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Abstract
With the advent of 5G networks means for backhauling network traffic emerged as a major consideration. Densification
via small cell deployment has made wired solution cost prohibitive, leading to the adoption of spectrally efficient wireless
solutions, namely, Integrated Access and Backhaul (IAB). This paper discusses the different options for IAB and focuses on
novel solutions for in-band IAB using Full Duplex (FD) enabled nodes. Dynamically reconfigured beam steering antennas
are presented as a means of passively suppressing Self-Interference (SI). Experimental results confirm up to 65 dB of
SI cancellation in a harsh environment with obstacle. Finally, robust methods for managing FD practical considerations
including timing and frequency offsets are presented, with experimental results confirming performance.

Keywords Integrated access and backhaul · Full duplex · 5G · Small cells

1 Introduction

Demand for wireless network capacity keeps growing
exponentially every year. As a result, a large increase in
data traffic is projected over the next 10 years in the
context of 5G wireless networks. In order to boost network
capacity and expand coverage, the concept of deploying
low-cost, low-power small cells (SCs) over traditional
macro cell networks has been investigated [1–4]. Dense SC
deployment brings users closer to the base stations resulting
in improved wireless connectivity. With multiple-antenna
arrays at the SCs, hybrid beamforming can be leveraged to
achieve higher transmission gains, reduce the transmitting
power, and mitigate interference between co-tier users [5].
While RF solution below 6 GHz offer the best Non-Line-of-
Sight (NLoS) performance and coverage, spectrum below 6
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GHz is congested. Millimeter-wave spectrum (frequencies
over 24 GHz) offers wider, multi-GHz channel bandwidths,
and therefore has gained significant research interest as a
promising solution to address data traffic demands of 5G.
Massive deployment of small cells will be a key feature of
the emerging 5G cellular networks [6], requiring efficient
forwarding of backhaul traffic.

By definition, small cell backhaul connections are used
to

1. Forward/receive the end-user (small cell user) data
to/from the core network.

2. Exchange mutual information among different small
cells.

The backhaul evolution for 5G small cells will include
wired (e.g., optical fiber) and wireless backhauling (e.g.,
microwave or millimeter wave links) to and from core
network aggregators (e.g., macro base stations (MBSs)),
and cooperation through anchor base stations (A-BSs),
etc.). Since the backhaul requirements can significantly
vary depending on the locations of small cells, the cost of
implementing backhaul connections, traffic load intensity
of small cells, latency, and target quality of service
requirement, there is no single optimal approach for the
backhauling of small cells.

While wired backhaul solutions ensure reliability with
high data rates, the cost of wired connections is highly
dependent on the offered capacity as well as the distance,
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and can become rapidly prohibitive. Wireless backhauling
is rapidly becoming adopted as a viable and cost-
effective approach that allows operators to obtain end-
to-end control of their network rather than leasing third
party wired backhaul connections. Key wireless backhaul
solutions leverage exploiting the sub-6 GHz band, satellite
technologies, microwave spectrum between 6 GHz and 60
GHz bands, and millimeter wave (mmWave) spectrum in
60 GHz and 70 to 80 GHz bands. An optimal selection of
the wireless backhaul solution depends on the propagation
environment as well as a number of system parameters such
as locations and deployment density of small cells, desired
backhaul capacity, interference conditions, cost, coverage,
hardware requirements, and spectrum availability.

1.1 Integrated Access and Backhaul

An interesting use case for SCs in the context of 5G is
Integrated Access and Backhaul (IAB). In an IAB setting a
node can perform both access to a user as well as backhaul
as shown in Fig. 1 and described in the 3GPP study on
integrated access and backhaul which recognizes IAB as
a viable and cost effective means of enabling dense 5G
networks [7–9]. The document investigates architectures,
radio protocols, and physical layer aspects for sharing
radio resources between access and backhaul links and
defines IAB as follows: ”In-band backhauling includes
scenarios where access- and backhaul link at least partially
overlap in frequency creating half-duplexing or interference
constraints, which imply that the IAB-node cannot transmit
and receive simultaneously on both links. In the present
context, out-of-band scenarios are understood as not posing
such constraints.

