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ABSTRACT

With the explosive growth of data traffic over
wireless access networks, the use of the millime-
ter-wave band becomes inevitable due to the
spectrum scarcity in lower frequencies and the
availability of large chunks of underutilized spec-
trum in this band. The rapid evolution of wire-
less technologies and co-existence of legacy and
emerging wireless infrastructures are leading to
complex network operation scenarios. For instance,
to achieve the orchestration of co-existed networks
and a large number of devices, dynamic operations
of conventional distributed WLANs will become
extremely challenging. Various technologies such
as dense network deployment, dual-band cooper-
ation, C-RAN, and Al, which have been developed
for cellular networks, could be adopted to achieve
intelligent and efficient WLAN operations. To meet
the future traffic requirements of evolving WLAN,
this article first outlines the architecture of future
WLAN and the corresponding challenges. A cen-
tralized control architecture, named WLAN C-RAN,
is proposed to achieve orchestrated coordination
and improved network throughput. Critical tech-
nologies of WLAN C-RAN, for example, dual-band
protocol stack and resource management schemes
are also developed, and the simulation results
demonstrate the improvements on system capac-
ity. Finally, we present some potential challenges
and feasible solutions for the future WLAN.

INTRODUCTION

In conventional wireless local area networks
(WLANS), the low frequency (LF) transmission in
the 2.4 and 5.8 GHz unlicensed bands (also called
LF interchangeably) is relatively reliable, and the
related technologies are well studied. However,
the landscape of wireless communications is turn-
ing to higher frequency band due to the grow-
ing data traffic and the spectrum crunch in LF.
High frequency (HF) millimeter-wave (mmWave)
band (also called HF interchangeably) with range
of 30-300 GHz, has tremendous underutilized
unlicensed frequency resources and has already
been adopted by IEEE 802.11ad/ay standards
(802.11ad/ay for short) [1, 2]. However, high
attenuation of mmWave band signal significantly
limits its reliable communication distance in line-
of-sight (LoS) scenarios [3]. Moreover, mmWave
communication is more vulnerable to complex
environments since it can be severely affected
by blockages due to poor diffraction. To over-

come these constraints, beamforming is adopted
in mmWave band communications to provide
high directional gain and compensate the signal
attenuation [1, 2]. In addition, in order to solve
the blockage problem of mmWave communica-
tion, the method of finding redundant links is lev-
eraged in beam tracking, HF and LF cooperation
and relay operation [1, 4]. Beam tracking allows
both transmitter and receiver to measure the
neighbor backup beams of the current beam by
appending training units. The Fast Session Transfer
(FST) mechanism allows the ongoing HF traffics
between transmitter and receiver to be trans-
ferred to LF in case of blockages. The relay oper-
ation can be regarded as another remedy method
in which the transmitter will find a relay station to
form multi-hop transmission to the receiver.

During the last two decades, the [EEE 802.11
based WLAN has developed rapidly around the
world. This low cost and highly efficient access
technology has become the mainstream of indoor
wireless networks, and will play a critical role in
enabling smart cities. In some bandwidth-hungry
scenarios, such as enterprises, factories, university
campuses, stadiums and libraries, the dense deploy-
ment of WLAN is greatly needed to improve the
system throughput by improving the signal quality
and frequency reuse factor. In addition, high-per-
formance products and new 802.11 standards
with appealing features will be introduced to meet
manifold traffic demands [5]. Given the different
variation of 802.11 standards, this article only con-
siders 802.11ad/ay and 802.1Tax. Among them,
802.11ad is a groundbreaking WLAN standard to
leverage the mmWave 60 GHz unlicensed band
for pencil-beam directional communication and
very high transmission rate [1]. While operating in
the 2.4 and 5 GHz bands, 802.11ax is a great leap
in achieving ubiquitous connectivity. It allows sta-
tions (STAs) to transmit concurrently by using some
mechanisms such as basic service set color and
multiple network allocation vectors [6]. Thus, it can
improve spatial sharing and transmission efficiency
in dense network (DN). Furthermore, 802.11Tay
is an extension of 802.11ad, intending to provide
ultra-high-speed directional communications [2],
and it paves the way for beamforming and beam
tracking, channel bonding and aggregation, sin-
gle-user/multi-user multiple-input multiple-output,
spatial sharing and so on [4].

