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ABSTRACT As an essential technology in the evolution towards full duplex, the subband full duplex
(SBFD) operation has attracted significant attention from both the academic and industrial communities,
as well as global standardization bodies for its capability to increase the user perceived throughput
(UPT) and the uplink coverage, reduce the transmission latency and support various traffics with different
requirements in the same cell in time division duplexing (TDD) bands. In this paper, the model of a
SBFD based communication system is clearly presented, along with the interference. To facilitate the
early deployment of SBFD in 5G-Advanced and 6G networks, comprehensive performance evaluations
on UPT, latency and coverage under different scenarios, different SBFD patterns and different traffics
are conducted to explore the potential of the SBFD operation. Furthermore, a field test is carried out to
verify the practical performance of SBFD in a typical outdoor scenario. Results obtained from both the
simulations and field tests demonstrate significant performance gain for SBFD compared with traditional
division duplexing schemes, especially for uplink transmissions.

INDEX TERMS Subband full duplex (SBFD), 6G, user perceived throughput (UPT), latency, field test,
trial.

I. INTRODUCTION

EVER since the first generation of mobile communication
system, half duplex operation for downlink (DL) and

uplink (UL) has been applied to both the base station (BS)
and the user equipment (UE), through time division duplex-
ing (TDD) and frequency division duplexing (FDD) [1]. In
this context, some research efforts were devoted to optimize
the performance of the communication system by develop-
ing more flexible resource allocation [2], [3], [4]. However,
with the booming development of the mobile communica-
tion industry towards the 6th generation (6G) [5], half duplex
operation has become a major limiting factor for the overall
system spectrum efficiency for the cellular networks [6], [7].
In addition, since future networks are expected to support
both private users as well as vertical industries [8], half
duplex suffers from its inflexibility in supporting various

traffic types in a same cell. To improve the overall system
spectrum efficiency and adaptability for different applications
in the mobile communication system, full duplex opera-
tion has gained interests from both academic and industrial
research communities [9], [10], [11].
The ultimate goal of full duplex operation is to support

in-band full duplex (IBFD), where DL subband for DL trans-
mission and UL subband for UL transmission are partially
or fully overlapped [12]. Theoretically, compared with half
duplex, IBFD can harvest doubled spectrum efficiency if the
interference is perfectly suppressed. However, considering
the technical challenges and costs of implementing IBFD,
subband full duplex (SBFD) emerges as a more feasible
solution [7], [13], [14]. SBFD is a preliminary version of
full duplex, where DL subband for DL transmission and
UL subband for UL transmission are not overlapped. Thus,

c© 2023 The Authors. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License.

For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/

VOLUME 4, 2023 2451

HTTPS://ORCID.ORG/0000-0002-1285-3284
HTTPS://ORCID.ORG/0000-0001-6091-1138


WEI et al.: PERFORMANCE ANALYSIS OF SBFD FOR 5G-ADVANCED AND 6G NETWORKS

the implementation complexity and interference mitigation
requirements in SBFD system are relaxed compared to IBFD
systems [10]. To drive the innovation towards full duplex,
the 3rd generation partnership project (3GPP) has approved
a Release 18 study item to study the evolution of duplex
operation for 5th generation-advanced (5G-A) and potentially
6G focusing on SBFD in TDD band [15]. The motivation
of this study item is mainly to address the issues of TDD
system identified in the field, including latency, coverage and
flexibility on supporting various traffic types with different
requirements in the same cell.
The concept of SBFD is first in 2021 under the name of

XDD [16], where the authors present self-interference sup-
pression techniques (i.e., a combination of antenna isolation
and digital self-interference cancellation) and demonstrate
2.37 times UL coverage enhancement for SBFD compared
to TDD. A proof-of-concept (PoC) with one transmit antenna
and one receive antenna developed by the authors is tested
in an anechoic chamber to demonstrate the feasibility of
the proposed SBFD scheme. The authors of [10] propose
interference mitigation schemes for SBFD operations, pro-
viding both simulation results and test results obtained by
their PoC. Multiple interference suppression schemes are
designed and evaluated in both dense urban and indoor sce-
narios. However, the SBFD performance evaluations focus
only on a single SBFD pattern (i.e., SBFD pattern 1 as
described in Section III of this paper) and a single traffic
type. Recently, authors in [14] present precise modeling of
different interference types and provide simulation results
with rich details. Metrics including average DL and UL
user throughput and 5th percentile user throughput are eval-
uated under different ratio of self-interference (RSI) values
to show the performance improvement of the proposed
SBFD scheme over traditional TDD schemes. However, the
network performance should be considered globally by tak-
ing into account more metrics, such as the latency. The
existing literature on SBFD mainly focus on interference
mitigation techniques, while the performance evaluations are
conducted only under some scenarios with a limited number
of configurations, which might not be able to reflect the
true performance of SBFD in practical deployment scenar-
ios. Comprehensive performance analysis and comparison
for SBFD considering the different subband patterns, traffic
types and deployment scenarios on top of the existing 5G-A
specifications are still missing. To the best of the authors’
knowledge, there exists no literature providing comprehen-
sive evaluations of the SBFD operation by considering both
throughput and latency, and also verify the performance by
a PoC in practical 5G networks. Considering that SBFD
is likely to be specified in 3GPP Rel-19 5G-A specifica-
tion and be commercialized after the standardization, the
performance analysis of SBFD under different scenarios and
different configurations are essential and this paper intends
to fill in this gap. The main contributions of this work are
listed as follows.

FIGURE 1. Different duplex modes.

• We present detailed and comprehensive SBFD
performance evaluations for different scenarios, differ-
ent SBFD patterns, different traffic types and different
UE locations, including performance analysis for user
perceived throughput (UPT), latency and coverage.

• We develop a SBFD PoC which is fully compatible with
5G networks, and conduct field trials practical in out-
door scenarios instead of laboratory to demonstrate the
performance of it. Both peak data rate and end-to-end
(E2E) latency are measured.

• We summarize the performance evaluation and analy-
sis based on the simulation results and field tests, and
provide some deployment recommendations for SBFD
systems to facilitate the early deployment of SBFD.

The remaining of this paper is organized as fol-
lows. Section II introduces the system model including
SBFD framework, scenario and detailed interference model.
Section III presents the simulation assumptions as well as
results for UPT, latency and coverage in both DL and UL. In
Section IV, results obtained from field tests are introduced
to verify the feasibility and demonstrate the performance
of SBFD operations in practical environment. Section V
highlights deployment recommendations for SBFD based
on simulations and field test results. Finally, Section VI
concludes this paper.

