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Abstract 

Designing and deploying a high-speed, long-range wireless backhaul network 

using the draft 802.11ac wireless standard in order to reduce the cost for a business or an 

ISP to deliver bandwidth where it is difficult, or not economically feasible to deploy 

fiber-optic cable to that location. Deployment and testing will detail wireless link 

security, network redundancy using bonded interfaces and multiple wireless routes, the 

effect long-range distances has on 802.11ac bandwidth and latency, and also demonstrate 

remote management of the network. The project will also compare the cost and technical 

differences involved with building the network using 802.11ac wireless, versus fiber-

optic cable, or a commercially available wireless solution. 
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Introduction 
The goal of a network backhaul solution is to deliver bandwidth from point to point 

quickly, and reliably. A network backhaul can be utilized by a business or government 

for establishing connectivity between multiple sites within a metro area, and connectivity 

between warm/hot sites.  A network backhaul is also used by ISP’s and telecoms for 

delivering bandwidth to endpoints for customer access.  Existing backhaul solutions 

include wired solutions such as Ethernet, fiber optics, and contracted private circuits such 

as leased lines, and wireless backhaul solutions include both short-range and long-range 

microwave solutions. 

Statement of Problem 
While a wired backhaul solution such as fiber optic cable is superior to wireless in terms 

of bandwidth, there are many factors as to why a company would be unable to roll out a 

fiber optic based backhaul. According to Broadband.gov, the total cost for deploying a 

fiber optic network surpasses $100,000 per mile. The majority of these costs involve just 

the placement of the cable itself, not necessarily the cost of the equipment and materials 

itself. Along with the cost, a rollout can be complicated by right-of-way issues adding 

time and cost to the rollout, because of this a fiber optic backhaul rollout can take years 

(Wm. Roger Buell). Aerial fiber (attached to existing telephone poles) would be an 

alternative where available, but these have annual pole attachment costs that can range 

from $7 per foot, per year up to $20 per foot, per year depending on the rates charged by 

local utility companies (Broadband.gov). Leased lines are an available alternative where 

available, however still may have high startup and monthly costs associated with them. 

 

Wireless backhaul allows a business or organization to deliver bandwidth while avoiding 

some of the costs and clearances needed with wired backhaul. When evaluating wireless 

backhaul solutions, an organization should consider several factors; the reliability of the 

wireless connection, the available bandwidth, the maximum distance between the links, 

the security of the data over the wireless connection, any additional network latency 

introduced, the FCC requirements and restrictions, and the cost of the solution.  New 
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generation wireless backhaul solutions are available from several vendors that address 

and mitigate many of these issues, however they come at a high startup cost, ranging well 

above $50,000 per radio pair (Wireless Outfitters), and often need FCC approval and 

licenses in order to use (FCC). 

Description of Solution 
The proposed solution is to design a high-speed wireless backhaul solution to address 

these needs. The solution addresses the bandwidth speed requirements required in each 

situation, and has a minimum distance that would be usable in a real world scenario. The 

solution would need to be reliable, introduce minimal network latency, be practical to 

deploy, and offer cost savings over the available commercial solutions on the market. The 

solution should also be secure, allowing no unauthorized users to gain access to the 

network through the wireless link, and also secure the data transmitted over the link. The 

proposed solution should also have redundancy built in, and also have the option for 

monitoring, alerting, and the option for out of band management in order for an 

administrator to make configuration changes remotely. 

User Profile 
Three main users exist for this system, including network users, network installers, and 

network administrators. The primary users of this system are the network users, who will 

utilize the link. The network users will preform various tasks using the link, including 

access file shares, access enterprise applications, use the Internet, and perform other tasks 

that will utilize the wireless link. The presence of the wireless link should be transparent 

to the network users, and the tasks listed should function as normal, as if they were 

performed over a fiber optic or copper wired connection.  

 

Network installers are in charge of initially establishing and deploying the wireless links. 