Current WLANS are operated in a de-central-
ized way with independent working access points
(APs). The benefits of this framework include low
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deployment cost and the elimination of signal-
ing overhead for inter-AP coordination. Howev-
er, the de-centralized operation cannot support
interference minimization and resource scheduling
among co-existing APs in a complex environment.
In particular, with current de-centralized operation
mechanisms, it is impossible to support mobility
through coordinated APs. When an STA moves,
the coordination among multiple APs close to the
STA plays a crucial role in guaranteeing seamless
handover. In this regard, an efficient central con-
trol and unified coordination architecture is nec-
essary to achieve global optimization of resource
allocation. Along this direction, Yang et al. [7]
solved load balance and access problems under
the Access Controller-AP architecture in WLANs
to improve the aggregated throughput and user
fairness; however, only the LF band operations
were considered in [7]. Dely et al. [8] proposed a
CloudMAC architecture that could be integrated
with OpenFlow to achieve similar performance
as normal WLANs while implementing novel ser-
vices faster and easier. Dezfouli et al. [9] summa-
rized the central control mechanisms operating on
Software-Defined WLAN and identified some key
challenges and solutions for user association and
channel assignment. However, only the network
layer operations were considered in these works
instead of the MAC layer, and they did not consid-
er the trends and characteristics of future WLAN,
such as mmWave communication and dual-band
cooperation in 802.11ad/ay.

To the best of our knowledge, the combination
of cloud-based centralized architecture in mmWave
WLAN has not been well investigated. In this arti-
cle, the WLAN architecture and the state-of-the-art
technologies corresponding to the latest 802.11
standards are summarized. The related challenges
based on future traffic requirements and evolution
trends of WLAN are also discussed. Meanwhile,
a central control framework named WLAN cloud
radio access network (W-CRAN) is proposed, con-
sidering both the reliability of LF and the high rate
directional transmission of HF. In W-CRAN, the
control functionalities of AP are transferred to the
central control units (CCUs), which can get massive
information (e.g., link quality, channel state infor-
mation, and AP load condition) from APs and STAs
to allocate wireless resources optimally. Then, the
beam management and AP selection schemes are
proposed, and its performance simulation is given.
Furthermore, some future perspectives are present-
ed. Finally, the article is concluded.

KEY ISSUES FOR FUTURE WLANS ARCHITECTURE

This section gives an overview of the state-of-the-
art technologies in current WLAN architecture,
and introduces some potential technologies for
future WLAN design.

DENSE NETWORK AND AP COORDINATION
In supporting the ever-growing data traffic in
WLAN, multiple APs will be deployed in a hotspot
to form a DN. It can improve the system capacity
through spatial sharing, realize a blanket signal
coverage, and meet the forthcoming trends of
massive wireless communication devices. Howev-
er, densely distributed APs in the network makes
the distance between AP and STA even smaller,
thus it will increase the interference of STAs since

there are more APs transmitting in the downlink
concurrently. Meanwhile, more operating APs
means more energy consumption of the network
[10]. Therefore, in achieving effective interference
coordination and flexible resource scheduling, full
coordination among neighboring APs with the
help of a central controller becomes necessary.
The IEEE 802.11ay draft and the related proposals
have taken this coordination as a solution, aiming
to improve the wireless resources utilization and
reduce interference among devices, which are
still in their infancy. Apparently, it is imperative to
design an efficient AP coordination or centralized
control mechanism in DN to provide much larger
coverage under certain interference level.

DUAL-BAND COOPERATION

Due to the limited coverage of mmWave signal
and its instability, it is generally appropriate for
short distances and LoS environments. However,
the LF band has the benefits of wider coverage
and stronger signal diffraction capability. The dual-
band integration of HF and LF, which possesses
both high capacity and high robustness, has been
widely studied in cellular networks [11]. Neverthe-
less, it has not been investigated well in WLAN.
Although 802.11ad defines FST operation [1],
enabling the device to switch between HF and LF,
it can only allow the device to work on the same
frequency band at a time. Therefore, in the future
WLAN, it is necessary to consider that the device
can concurrently work on two or more frequen-
cy bands, which not only ensures the transmis-
sion stability but also improves the transmission
rate. Meanwhile, the control information will be
transmitted only once in an omnidirectional pat-
tern through LF, so it can avoid being transmit-
ted to all beam directions in a directional pattern
through HF. In this way, the substantial signaling
overhead and delay can be saved. Such a coop-
eration mechanism can be leveraged in WLAN
to implement beam training, beam tracking, and
data transmission. For the matter of handover,
the LF can ensure the seamless switching of the
STA between the source AP and target AP by
maintaining control information unbroken. Con-
sequently, how to improve the STAs’ quality of
experience (QokE) by using dual-band cooperation
remains a promising research topic.