While the study presents solutions for both in-band and
out-of-band IAB systems, it focuses on partial or full in-
band solutions due to the anticipated spectral efficiency
associated with in-band systems. IAB nodes are expected to
operate in either a stand alone (SA) mode where the node
is connected to the 5G network or in a non-stand alone
(NSA) where it is connected to 4G Evolved Packet Core

(EPC). Topologies under consideration include a Directed
Acyclic Graph (DAG) where IAB-nodes connect to multiple
up-stream nodes, or spanning tree where each IAB node
is connected to one parent. In both topologies, the IAB
node is assumed to serve either a User Equipment (UE),
or connect to other IAB nodes as a parent or a child node.
IAB-donor nodes are nodes that have fiber connectivity for
back-hauling and can serve both UEs or other IAB nodes.

Each IAB node can have two radio functions, either as a
Mobile Termination (MT), or a Distributed Unit (DU). MTs
are used to maintain the wireless backhaul connection to
up-stream IAB-nodes or IAB-donor, while DUs are used to
provide access connection to the UEs or the down-stream
MTs of other IAB-nodes.

1.1.1 Full Duplex IAB

While using traditional half-duplex (HD) radios for SC
IAB is the easiest solution and is supported by current
radios, it results in poor spectral efficiency or introduces
unwanted latency in the network depending on whether
Frequency division Duplexing (FDD) or Time Division
Duplexing (TDD) is used. This reality becomes painfully
limiting in spectrum starved deployment scenarios that
operate in sub-6 GHz bands. One solution that has the
potential to alleviate these issues is In-Band-Full-Duplex
(IBFD) approaches to SC networks. FD systems offer the
potential to double capacity and lower latency in which in-
band FD-enabled SCs relay data from a macro base station
(BS) to user equipment (UE) in the same frequency band
[10, 11] simultaneously, using self-interference cancellation
algorithms [12]. As a result, FD enables ultra-dense SC
deployments [13–15], with simple frequency planning since
frequency pairing for up-link and down-link is no longer
needed. Instead of using a wired backhaul the SCs are
connected to the core network via a macro BS over a
wireless backhaul, thereby reducing the deployment cost as
compared to traditional cellular networks [16].

FD can be theoretically deployed at any frequency
across the microwave band. For example, deployment of

Figure 1 Integrated Access and
backhaul.
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Figure 2 IAB full duplex
system.

FD solutions at mm-wave is possible and will benefit
from the directivity associated with mm-wave systems.
However, mm-wave currently benefits from less congestion
as compared to sub 6-GHz band. Thus in this paper we
focus on the sub 6-GHz bands where the issue of spectrum
congestion is the most obvious, hence increasing the value
of FD deployment.

The paper is organized as follows: Section 2 presents
an overview of Full Duplex systems in the context of
IAB, Self Interference issues are presented and solutions
are discussed, a novel reconfigurable beam steering
antenna is presented to be used as a means of passive
suppression. Section 3 presents experimental results on
passive suppression performance and introduces practical
FD loop recovery considerations for timing and frequency
offsets. Section 4 presents experimental results integrating
both passive suppression and timing recovery loops. The
paper is concluded in Section 5.

2 Full Duplex Systems

While FD offers numerous advantages, it also comes with
a set of challenges. The main challenge in FD systems
is managing the self-interference (SI) signal at each node,
which is typically orders of magnitude larger than the
intended Signal of Interest (SOI). In the context of IAB,
the SC can be considered as a relay between the base
station and the user equipment. Typically, relays can be
classified as either Amplify and Forward (AF) type or

Decode and Forward (DF) type [17]. AFR does not have a
demodulation/decoding block in the receive chain, however,
it is assumed to have the ability to construct and transmit
certain control/management packets as defined by the
standard. In contrast, DFR does have ability of decoding and
modulating the received data before re-transmission. The
signal that the full duplex relay (FDR) is aiming to receive
is the signal of interest (SOI). The transmitted signal is also
received by its own receiver, causing self-interference as
shown in Fig. 2.

Figure 3 focuses on one side of an FDR transaction where
a base station (node 1) is communication with a remote node
(node 2) in FD fashion. The signal being received from the
remote node is refered to as the Signal of Interest (SOI),
while the self interference signal is refered to as the SI.

The aggregate received signal by the FDR in the time
domain can be modeled as

r(t) = stx(t) ∗ hsoi(t) + ytx(t) ∗ hsi(t) + w(t) (1)

where stx(t) and ytx(t) are SOI and SI components of the
received signal. w(t) is Additive White Gaussian Noise
(AWGN).

