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One of the core design principles of IEEE 802.11 networkhésutse of a simple, fixed channelization structure.
The entire available spectrum is divided into smaller clestrof equal channel-width (i.e., or bandwidth, in electrical
engineering terms), and every node operates on a specifimehat any time. Each channel is allocated the same
amount of spectrum, albeit on different frequencies. Faneple, the 2.4GHz ISM band has 11 channels whose center
frequencies are separated by 5 MHz width, of which three areaverlapping channels each occupying 20MHz of the
frequency spectrum. The reason for defining channels of fixgatiori defined channel-width is primarily simplicity.
Network planning and coordination as well as the PHY and Magel protocols become simpler if the width of the
channel remains fixed.

This fixed channelization structure is deeply ingrainedha wireless networking community and, by now, is
typically taken for given. Consequently, the focus of resbehas been almost exclusively on improving wireless
network performance within the scope of fixed channelizatibhe problem with this approach is that it ignores the
possibility that the fixed, equal-width channelizatiorusture itself may be a fundamental cause of many problems
encountered in today’s IEEE 802.11-based networks.

In this work, we take a fresh look at the channelization inEED2.11 networks how that it is 1) practically doable
and 2) actually beneficial to adaptively change the chawith of wireless communication channels. Our experi-
ments show that even with current, off-the-shelf networnldsauch as the Atheros card, it is possible to dynamically
change the channel-width to, say, 5MHz, 10MHz, 20MHz, or #H\h software, as shown in Figure 1(a). This in-
dicates that the hardware limitations of the IEEE 802.14ebldixed channelization are by no means insurmountable,
and gives us a completely unexplored knob (among the popuisting knobs that researchers have investigated are
transmission power, coding schemes and modulations, guémcy assignment), that can be used to optimize wireless
systems.

We performed extensive measurements both in a controlidgesing signal attenuator, and in real-world set-
tings both in an indoor network and outdoors. Intriguinglyyr measurement results show that this novel knob may
be a particularly powerful one. Our measurements indidaeddaptively varying the channel-width of channels has
positive impact on many of the other major desirable meiriosireless networkingrange/connectivity, andpower
consumption, throughput, andsystem capacity.

Specifically, through our measurements, we make the follgwbnclusions:

e At small communication distances, throughput increaséls ehiannel width. The increase in not proportional to
the channel width due to MAC layer overheads.

e Decreasing the channel increases communication range et"e3glB improvement by halving the channel width
due to better SNR. Narrower channel widths also have betwlience to delay spread. This is illustrated in
Figure 1(b). When the sender and receiver were separatedbbgeadistance, higher throughput was obtained on
the narrow channels.

e Narrower channel widths consume lesser battery power wledisg and receiving packets, as well as in the idle
states. A 5 MHz channel width consumes 40% lesser power vaherand 20% lesser power hen sending packets
than 40 MHz channel with.

A wide vareity of applications can leverage these propgudiearrow channels to improve wireless performance.
For instance, we can now have higher range at still save pdwerquantities which were always in conflict earlier.
In this section, we discuss a few applications. The readepcabably think of many others. In general, we believe
that dynamically adapting channel width can benefit mostesmpf wireless networks.

1. Load balancing for hotspots or enterprise WLANSs. Large scale WLANs can have a skewed distribution of
clients near individual APs, and load balancing becomesiarto provide capacity and ensure fairness. To address
this problem, researchers have proposed a multiplicityobft®ons that can broadly be classified into three categorie
depending on which configurable network parameter is useth®optimization. The most popular techniques are
based on i) client-AP association ii) transmission poweiticd (cell-breathing) and iii) intelligent channel assigent
(i.e., adapting the center frequency); or combinationeetbie These solutions, while useful, provide limited betsefi

1A channel in a wireless network is the frequency spectrunclbtmver which nodes spread their transmissions. A channégfised by its
center frequency and channel-width.



20 MHz ¥ 10 MHz 5MHz
2.5
z
E— 2
5
£ 15
[
3
e
= 1
=
0.5
0
6 9 12 18 24 36 48 54
Center Freq 2412 GHz Span 40.000 MHz 802.11g data rate (Mbps)
(a) Screenshot of the spectrum analyzer showing 20MHz, (b) UDP throughput of a flow when the sender and re-
10MHz and 5MHz signals. ceiver are separated by 162 meters outdoors. The x-axis

represents the G data rates for different physical layer
coding schemes. Signals propagate better over lower
bandwidths

For instance, one way to reduce load on an AP with many clasatslis to reduce its power so that it serves fewer
clients; but this can potentially cause clients close te &P to associate to distant APs, which hurts performance.
Similarly, while adapting center frequency helps minimizterference, it does not reduce load on APs with many
close clients. In a sense, these solutions try to alleviseymptoms, rather than solving the cause of the problem.
In contrast, adapting channel width can provide a more taad conceptually cleaner solution. APs could be
dynamically allocated channels of different widths (ceadteon different frequencies) where the width of an AP’s
channel is determined based on traffic demand of clients ih@&d the number of interfering APs in its vicinity.
We have proposed a spectrum allocation scheme for this gmobi [1]. Preliminary results show that this scheme
significantly improves total network throughput and pregestarvation for clients that connect to popular APs.

2. Better support for QoS intensive applications. VolIP is becoming increasingly desirable for WLANS, but its
usage is marred by interference from bursty data traffic amar pattery lifetimes. The capabilities provided by
narrow channels—both in terms of increased range and rexdfuictbattery power consumption—make it suitable for
VolIP applications. One concrete solution is to set asideo&c/channel” on which data traffic is not sent. The width
of this channel can be based on the workload. It will typicake narrow given the low bandwidth requirements of
voice traffic. Thus, we can obtain high VolP performance withsetting aside a bigger than needed chunk of the
spectrum and at the same time, improve the battery lifetip®wer constrained WiFi devices.

3. Improved connectivity at edges. One of the benefits of narrow channels is an increase in rargs.capability
can be harnesssed to provide enhanced wireless coverageorAfRe periphery of office buildings can be assigned
narrower channels to increase their coverage region, &dlygo corners that are otherwise hard to reach [2] without
a highly dense deployment of APs.

4. Improved capacity in mesh (multi-hop) networks. Early experiences with city-wide wireless mesh networks
suggest that their total capacity is an important limitatie.g. [3]. Adapting channel widths can help alleviate the
capacity problem. When different channel-widths are ated to “links” based on the traffic they carry, many links
may operate on a narrower channel, leaving more spectruthddreavily-loaded links. (This assumes that nodes have
multiple radios so that they can operate on multiple chapdlso, as multiple flows on narrow channels provide
higher overall throughput than a single wide channel thal wapacity of the mesh backhaul can be improved.
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