II. SYSTEM MODEL
A. SBFD FRAMEWORK
As explained in Fig. 1, the TDD and FDD systems partition
resources for DL and UL in time domain and frequency
domain, respectively. However, the SBFD system partitions
resources for DL and UL in both time domain and UL
domain, which provides flexibility for adaptation to differ-
ent traffic types. Based on the latest 5G specification, almost
all the bands above 3 GHz are designated as TDD band
for new radio (NR) [17]. Compared with TDD, SBFD
increases UL transmission opportunities for UL, which fur-
ther increases UL coverage and UL throughput performance.
On top of TDD duplex mode, dynamic TDD is introduced
to dynamically update the DL and UL resource partition
in time domain, which makes it impossible to avoid co-
channel interference between base stations and between
UEs [7], [14]. Compared with dynamic TDD, SBFD system
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FIGURE 2. SBFD base station with half duplex UEs.

can avoid the serve co-channel interference between base
stations and between UEs.
For SBFD, the DL subband for DL transmission and

UL subband for UL transmission are not overlapped.
In frequency domain, typical frequency resource partition
between DL and UL for SBFD is “DUD” and “DU”. For
“DUD” pattern, the uplink resources for UL subband are
allocated in between of DL subbands, which provide more
frequency isolation for the UL subband in terms of adja-
cent gNB-to-gNB cross link interference (CLI). However,
“DU” pattern simplifies the specification and implementation
design since the downlink resources are contiguous within
the bandwidth. In time domain, as shown in Fig. 1, it is pos-
sible to configure all the symbols or partial symbols in each
TDD period as SBFD symbol that supports simultaneous
DL and UL transmission. If all the symbols are config-
ured as SBFD symbol (denoted as SBFD pattern 2), the DL
transmission chances and UL transmission chances can be
maximized. However, it also incurs CLI in all the symbols.
On the other hand, if only partial symbols are configured
as SBFD and other symbols are kept as DL symbol or UL
symbol (denoted as SBFD pattern 1), the DL symbol and UL
symbols can be applied to protect the important or sensitive
transmissions.
For 6G, it is expected for both BS and UE to support

SBFD operation to some extent, i.e., both BS and UE sup-
port simultaneous DL transmission in the DL subband and
UL transmission in the UL subband [18]. However, in the
phase of 5G-A, considering the legacy UEs in the field and
implementation complexity and cost for supporting SBFD
at UE side, SBFD base station with half duplex UE is the
most feasible evolution path. In our simulation, SBFD base
station with half duplex UE is assumed [7].

As shown in Fig. 2, the SBFD base station configured with
“DUD” pattern is serving two half duplex UEs, i.e., UE#1

FIGURE 3. The general interference model of SBFD.

and UE#2. UE#1 performs DL in the first 1 slot and performs
UL in the last 4 slots. On the contrary, UE#2 performs DL
in the first 4 slots and performs UL in the last slot.

B. SCENARIO
As a promising technology for 5G-A and 6G, SBFD stands
out for its advantages of increasing UPT targeting enhanced
mobile broadband (eMBB) traffic, reducing the transmis-
sion latency for ultra-reliable low latency communication
(URLLC) traffic, increasing the UL coverage and satisfy-
ing different communication requirements in the same cell
thanks to the simultaneous DL&UL transmission and flex-
ible subband configuration. It is pivotal to investigate the
potential of SBFD in different scenarios before the practical
deployment.
Firstly, increasing UPT is urgent for dense urban macro

scenario and indoor hotspot scenario since uplink-heavy
eMBB traffic typically occurs in dense urban macro sce-
nario and indoor hotspot scenario, e.g., video surveillance
and machine vision. Secondly, latency reduction is essen-
tial for indoor hotspot scenario (e.g., smart factory) since
uplink URLLC traffic typically occurs in indoor hotspot
scenario, e.g., factory panoramic monitoring and remote con-
trol. Thirdly, coverage enhancement is attractive for almost
all the outdoor scenarios, e.g., urban macro scenario and
dense urban macro scenario. Considering all these aspects,
dense urban macro scenario and indoor hotspot scenario are
selected as the simulation scenarios. Indoor hotspot scenario
represents the scenario with lower transmission power and
smaller inter-site distance (ISD), while dense urban macro
scenario represents the scenario with higher transmission
power and larger ISD.

C. INTERFERENCE MODEL
In order to reflect the practical challenges and performance
gain, the interference in SBFD has to be clearly modelled.
Compared with the legacy TDD scenario, as depicted in
Fig. 3, the following new types of interference are considered
in our system. Overall, the interference models employed in
this study follow the 3GPP technical report [15]. In this
paper, SI, gNB-CLI and gNB-gNB CLI are all referred as
gNB-side interference.
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TABLE 1. Notation summary.

• gNB1 self-interference (SI): The interference generated
by the DL transmission in the DL subband to the UL
reception in the UL subband in the same cell.

• gNB co-site inter-sector inter-subband CLI (gNB-CLI):
The interference generated by the DL transmission in
the DL subband in one sector to the UL reception in the
UL subband in another sector of the same base station.

• gNB-gNB inter-site inter-subband CLI (gNB-gNB CLI):
The interference generated by the DL transmission in
the DL subband in one base station to the UL reception
in the UL subband in another base station.

• UE-UE inter-subband CLI (UE-UE CLI): The
interference generated by the UL transmission in the
UL subband in one UE to the DL reception in the DL
subband in another UE.

In this section, we introduce the detailed interference mod-
els applied in our simulation. The summary of notations used
in this paper can be found in Table 1.

1) GNB SI

Typically, the SI is frequency flat within the UL subband,
especially if guard band is applied in between the DL suband
and UL subband [19]. Thus, a subband level SI suppression
capability can be defined. Different SI suppression capabili-
ties are required in case of different DL transmission power.
To consider the worst case, the subband level SI suppres-
sion capability αSI is defined as the overall SI suppression
capability for UL subband when all the DL RBs in the DL
subbands are allocated with maximum gNB DL Tx power.
The value of αSI is calculated according to the UL

receiver sensitivity degradation, noise floor of UL subband
and maximum gNB DL Tx Power as below:

αSI = Pmaxtx

ImaxSI ×
(
NDLRB
NULRB

) (1)

ImaxSI is the residual self-interference power on the UL sub-
band when all the DL RBs in the DL subbands are allocated
with maximum gNB DL Tx power. ImaxSI is determined by the
receiver sensitivity degradation. SBFD base station receiver
sensitivity degradation of 1 dB has been endorsed as tentative
requirement for SBFD gNB in 3GPP RAN4 study [15]. In
this case, ImaxSI can be derived by 10× log10(

ImaxSI +N
N ) = 1 dB,

where N is the noise floor over the UL subband given by
N = −174 dBm + 10 ×log10(20 × 106) + 5 = −96 dBm,
assuming 20MHz UL subband and 5 dB noise figure.

1. gNB stands for “next generation NodeB”, which is the name of 5G
BSs in 3GPP standard series.

In the simulation, according to the above analysis and
simulation assumptions introduced in the next section, αSI
for indoor hotspot scenario and dense urban macro scenario
is calculated as below.

• For indoor hotspot with Pmaxtx = 24 dBm, αSI =
118.9 dB.

• For dense urban macro with Pmaxtx = 44 dBm, αSI =
138.9 dB.

Once the SI suppression capability for each scenario is
determined, the SI in our simulation can be modeled as

ISI = Ptx

αSI ×
(
NDLRB
NULRB

) . (2)

2) GNB-CLI

gNB-CLI is similar as gNB SI. The main difference is that,
gNB-CLI is from different sectors in the same base station
while the gNB SI is from the same sector in the base station.
Nevertheless, the interference models for gNB-CLI and SI
are similar. To consider the worst case, a subband level gNB-
CLI suppression capability is defined as the overall gNB-CLI
suppression capability for UL subband when all the DL RBs
in the DL subbands in another sector are allocated with
maximum gNB DL Tx power. Then, the gNB-CLI in the
UL subband on a single receiver chain is modelled as

Ico−site =
∑
sectors

Psectorstx

αco−site ×
(
NDLRB
NULRB

) , (3)

where Psectorstx is the DL transmission power of sectors dur-
ing the simulation. The BS has to provide at least the same
interference suppression capability as the SI suppression
capability for gNB-CLI. In our simulation, the same value
of αSI is applied to αco−site across different scenarios.

