved Packet Core 0o&M operations and maintenance

EPS Evolved Packet System PtMP point-to-multipoint

IMT International Mobile PtP point-to-point
Telecommunications QAM quadrature amplitude modulation

ISD inter-site distance RAT radio-access technology

LOS line-of-sight UE user equipment

MIMO multiple-input multiple-output WRC World Radiocommunication

MTC machine-type communication Conference

Challenges created by small cells

Heterogeneous networks built by com-
plementing a macro-cell layer with addi-
tional small cells in the RAN impose
new challenges on backhaul. For exam-
ple, the best physical location for a small
cell often limits the option to use wired
backhaul. In urban areas, small cell
outdoor nodes are likely to be densely
deployed, mounted on lampposts and
building facades about three to six
meters above street level. If fiber exists
atthe small cell site, it is the best option
for backhaul. But if fiber is not readily
available, deploying wireless backhaul
is both faster and more cost-effective.

Wireless backhaul is in itself noth-
ing new, but small cell deployments
create new challenges for conventional
wireless backhaul, which was origi-
nally designed for LOS communication
from one macrosite toanother. Inurban
environments and town centers, prop-
agation paths between small cells and
macro sites are likely to be obstructed
by buildings, traffic signs and other
objects. Clear line-of-sight is highly
improbable. The number of users con-
nected to each small cell might be just
a few, yet delivering superior and uni-
form user performance across the RAN
still requires a large number of small
cells. As a result, small cell backhaul
solutions need to be more cost-effective,
scalable, and simpler to install than tra-
ditional macro backhaul.

The dominant technology used in
backhaul networks today is based on
microwave — and predictions indicate
that this will continue to be the case. In
2019, microwave is expected to encom-
pass about 50 percent of global backhaul




deployments®. The popularity of this
technology can be explained by the fact
that a microwave backhaul network
can be deployed quickly and in a flex-
ible manner - two critical factors for
adoption.

The popularity of microwave has also
led to its extensive development over
the past few decades. For LOS deploy-
ments, microwave is capable of pro-
viding low cost, compact and easily
deployable backhaul capacity in the
order of several gigabits per second [4].

Asmentioned, due to their placement
between street level and rooftop, a sub-
stantial portion of deployed small cells
will not have access to wired backhaul,
or have a clear LOS path to a macro site
with backhaul connectivity. These fac-
tors create a need for NLOS backhaul.

Solutions to the challenges posed
by NLOS conditions have already
been developed for microwave back-
haul. Passive reflectors and repeaters
are sometimes used to propagate sig-
nals around obstacles in the commu-
nication path. However, this approach
is less desirable for cost-sensitive small
cell backhaul, as it increases the num-
ber of sites. Instead, providing single-
hop wireless backhaul between a macro
site and a small cell site limits the num-
ber of sites needed, and is consequently
better suited to the small cell case. In
urban areas, daisy chaining can be used
to reach sites in difficult locations, and
this solution can also be used to advan-
tage for small cell backhaul.

The propagation properties at lower
frequencies, below 6GHz, are well suited
for radio access. Consequently, modern
radio-access technologies (RATs) tend to
operate in licensed spectrum up to a few
gigahertz. Commercial microwave back-
haul for macro sites operate at higher
frequencies - ranging from 6GHz to
70/80GHz. Operating small cell back-
haul at these higher frequencies allows
spectrum in the lower frequency bands
tobeused by radio access, which leads to
better spectrum utilization overall.

Jointaccess and backhaul

In 5G networks, it is likely that access
and backhaulwill, to alarge extent, con-
verge: in some deployments, the same
wireless technology can be used effec-
tively for both. This convergence may
lead to more efficient use of spectrum
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resources, as they can be shared dynam-
ically between access and backhaul®. For
other deployments, a complementary
and more optimized backhaul solution
might be the preferred choice to sup-
port 5G features, such as guaranteed
low latency at an extremely high reli-
ability for mission critical MTC, as this
is more backhaul critical.