CLoun Rapio Access NETWORK

Figure 1 shows the evolution of wireless network
architecture. In a cellular network, C-RAN is a typ-
ical centralized control architecture which trans-
fers the building baseband unit (BBU) of each
base station (BS) into a central office [12]. These
BBUs connect with remote radio heads (RRHs)
via optical fibers. The RRHs only have simple
physical radio frequency (RF) and are commonly
deployed in hotspots to provide high data rate
services. In this way, it can reduce the cost of
network deployment, energy consumption, and
system complexity. Furthermore, user mobility
management becomes simple and effective under
the control of BBUs. However, C-RAN has limited
fronthaul capacity, which is detrimental for the
total throughput of the system.

To address this limitation, heterogenous C-RAN
(H-CRAN) is proposed [13], which takes advantage
of heterogeneous networks (HetNets) and C-RAN.

Due to the limited
coverage of mmWave
signal and its insta-
bility, it is generally
appropriate for short
distances and LoS
environments. How-
ever, the LF band has
the benefits of wider
coverage and stronger
signal diffraction capa-
bility. The dual-band
integration of HF and
LF, which possesses
both high capacity and
high robustness, has
been widely studied
in cellular networks.
Nevertheless, it has not
been investigated well
in WLAN.
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While Al is a better
alternative which can
get the historical data
from wireless network
and map it to the
agent. Then, through
continuous training in
the offline stage, it can
simulate the relation-
ship between the input
and desired output

of the agent in the
online stage. Thus, it
can adjust the resource
allocation intelligent-
ly, according to the
changes of wireless
network environment,
eventually to achieve
real-time processing
with simple
computations.
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FIGURE 1. The system architecture evolution of cellular network and WLAN.

The control plane and user plane in H-CRAN are
decoupled where the control information and sys-
tem broadcasting information are transferred on the
backhaul between BBU Pool and macro BS. Some
users can have access to macro BS to alleviate the
deficiency of limited fronthaul capacity and delay.
Meanwhile, it inherits the merits of C-RAN, which
has less network energy consumption, less deploy-
ing cost, and improves the spectral efficiency.

Although the existing WLAN standard has
been developed from 802.11a/b/n/ac to cur-
rent 802.11ad/ay/ax, its architecture paradigm is
always distributed. That is, STAs are served by the
AP whose coverage can reach them. There is no
centralized control node to manage the resource
of the entire network, and the optimum wireless
resource allocation cannot be obtained. In contrast,
C-RAN not only saves baseband processing unit
resources and improves the efficiency of resource
utilization, but also enhances the flexibility of net-
work updating, and reduces capital expenditure
and operating expenditure. Therefore, it is neces-
sary to make a foray into cloud-based architecture
in WLAN to improve network performance. Thus,
the existing protocols and functionalities need to
be adjusted on the AP side and transferred to the
remote cloud for the centralized control.

ARTIFICIAL INTELLIGENCE ENABLED NETWORK MANAGEMENT

In the era of data deluge, artificial intelligence (Al)
is a powerful technique to manage massive infor-
mation. Using optimization theory to solve the
problem of wireless resource allocation requires
many complex and nonlinear computations, which
results in disparities of theoretical researches and
practical applications, and thus it can be hard to
achieve real-time processing [14]. While Al is a
better alternative which can get the historical data
from wireless network and map it to the agent.

Then, through continuous training in the offline
stage, it can simulate the relationship between the
input and desired output of the agent in the online
stage. Thus, it can adjust the resource allocation
intelligently, according to the changes of wireless
network environment, eventually to achieve real-
time processing with simple computations.

From the review of the current literature, Sun et
al. [14] solved an NP hard power allocation prob-
lem through a deep neural network (DNN) in a low
complexity but high accuracy way. Zhou et al. [15]
also used DNN to solve the resource allocation for
mmWave 802.17ay in terms of STA scheduling,
power allocation, and beamwidth. Both simulations
proved the superiority of Al over traditional algo-
rithms in terms of computational complexity.

Figure 2 presents a model of Al in WLAN,
where DNN is used as an example. In 802.11
networks, if an AP has Al capability, it can use the
information (e.g., transmission power, link quality,
and load condition) collected from the interactions
with STAs, and after data processing, the informa-
tion can be infused into DNN. The optimized out-
put is obtained through the forward network and
the error between this optimized output and the
data label obtained from 802.11 networks can be
calculated. It is necessary to adjust the parame-
ters in DNN iteratively to reduce this error. After a
series of Al training, it can simulate the changes of
wireless network in real time and allocate the wire-
less resources intelligently. Figure 2 also enumer-
ates some problems to be solved with Al in WLAN.