3) GNB-GNB CLI

The gNB-gNB CLI experienced by the victim gNB on each
receiver chain for the UL subband can be modelled as

IgNB−gNB−CLI =
∑
n

Iper−RBinter−cite−CLI(n)

= Pmaxtx × Nused−RB−DL
NDLRB

× CLBS

×
(

1

ACLRBS
+ 1

ACSBS

)
× NDLRB
NULRB

, (4)

where I(per−RB)
inter−cit−CLI(n) represents the power of inter-site

gNB-gNB inter-subband CLI from aggressor gNB to vic-
tim gNB on each receiver chain at UL RB n, Nused−RB−DL
is the number of DL RBs allocated for DL transmission by
aggressor gNB, CLBS is the coupling loss between aggressor
gNB and victim gNB, accounting for beamforming at the
aggressor gNB and victim gNB. ACLRBS and ACSBS are gNB
adjacent channel leakage ratio (ACLR) and gNB adjacent-
channel selectivity (ACS), respectively. In the simulations,
ACLRBS = 45 dB and ACSBS = 46 dB, which are typical
values specified for 5G base station by 3GPP standards [17].
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4) UE-UE CLI

The interference power of UE-UE inter-subband CLI expe-
rienced by the victim UE on each receiver chain can be
modelled as

IUE−UE−CLI =
∑
m

Iper−UEUE−UE−CLI(m)

=
∑
m

IUE−UE,IBE(m) × CL

+ PUEtx × CL× 1

ACSUE
× NDLRB
NULRB

, (5)

where IperUEUE−UE−CLI(m) is the power of UE-UE inter-subband
CLI from aggressor UE to victim UE on each receiver chain
at one DL RB m based on the in-band emission model, PUEtx
is UL transmission power of aggressor UE across all trans-
mit chains over the allocated UL RBs and CL is the coupling
loss between aggressor UE and victim UE, accounting for
analog beamforming at the aggressor UE and victim UE.
ACSUE is the UE ACS, which is set to 33 dB in the simu-
lations according to 3GPP standards [17]. IUE−UE,IBE(m) is
the in-band emission, which can be modelled following the
definition given in section 6.4.2.3 of technical specification
(TS) 38.101–1 [17].

III. PERFORMANCE EVALUATION OF SBFD
Although some advanced TDD schemes are introduced for
5G, such as dynamic TDD [14], the semi-static TDD is the
only widely deployed TDD system around the world. Thus,
semi-static TDD system is chosen as the baseline scheme for
comparison with SBFD in the simulations. To compare the
system performance of SBFD with baseline TDD, DL/UL
UPT, DL/UL latency and coverage are evaluated. The UPT
and latency are evaluated via system level simulation (SLS)
under different SBFD patterns, different scenarios and dif-
ferent traffic types. The coverage is evaluated via link level
simulation (LLS) plus link budget analysis.

A. SLS SIMULATION ASSUMPTION
In this section, we introduce the evaluation assumptions
of UPT and latency, which are summarized in Table 2.
Specifically, as per 3GPP standards, there are 14 orthogonal
frequency-division multiplexing (OFDM) symbols per slot
and there is a gap of 1 symbol between X and U symbols.
Overall, the simulator follows the 5G NR evalua-

tion methodology as specified in a corresponding 3GPP
report [20]. When conducting such simulations, good prac-
tices are applied to ensure trustworthy results. UEs are
dropped independently with uniform distribution for indoor
hotspot scenario and are dropped in cluster distribution for
dense urban macro scenario over predefined area of the
network layout. After dropping UEs, the locations of UEs
and gNB remain unchanged.
SBFD patterns: In our study, the baseline is legacy TDD

configured as “DDDSU” and configured with 100 MHz
(273 RBs), where the ratios of UL resource and DL

TABLE 2. SLS assumptions for SBFD evaluation.

resource are about 20% and 77.14%, respectively. In order
to provide comprehensive results for SBFD, as listed below
and depicted in Fig. 1, two SBFD patters with “DUD”
frequency resource partition are analyzed in our simulation.
For both SBFD patterns, the DL subband is configured as
104 RBs in each side of the “DUD” pattern and the UL
subband is configured as 55 RBs. There are also 5 RBs as
guard band in between the DL subband and UL subband
to provide frequency isolation between DL subband and UL
subband.
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• SBFD pattern 1: the “DUD” pattern is applied in the
first 4 slots in each TDD period. Pure “U” slot is con-
figured in the last slot in each TDD period. During this
“U” slot, there is no CLI. Thus, the important or sen-
sitive uplink signal can be protected in this slot. Ratios
of UL resource and DL resource in each TDD period
are about 35.83% and 59.86%, respectively. Compared
with baseline TDD, the UL resource is increased
by about 79.15%, while the DL resource is reduced
by 22.40%.

• SBFD pattern 2: the “DUD” pattern is applied in all
the 5 slots in each TDD period, where both DL and
UL have 5 transmission chances in each TDD period.
In this case, ratios of UL resource and DL resource
in each TDD period are about 20.15% and 76.19%,
respectively, which are almost the same as those for
legacy TDD.

Traffic model: Three key usage scenarios were defined
by The international telecommunication union (ITU) for
IMT-2020, namely, eMBB, URLLC and massive machine
type communication (mMTC). Recently, ITU defined usage
scenarios and overarching aspects of IMT-2030, in which
evolved eMBB and URLLC still play prominent roles [21].
In order to investigate the potential of SBFD for 5G-A and
6G networks, both eMBB traffic and URLLC traffic are eval-
uated in our system. The eMBB traffic and URLLC traffic
are generated by FTP traffic model 3 (FTP3) with different
packet sizes [14].

• eMBB traffic: 0.5M bytes and 0.125M bytes packet
size for DL and UL, respectively. eMBB traffic tends
to cause CLI to other base stations and UEs since
it requires more slots to transmit the packet with
larger packet size. Typical traffic corresponding to larger
packet size is extended reality (XR).

• URLLC traffic: 4K bytes and 1K bytes packet size for
DL and UL, respectively. URLLC traffic causes less CLI
to other base stations and UEs since it requires less slots
to transmit the packet with smaller packet size. Typical
traffic corresponding to smaller packet size is remote
control in the smart industry.

Antenna pattern: One of the most critical issues in SBFD
system is to suppress the self-interference. In order to pro-
vide sufficient self-interference suppression capability for
SBFD base station, the Tx antenna panel and Rx antenna
panel need to be separated to provide antenna isolation [14].
In our simulation, the total number of antenna elements
of the antenna array for SBFD is assumed as two times
of the total number of antenna elements of the antenna
array for baseline TDD. The total number of transmis-
sion and reception radio frequency units (TxRUs) of the
antenna array for SBFD is the assumed the same as the
total number of TxRUs of the antenna array for legacy
TDD. Although this requires to double the number of
elements and double the size of the antenna panel, it
helps to avoid compromising the available performance of
SBFD.

