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INTRODUCTION

There is insufficient license-exempt spectrum in 2.4 GHz and
the 5 GHz bands to accommodate the growth in demand with
the expected quality of service (QoS) of the current applications
(video streaming, gaming, voice, etc.) and, at the same time, to
enable new innovative services and usage scenarios that make
use of the Wi-Fi network. Therefore, user experience is compro-
mised due to channel congestion. Allocation of the 1200 MHz of
contiguous spectrum in the 6 GHz band to license-exempt opera-
tion provides sufficient bandwidth such that Wi-Fi 6E and the next
generation of Wi-Fi, namely Wi-Fi 7, can benefit from the cleaner,
non-overlapping larger channel bandwidths of up to 320 MHz.

This column discusses the expected performance and underlines
significant importance of availability of three non-overlapping 320
MHz channels for the development and future deployment of Wi-Fi
7 by analyzing the behavior of a fast-emerging time-sensitive appli-
cation, namely augmented/virtual reality (AR/VR), which has been
moving away from mere entertainment and finding its place in many
emerging enterprise and industrial applications.

W1i-F1 7 APPLICATIONS AND DEPLOYMENT SCENARIOS

Building on the success of Wi-Fi 6 (based on IEEE 802.11ax [7]),
Wi-Fi 7 (based on IEEE 802.11be [3]) will boast physical layer
throughput speeds up to 23 Gb/s through the use of 320-MHz-
wide channels, higher-order modulations (4096-QAM, quadra-
ture amplitude modulation), and eight spatial streams, and will
operate in license-exempt frequencies up to 7.125 GHz. Wi-Fi 7
will reduce transmission latency and jitter and increase transmis-
sion reliability to meet QoS requirements of time-sensitive appli-
cations such as AR/VR.

More specifically, video traffic will continue to be the dominant
traffic in many Wi-Fi deployments. Emergence of 4k and 8k video
(uncompressed rate of 20 Gbps) has underlined these applications’
ever- increasing throughput and bandwidth requirements.

Demand for new high-throughput, low-latency applications, such
as AR/VR, remote office, cloud computing, and electronic gam-
ing and e-sport, is rapidly increasing. These applications, which are
envisaged to be used in a variety of environments, including homes,
enterprise, and industrial plants, require enhanced throughput and
reliability, reduced latency (e.g,, latency lower than 5 ms for realtime
gaming) and jitter, and improved power efficiency in Wi-Fi networks
[1]. Advanced AR/VR applications require 4k-8k video, minimum
throughput of 400-2350 Mb/s, and a maximum streaming/ interac-
tive latency on the order of 10 ms [2, Appendix 31.

Wi-Fi 7 will also define mechanisms that can enable deterministic
operation by introducing features that provide predictable latency
and jitter. Improved integration with time-sensitive networks (TSNs) to
support applications over heterogeneous Ethernet and wireless LANs
is targeted in Wi-Fi 7. [EEE 802.11be [3] aims at further improve-
ment of aggregate throughput and latency over these networks
in the coming years [4]. Wi-Fi 7 also provides enhanced support
for existing indoor/outdoor residential and enterprise deployments
while enabling vertical and industrial loT applications that require an
advanced level of determinism and reliability performance.

ANALYSIS OF KEY PERFORMANCE INDICATORS

A key performance indicator (KPI) refers to a system parameter
heavily influenced by, and important for, the design of the sys-
tem. KPI values are indicative of how well the system performs at
several levels and are often used in comparison with similar tech-
nologies or previous generations of the same technology.

While a variety of KPI categories are important to support
various use cases and applications, some of them have direct

implications on spectrum requirements (e.g., channel sizes and
number of contiguous channels) of Wi-Fi 7. Among those, peak
data rate, spectrum efficiency, and low, bounded latency are the
most important KPIs in enabling new applications.

The trade-off between throughput and latency/determinism
requirements can impact spectrum needs. Emerging applications
need lower latency with determinism/reliability as well as high
throughput. To provide strict latency guarantees, there is a need to
reserve resources for some applications, which may lead to ineffi-
ciencies and fewer resources available for other applications. The
competition for resources between applications and neighboring
networks is a major cause of variable and typically high worst case
latencies in current Wi-Fi deployments. Future applications will
need both high throughput and latency guarantees, which would
be very hard to meet under resource limitation constraints.

SPECTRUM NEEDS

Latency, reliability, and determinism have been improved con-
siderably in Wi-Fi 7, along with throughput, to enable time-sen-
sitive applications such as AR/VR, Industrial Internet of Things
(lloT), and high-end electronic gaming.

Emerging applications such as AR/VR, Industry 4.0, and mobile
and collaborative robotics require ultra-reliable low-latency com-
munications. Leading to the IEEE 802.11be project kickoff, the IEEE
802.11 Working Group published a study of real-time applications
(RTAs) and their requirements [6]. The IEEE 802.11 RTA report
described time-sensitive applications that need lower latency with
determinism or very high-reliability guarantees, and in some cases
also have extremely high throughput requirements. For instance,
according to the report, AR/VR applications generally require end-
to-end latencies of under 10 ms with 99.9 percent reliability and
single-stream throughput of around 100 Mb/s. Such time-sensitive
requirements mean that the Wi-Fi 7 induced latency must be as
low as possible, stable, and preferably bounded with very high
probability. (See [2, Appendix 3] for details).