CLoun BaseD WLAN ARCHITECTURE
This section introduces a cloud-based WLAN
architecture as an infrastructure network and
proposes a dual-band protocol stack to meet the
demand of high capacity, massive data traffic, and
large-scale connections.

1n
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FIGURE 2. An example when Al meets WLAN.

SYSTEM ARCHITECTURE

Figure 3a shows the W-CRAN architecture.
W-CRAN is densely deployed with g APs which
are denoted as {AP 1, AP 2, -, AP j, -, AP g},
and n STAs which are denoted as {STA 1, STA 2,
-, STA i, -, STA n}. Each AP is configured with a
content server, which can cache some popular
content during the off-peak period to alleviate
the transmission delay and save signaling over-
heads. Each STA supports HF and LF protocols,
and they can be mobile phones, cars, unmanned
aerial vehicles (UAVs), residential or office hubs,
depending on the specific scenarios. In addition,
CCUs can manage the wireless resources for AP
and STA, and its protocol stack is also combined
with HF and LF. The CCUs can provide reliable
connections with STAs through LF links. AP can
perform association, authentication, beamform-
ing, and data transmission.

The communication in W-CRAN is similar to
the control/user plane decoupled architecture in
[11]. That is, HF is used to transmit data flows,
improving transmission rate, while LF is used to
transmit system scheduling information, ensur-
ing the reliability of communication. To reap the
full benefits of HF and LF in W-CRAN, STAs not
only can communicate with CCUs through LF
(gray shadow in Fig. 3a), which is mainly used for
scheduling information transmission to guarantee
the QoE without sharp decline, but also can com-
municate with the serving AP through direction-
al links on the mmWave band (yellow beams in
Fig. 3a), which can improve transmission rate and
reduce interference. The fronthaul refers to the
high-speed mmWave links (red beams in Fig. 3a)
between APs and CCUs, which carries high rate
directional communications. With a certain height
of CCUs and APs, the directional links between
them can be regarded as LoS, which naturally
avoid the blockages. Thus, the scheduling infor-
mation can be transmitted by HF. Figure 3b pres-
ents the main functions of each entity in W-CRAN.

Specifically, the physical layer (PHY) of CCUs
includes HF_PHY and LF_PHY, where HF_PHY
is used to communicate with APs via mmWave
beams, and LF_PHY is used to transmit the sched-
uling information and some burst data flows to
STAs. Similarly, the enhanced medium access con-
trol (eMAC) layer is also divided into HF_MAC and
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FIGURE 3. The W-CRAN architecture and its functionalities: a) architecture of
W-CRAN which is composed of CCUs, AP w or w/o content server, and
different terminals; b) functions of entities in W-CRAN.

LF_MAC. It not only has the conventional MAC
functions, but also has unified scheduling functions
such as load balance, AP selection, and beam man-
agement, to coordinate each AP and STA. These
functions are achieved by dual-band station man-
agement entity (DB-SME) in MAC layer of CCUs.
CCUs can efficiently manage the wireless resourc-
es of the entire network via the information from
each AP and each STA. The contents cached on
servers are determined by CCUs based on the STA
distribution and traffic demands. The interference
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mitigation schemes can also be obtained by CCUs W-CRAN can be implemented by Al methods such

through the information collected from the net- as reinforcement learning and DNN. This will be
work. discussed later.

Besides, CCUs have Al functionality. All the Other characteristics of W-CRAN are summa-
APs and STAs can be regarded as an Environ- rized as follows:
ment where massive information comes out, while + The function of AP is degenerated by transfer-
CCUs can be regarded as an Agent. The real-time ring the coordination function to CCUs. AP
optimum management of wireless resources in can report the collected information to CCUs,

which will dispatch the scheduling decisions to
APs and STAs through HF and LF, respective-
ly. Thus, CCUs can transmit directly to STAs
through LF, which alleviates the limited capacity
of the fronthaul.

+ There is a fixed beam pair between CCUs and
each AP because of their fixed positions. Name-
ly, there are m beams doing beamforming train-
ing in 802.11ad, while the AP in W-CRAN only
uses m - 1 beams to participate in the training.
Meanwhile, the use of wireless fronthauls other
than optical fibers, can improve the flexibility of
network deployment and upgrade.