Performance metrics: To demonstrate the potential gain
of SBFD, two performance metrics are applied in our SLS,
i.e., UPT and packet latency.
UPT is defined as the size of an FTP packet divided by

the time duration which starts when the packet is received in
the transmit buffer and ends when the last bit of the packet
is correctly delivered to the receiver. Mean, 5th percentile,
50th percentile and 95th percentile UPT is applied in our
simulation. For simplicity, the mean, 5th percentile, 50th
percentile and 95th percentile UPT for DL is referred as
DL-mean, DL-5%, DL-50% and DL-95% UPT, respectively.
Similarly, the mean, 5th percentile, 50th percentile and 95th
percentile UPT for UL is referred as UL-mean, UL-5%,
UL-50% and UL-95% UPT, respectively.
The mean UPT is mean value of average UPTs for all

users, which is an indicator to reflect the overall system
performance. In addition, the DL-5% UPT and UL-5%
UPT reflect the DL UPT and UL UPT for cell-edge UEs,
respectively, since the cell-edge UEs generally experience
lower UPT. The DL-95% UPT and UL-95% UPT reflect
the DL UPT and UL UPT for cell-center UEs, respec-
tively, since the cell-center UEs generally experience higher
UPT. Therefore, the DL UPT and UL UPT for cell-edge
UEs refer to DL-5% UPT and UL-5% UPT in this paper,
respectively. The DL UPT and UL UPT for cell-center UEs
refer to DL-95% UPT and UL-95% UPT in this paper,
respectively.
Packet latency is defined as the time duration which starts

when the packet is received in the transmit buffer and ends
when the last bit of the packet is correctly delivered to the
receiver. Latency reduction is more crucial for UEs with sat-
isfying coverage, because cell-edge UEs with poor coverage
care more about the coverage instead of the latency. Thus,
in this paper, the 50th percentile packet latency from the
CDF for all these packets from all the UEs is applied as the
metric to evaluate the overall latency performance in SBFD
system.

B. SIMULATION RESULTS FOR UPT AND LATENCY
The resource utilization (RU) is applied to reflect the traffic
load, which is defined as number of RBs per cell used by
traffic for the given link direction during observation time
divided by total number of RBs per cell available for traffic
for the given link direction over observation time. In our
simulation, low RU, medium RU and high RU correspond to
RU ≤ 10%, 20% ≤ RU ≤ 40% and RU ≥ 50%, respectively.
Correspondingly, low RU, medium RU and high RU refers
to low traffic load, medium traffic load and high traffic load,
respectively.
As analyzed in Section II, compared with baseline TDD

and SBFD pattern 2, the DL resource of SBFD pattern 1
is reduced by around 22% and the UL resource of SBFD
pattern 1 is increased by around 79%. This needs to be con-
sidered when comparing the performance between baseline
TDD and SBFD pattern 1 and comparing the performance
between SBFD pattern 1 and SBFD pattern 2.
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FIGURE 4. DL UPT for indoor hotspot with eMBB traffic and SBFD pattern 1.

FIGURE 5. UL UPT for indoor hotspot with eMBB traffic and SBFD pattern 1.

1) SIMULATION RESULTS FOR EMBB TRAFFIC

For eMBB traffic, the results for indoor hotspot scenarios
are presented from Fig. 4 to Fig. 8, and the results for dense
urban scenarios are presented from Fig. 9 to Fig. 13, which
will be elaborated further below.
As depicted in Fig. 4 and Fig. 5, simulation results are

obtained on UPT for eMBB traffic with SBFD pattern 1
under indoor hotspot scenarios. Thanks to SBFD pattern 1,
the DL mean UPT is decreased by 24% ∼ 31.4% due to
the UE-UE CLI and reduced DL resources. The DL mean
UPT loss is comparable with DL resources loss of SBFD
pattern 1 in this case, which implies the overall impact of
UE-UE CLI is small. For cell-edge UEs, DL UPT (i.e., DL-
5% UPT) is decreased by 25.8% ∼ 29.7% in case of low and
medium RU, which is comparable with the DL resource loss.
However, for high RU, the DL UPT for cell-edge UEs is
reduced by 83.1% due to the severer UE-UE CLI in case of
high traffic load. For cell-centre UEs, the DL UPT (i.e., DL-
95% UPT) is decreased by 23.9% ∼ 25.7%, which indicates
the impact of UE-UE CLI is minor for cell-centre UEs since
the DL UPT loss is almost identical to DL resource loss.

FIGURE 6. DL UPT for indoor hotspot with eMBB traffic and SBFD pattern 2.

The UL mean UPT is increased by 83.9% ∼ 95.8% in case
of low and medium RU, which is much higher than the UL
resource increase of SBFD pattern 1. However, in case of
high RU, although there is still significant gain for mean UL
UPT, i.e., 48.3%, it is smaller than the UL resource increase
due to the larger gNB-side interference in case of high traffic
load. For cell-centre UEs, the UL UPT (i.e., UL-95% UPT)
is increased by 79% ∼ 86.5%. The gain for UL-95% UPT
is basically agnostic to the traffic load, which implies that
gNB-side interference has minor impact on cell-centre UEs
thanks to the high signal to interference plus noise ratio
(SINR) for cell-centre UEs even in case of UE-UE CLI.For
cell-edge UEs, the UL UPT (i.e., UL-5% UPT) is increased
by 77.9% ∼ 103%. It is worth noting that the gain of UL-
5% UPT for medium RU is higher than that for low RU and
high RU. The reason is, baseline TDD offers satisfactory
UPT in case of low RU and it is difficult to demonstrate
the gain for SBFD for this case. On the other hand, for the
case of medium to high RU, the gain for SBFD is increased
evidently due to the limited UL resource in legacy TDD
systems. However, in case of high RU, the UPT for SBFD
is also impacted by the gNB-side interference.
According to Fig. 6 and Fig. 7, numerical results on UPT

for eMBB traffic with SBFD pattern 2 under indoor hotspot
scenario can be given. The results are analyzed in both DL
and UL. The DL mean UPT is decreased by 4.6% ∼ 10.9%
due to the UE-UE CLI, where the loss of DL mean UPT
increases with the traffic load since the UE-UE CLI increases
with the traffic load. For cell-edge UEs, DL UPT (i.e., DL-
5% UPT) is almost the same as that for baseline TDD in
low and medium traffic load. However, in case of high traffic
load, the DL UPT for cell-edge UEs is reduced by 45.5%
due to the UE-UE CLI. For cell-centre UEs, the DL UPT
(i.e., DL-95% UPT) is decreased by 5.2% ∼ 9.1% due to the
UE-UE CLI. Overall, the UE-UE CLI has limited impact on
the DL UPT for cell-centre UEs since the cell-centre UEs
with good SINR can combat the UE-UE CLI. The mean
UL UPT is increased by 9.2% ∼ 14.9%. For cell-edge UEs,
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FIGURE 7. UL UPT for indoor hotspot with eMBB traffic and SBFD pattern 2.

FIGURE 8. 50th percentile latency for indoor hotspot with eMBB traffic.

the UL UPT (i.e., UL-5% UPT) is slightly decreased at low
traffic load. In case of the medium traffic load, the UL UPT
is increased by 14.4% while in case of high traffic load, the
UL UPT experiences a 13.4% loss due to the interference
from gNB side. The reason is similar as above, the gain
for medium traffic load is higher than low and high traffic
load. For cell-centre UEs, the UL UPT (i.e., UL-95% UPT)
is increased by 10.5% ∼ 15.2%. Similarly, the gNB-side
interference has minor impact on cell-centre UEs since the
UPT gain is similar under different traffic loads.
Fig. 8 depicts the packet latency for eMBB traffic in the

indoor hotspot environment. For SBFD pattern 1, the DL
50th percentile latency is increased by 29.5%, 46.3% and
40.9% for low RU, medium RU and high RU, respectively.
The UL 50th percentile latency is decreased by 45.9%, 48.6%
and 14.2% for low RU, medium RU and high RU, respec-
tively. Comparatively, for SBFD pattern 2, the DL 50th
percentile latency is increased by 0.4%, 12.2% and 9.8%
for low RU, medium RU and high RU, respectively. The UL
50th percentile latency is decreased by 15.4%, 19.4% and
22.5% for low RU, medium RU, and high RU, respectively.