Another more high-level benefit of
convergence is the ability to use the
same operations and maintenance
(O&M) system for access and backhaul,
which can both improve overall system
performance and simplify system man-
agement. For example, a common net-
work management that can combine
KPIs from the entire network can make
optimized decisions and take effective
action to improve overall performance.
Such KPIs include data rates, laten-
cies, and traffic loads experienced by
the various nodes in a heterogeneous
network; including macro cells, small
cells, and backhaul. If not impossible,
such network performance optimiza-
tion becomes extremely challenging if
the KPIs are inaccessible and the nodes
are uncoordinated. Acommon network
management system is, therefore, an
enabler for efficient operation of a het-
erogeneous network.

Irrespective of convergence, the cost-
effectiveness of backhaul connections
becomes increasingly important in
deployments that include large num-
bers of small cells. In general, deploy-
ments that have less hardware and
simplified installation procedures
are more cost-effective. So, as PtMP
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backhaul connections simplify deploy-
ment, applying this technology is one
way to reduce costs.

In the present study, a system level
approach was used to evaluate the joint
effect of converged access and backhaul.
A complete heterogeneous LTE RAN
deployed in a dense urban scenario was
simulated encompassing macro cells,
small cells, small cell backhaul, users,
traffic models, propagation, interfer-
ence, and scheduling effects. Using such
an advanced simulation environment
makes it possible to evaluate overall sys-
tem and user performance for different
small cell backhaul scenarios in a way
that captures the joint impact of access
and backhaul.

Backhaul technologies

for smallcells

The various technologies that exist
for wireless backhaul can be classified
into two main solution groups: PtP and
PtMP. A PtP solution uses dedicated
radios and narrow-beam antennas to
provide backhaul between two nodes.
In a PtMP solution, one node provides
backhaul to several other nodes by shar-
ing its antenna and radio resources. As
illustrated in Figure 1, the nodes in a
PtMP scenario are referred to as hub
and client, where the hub is typically
colocated with a macro site (that has
backhaul connectivity) and the clientis
colocated with a small cell site.

Spectrum

Irrespective of the technology deployed,
user performance is directly i
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## related to optimal use of spectrum.

The 2015 World Radiocommunication
Conference (WRC-15) will focus on the
future allocation of additional spec-
trum below 6.5GHz for radio access.
Lookingat current spectrum allocation,
these frequencies are crowded, which
means that the potential for more back-
haul bandwidth in licensed spectrum
is greater for frequencies above this.
Backhaul based on Wi-Fi and LTE are
just two of the current technologies
operating below 6GHz. Wi-Fi typically
operates in unlicensed spectrum and is
therefore prone to interference while,
for example, LTE relaying exploits
licensed IMT spectrum for both back-
hauland access.

Using unlicensed frequency bands
might be a tempting option to reduce
cost, but this approach can result in
unpredictable interference issues that
make it difficult to guarantee QoS. The
potential risk associated with unli-
censed use of the 60GHz band is, how-
ever, lower than therisk associated with
the popular 2.4GHz and 5GHz bands.
This is due to very high atmospheric
attenuation caused by the resonance of
oxygen molecules around 60GHz and
the possibility to use compact anten-
nas with narrow beams—which reduce
interference effectively.

The conventional and spectrum-effi-
cientlicensing policy for PtP microwave
backhaul works on an individual link-
by-link licensing basis®. However, when
it comes to rolling out small cell back-
haul, simplicity, multipath interference
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issues, and cost are of such importance
that other policies for licensing should
be considered.

Light licensing and block licensing
are two possible alternatives. In the
light licensing case, license application
is a simple and automated process that
involves only a nominal registration
cost. This approach can be used in sce-
narios where interference is not a major
concern or can be mitigated by techni-
calmeans®. It has become popular to use
light licensing to encourage the uptake
of PtP E-bandlinks. If properly deployed,
these communication links donotinter-
fere with each other due to high atmo-
spheric absorption and narrow beam
widths.

Inblock orarealicensing, the licensee
has the freedom to deploy a radio emit-
ter within a given frequency block and
geographic area as long as the radio ful-
fills some basic requirements, such as
respecting the maximum equivalent
isotropic radiated power (EIRP). In this
case, the licensee is responsible for man-
aging co-channelinterference between
different transmissions and making it
suitable for managing PtMP backhaul
and radio access systems’.