From Eq. 1 it is clear that SI must be suppressed in
order to achieve satisfactory SINR for the received signal.
Numerous techniques are available for SI suppression
including passive (eg. antenna separation, directional
antennas etc.) and active (analog and digital cancellation).
In analog cancellation, subtraction of the self generated SI

Figure 3 Block diagram of full
duplex system.
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signal is typically performed before the low noise amplifier,
using multi-tap RF filters that mimic the SI wireless
channel. If a single antenna is used, RF circulators can be
used to provide isolation. In the digital domain, remaining
self interference is removed by estimating the SI channel.
Other sources of noise such as phase noise and non-linearity
are typically addressed by using a single Phase Locked Loop
(PLL) to drive both transmit (Tx) and receive (Rx) chains,
improving the linearity of both Tx and Rx chains, and using
non-linearity estimation loops [18, 19].

In addition to SI suppression, other factors should be
considered as well. For example, the increased interference
caused by FD and the traffic profile may further compro-
mise theoretical FD gain. FD doubles the amount of interfer-
ing streams, leading to an increased inter-cell interference
(ICI). Furthermore, exploiting FD is only possible when
there is data traffic in both link directions, uplink (UL) and
downlink (DL). Another consideration is power consump-
tion, which is a critical challenge in applying FD relaying,
because additional power is triggered by self-interference
cancellation at the FD relay. Moreover, the receive and
transmit chains of FD relaying systems are active at all time,
while only one transmit chain or one receive chain of HD
relaying is active at each time slot.

2.1 SI Suppression

As discussed earlier, SI suppression is key for successful FD
deployment. In prior work, we proposed the use of Multi
re-configurable antennas (MRAs) to provide up to 70 dB
of passive suppression in the propagation domain [19]. An
MRA is a single antenna element that can perform multiple
functions by dynamically changing its properties. To change
the properties of an MRA, the current distribution over the
volume of the antenna needs to be changed, where each
distribution corresponds to a different mode of operation.
To this end, one can change the geometry of the antenna
under software control by switching on and off various
geometrical segments that make up the MRA using low loss
switches. Figure 4 presents an example of a 2.4 GHz MRA
(including 3D and 2D radiation patterns associated with a

sample mode) that can provide up to 4096 possible modes
of operation by configuring the surface geometry of the
parasitic layer. In this particular antenna, the reconfigurable
parasitic surface consists of 3 × 3 square-shaped metallic
pixels connected by 12 PIN diode switches with ON/OFF
status, formed on the top surface of the parasitic layer with
individual pixel size being 15 × 15 mm2. With a digital
control word of 12 bits, 4096 modes can be exercised.

2.1.1 Passive Suppression Performance

The MRA described earlier was integrated in a complete FD
system with two FD nodes. Each node is equipped with one
transmit antenna and one receive antenna. In this setup,
a omni-directional dipole antenna is used as a transmit
antenna, while a 2.4 GHz band multi reconfigurable antenna
(MRA) is used as a receiving antenna. Both transmit and
receive antennas have the same antenna polarization. The
antennas are separated by 10 cm. Pattern selection is per-
formed through a 12-line digital control cable driven from
an FPGA on a Zedboard [20]. A pattern selection heuristic
that minimizes SI and maximizes the SOI by running a brute
search over all possible modes is computed on an attached
PC and run in real time on the FPGA of the Zedboard.

The complete FD system is constructed using the
Universal Software Radio Peripheral (USRP) software
defined radio (SDR) platform streaming samples at
25Msample/sec to a processing PC [20]. All experiments
are performed in the 2.4-2.5 GHz ISM band with a 5/10
MHz signal bandwidth. The timing of all USRPs and
the FPGA that drives the antenna switches are aligned
with one reference Pulse Per Second (PPS) signal. All
experimental testing was conducted in the Wireless Systems
and Circuits Laboratory (WSCL) within Engineering Hall at
the University of California, Irvine. A full description of the
experimental setup for the FD platform is available in [19].

2.1.2 Experimental Results on SI Suppression

In order to test the performance of passive MRA based SI
cancellation, an experiment was setup with electromagnetic

Figure 4 Reconfigurable
Antenna.
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reflectors placed between the two nodes. The system was
tested using a 1 m2 rectangular foil obstacle (RCS ∼
100m2) placed at various distances directly in the line
of sight between the communicating nodes as shown in
Fig. 5a. The obstacle was moved towards the antenna
staring at 5m away and gradually approaching the node
as shown in Fig. 5b. A search over all 4096 modes was
performed and the winning pattern index displayed for each
distance as shown in the figure. Note that for each distance
a different pattern is selected. Figure 5c shows that the
self-interference signal is well suppressed by choosing the
appropriate antenna pattern. Note that even at only 0.5 m
away, performance is still maintained at 65 dB cancellation
(Tx power is +5 dBm). Finally, Fig. 5d shows the received
power from the far node which starts off at around -52
dBm without an obstacle and decreases (as expected) when
the obstacle is moved closer to the receiving node. Note
that in all cases a winning pattern can be found and that
self-interference cancellation was maintained.