FIGURE 9. DL UPT for dense urban macro with eMBB traffic and SBFD pattern 1.

FIGURE 10. UL UPT for dense urban macro with eMBB traffic and SBFD pattern 1.

Fig. 9 and Fig. 10 together present simulation results
obtained on UPT for eMBB traffic with SBFD pattern 1
under dense urban scenarios. The DL mean UPT is decreased
by 18.4% ∼ 28.4% due to the UE-UE CLI and reduced DL
resources. Similarly, the DL mean UPT loss is comparable
with DL resources loss, which implies the overall impact of
UE-UE CLI is small. For cell-edge UEs, DL UPT (i.e., DL-
5% UPT) is decreased by 23.6% ∼ 32.4% in case of low
and medium RU, which is comparable with the DL resource
loss. However, for high RU, the DL UPT for cell-edge UEs
is decreased by 51.1% due to the increased UE-UE CLI in
case of high traffic load. For cell-centre UEs, the DL UPT
(i.e., DL-95% UPT) is decreased by 13.9% ∼ 18.2%, which
is slightly smaller than DL resource loss. The reduced DL
resources and UE-UE CLI have less impact on the cell-
centre UEs thanks to the high SINR of cell-centre UEs. The
UL mean UPT is increased by 90.7% ∼ 97.7% in case of
low and medium traffic load, which is much higher than
the UL resource increase. However, for high RU, although
there is still gain for mean UL UPT, i.e., 28.5%, it is much
smaller than the UL resource increase due to the gNB-side
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FIGURE 11. DL UPT for dense urban macro with eMBB traffic and SBFD pattern 2.

FIGURE 12. UL UPT for dense urban macro with eMBB traffic and SBFD pattern 2.

interference in case of high traffic load. For cell-edge UEs,
the UL UPT (i.e., UL-5% UPT) is increased by 104.4% ∼
139.3% in case of low and medium RU, which is much
higher than the ratio of UL resource increment. However, in
case of high RU, only 6.8% gain is observed for UL UPT
for cell-edge UEs because cell-edge UEs are vulnerable to
gNB-side interference especially in case of high traffic load.
For cell-centre UEs, the UL UPT (i.e., UL-95% UPT) is
increased by 78.8% ∼ 86.8%. The gain for cell-centre UEs
is basically agnostic to the traffic load, which implies that
gNB-side interference has minor impact on cell-centre UEs
thanks to the high SINR for cell-centre UEs.
Fig. 11 and Fig. 12 depict the simulation results on UPT

for eMBB traffic with SBFD pattern 2 under dense urban
scenarios. In the DL, the mean UPT is almost the iden-
tical to that of baseline TDD. Furthermore, the DL UPT
for cell-edge UEs and cell-centre UEs are also almost
identical to that for baseline TDD, respectively. It indi-
cates that the increased DL transmission chances can negate
the impact of UE-UE CLI. In the UL, the mean UPT is
increased by 11.8% ∼ 25.4%. For cell-edge UEs, the UL

FIGURE 13. 50%-tile latency for dense urban macro with eMBB traffic.

UPT (i.e., UL-5% UPT) is increased by 11.8% ∼ 29.3%
in case of low and medium traffic load. The UL UPT is
decreased by 4.4% in case of high traffic load due to the
gNB-side interference in case of high traffic load. For cell-
centre UEs, the UL UPT (i.e., UL-95% UPT) is increased
by 9.0% ∼ 30.2%. Unlike other cases, the UPT gain for
cell-centre UEs is increasing with the traffic load. The rea-
son is that, gNB-side interference has limited impact for
UPT for cell-center UEs while the UL UPT for baseline
TDD decreases with the increasing RU due to the limited
UL transmission chance in each TDD period for baseline
TDD.
As shown in Fig. 13, simulations on packet latency for

eMBB traffic under dense urban scenarios are conducted. For
SBFD pattern 1, the DL 50th percentile latency is increased
by 18.3%, 31.1% and 50% for low RU, medium RU and
high RU, respectively. The UL 50th percentile latency is
decreased by 49.5%, 51% and 9% for low RU, medium
RU and high RU, respectively. For SBFD pattern 2, the DL
50th percentile latency is almost the same as that for baseline
TDD. The UL 50th percentile latency is decreased by 22.9%,
25.0% and 25.8% for low RU, medium RU and high RU,
respectively.

2) SIMULATION RESULTS FOR URLLC TRAFFIC

Another traffic model we simulated for both indoor hotspot
scenarios and dense urban macro scenarios is the URLLC
traffic. The results for indoor hotspot are presented from
Fig. 14 to Fig. 18, and the results for dense urban macro
are presented from Fig. 19 to Fig. 23.
Fig. 14 and Fig. 15 together present the results on DL

and UL UPT for URLLC in indoor hotspot scenarios with
SBFD pattern 1. The DL mean UPT is basically identical
to that for baseline TDD in case of low and medium RU,
while the DL mean UPT is decreased by 10.3% due to
the increased UE-UE CLI. For cell-edge UEs, the DL UPT
(i.e., DL-5% UPT) is the same as that for baseline TDD
in case of low and medium RU. However, the DL UPT is
decreased by 52.2% due to UE-UE CLI in case of high RU.
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FIGURE 14. DL UPT for indoor hotspot with URLLC traffic and SBFD pattern 1.

FIGURE 15. UL UPT for indoor hotspot with URLLC traffic and SBFD pattern 1.

For cell-centre UEs, the DL UPT (i.e., DL-95% UPT) is
the same as that for baseline TDD. In the UL, the mean
UPT is increased by 108%∼ 246.7%, which is much higher
than the UL resource increase. The gain of UL UPT for
cell-edge UEs and cell-centre UEs are similar, i.e., the UL
UPT for cell-edge UEs and cell-centre UEs is increased by
116.7%∼ 191.2% and 99.8%∼ 219.1%, respectively. The
UL UPT gain in case of high RU is much higher than that
in case of low/medium RU since uplink is the bottom neck
of baseline TDD in case of high traffic load, i.e., only one
transmission opportunity is available for baseline TDD in
each TDD period.
As depicted in Fig. 16 and Fig. 17, the following observa-

tions on UPT for URLLC traffic with SBFD pattern 2 under
indoor hotspot scenarios can be given. In the simulations,
the DL mean UPT is increased by 11.2% ∼ 13.8%. For cell-
edge UEs, the DL UPT (i.e., DL-5% UPT) is increased by
12.1% ∼ 13.4% in case of low and medium RU. However,
the DL UPT is decreased by 31.9% due to UE-UE CLI in
case of high RU. For cell-centre UEs, the DL UPT (i.e., DL-
95% UPT) is increased by 10.1% ∼ 14.6%. The mean UL

FIGURE 16. DL UPT for indoor hotspot with URLLC traffic and SBFD pattern 2.

FIGURE 17. UL UPT for indoor hotspot with URLLC traffic and SBFD pattern 2.