Being able to exploit the spectrum
potential offered by higher frequency
bands from 10GHz to 100GHz is part
of ongoing research for 5G>%. The high
propagation losses that are associ-
ated with high-frequency millimeter
waves typically limit the applicability
of such high frequency bands to short-
range links. These losses can be partly

compensated for with more advanced
antenna systems using beamforming.
However, this makes mobility at high
speeds (such as in cars and on high-
speed trains) more challenging, as
beams would need to be adapted more
or less continuously.

Wireless backhauling of fixed nodes
is less of a challenge, as alignment or
beam pointing is more straightforward
when nodes are situated in predefined
fixed locations than when they are con-
stantly moving —and so the application
ofhigher frequencies is simpler.

Capacity and availability

Backhaul capacity is often dimen-
sioned to support the peak capacity of
the macro cell®. However, in practice,
the trade-off between costand the need
for capacity usually results in a more
practical level for backhaul capacity
being set. This level should, at a mini-
mum, support expected busy-hour traf-
fic, with some margin to account for
statistical variation and future growth.
Dimensioning in this way makes sense
when it comes to cost-sensitive small
cell backhaul. However, itis recognized
that different operators — to align with
theirbusiness strategy —arelikely touse
different approaches for capacity provi-
sioning of small cell backhaul.

Today’s minimum bitrate targets
for backhauling 3GPP LTE small cells
is somewhere in the region of 50Mbps
for radio access using 20MHz of spec-
trum. To support current peak rate
demands, however, 150Mbps or more is
desirable®. These targets for minimum
and peak bitrates are likely to increase
further over the next few years as traf-
fic volumes continue to rise, and addi-
tional spectraand new features for radio
access become available. In addition,
small cell access points may not only be
required to support multiple 3GPP tech-
nologies (such as HSPA and LTE) but may
also include Wi-Fi, which will further
increase the need for backhaul capacity.

Availability requirements may dif-
fer between small cell and macro cell
backhaul, depending on the deploy-
ment scenario. The availability require-
ment for macro backhaul can be as high
as 99.999 percent (which corresponds to
a maximum of five minutes of outage
per year). For small cell backhaul, such
high availability requirements may not




be necessary. If the small cell is deployed
to boost data rates or capacity in an area
with existing macro coverage, the back-
haul requirements could be relaxed sig-
nificantlyto, forexample, 99-99.9 percent
(which corresponds to anywhere from 12
hours up to several days of outage per
year)®.

From a user perspective, the perfor-
mance ofan individual backhaullinkis
less relevant. What matters is the over-
all performance of the combined back-
haul and access links. If the access link
atagiven time and place provides a cer-
tain level of service, the correspond-
ing backhaul link does not need to be
significantly better. Hence, the access
and backhaul links could be jointly
optimized. To reflect this in the pres-
ent study, the joint effect of access and
backhaul on user performance was eval-
uated, using an all LTE-based backhaul
concept operating at higher frequen-
cies that is more integrated with the
LTE access than conventional wireless
backhaul.

Antennas

Maximum antenna gain is given by the
antenna size in relation to the wave-
length of the frequencyused. Asaresult,
antennas that are smaller in size than
antennas with the same antenna gain
at lower frequencies can be deployed at
higher frequencies. Ifaligned correctly,
a compact high-gain antenna can com-
pensate for the increased path loss that
is usually associated with higher fre-
quencies and NLOS conditions.

A PtP system uses high-gain anten-
nas at both ends of a link, while a PtMP
system uses awide-beam antennaat the
hub site and a directive antenna at the
client site.

More advanced antenna solutions at
the hub site, such as steerable or fixed
narrow multi-beam systems, can be
deployed, but such solutions will prob-
ably not be cost-effective for some time.
Carrying out manual antenna align-
ment with narrow beam widths in
NLOS conditions may sound like a diffi-
cult task, butit can be a surprisingly sim-
ple procedure, even at 28GHz'. However,
ascorrectalignmentisimportant, espe-
cially at higher frequencies, it may be
a good idea to deploy a client antenna
that has automatic beam-steering capa-
bilities, so that it can simply align itself

to the best signal path. Beam steering
can be implemented using mechanical
methods, antenna arrays or a combina-
tion of the two.