3 FD System Performance

In this section we measure the impact of practical considera-
tion such as timing and frequency offsets on overall system

performance. We created a model that captures two impor-
tant practical features of FD systems, namely, a) MRA based
SI channel features, and b) FD system timing, including car-
rier frequency offset and sampling time offset. Finally, we
quantify the timing recovery loop performance in the pres-
ence of SI residual signal. The characterization performed is
performed in the context of Orthogonal Frequency Division
Multiplexing (OFDM), where OFDM is the most widely
deployed modulation of choice for 5G systems. Each node
modulates its data on NFFT subcarriers that are spaced
�f apart. For sampling frequency fs , subcarrier spacing is
computed as

�f = fs

NFFT

= 1

NFFT Ts

= 1

Tsym

(2)

where Ts is sampling period and Tsym is one OFDM symbol
duration. As a result ith OFDM block zi is expressed as

zi(n) =
{

1
NFFT

∑NFFT −1
k=0 di(k)e

j2πkn
NFFT 0 ≤ n < NFFT

0 otherwise

(3)

Cyclic prefix (CP) with time duration of NCP is appended
before each OFDM symbol, which serves as guard interval

Figure 5 MRA Testing.
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Figure 6 Full-Duplex Channel
Model.

between two adjacent blocks and helps avoiding inter-
symbol interference (ISI). Finally each digital block is
transformed into analog signal, up-converted to the carrier
frequency fc and transmitted over the wireless channel.

Figure 6 illustrates a typical OFDM based structure
for a FD enabled system representing both SOI and SI
propagation [21]. SOI channel, hsoi , is modeled to reflect
path loss and Rayleigh fading effects. SOI is impacted by
carrier frequency offset (CFO) and sampling time offset
(STO) due to the local oscillator (LO) mismatch �fc. CFO
can be modeled as a constant positive or negative frequency
shift. STO is modeled as fractional delay filter, which
applies time-varying lead or lag.

The SI channel, hsi , is modeled to reflect path loss and
Rayleigh fading effects. In addition, it assumes the use of
passive self interference suppression using the MRA system
described earlier. The SI signal does not experience either
CFO or STO because both the transmitter and receiver are
co-located at the base station and share the same clock
frequency. Finally, AWGN is added to the composite signal
containing a superposition of the two signals.

3.1 FD System Timing Imperfections

Figure 6 illustrates a typical OFDM based structure for a FD
enabled system representing both SOI and SI propagation.

At the receiver, the signal is down-converted to baseband
and sampled using an Analog to Digital Converter (ADC)
(Fig. 6). Due to the fact that the remote node uses a separate,
asynchronous clock from that of the transmitter, a mismatch
in the remote node transmitter’s local oscillator (LOT X) and
receiver’s local oscillator (LORX) frequency and phase is

inevitable and will also be slowly time variant. Thus, their
generated frequencies will be off by �fc resulting in CFO.
The DAC at the remote node transmitter and the ADC at the
receiver are also driven by LOT X and LORX respectively,
thus, after digitization, the received signal samples will
experience STO. Therefore, the received ith block of data
ui can be expressed as follows:

ui(n) = e
j2πεn
NFFT stx

i (n−θ)∗hsoi(n)+ytx
i (n−τ)∗hsi(n)+w(n)

(4)

where stx(t) and ytx(t) are SOI and SI components of the
transmitted signal. ε is the relative carrier frequency error,
defined as ε = �fc/�f , θ represents time shift of SOI due
to STO, and τ represents time shift of SI due to channel
delay. Time offset θ is a gradually increasing quantity which
can have integer, as well as, fraction parts θ = θin + θf r .
Offset τ is relatively constant and can be treated as integer
quantity.