+ CCUs has centralized coordination and access
capabilities that can transmit scheduling infor-
mation and burst data flows to STAs through
LF to better support user mobility and relieve
the problem of link interruption when HF link
is unavailable. Therefore, it can significantly
reduce the link interruptions stemming from
hard handover happening in conventional
WLAN systems and reduce latency caused by
blockages.

+ W-CRAN is upgraded from the original WLAN

FIGURE 4. Dual-band protocol stack framework. which only provides single service like data

transmission, to a comprehensive infrastructure

: network which supports the combination of
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DUAL-BAND PROTOCOL STACK FRAMEWORK

The MAC layer and PHY layer in IEEE 802.11
both have corresponding entities, and they
serve the upper layer via service access point
(SAP) [1]. MAC SAP refers to the MAC service
access point, which provides services to the log-
ical link control layer. There is a MAC sublayer
management entity (MLME), which interfaces
with MLME SAP. All the services (e.g., power
management, synchronization, authentication,
association and channel measurement) provided
by MLME must pass through MLME SAP before
being sent to the station management entity
(SME) for further processing. The PHY sublayer
management entity (PLME) SAP is PLME SAP,
which provides services to the MAC layer. The
PLME performs management of the local PHY
functions in conjunction with MLME. To facilitate
the unified operation and management of the
MAC layer and PHY layer, the SAP in MAC and
PHY are controlled by SME.

In view of the characteristics of HF and LF,
it is necessary to support both protocols simul-
taneously in the future WLAN. Figure 4 shows
the protocol stack framework of DB-SME which
makes CCUs transmit and receive in HF and LF
concurrently. The HF and LF SMEs are controlled
by DB-SME (dotted arrows in Fig. 4), which is
responsible for setup, configuration, teardown,
and transfer of sessions from one band to anoth-
er. Each MAC sublayer has a separate MAC SAP
and MLME SAP, and different SMEs have different
RFs and PHYs. The two SMEs share the same set
of robust security network association (RSNA)
key. Once the STA connects to any device (HF
AP or LF CCUs) in W-CRAN, its information can
be shared with them. It indeed saves the proce-
dure of second access. The two frequency bands
of CCUs can report the information (e.g., beam
information and link quality status) to DB-SME
through their respective SMEs, and then the
resource allocation results are returned to each
SME, and they are finally transmitted to the corre-
sponding AP and STA.

RESOURCE MANAGEMENT SCHEMES
Based on the W-CRAN discussed above, the cor-
responding beam pairing and updating, and AP
selection process will be presented in this section
to promote the network performance.

BEAM PAIRING AND UPDATING
It is assumed that the paths between CCUs and
APs are basically LoS and fixed in W-CRAN
because they are relatively high. It is also assumed
that STAs are already connected with CCUs
through LF before the transmission with APs.
Thus, the beam pairing and updating process is
only considered among APs and STAs.

As discussed before, the load imbalance of
APs will degrade the network performance in
terms of the unavailable services in overload
APs and the redundant wireless resources in
underload APs. Therefore, we take the load bal-
ance into consideration in the beam pairing and
updating process, and define a commuted SINR
(cSINR): cSINR; ; = SINR; i/N;, where SINR; ; is the
SINR value between AP j, and STA i, N; is the
number of STAs in AP j. Both the link qua(ity and
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FIGURE 6. Overall capacity comparison between the conventional WLAN and

W-CRAN in terms of the number of STAs.

the number of STAs served by the AP are con-

sidered in cSINR. Thus, STAs can be assigned to

an AP which has higher quality of service (QoS)
and lower load condition. The specific process is
divided into two steps:

+ Each AP conducts its beamforming training
in turn with each STA, which is in line with
802.11ad [1]. Then both AP and STA get their
list of the best transmitting and receiving beam
pairs. Thus, the beam pair table (BPT) at each
AP can be obtained, which contains the highest
SINR values of the beam pairs between APs
and STAs.

+ Each AP reports its BPT to CCUs, then cSINR;;
is calculated by CCUs according to BPT. Finally,
the complete BPT (CBPT) which includes the
cSINR values of n STAs and q APs is estab-
lished.