LTE-based backhaul concept

To address the issue of providing back-
haulin heterogeneous networks, a new
concept is being researched based on
the adaptation of LTE technology for
small cell backhaul at high microwave
frequencies — evaluated at 6GHz and
28GHz.

This concept reuses the LTE physical
layer but applied at a higher frequency
band - up to 30GHz. As LTE physi-
calllayer numerology was originally
designed to operate with a carrier fre-
quency of around 2GHz, operation in
higher bands requires some modifica-
tion of the original concept. But if top-of-
the-line hardwareisin place, the need to
change the numerology (by increasing
the subcarrier spacing, for example) for
frequencies below 30GHz in a backhaul
context is small. However, to reduce
hardware costs, numerology may need
to be adjusted to match higher micro-
wave frequencies. This concept is part
of 5G radio access research®.

With a 3GPP LTE-based PtMP solu-
tion, backhaul links can inherit 3GPP
functionality already developed for
LTE access, as well as features that will
be implemented in the future, such as
carrier aggregation, reduced latency,
advanced schemes for beamforming,
MIMO, interference cancellation and
radio resource scheduling. When back-
haul and access links are converged,
operational efficiency can be increased,
as the overhead created by managing
different technologies is reduced. For
example, the control and management
architecture as defined by the 3GPP
Evolved Packet System (EPS) can be used
by both systems.

An example system architecture for
LTE-based PtMP backhaul is illustrated
in Figure 1. The basic principles of this
architecture include interfaces, proto-
cols, the reuse of 3GPP logical nodes,
EPS bearer concept, as well as security
solutions.

As Figure 1 illustrates, the small RBS
is connected to a client. The client pro-
vides the wireless backhaul IP-based
transport to the core network, which
in turn provides functions like bearer

management, QoS enforcement and
authentication. The client terminates
the LTE radio interface and imple-
ments UE functions such as cell search,
measurement reporting, and radio
transmission and reception. The hub
implements the eNodeB side of the LTE
radio interface. In this example, both
the hubs and the clients are controlled
by a 3GPP-based EPC network — which
canbe a core network dedicated to back-
haul, or a core network shared between
the small RBS and the access links.

While there are similarities between
an all-LTE network (backhaul plus
access) and the LTE relay solution devel-
opedin 3GPP (which also provides back-
haul based on an LTE radio interface),
there are two main differences between
them. First, LTE backhaul has been mod-
eled as a transport network. As such, it
is access-agnostic and can be used with
any access link technology. LTE relay on
the other hand hasbeen designed to use
LTE link technology for both backhaul
and access. The second difference is that
LTE backhaullinks and LTE access links
typically use separate radio resources
(separated in terms of frequency bands),
while the (in-band) LTE relay solution
shares radio resources between the
backhaul and access links.

In summary, an LTE-based PtMP
backhaul provides several benefits com-
pared with other alternatives:

* reuse of functionality — inherent
multiple access (PtMP), architecture,
protocol structure, physical layer,
procedures, and security mechanisms
are just some examples of functionality
already developedin 3GPP;

# quick launch of new features — by
reusing existing (and future) LTE
developments, new features canalso be
rapidly deployed;

# use of the same ecosystem — one system
for both backhauland access links can
simplify O&M for operators andincrease
operational efficiency;

& support for multi-RAT access links -
compared with LTE relaying solutions,
any RAT canbe used on the accesslink;

# joint backhaul-access link optimization
—added value can be achieved through
dynamic optimization and operation of
access and backhaul targeting user
performance. A high level of integration
and potentially shared hardwareare &3
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other potential benefits of converged
links; and

# automated deployment —installation
procedures similar to those used to set
up asmallRBS (which today is
automatic) and canalso be used to
install the backhaul client.

Evaluation scenarios

In this study, heterogenous networks
were simulated using macro and small
cells for radio access and hubs and cli-
ents for wireless backhaul deployed in

two virtual cities. These cities aimed to
represent a typical European scenario
with a dense macro deployment and
a typical US scenario with downtown
high rises and a sparse macro deploy-
ment with a greater number of small
cells per macro.