As compared to half-duplex, in full-duplex communica-
tion, the received signal represents the superposition of two
signals transmitted by two different transmitters as shown
in Eq. 4. Directly applying a correction to the composite
signal, will always lead to having one signal component
corrected, while corrupting the other. i.e. if the SOI com-
ponent is compensated for in the composite signal, the SI
component will be corrupted, since operations performed
on the received signal will affect both signal components.
For proper demodulation, the receiver must recover the
transmitted signal stx

i (n) from ui(n).
Figure 7 illustrates the block diagram of an OFDM

receiver supporting IBFD synchronization. The shaded

Figure 7 OFDM receiver
diagram with IBFD
synchronization.
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blocks in the figure indicate processing steps that are novel
to this architecture as opposed to a standard OFDM receiver.
Frame edge detection is performed based on the modified
frame structure presented in [20]. The digital cancellation
block is modified to account for the estimated timing and
frequency offsets. A key difference in this architecture
is that STO is performed after digital cancellation rather
than at the beginning of the receive chain. The reason this
approach is needed in FD systems is to avoid SI corruption
when performing SOI CFO/STO correction. Comparing FD
receiver architecture with typical HD receiver presented
in [22], it is obvious that the complexity of FD receiver
is higher. In FD mode, the receiver has to detect two
block boundaries, estimate two channels and perform
digital cancellation. Therefore synchronization complexity
of FD receiver is approximately doubled, comparing to HD
counterpart. In the following section we present an overview
of the building blocks, while highlighting the sequence of
operations necessary for recovering the transmitted signal
stx
i (n). Detailed descriptions of each block are presented in
subsequent sections.

3.1.1 Receiver Signal Processing Flow

First, the receiver estimates initial SI time offset τ and
uses it to cancel the short training part of SI from received
signal ui(n). Then it estimates the integer part of the SOI
sampling offset θin and frequency offset ε from gi(n). The
estimated time offset is removed from the received signal
gi(n) for proper Fast Fourier Transform (FFT) window
placement over SOI, followed by SOI complex phase
rotation compensation as shown below

ri(n) = gi(n + θ̂in) · e
− j2πε̂n

NFFT (5)

where θ̂in is the estimated integer part of sampling offset
θ and ε̂ is estimated frequency offset. Once SOI is free of
CFO and FFT window is aligned with its ith block, the CP is
discarded and the FFT is computed. The output of the FFT
is vector R with length NFFT and can be expressed as

R(k) = Stx
θf r

(k)Hsoi(k) + Y tx

τ−θ̂in
(k + ε̂)Hsi(k) + W(k) (6)

where Stx(k) and Y tx(k) are frequency domain represen-
tations of stx(n) and ytx(n) respectively, subscript τ − θ̂in

indicates shift in time domain in positive direction. Hsoi(k)

and Hsi(k) are frequency domain representations of hsoi(k)

and hsi(k) respectively.
To perform digital cancellation, the receiver must

construct the interferer as accurately as possible to match
the interferer term given in Eq. 6. For this reason, the
digital canceler utilizes the knowledge of the estimated
initial SI time offset τ̂ , estimated integer sampling offset θ̂in,

estimated frequency offset ε̂, and Lest Square (LS) estimate
of SI channel Ĥsi(k). Therefore, vector at the output of
digital canceler is denoted D, and can be expressed as

D(k) = Stx
θf r

(k)Hsoi(k) + Y tx
τ−θin

(k + ε̂)Hsi(k)

−Y tx
τ−θin

(k + ε̂)Ĥsi(k) + W(k) (7)

D(k) = Stx
θf r

(k)Hsoi(k) + Wsi(k) + W(k) (8)

where Wsi(k) is the residual uncompensated self-
interference, and is due to SI channel estimation error
[21].

To remove the channel effect Hsoi impacting Stx(k), the
receiver performs equalization by estimating the channel
Ĥsoi(k) of SOI using LS estimation and compensating for
it. The vector at the output of equalizer is denoted E can be
expressed as

E(k) = Stx
θf r

(k)
Hsoi(k)

Ĥsoi(k)
+ Wsi(k) + W(k)

E(k) = Stx
θf r

(k) + Wsoi(k) + Wsi(k) + W(k) (9)

where Wsoi(k) is the residual uncompensated channel effect
on the Stx(k) signal, that appears as an additional noise
term, and is due to SOI channel estimation error.

At this point the signal of interest is still impacted
with fractional sampling time offset θf r , which has a
gradually increasing nature due to the time drift. In general,
channel equalization compensates for fractional timing
offset, however for long OFDM frames, symbols located
farther away from the training, gain additional fractional
offset and undergo degradation in SINR.