UPT is increased by 107.8% ∼ 246.3%, which is much
higher than the UL resource increase. For cell-edge UEs,
the UL UPT (i.e., UL-5% UPT) is increased by 116.2% ∼
123.0%. For cell-center UEs, the UL UPT (i.e., UL-95%
UPT) is increased by 100.2% ∼ 216.2%. The UL UPT gain
in case of high RU is much higher than that for low/medium
RU especially for cell-centre UEs since uplink is the bottom
neck of baseline TDD in case of high traffic load.
According to the simulation results as shown in Fig. 18,

different packet latency is achieved with different SBFD
patterns. For SBFD pattern 1, the DL 50th percentile latency
is identical to that for baseline TDD in case of low and
medium RU while it is slightly increased by 7.7% in case
of high RU. The UL 50th percentile latency is decreased
by 61.1%, 64.7% and 80.9% for low RU, medium RU and
high RU, respectively. For SBFD pattern 2, the DL 50th
percentile latency is decreased by 9.1%, 13% and 15.4% for
low RU, medium RU and high RU, respectively. The UL
50th percentile latency is decreased by 61.1%, 64.7% and
81.5% for low RU, medium RU and high RU, respectively.
From Fig. 19 and Fig. 20, observations on UPT for

URLLC traffic and SBFD pattern 1 under dense urban
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FIGURE 18. 50%-tile latency for indoor hotspot with URLLC traffic.

FIGURE 19. DL UPT for dense urban macro with URLLC traffic and SBFD pattern 1.

FIGURE 20. UL UPT for dense urban macro with URLLC traffic and SBFD pattern 1.

scenarios can be summarized from the DL and UL per-
spective separately. The DL mean UPT is basically identical
to that for baseline TDD in case of low and medium RU.
However, the DL mean UPT is decreased by 12.5% in case

FIGURE 21. DL UPT for dense urban macro with URLLC traffic and SBFD pattern 2.

FIGURE 22. UL UPT for dense urban macro with URLLC traffic and SBFD pattern 2.

of high RU due to UE-UE CLI and reduced DL resource. For
cell-edge UEs, the DL UPT (i.e., DL-5% UPT) is slightly
decreased in case of low and medium RU. However, the
DL UPT is decreased by 57.2% in case of high RU due to
the increased UE-UE CLI. For cell-centre UEs, the DL UPT
(i.e., DL-95% UPT) is the same as that for baseline TDD. In
the UL, the mean UPT is increased by 101.5% ∼ 103.3%,
which is much higher than the UL resource increase. The
gain of UL UPT for cell-edge UEs and cell-centre UEs are
similar, i.e., the UL UPT for cell-edge UEs and cell-centre
UEs is increased by 83.3% ∼ 108.4% and 89.6% ∼ 105.5%,
respectively. It is worth noting that the gain decreases with
the increase of traffic load for cell-edge UEs, while the gain
increases with the increase of traffic load for cell-center
UEs. This implies that cell-edge UEs are more vulnerable
to gNB-side interference compared with cell-center UEs.
Fig. 21 and Fig. 22 provide the results on UPT for

URLLC traffic with SBFD pattern 2 under dense urban sce-
narios. Specifically, the DL mean UPT is basically identical
to that for baseline TDD in case of low and medium RU,
while it experiences 3.4% decrease in case of high RU due
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FIGURE 23. 50%-tile latency for dense urban macro with URLLC traffic.

to increased UE-UE CLI. The DL UPT for cell-edge UEs is
almost the same as that for baseline TDD in case of low and
medium RU, while it experiences a 19.8% decrease in case
of high RU due to the UE-UE CLI. For cell-centre UEs, the
DL UPT is almost the same as that for baseline TDD. For
the UL, mean UPT is increased by 22.8% ∼ 26.7%. There
is no obvious gain or loss observed for the UL UPT for
cell-edge UEs, i.e., the UL-5% UPT is basically the same
as that for baseline TDD. For cell-centre UEs, the UL UPT
(i.e., UL-95% UPT) is increased by 87% ∼ 109.4%. Unlike
other cases, the UPT gain is increasing with the traffic load.
The reason is that, the UL UPT for baseline TDD decreases
with the increasing RU due to the limited UL transmission
chance in each TDD period for baseline TDD.
Fig. 23 depicts the packet latency for URLLC traffic under

dense urban scenarios. For SBFD pattern 1, the DL 50th
percentile latency is slightly increased by less than 3.9% for
low RU and medium RU while it is increased by 10.0% in
case of high RU. The UL 50th percentile latency is decreased
by 59.5%, 61.1% and 61.1% for low RU, medium RU and
high RU, respectively. For SBFD pattern 2, the DL 50th
percentile latency is basically identical to that for baseline
TDD. The UL 50th percentile latency is decreased by 20.2%,
21.7% and 19.7% for low RU, medium RU and high RU,
respectively.

3) SUMMARY OF THE SIMULATION RESULTS

The performance of UPT and latency is mainly impacted by
scenarios, SBFD patterns, traffic type, traffic load and loca-
tion of UEs. Specifically, regarding SBFD pattern 1, two
factors may impact the DL UPT, i.e., reduced DL resources
and UE-UE CLI, both of which have negative impact on the
DL UPT. For UL, the baseline TDD only has one transmis-
sion occasion in each TDD period, while SBFD pattern 2 has
five transmission occasions. Thus, for UL UPT, the increased
UL transmission opportunities have positive impact on it,
while the gNB-side interference has negative impact on it.

TABLE 3. Summary of UPT gain or loss under the indoor hotspot scenario.

TABLE 4. Summary of UPT gain or loss under the dense urban macro scenario.

Similarly, regarding SBFD pattern 2, the UE-UE CLI
has negative impact on the DL UPT, while the increased
DL transmission occasion in each TDD period has positive
impact on the DL UPT. For UL, the baseline TDD only
has one transmission occasion in each TDD period, while
SBFD pattern 2 has five transmission occasions. Thus, for
UL UPT, the increased UL transmission opportunities have
positive impact on it, while the gNB-side interference has
negative impact on it.
The overall simulation results of UPT for indoor hotspot

and dense urban macro are summarized in Table 3 and
Table 4, respectively. The symbol “∼” indicates that the
UPT performance gain or loss is in the range of [−5%,
5%] and essentially means little impact to the system. The
upper arrow symbol “↑” represents a positive gain in the
performance with one, two, three and four symbols indicat-
ing a performance gain within the range of (5%, 20%],
(20%, 50%], (50%, 90%] and larger than 90%, respec-
tively. Similarly, the down arrow symbol “↓” indicates a
performance loss, with one, two, three and four symbols
indicating a performance loss within the range of (5%, 20%],
(20%, 50%], (50%, 90%] and larger than 90%, respectively.
For indoor hotspot scenario, as shown in Table 3, some

observations can be made. For SBFD pattern 1 with eMBB
traffic, the DL UPT experiences obvious loss for both cell-
edge UE and cell-centre UE for all traffic loads. However,
for SBFD pattern 1 with URLLC traffic, no obvious gain
or loss is observed for DL UPT for both cell-edge UE and
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cell-centre UE for all traffic loads except that obvious loss
is observed for cell-edge UE in case of high traffic load.
For SBFD pattern 2 with eMBB traffic, small loss of DL
UPT is observed for cell-centre UEs for all traffic loads
and obvious loss of DL UPT is observed for cell-edge UE
in case of high traffic load. On the contrary, For SBFD
pattern 2 with URLLC traffic, DL UPT experiences small
gain for both cell-edge UE and cell-centre UE for all traffic
loads, except that obvious loss is observed for cell-edge
UE in case of high traffic load. Overall, UL UPT gain is
observed in almost all cases. For SBFD pattern 1 with either
eMBB traffic or URLLC traffic, significant UL UPT gain is
observed for both cell-edge UE and cell-centre UE for all
traffic loads. Overall, the UL UPT gain for URLLC traffic
is higher than that for eMBB traffic. For SBFD pattern 2
with eMBB traffic, small gain is observed for both cell-edge
UE and cell-centre UE for all traffic loads, except that small
UL UPT loss is observed for cell-edge UEs in case of high
traffic load. While for SBFD pattern 2 with URLLC traffic,
significant gain is observed for UL UPT for both cell-edge
UE and cell-centre UE for all traffic loads.
Table 4 presents the results under dense urban scenarios.