The macro RBSs and backhaul hubs
were colocated at the same site, as were
the small RBSs and clients. The clients
were located above street level and back-
hauled wirelessly toa serving hub using
either PtP microwave or the LTE-based
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PtMP concept (described in this arti-
cle). Figure 2 illustrates the simulation
scenario, showing two hubs providing
wireless backhaul to two clients in an
urban environment.

Some assumptions were made about
the nature of the virtual cities. For the
European city:

# building heights are assumed to be
homogenous, ranging from 5mto 40m;

# no high-rises;

= fewopenareas;

# 19 macro/hub sites withan average ISD
of 400m; and

# 76 small RBS/client sites.

The US city environment is more chal-

lenging, assuming that:

# adowntown area exists with high-rises
as well as surrounding low buildings,
with open spacesinbetween;

& building heights range from4mto
288m;

# 19 macro/hub sites withan average ISD
of 700m; and

# 114 small RBS/client sites.

Figures 3 and 4 illustrate a portion
of the deployments for the virtual
European and US cities. The left side
of each figure shows the results of the
macro-only network, and the right side
shows the results of a combined macro
and small cell deployment that uses
LTE-based PtMP backhaul at 28GHz.
The colors of the cells indicate average
user throughput, according to the scale
on the left. The line between a hub and
a client shows the strongest propaga-
tion path, and the color of the line indi-
cates its path loss. The improvement in
throughput, illustrated by the amount
of green in the illustrations, due to
offloading of the macro in the small cell
deployment is considerable. The simu-
lated served trafficlevels in the network
are 20GB/month/user in the European
scenario and 6GB/month/userin the US
scenario.

For LTE access, the simulated car-
rier frequencies were set to 2.1GHz in
the European scenario and 700MHz in
the US scenario. The access bandwidth
was 20MHz in both cases, which corre-
sponds to a peak rate of 108Mbps using
2x2 MIMO. The macro RBS output
power was assumed to be 2x30W and
the small RBS output power to be 2x5W.

High-gain backhaul antennas were
used to compensate for the greater NLOS




path loss at higher microwave frequen-
cies. In the PtP evaluations, mechani-
cally steerable high-gain antennas were
used at both the hub and client sites,
while for PtMP evaluations, the hubwas
implemented using fixed sector-cover-
ing antennas. Antenna parameters and
output power of hub and client for the
different backhaul systems and carrier
frequencies are summarized in Table 1.
For PtMP, 20MHz of bandwidth at two
frequencies were evaluated —6GHz and
28GHz —while only 28GHz was consid-
eredin the PtP case. The LTE-based PtMP
used fixed output power in the down-
link, while PtP used adaptive power
control.

Methodology
User performance including wireless
backhaul was evaluated in a static sys-
tem simulator. In the simulator, LTE
access was based on LTE Rel-8 with 2x2
MIMO and 64QAM in the downlink,
which corresponds to a downlink peak
rate of 108Mbps when using 20MHz of
access bandwidth. The wireless back-
haul, including LTE-based PtMP and
commercial PtP microwave, were also
simulated using 20MHz bandwidth. In
one simulated case, 40MHz was also
used for the LTE-based PtMP backhaul
forthe more challenging US scenario, to
illustrate the use of the LTE feature car-
rier aggregation on the backhaul.
User-generated traffic for both sim-
ulation scenarios was split on an 80/20
basis — 80 percent generated by indoor
users and 20 percent by people outdoors.
Indoor users were evenly distributed
among the floors of the buildings, and
traffic load was measured in terms of
data traffic consumed by one userin one
month. For each scenario and deploy-
ment, as trafficload increased, the traf
fic served by the system increased until
the system reached its capacity limit.
This limit depends on the scenario and
the deployment, including the number
of macro RBSs and smallRBSs deployed.
To put some perspective on the traffic
load, 2014 levels for actual mobile traffic
arein theregion of 1.5-2GB [user/month
in Europe and the US. Mobile data traf-
fic is expected to grow globally by 45
percent annually 2013-2019, so by the
end of 2019, mobile traffic will be some-
where around 10GB [user/month?®.
User throughput is given by the size