AP SELECTION
For the purpose of finding an AP that can pro-
vide higher QoS for STAs, the load of AP is critical
in addition to the SINR. This can be implement-
ed effectively in W-CRAN because CCUs has
global information and both the load of AP and
SINR can be taken into account. Specifically, as
shown in Fig. 5a, each AP periodically reports its
BPT to CCUs. When SINR;; < SINRy, because of
the interference or blockage, STA i should rese-
lect an AP to continue its communication. We
assume that AP k is the AP which has the highest
cSINR with STA i, which means cSINR;; < cSIN-
Rik. Then, CCUs transmits a Handover Request
frame (Handover Request field = 1) through HF
as shown in Fig. 5b, to inform the target AP k of
the information of STA i and reserving resources.
Meanwhile, CCUs transmits a Handover Request
frame (Handover Request field = 1) through LF,
to inform STA i of the information of the target
AP k. Wherein RA and TA fields are the receiv-
ing and transmitting address respectively, Beam
ID field indicates which beam to be switched. If
AP k cannot serve any more STAs because of its
load condition, then the second highest cSINR; ;/
will be selected. Repeat the above searching pro-
cess until an underload AP is selected. Then, STA

IEEE Wireless Communications * February 2020

175

Authorized licensed use limited to: SOUTHWEST JIAOTONG UNIVERSITY. Downloaded on March 06,2020 at 02:03:03 UTC from IEEE Xplore. Restrictions apply.




In the future WLAN, AP
can be endowed with
certain resource man-
agement, computing,
and storage functional-
ities in delay-sensitive
scenarios. Namely,
C-RAN and F-RAN can
be combined together.
Some computations
are offloaded from the
central controller to
APs and diversified ser-
vices can be designed
according to different
needs of STAs.

i hands over to the target AP k, and AP j releases
resources for STA i. The authentication and asso-
ciation are omitted because the target AP k and
STA i have already gotten the information of each
other through the help of CCUs. Furthermore,
during the AP selection process, the LF connec-
tion with CCUs is always valid, which improves
the stability of the system.

In our simulation, the transmission power of LF
CCUs is 23dBm and Binary Phase Shift Keying is
selected as the modulation mode. For analytical
tractability, we adopt the ideal sectored antenna
model in our simulations, which considers the
antenna gain to be a constant for angles in the
main lobe, and to be a smaller constant in the side
lobe [15]. According to [6], CCUs can provide 400
meters’ signal coverage. There are 500 STAs ran-
domly distributed in CCUs. The positions of APs
are fixed and each AP has 15 beams available. The
transmission power of AP is 43dBm. It is assumed
that the transmitting beamwidth and receiving
beamwidth are 30 for APs and STAs. The carrier
frequency is 60 GHz and the bandwidth is 2.16
GHz, which are consistent with [1, 2]. In Fig.
6, depending on the global information collected
by CCUs, the network capacity of the proposed
scheme outperforms the conventional one which
just considers SINR without AP’s load condition.
And the denser the network is, the wider the per-
formance gap can achieve, which conforms to the
development trends of future WLAN.

FUTURE PERSPECTIVES
The future WLAN will be more sophisticated and
ubiquitous with the appearance of a large volume
of data traffic and various applications, and it is
urgent to introduce some other potential technol-
ogies. We suggest the following three key issues
as the future possible research directions.

Al

The target of improving system decision-making
efficiency and reducing resource processing laten-
cy can be hit through Al. In the future WLAN, the
central controller can collect massive information
from the network and infuse it into the intelligent
agent. Thus, it can respond adaptively and proac-
tively to the network changes (e.g., the number of
users and traffic requests) by continuous learning,
so as to obtain network-aware resource alloca-
tion. Besides, it can make predictions for wireless
resource scheduling such as beam alignment and
beam tracking to increase the timeliness of the
communication link.

While Al can simulate a complex algorithm
through simple iterative computations and make
the errors as small as possible, there may exist
some challenges:

+ How to translate the raw data into the Al-driv-
en networks? Because only by establishing a
good relationship between them, can we get
the expected results for the wireless resource
allocation.

+ The scale of a DNN is depended on several fac-
tors, such as the complexity of the problem, the
number of labeled samples and so on. An insuf-
ficient number of labeled samples will lead to
inaccurate output of the DNN. The higher the
number of them, the better the performance
of DNN will have. However, when it exceeds a

certain range especially in a complex network

environment, it will cause overfitting and there-

by increase the training time.

+ In dynamic scenarios, the topology of wireless
networks changes rapidly which will exacer-
bate the difficulties of its implementation. More
advanced techniques such as reinforcement
learning and deep reinforcement learning could
be considered.

Undoubtedly, massive data are of utmost impor-
tance at the juncture between wireless networks
and Al. How to combine them effectively under
the premise of overcoming the aforementioned
challenges is bound to be a nontrivial research
direction.