Provisioning resources with exclusivity is the fundamental tool
to guarantee deterministic latency and reliability in any network
shared by a range of applications, which are the expected sce-
narios for Wi-Fi 7 networks. Competition for resources between
networks and applications is a major issue that causes variable
and typically high worst case latencies observed in existing
Wi-Fi deployments. Future applications in Wi-Fi 7 networks will
need to address the trade-off between extremely high through-
put and deterministic low latency guarantees, which would be
very hard to meet simultaneously if there are constraints in spec-
trum resources. Some of the limitations of the existing spectrum
resource models are illustrated in the next section.

SIMULATION SETUP

Simulations are performed for various deployment scenarios
with one to three access points (APs) and several client devices
communicating with the APs, supporting a mix of traffic, including
typical Wi-Fi connectivity and AR/VR streams.
Figure 1 depicts the deployment scenarios being analyzed.
The four scenarios in Fig. 1 are chosen to evaluate the impact of:
1. The number of 320 MHz channels
2. The overlap among 320 MHz channels on the performance
of the Wi-Fi 7 system in support of the expected latency as
the target KPI
Figure 2 shows the 6 GHz channelization based on IEEE
802.11ax [7] and 802.11be [3] global operating classes. Chan-
nelization configurations analyzed in the simulations are depicted
in Fig. 3.

IEEE Communications Standards Magazine + March 2022



INDUSTRY COMMENTARY

In Configuration 1, there is only a single 320 MHz channel
available due to limited spectrum availability. This single chan-
nel is simulated to be used by a single basic service set (BSS) or
shared between two or three BSSs. The 160 MHz channel option
is also implemented with this configuration for comparison.

In Configuration 2, there are two 320 MHz channels, used
by BSS1 and BSS2, overlapping by 50 percent due to the limited
amount of spectrum, for example, as is the case in current Confer-
ence of European Post and Telecommunications (CEPT) regulations
with a total 480 MHz of spectrum designated as license-exempt.

Configuration 3 represents the case where three 320 MHz
channels are used in an overlapping manner within the same
amount of spectrum (480 MHz). In this configuration, BSS2 has 75
percent overlap with BSS1 and BSS3; BSS1 and BSS3 have 75 per-
cent overlap with BSS2 and 50 percent overlap with each other.

Configuration 4 depicts the situation where there is 0 percent
overlap between three 320 MHz channels. This configuration
would only be possible if there is at least 960 MHz of spectrum
available, as is the case in the United States, Korea, Canada, Bra-
zil, Saudi Arabia, and other countries. The 160 MHz channel
option is also implemented with this configuration for compara-
tive analysis.

To assess the impact of the size of allocated spectrum on end-
to-end latency of downlink AR/VR streams, various deployment
scenarios and channel configurations were analyzed. For each
deployment scenario/channel configuration pair, delay statistics
for each stream were derived from simulations. For comparison
purposes, 160 MHz channels are also simulated in two cases to
represent scenarios with smaller available spectrum (480 MHz
instead of 1200 MHz). In simulations related to Configurations 2
and 3, the primary channel of at least one AP is overlapping with
another AP’s channel. Furthermore, in all configurations, each BSS
is assumed to serve eight randomly dropped clients (STAs), each
with a different TCP-based application stream with a mix of uplink
and downlink traffic, including web browsing, email, video, and
voice, generating a stream of 30 Mb/s (MCS10) for each STA. In
addition, up to 20 AR/VR stations downloading content from the
APs are being dropped. AR/VR is modeled as a video stream with
16 ms inter-arrival time and 208 kB frame size at the application
level, resulting in 100 Mb/s data streams. A full list of other simula-
tion assumptions is contained in [2, Appendix 1].

It should be noted that in a managed network (e.g., enter-
prise), a network design with non-overlapping primary channels
among APs may be implemented to avoid excess performance
impact in non-collocated APs. However, there are no guarantees
for an interference-free primary channel in an unmanaged net-
work, such as an apartment complex.

ANALYSIS AND RESULTS

The distribution of delay for AR/VR streams running on one, two,
or three APs in deployment scenarios a, b, ¢, and d, and configu-
rations relevant to each deployment scenario are analyzed. More
specifically, the impact of the number of overlapping 320 MHz
channels corresponding to the amount of available spectrum is
analyzed.

The statistics of delay measured in the downlink direction at
each AR/VR client associated with its AP is created to extract the
maximum number of AR/VR streams that could be supported
while maintaining end-to-end delay for AR/VR streams below 10
ms for 99.9 percent of the time. CDF plots of delay for all the
analyzed cases are included in [2, Appendix 2], and results are
summarized in Table 1.