of a data packet and the total trans-
mission time of the packet. The trans-
mission time takes into account any
delay due to resource sharing: mul-
tiple users accessing the same radio
resources. Each user is served either by
a macro or by a small RBS. For those
served by a macro, only resource shar-
ing on the access side has an impact on
throughput. For users served by small
RBSs, aside from the resource-sharing
delay on the access side, there is also a
resource-sharing delay associated with
the wireless backhaul. Resource shar-
ing in the backhaul results from either
multiple users connected to the same
small RBS —which means they share its
backhaul connection — or from users
connected to different small RBSs that
share a common backhaul connection
in a PtMP situation. As each PtP back-
haullink has an individual (not shared)
backhaulresource, PtP backhaulis only
shared by users connected to the same
small RBS. However, the PtMP backhaul
may be shared by users connected to dif-
ferent small RBSs that are connected to
the same hub sector. Hence for small
RBS users, user performance depends
not only on the access but also on the
type of backhaul that carries the small
RBS traffic.

Wrapup

European city scenario

Figure 5 shows user throughput (in
the downlink) against served traffic
for the European scenario. The curves

represent the macro-only network (blue
curves) as well as heterogeneous net-
works with three different small cell
backhaul technologies (yellow, red and
purple curves), according to:

# yellow — PtP microwave at 28GHz with
20MHz bandwidth;

# red — LTE-based PtMP at 28GHz with
20MHz bandwidth; and

# purple - LTE-based PtMP at 6GHz with
20MHz bandwidth.

The reference performance levels for
fiber backhaul (green curve) are also
shown. The 10th percentile represents
the 10 percent worst case rates experi-
enced by users, the 50th represents the
median, and the 90th percentile repre-
sents the top 10 percent downlink per-
formance rates.

The immediate conclusion from this
is that small cell deployment can radi-
cally improve user throughput, espe-
cially at high traffic levels where the
macro-only network cannot meet the
demand.

When looking at the served traf-
fic levels, the network has a very good
macro deployment, asitalone can serve
10GB/user/month while maintaining a
10th percentile downlink user through-
put ofabout 10Mbps. By deploying small
cells, the corresponding user through-
put is increased to 30Mbps, or the 10th
percentile at 10Mbps is maintained,
while the network serves as much as
23GB/user/month. X

Table1: Antenna parameters and output powers for the different backhaul systems

Node type Frequency Antenna Azimuth  Elevation Max. gain Aperture Max. power
[GHZz] type HPBW!' HPBW! [dBi] size [dBm]
[degrees] [degrees]
28 Sector 65° 5° 20 1.5 x 12.5 [cm?] 23
PtMP hub
6 Sector 65° 5° 20 6.5 x 54 [cm?] 23
28 Parabolic 3° 3° 34  Diameter=20[cm] 23
reflector -
PtMP client
6 Patch array 14° 14° 22 20 x 20 [cm?] 23
PtP client Parabolic o ° ; -
i 28 e 3 3 34 Diameter = 20 [cm] 23

" half power beam width
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#¥  Asexpected, the choice of small
cell backhaul has almost no impact on
the worst case 10th percentile, as these
users are more limited by the access
network than by the backhaul. Small
backhaul limitations only occur for the
median (50th percentile) and best (90th
percentile) users connected via PtMP
backhaul - observed by small penalties
compared with fiber. The PtP backhaul
shows close-to-fiber performance forall
users and served traffic levels. It is also
noticeable thatall backhaul options can
cope with the user peak rates (108Mbps)
achieved atlowerloads (90th percentile
and below 10GB/month/user).

The variation in performance
between PtP and PtMP wireless back-
haul is due to two primary differences
in these systems. Firstly, two different
antenna systems are used, where PtMP
has wide-beam sector antennas at the
hub, while PtP has directive high-gain
antennas at both ends of each link. The
PtMP sector antenna has a much lower

antenna gain than the narrow beam
PtP antenna — 14dB lower, as shown
in Table 1. Secondly, there is less shar-
ing of resources in the PtP backhaul,
where each client hasits own dedicated
resource, while the PtMP system may
alsoshare its resources over multiple cli-
ents. In the simulated PtMP case, a hub
has three sectors and each sector may
serve one to five clients depending on
the traffic load in that sector.