FoG-RAN (F-RAN)

F-RAN solves the deficiency of slow response in
C-RAN by sinking the centralized management
and computing functionalities of the cloud to the
BSs. Thus, these BSs can allocate wireless resourc-
es locally with an acceptable performance loss. In
this manner, the huge information generated from
the access network does not need to be trans-
mitted to the core network, which reduces the
number of transmission hops and enhances the
end-to-end real-time transmission capacity.

In the future WLAN, AP can be endowed with
certain resource management, computing, and
storage functionalities in delay-sensitive scenari-
os. Namely, C-RAN and F-RAN can be combined
together. Some computations are offloaded from
the central controller to APs and diversified ser-
vices can be designed according to different needs
of STAs. For instance, APs can serve higher QoS
STAs, while the central controller can serve lower
QoS STAs.

Device-To-Device (D2D)

D2D capable STAs can communicate with each
other directly (i.e., the blue beams shown in Fig.
3a). It can reduce latency, network loads and
congestions, because the relative signaling no
longer goes to the central controller. Therefore,
when taking the demands of different STAs into
account, this distributed strategy can be integrat-
ed into the network. When the central controller
participates in network scheduling, global opti-
mization is obtained; when the central control-
ler does not participate in network scheduling
for some STAs, D2D can meet the low latency
requirements of the future WLAN.

CONCLUSION

In this article, we have outlined some cutting-edge
technologies for future WLAN. Considering both
the rapid growth in data traffic and the advantag-
es of centralized control in C-RAN, we have pro-
posed a novel architecture named W-CRAN, along
with a dual-band protocol stack. In W-CRAN, the
information can be collected by CCUs, and the
global optimum resource allocation schemes can
be obtained by optimization theory or Al. Then we
have put forward the corresponding beam pairing
and updating, and AP selection schemes. Simula-
tion results have indicated that the AP selection
scheme could improve the network capacity. Final-
ly, we have provided some preliminary insights for
the potential research directions to further improve
the overall performance for the future WLAN.

176

IEEE Wireless Communications * February 2020

Authorized licensed use limited to: SOUTHWEST JIAOTONG UNIVERSITY. Downloaded on March 06,2020 at 02:03:03 UTC from IEEE Xplore. Restrictions apply.



ACKNOWLEDGMENT

The work of the authors was partially supported
by the NSFC Guangdong Joint Foundation under
Grant U1501255; NSFC High-Speed Rail Joint
Foundation under Grant U1834210; and 111
Project no.111-2-14.

REFERENCES

[11 “ISO/IEC/IEEE International Standard for Information Tech-
nology — Telecommunications and Information Exchange
between Systems-Local and Metropolitan Area Networks
— Specific Requirements — Part 11: Wireless LAN Medi-
um Access Control (MAC) and Physical Layer (PHY) Spec-
ifications: AMENDMENT 3: Enhancements for Very High
Throughput in the 60 GHz Band (Adoption of IEEE Std
802.11ad-2012),” ISO/IEC/IEEE 8802-11: 2012/Amd.3:
2014 (E), Mar. 2014, pp. 1-634.

[2] “IEEE Draft Standard for Information Technology-Tele-
communications and Information Exchange Between
Systems-Local and Metropolitan Area Networks-Specif-
ic Requirements-Part 11: Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHY) Specifications

[9] B. Dezfouli et al., “A Review of Software-Defined WLANSs:
Architectures and Central Control Mechanisms,” IEEE Com-
mun. Surveys Tutorials, vol. 21, no. 1, First Quarter 2019,
pp. 431-63.

[10] M. Kamel, W. Hamouda, and A. Youssef, “Ultra-Dense Net-
works: A Survey,” IEEE Commun. Surveys Tutorials, vol. 18,
no. 4, Fourth Quarter 2016, pp. 2522-45.

[11] L. Yan, X. Fang, and Y. Fang, “Control and Data Signaling
Decoupled Architecture for Railway Wireless Networks,”
IEEE Wireless Commun., vol. 22, no. 1, Feb. 2015, pp. 103~
11.

[12] M. Peng et al., “Recent Advances in Cloud Radio Access
Networks: System Architectures, Key Techniques, and Open
Issues,” IEEE Commun. Surveys Tutorials, vol. 18, no. 3, Third
Quarter 2016, pp. 2282-2308.

[13] M. Peng et al., “Heterogeneous Cloud Radio Access Net-
works: A New Perspective for Enhancing Spectral and Ener-
gy Efficiencies,” IEEE Wireless Commun., vol. 21, no. 6, Dec.
2014, pp. 126-35.