For SBFD pattern 1 with eMBB traffic, the DL UPT expe-
riences obvious loss for cell-edge UE and small loss for
cell-centre UE for all traffic loads. For SBFD pattern 1 with
URLLC traffic, no obvious gain or loss is observed for DL
UPT for cell-centre UE for all traffic loads, while obvious
DL UPT loss is observed for cell-edge UE especially for
the case of high RU. For SBFD pattern 2 with eMBB traf-
fic, no obvious gain or loss is observed for DL UPT for
both cell-edge UE and cell-centre UE for all traffic loads,
except that small gain is observed for cell-centre UE in case
of medium traffic load. For SBFD pattern 2 with URLLC
traffic, no obvious gain or loss is observed for DL UPT for
both cell-edge UE and cell-centre UE for all traffic loads,
except that small loss is observed for cell-edge UE in case
of high traffic load.
For SBFD pattern 1 with either eMBB traffic or URLLC

traffic, significant UL UPT gain is observed for both cell-
edge UE and cell-centre UE for all traffic loads. For SBFD
pattern 2 with eMBB traffic, small/medium gain is observed
for cell-edge UE and cell-centre UE for all traffic loads.
While for SBFD pattern 2 with URLLC traffic, significant
gain is observed for UL UPT for cell-centre UE for all traffic
loads, but no obvious gain or loss is observed for cell-edge
UE. Generally speaking, UL UPT gain is observed in all
cases for cell-centre UE, there is some cases without obvious
gain or loss for UL UPT for cell-edge UE.
Overall, for both indoor hotspot scenarios and dense urban

macro scenarios, DL UPT suffers larger loss for eMBB traffic
than that for URLLC traffic since eMBB traffic is more
likely to cause CLI due to its longer contiguous transmission
duration. DL UPT for SBFD pattern 2 outperforms that for
SBFD pattern 1 due to its increased DL transmission chances
and the reduced DL resource for SBFD pattern 1. Cell-edge
UEs suffer obvious DL UPT loss in case of high traffic

TABLE 5. Summary of latency gain or loss under the indoor hotspot and dense
urban macro scenario.

load. On the other hand, UL UPT experiences larger gain for
URLLC traffic than that for eMBB traffic especially for cell-
centre UE since eMBB traffic is more likely to cause CLI due
to its longer contiguous transmission duration. For URLLC
traffic, similar gain is observed for UL UPT for cell-centre
UE for SBFD pattern 1 and SBFD pattern 2, while UL UPT
for cell-edge UE in dense urban macro scenario for SBFD
pattern 1 outperforms that for SBFD pattern 2 since the UL
resource in SBFD pattern 1 is increased by around 80%.
Similarly, for eMBB traffic, UL UPT for SBFD pattern 1
outperforms that for SBFD pattern 2 due to the increased
UL resource in SBFD pattern 1. Furthermore, the exact loss
of DL UPT for cell-edge UEs is much higher than that for
cell-centre UEs, especially in case of high traffic load, the
loss difference between cell-edge UE and cell-centre UE is
more prominent. For SBFD pattern 2 with URLLC traffic,
the UL UPT gain for cell-centre UEs is much higher than
that for cell-edge UEs. In general, the cell-edge UE is more
vulnerable to the gNB-side interference and UE-UE CLI.
The overall simulation results of latency for indoor hotspot

and dense urban macro scenarios are summarized in Table 5.
The symbol “∼” indicates that the latency performance gain
or loss is in the range of [−5%, 5%] and would bring little
impact to the system. The upper arrow symbol “↑” represents
a positive gain in the performance with one, two and three
symbols indicating a performance gain within the range of
[−20%, −5%), [−40%, −20%) and larger than 40%, respec-
tively. Similarly, the down arrow symbol “↓” indicates a
performance loss, with one, two and three symbols indi-
cating a performance loss within the range of (5%, 20%],
(20%, 40%] and larger than 40%, respectively. Note that
since latency is the metric being evaluated, a performance
gain would mean a reduction in the latency, and vice versa.
As can be seen from Table 5, overall speaking, SBFD

provides latency reduction for UL for all cases. SBFD pat-
tern 1 outperforms SBFD pattern 2 in terms of UL latency
especially for eMBB traffic in low and medium RU, because
more UL resource is configured for UL in SBFD pattern 1.
For DL latency, SBFD incurs negative impact for SBFD pat-
tern1 with eMBB traffic. The DL latency is unchanged or
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slightly decreased in most other cases for URLLC traffic,
except that DL latency is slightly increased for SBFD pat-
tern 1 with high URLLC traffic load due to the increased
UE-UE CLI. Overall, for both DL latency, SBFD pattern 2
outperforms SBFD pattern 1 especially in case of eMBB traf-
fic, because DL resource is reduced in SBFD pattern 1. In
general, the latency performance for URLLC traffic outper-
forms that for eMBB traffic since eMBB traffic with larger
packet size is more likely to incur interference.

C. SIMULATION RESULTS FOR COVERAGE
In order to evaluate the coverage of SBFD compared with
baseline TDD, LLS plus link budget analysis is performed.
Similar as the SLS, the baseline TDD applies “DDDSU”
pattern and the SBFD applies SBFD pattern 1. In baseline
TDD, only one UL slot is available in each TDD period,
while up to 5 contiguous transmission occasions are available
for SBFD pattern 1 in each TDD period. To fully explore
the potential coverage of SBFD systems, the typical UL data
channel in NR, the physical uplink shared channel (PUSCH),
is selected as the target channel for simulation. PUSCH repe-
tition, PUSCH repetition with joint channel estimation (JCE),
PUSCH TB processing over multi-slot (TBoMS) and PUSCH
TBoMS with JCE are considered in our simulation [22].

• Case 0: PUSCH is transmitted in U slot only, i.e., base-
line TDD

• Case 1: Each PUSCH transmission is repeated 5 times.
• Case 2: Each PUSCH transmission is repeated 5 times
with joint channel estimation, where joint channel esti-
mation is performed over the DMRS in the SBFD
slots.

• Case 3: One PUSCH TB is transmitted over 5 slots via
TBoMS.

• Case 4: One PUSCH TB is transmitted over 5 slots via
TBoMS together with joint channel estimation.