To compensate for the fractional timing offset, receiver
estimates additional channel change Ĥep(k) on a per symbol
basis, and compensates for it. Output of the timing offset
correction block can be expressed as

F(k) = Stx(k) + Wep(k) + Wsoi(k) + Wsi(k) + W(k) (10)

where Wep(k) is an additional noise term per-symbol
channel estimation error. At this point, F(k) consists of only
SOI tx(k) plus noise terms. As a last step, F(k) is forwarded
to the demodulator for data extraction.

4 Simulation and Experimental Results

The full-duplex system shown in Fig. 3 is investigated by
simulation and experimentally, where the Base Station is
equipped with passive and digital SI suppression stages. All
simulations and experiments are performed according to the
parameters listed in Table 1.
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Table 1 Simulation parameters

OFDM parameters Value

Number of OFDM Subcarriers 64

Number of Data Subcarriers 44

Number of Pilots 4

Cyclic Prefix (CP) 3.2μs

Tx Power 5dBm

Rx SI Power -65 dBm

Sampling Rate 5 MHz

4.1 Simulation

The full duplex system is simulated using channel model
in Fig. 6 . Packets belonging to SOI are impacted with fre-
quency and timing offset. Packets belonging to SI have pas-
sive suppression of 70dB due to the use of directional anten-
nas as described earlier. Based on the simulation parameters,
the theoretical SINR bound is computed to be equal to
26dB. SINRs of theoretical, perfectly synchronized, syn-
chronization error compensated and synchronization error
uncompensated systems are presented in Fig. 8. From the
figure, it is clear to see that the SINRs of theoretical, per-
fectly synchronized, synchronization error compensated are
very close to each other up to 70 ppm and vastly improved
as compared to an uncompensated system. Figure 9 illus-
trates the difference in SINR between the ideally synchro-
nized and compensated systems as compared to theory.
The ideally synchronized assumes perfect knowledge of the
timing and frequency offset parameters at the receiver while
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SINR of Simulated FD System
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Uncompensated

Figure 8 Performance of simulated FD system.

the compensated system estimates these variables. At zero
offset, both systems show a fixed offset from theory which
grows gradually for the compensated system. However,
even at 70 ppm, only 0.7dB of degradation is recorded.

4.2 Experimental Setup for Timing

The experimental system described earlier was used to test
the system timing.As shown in Fig. 3, Node 1 is equipped
with one transmit and one receive antenna. Node 2 uses
only one antenna. A dipole omni-directional antenna is
used as transmit antenna, while a reconfigurable directional
antenna is used as a receive antenna. Both transmit and
receive antennas have the same antenna polarization. The
reconfigurable antenna has a total of 4096 different possible
radiation patterns. A successful pattern, is a pattern that
maximizes the SOI signal and minimizes the SI signal.
The reference clock is generated locally at each node. A
sinewave generator, Agilent N9310, is used to generate the
reference clock at node 2. This enables control over the
reference clock frequency, to test system performance at
different frequency offset amounts. Due to measurement
equipment reference clock offset tolerance limitation, the
maximum offset possible is 25ppm.

4.2.1 Experimental Results

The full-duplex system described above was tested in a fully
synchronized (by-wire synchronized), compensated and
uncompensated modes, and performance was recorded. For
each offset value, transmission of over 250 OFDM frames
is performed. Each ppm value is set by tuning the reference
frequency generator and verifying resultant frequency offset
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0 10 20 30 40 50 60 70

SI
N

R
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Figure 9 Performance degradation of simulated FD systems.
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Figure 10 Performances of experimental and simulated FD systems.

amount by the estimation algorithm running at the receiver.
Experimental results are presented in Fig. 10. To facilitate
comparison, theoretical, simulated and experimental results,
are overlapped in Fig. 10.

Figure 11 illustrates the difference between the wired
synchronized experimental system and the compensated
experimental system. At small offsets, no measurable
difference is recorded up to 5 ppm, at which a degradation
in the compensated system is measured and gradually
increases, but remains within 0.5 dB up to 20 ppm. Between
20 ppm and 25 ppm, there is a sharp increase in SINR loss
by 1dB, which is attributed to the measurement equipment
reference clock offset operating at its limits.
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Figure 11 Performance degradation of experimental systems.

5 Conclusion

This paper discussed practical considerations for Full
Duplex enabled Integrated Access and Backhaul relay
design. Consideration such as passive suppression for FD
systems and timing and frequency offset recovery loops are
presented. Experimental results showing up to 65 dB of
passive suppression and loop recovery with up to 70 ppm of
frequency offset are presented.
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