[14] H. Sun et al., “Learning to Optimize: Training Deep Neu-
ral Networks for Wireless Resource Management,” IEEE
Int’l. Wksp. Signal Processing Advances in Wireless Commun.
(SPAWC), Sapporo, Japan, July. 2017, pp. 1-6.

[15] P. Zhou et al., “Deep Learning-Based Beam Management
and Interference Coordination in Dense mmWave Net-
works,” IEEE Trans. Vehic. Tech., vol. 68, no. 1, Jan. 2019,

When taking the
demands of different
STAs into account, this
distributed strategy
can be integrated into
the network. When
the central control-
ler participates in
network scheduling,
global optimization is
obtained; when the
central controller does
not participate in net-
work scheduling for
some STAs, D2D can
meet the low latency
requirements of the

EC/Z:]Seer_]S;Z;nt 7: Enhanced Throughpuﬁt for Operation in pp. 592-603. future WLAN.
pt Bands Above 45 GHz,” IEEE P802.11ay/

D2.0, July. 2018 (amendment to IEEE Std. 802.11-2016),

pp. 1-673. BIOGRAPHIES

[3] H. Shokri-Ghadikolaei et al., “Millimeter Wave Cellular Net- KANUN CHENG (kaijuncheng@my.swjtu.edu.cn) received the B.E.
works: A MAC Layer Perspective,” IEEE Trans. Commun., vol. degree in communication engineering from Southwest Jiaotong
63, no. 10, Oct. 2015, pp. 3437-58. University, Chengdu, China, where he is currently pursuing the

[4] P. Zhou et al., “IEEE 802.11ay-Based mmWave WLANs: Ph.D. degree. His research interests include mmWave wireless
Design Challenges and Solutions,” IEEE Commun. Sur- communications, next generation WiFi, wireless resource optimi-
veys Tutorials, vol. 20, no. 3, Third Quarter 2018, pp. zation and management, and network architecture.

1654-81.

[5] WiFi Alliance, “WiFi Alliance publishes 7 for ‘17 WiFi pre- XUMING FANG [M’00, SM’16] (xmfang@swijtu.edu.cn) is a pro-
dictions,” Jan. 2017; http://www.wi-fi.org/news-events/ fessor at Southwest Jiaotong University, China. He held visiting
newsroom/wi-fi-alliance-publishes-7-for-17-wi-fi-predictions, positions with the Technical University Berlin, Berlin, Germa-
accessed July 4, 2019. ny, and with the University of Texas at Dallas, Richardson, TX,

[6] “IEEE Draft Standard for Information Technology-Telecom- USA. He has published approximately 200 high-quality research
munications and Information Exchange Between Systems papers in journals and conference publications. His research
Local and Metropolitan Area Networks-Specific Require- interests include wireless broadband access control, radio
ments — Part 11: Wireless LAN Medium Access Control resource management, multi-hop relay networks, and broad-
(MAC) and Physical Layer (PHY) Specifications: Amend- band wireless access for high-speed railways.
ment 6: Enhancements for High Efficiency WLAN,” IEEE
P802.11ax/D3.0, June, 2018 (amendment to IEEE Std XIANBIN WANG [$798, M99, SM’06, F'17] (xianbin.wang@uwo.
802.11-2016), pp. 1-682. ca) is a professor and Canada Research Chair at Western Uni-

[7] L. Yang et al., “Demand-Aware Load Balancing in Wireless LANs versity, Canada. His research interests include 5G technologies,
Using Association Control,” Proc. IEEE Global Commun. Conf. communications security, Internet-of-Things, signal processing
(CLOBECOM), San Diego, CA, USA, Dec. 2015, pp. 1-6. for communications, and locationing technologies. He has pub-

[8] P. Dely et al., “CloudMAC-An OpenFlow Based Architecture lished over 300 peer-reviewed journal and conference papers.
for 802.11 MAC Layer Processing in the Cloud,” Proc. IEEE He serves as an editor/associate editor for several IEEE journals.
Globecom Workshops, Anaheim, CA, USA, Dec. 2012, pp. He is currently an IEEE Distinguished Lecturer, a Fellow of IEEE,
186-91. and a Fellow of the Canadian Academy of Engineering.

IEEE Wireless Communications * February 2020 177

Authorized licensed use limited to: SOUTHWEST JIAOTONG UNIVERSITY. Downloaded on March 06,2020 at 02:03:03 UTC from IEEE Xplore. Restrictions apply.