One of the critical issues in this LLS is to take
interferences into account. In our simulation, SI, gNB-CLI
and gNB-gNB CLI are considered for the PUSCH LLS. For
SI, as analysed in Section II, 1 dB gNB receiver sensitivity
degradation is assumed. In other words, the residual SI after
all suppression methods is 6 dB under the noise floor. For
gNB-CLI, the same residual interference as SI is assumed.
However, the gNB-gNB CLI is difficult to have a specific
value since it highly depends on the scenario, gNB transmis-
sion power, traffic load, channel model and etc. To reflect the
practical gNB-gNB CLI, the average gNB-gNB CLI under
different traffic loads in our SLS with urban macro scenar-
ios is obtained. Compared with baseline TDD, the residual
interference in SBFD system considering SI, gNB-CLI are
gNB-gNB CLI is increased by 0.14 dB, 0.48 dB and 2.19 dB
for low RU (low traffic load), medium RU (medium traffic
load) and high RU (high traffic load), respectively.
The simulation assumptions for LLS are summarized in

Table 6 and the required SNR for PUSCH targeting for data
rate of 1 Mbps with 0.1 block error rate (BLER) obtained
in our LLS simulation is summarized Table 7.

TABLE 6. Simulation assumptions for LLS.

TABLE 7. Required SNR for PUSCH with 0.1 BLER.

The maximum coupling loss (MCL) is one of the typical
metrics for evaluating coverage. For coverage performance
evaluation for SBFD, link budget template in this paper
follows that in 3GPP coverage enhancement TR 38.830 [22]
with necessary modifications. The required SNR in Table 7
is input into the link budget template to calculate the MCL
and the results are summarized in Fig. 24.
As shown in Fig. 24, for PUSCH repetition, the cover-

age in SBFD system is improved by 4.91 dB, 4.71 dB and
3.38 dB for low RU, medium RU and high RU, respectively.
For PUSCH repetition with JCE, the coverage in SBFD
system is improved by 5.76 dB, 5.50 dB and 4.23 dB for low
RU, medium RU and high RU, respectively, which is about
1 dB more than the case without JCE. For PUSCH TBoMS,
the coverage in SBFD system is improved by 4.99 dB,
4.66 dB and 3.06 dB for low RU, medium RU and high
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FIGURE 24. MCL results of different cases for SBFD.

TABLE 8. Configurations of the SBFD field test.

RU, respectively, which is slightly less than that for PUSCH
repetition. For PUSCH TBoMS with JCE, the coverage in
SBFD system is improved by 5.90 dB, 5.63 dB and 4.16 dB
for low RU, medium RU and high RU, respectively.

IV. FIELD TEST OF SBFD
In [10], a PoC on SBFD is implemented and tested in the
laboratory. To further explore the practical performance of
SBFD system, in this paper, an outdoor field test is carried
out on the roof of a building. To explore the extreme uplink
throughput performance, the SBFD gNB applies DXXXU
pattern, where around 10 MHz and 90 MHz are allocated
for DL subband and UL subband in the “X” slot, respectively.
More detailed configurations are described in Table 8.
During the tests, two types of commercial 5G UEs are

involved, namely, the ZTE Axon 20 and ZTE Axon 30. In
the field tests, the antenna height of the BS and the UE is
around 1 m and 0.5 m, respectively. The distance between
the BS and the UE is around 1 m and thus, the propagation
condition between the BS and UE is expected to be mostly
line-of-sight (LOS), while there is a wall near the BS that
causes reflections. Overall, the commercial UE experiences a
peak uplink throughput 672 Mbps and E2E latency is around
5.3 ms.

V. DEPLOYMENT RECOMMENDATIONS FOR SBFD
According to the results obtained from both simulations and
field tests, the following deployment recommendations can

FIGURE 25. Test setup for the field test of the SBFD PoC.

be madeto facilitate early deployment of SBFD in 5G-A and
6G networks.

• Both small-range cells (e.g., indoor hotpot) and
medium-range cells (e.g., dense urban macro) are poten-
tial target deployment scenarios for SBFD. SBFD shows
UL latency gain and UL UPT gain for almost all cases
for both indoor hotspot and dense urban macro for both
SBFD patterns for both cell-edge UEs and cell-center
UEs. The filed test also verifies the potential deployment
of SBFD for small-range cell.

• Both URLLC and eMBB are potential target services for
SBFD. eMBB traffic experiences DL performance loss
for both SBFD patterns for both cell-edge UEs and cell-
center UEs. The DL performance loss for eMBB traffic
for cell-edge UEs is larger than that for cell-centre UEs
especially in case of high traffic load. Despite of the DL
performance loss for eMBB traffic, the UL performance
gain is much higher than the DL performance loss. For
DL-centric eMBB traffic, it is better to adopt SBFD
pattern 2 since the performance loss is smaller compared
with SBFD pattern 1. In addition, the interference issue
for cell-edge UEs should be carefully handled in this
case, otherwise it will cause obvious DL performance
loss.

• Both SBFD pattern 1 and SBFD pattern 2 are potential
target SBFD patterns. SBFD pattern 1 has one ‘UL’ slot
to protect the sensitive UL transmission, while SBFD
pattern 2 has more DL transmission chances in each
TDD period. Compared with SBFD pattern 2, the DL
resource and UL resource of SBFD pattern 1 is reduced
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by about 22% and increased by about 79%, respectively.
SBFD pattern 1 outperforms SBFD pattern 2 in terms
of UL performance and SBFD pattern 2 outperforms
SBFD pattern 1 in terms of DL performance especially
for eMBB traffic. This also highlights the importance
of setting a proper DL/UL resource ratio for the SBFD
system.

• The interference has great impact on the achievable
performance gain for SBFD. Advanced CLI handling
schemes should be studied and implemented to harvest
the gain of SBFD especially for the case of high traffic
load. Otherwise, the serve CLI in SBFD may even cause
performance loss.

• For URLLC traffic that is sensitive to UL latency, both
SBFD pattern 1 and SBFD pattern 2 can be adopted.
While for URLLC traffic that is sensitive to both UL
latency and DL latency, SBFD pattern 2 is more appro-
priate. The field test also shows SBFD’s potential for
E2E latency reduction.

• Coverage-limited scenarios are potential target scenar-
ios for SBFD deployment. SBFD together with other
techniques (e.g., repetition, JCE and TBoMS) pro-
vides around 3 ∼ 6 dB coverage gain for different
cases.

VI. CONCLUSION
To explore the performance of SBFD and facilitate early
deployment of SBFD in 5G-A and 6G networks, comprehen-
sive performance evaluations on UPT, latency and coverage
under different scenarios, different SBFD patterns and differ-
ent traffics are conducted. Comparisons among these metrics
under different scenarios, SBFD patterns and traffics are also
provided and analyzed. According to the evaluation results,
significant performance gains for UL UPT and UL latency
are observed in SBFD systems for both cell-edge UEs and
cell-center UEs across different scenarios, different SBFD
patterns, different traffic types and different traffic loads.
Although performance loss for DL UPT and DL latency
are observed for SBFD in terms of eMBB traffic under
different loads and for URLLC traffic under high loads,
there is no obvious loss or even small gain for DL UPT
and DL latency for SBFD with low or medium URLLC
traffic load. Overall, the DL performance for SBFD pat-
tern 2 outperforms pattern 1. Furthermore, around 3 dB ∼
6 dB coverage gain is observed in SBFD systems thanks to
more consecutive UL transmission instances in each TDD
period.
Upon the numerical results obtained from simulations, a

field test is carried out to verify the practical performance
of SBFD in a typical outdoor scenario. The commercial 5G
UE connecting to the SBFD base station presents 672 Mbps
peak UL throughput and 5.3 ms E2E latency in outdoor
scenario. In the end, some deployment recommendations for
SBFD are elaborated based on the performance evaluations
and field test results.
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