The deployment scenario and channel configuration from Table 1
represent the two current regulatory situations in the 6 GHz band in
countries/regions where license-exempt services are allowed, namely:
1. Availability of 500 MHz in the lower part of the band

(5925-6425 MHz)

2. Availability of the entire 1200 MHz (5925-7125 MHz)
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FIGURE 1. Wi-Fi 7 deployment scenarios a) single room with one
or two APs; b) two APs in two adjacent rooms; c) three APs in
three colinear adjacent rooms; d) three APs in three L-shaped
adjacent rooms.
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FIGURE 2. Global 6 GHz band channelization from IEEE
802.11ax and 802.11be (Wi-Fi 7).

Configuration 1
’ BSS1

Configuration 2

50% BSS2

Configuration 3

15% BSS2

75% BSS3

Configuration 4 (0% overlap)
: BSs1| BSS2 BSS3
|

5945 6025 6105 6265 6425 6585 6905

MHz

FIGURE 3. Various configurations of the 320 MHz channels
considered in the simulations.

To assess the impact of available spectrum on major system
KPls, end-to-end latency in the downlink for AR/VR streams to
clients was analyzed in various deployment scenarios and chan-
nel configurations. For each deployment scenario/channel con-
figuration pair, delay statistics for each stream were derived from
simulations. Table 1 provides a summary of the findings.

For each scenario, Table 1 reports:

+ Maximum number of traffic streams per AP supporting
99.9-percentile delay below 10 ms
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Delay (ms) for worst AR/VR stream per AP for the configuration with maximum number of supported streams over AR/VR frames

Max APo AP1 AP2
. Channel AR/VR
Scenario P i +
configuration | s ”ea:;f Max | 98% | 99% | 999% | Max | 98% | 99% | 999% | Max | 98% | 99% | 999%
per
1,1AP 7 135 4.1 4.6 6.6 n/a n/a n/a n/a n/a n/a n/a n/a
a 1,2 AP 1/1 13.4 59 67 8.6 4.2 5.7 6.4 9.6 n/a n/a n/a n/a
1,3 AP o/o/o 185 8.6 103 17.6 22.4. 10.0 1.6 17.8 184 12.8 14.0 17.8
1,1 AP 3 139 47 51 73 n/a n/a n/a n/a n/a n/a n/a n/a
a (160
MHz) 1,2 AP o/o 17.4 8.2 91 13.8 19.3 81 9.6 13.2 n/a n/a n/a n/a
1,3 AP o/o/o 389 13.6 18.4 26.4 384 4.8 188 279 32.7 15.0 16.8 26.4
a 2 o/o 22.8 89 10.6 16.4 253 10.8 12.5 19.7 n/a n/a n/a n/a
b 2 1/0 4.5 59 7.0 99 59.2 24.9 29.3 43.4 n/a n/a n/a n/a
3 1/0/0 18.6 47 5.2 73 61.2 33.1 379 555 5LI 24.5 282 43.0
C
4 71717 2.8 53 65 87 167 53 59 82 125 50 59 93
¢ (160
MHz) 4 3/3/3 173 39 43 58 6.4 39 4.2 54 127 4.1 4.5 65
d 3 o/o/o 17.0 70 80 123 958 | 402 | 495 769 995 | 699 | 795 952

TABLE 1. Summary results.

+ End-to-end delay statistics for the worst AR/VR stream in the
form of maximum, 98-percentile, 99-percentile, and 99.9-per-
centile values
This data shows that baseline case a1 can support up to 7 AR/

VR streams with 99.9-percentile delay below 10 ms. However, in any

other configuration involving more than one AP, the end-to-end delay

is significantly impacted by the addition of clients/APs except for c4.
Availability of three non-overlapping 320 MHz channels in c4
brings the performance for all clients/APs back to a level similar to
the baseline case per room. Using 160 MHz channels in a1 and
c4 reduces the number of supported streams with delays below
10 ms to 3 and 3/3/3, respectively.

CONCLUSIONS

Network performance for emerging delay-sensitive residential,
enterprise, and industrial applications of Wi-Fi 7, such as AR/VR
and Industrial 10T, is impacted by the amount of available spec-
trum. In isolated and lightly loaded scenarios with a single 320 MHz
channel, the end-to-end delay of AR/VR packets can stay below
the target level of 10 ms for 99.9 percent of the time. However, in
environments characterized with moderate to high traffic load (e.g.,
enterprises, dense residential complexes, hotspots), it is demonstrat-
ed that a single 320 MHz channel would not be able to maintain
the end-to-end delay and reliability requirements of AR/VR applica-
tions. Only the availability of three non-overlapping 320 MHz chan-
nels would be able to cope with the increase in demand and keep
the performance at acceptable levels for highly loaded scenarios.
This study indicates that if regulators only authorize the lower
500 MHz of the band (5925-6425 MHz), meaning that only a
single 320 MHz or three 160 MHz channels is made available, a

significant number of moderate to demanding future applications
will not function as intended, and hence residential, enterprise,
government and Industrial 1oT users would not adequately benefit
from these applications. Wi-Fi 7 will need access to three non-over-
lapping 320 MHz channels to meet the demand of emerging
applications. As shown here, this goal can only be achieved if
the entire 6 GHz band (5925-7125 MHz) is made available for
license-exempt operation.
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