Finally, the performance levels of the
PtMP backhaul operating at 6GHz and
28GHz are almost identical. Both sys-
tems have identical antenna gain and
beamwidth at the hub, while the 6GHz
system has 12dB lower antenna gain
and wider beamwidth at the client. On
the negative side, a lower antenna gain
results in worse system gain and a wider
beamwidth is more prone to interfer-
ence. However, on the positive side, the
6GHz system experiences less path loss,
which compensates the negative side.

[E(di: European scenario
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Figure 6 presents the downlink user
throughput against served trafficin the
US city. The network capacity in this
scenario is limited by the macro net-
work since the macro network is much
sparser than the European city. This
is observed in the much lower served
traffic values and the poor macro-only
performance. Deploying small cells
improves the network performance
substantially.

Also in this scenario, worst case user
perfomance (10th percentile) is limited
by access and not by backhaul, so the
choice of backhaul has no impact on
worst case user throughput. But when
looking at best case user performance
(90th percentile), thereis a clearer back-
haul limitation when using PtMP back-
haul with 20MHz bandwidth at higher
served traffic levels. A remedy for
improving PtMP performance for high
performance users is to apply the LTE
feature carrier aggregation in the LTE-
based PtMP backhaul. Figure 6 shows
the result when a 40MHz bandwidth
is applied to the backhaul at 28GHz
and the user performance is improved
and PtMP with carrier aggregation is
on a par with PtP microwave and fiber.
Thanks toreduced resource sharingand
high-gain antennasat both ends, the PtP
backhaul also shows close-to-fiber per-
formance forall users and served traffic
levels in this scenario.

When comparing PtMP at 6GHz
to 28GHz, some degradation for high
throughput users is observed in the
90th percentile at high traffic levels
in Figure 6. This is due to the differ-
ent antenna characteristics, where the
antennagainat28GHzis 12dB higherat
the client side thanitis at 6GHz and the
wider client antenna beam at 6GHz has
less spatial filtering of interference com-
pared with the 28GHz client antenna.

Summary

Deploying small cells provides a means
for handling future traffic growth and
enables a substantial improvement in
network performance. It is therefore of
great importance to enable small cell
deployments by providing cost-effec-
tive backhaul. The study carried out
addresses some of the challenges cre-
ated by small cell backhaul. By using sys-
tem simulations that capture the joint




effect of access and backhaul, it has
been shown that NLOS microwaveback-  EIHIIAA US scenario
haul i.n licenseq spectrum up to 30GHz User throughput (Mbps)
is a viable solution for dense small cell 120 e
deployments in urban environments. Fiber

A novel LTE-based NLOS PtMP back- PtP microwave; 28GHz
haul concept operating at high micro- LTE-based PtMP; 28GHz, 20MHz
wave frequencies, up to 30GHz, has also 100 LTE-based PtMP; 6GHz, 20MHz
been evaluated. This concept is a poten- LTE-based PtMP; 28GHz, 40MHz
tial step toward using LTE at higher fre-
quencies and converging access and
backhaul networks, which is also fore- 80
seen in 5G networks.

System simulations for two different \

deployment scenarios show that degra-
dation in user performance is minimal 60
when wireless backhaul is compared <
with (ideal) fiber backhaul - for lower 90th percentile
to medium throughput users. For high
throughput users, the performance of
the LTE-based NLOS PtMP backhaul con-
ceptisnotas good as the PtP microwave
backhaul - which shows close-to-fiber 20 N
performance for all users and served
traffic levels due to greater numbers of

Y

90th percentile

40

h)
50th percentile {

radio and antenna resources. The LTE- 10th percentile

based NLOS PtMP backhaul was eval- 0r £ . . . : .
uated both at 6GHz and 28GHz, and 2 4 6 8 10 12 14
28GHz works just as well or even better Served traffic (GB/month/user)
than 6GHz.

In the more challenging US deploy-
ment scenario, the performance deg-
radation with LTE-based PtMP was
rectified by applying larger bandwidth
in the microwave backhaul by using car-
rier aggregation, which is inherent in
LTE, bringing it up to par with NLOS PtP
and fiber backhaul. 4
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