They should have a strong knowledge of 5GHz wireless technologies, antenna theory, 

and site surveying. Network installers will be in charge of determining what is needed in 

order for a successful deployment. This may include surveying the sites involved, and 

using tools to determine items such as the height required, and type of antenna required, 
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and the amount of power required. They may also need to determine if a wireless relay or 

repeater would be needed in noisy or long distance links. The network installers should 

also have knowledge of the local building codes, and knowledge in how to properly 

ground an antenna setup incase of lightning strike. Network installers are responsible for 

establishing the connectivity between the wireless links. 

 

Network administrators are in charge of configuring and maintaining the wireless links. 

This includes the initial configuration and testing once the link is established, security 

setup, and modifying their existing network in order to best utilize the wireless link (For 

low priority/bulk network transfer, for backup connections, or for primary connections). 

The network administrator will also be responsible for monitoring the link status, and 

setting up alerts for high bandwidth/link saturation, link outages, or other network 

conditions. The network administrator may also access the out of band management 

network in order to make configuration changes to the radios, routers, and other network 

equipment.  
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Figure 1: Use Case Diagram 

Design Protocols 
The proposed solution utilizes various networking technology. The main wireless 

technology involved uses IEEE 802.11ac (Draft 2.0) equipment in order to achieve more 

wireless throughput over the current IEEE 802.11n wireless standard. The maximum 

theoretical bandwidth by the current 802.11ac specification is 1.3Gbps of aggregate 

bandwidth, using a 3x3 MIMO (Multiple-input Multiple-output) antenna configuration 

(450Mbps per antenna). The maximum theoretical bandwidth by current 802.11n 

equipment is 450Mbps of aggregate bandwidth, using a 3x3 MIMO antenna 

configuration (150Mbps per antenna). (Watson) The 802.11ac standard also exclusively 

uses the 5 GHz frequency, while 802.11n uses both 2.4 GHz and 5 GHz. 5 GHz offers 
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opportunities for more bandwidth, but less potential object penetration compared to 2.4 

GHz (Meaning a line of sight connection is highly recommended for best results). 

However, the 2.4 GHz band is crowded with consumer devices such as old 802.11a/b/g/n 

access points, cordless phones, Bluetooth, microwave ovens, and other consumer devices. 

 

This project operates on the UNII-3 (Unlicensed National Information Infrastructure) 

Upper wireless band, which ranges from 5.725 to 5.825 GHz. For unlicensed operations 

in this band, the FCC allows for up to 200 watts EIRP (Equivalent Isotropically Radiated 

Power), or how much “equivalent” power is allowed to be transmitted factoring in your 

actual power and antenna gain. (Air802)  

 

For specific radios/access points, the project uses four ASUS RT-AC66U access points, 

as they are currently one of the few 802.11ac products that offer external antenna options. 

The external antennas consist of high gain 5 GHz antennas, using four total antennas.  

The antennas chosen are Ubuquiti Networks RD-5G30 30dBi 5GHz gain dish antennas, 

with a frequency range of 5.1 to 5.8GHz. These antennas are each dual polarized, 

meaning they both receive and transmit on both the horizontal, and vertical planes. This 

results in greater noise reduction in the received signal, and a higher throughput in 

bandwidth over a single polarized antenna. A single, dual polarized antenna is also more 

compact, and more practical to deploy than two separate antennas of opposite 

polarizations. The RD-5G30 measures two feet in diameter, and is able to be mounted on 

any pole with a diameter of 1.5” through 4”, it includes a mounting bracket with a built in 

level and tilt adjustment. The antennas are complete with full weather protection, and an 

optional radome is available to protect the reflector and antenna feedhorn against ice and 

other environmental elements, the optional radome will also reduce the wind load on the 

antenna. 

 

Each test site has one router, the RB2011UAS-RM RouterBoard MikroTik based router 

in order to route the traffic between the four access points. The RB2011UAS-RM is a 

rack mount router with five Gigabit Ethernet ports, and 5 Fast Ethernet ports. It also 

features a console cable port for terminal access, a MicroUSB port for attaching USB 
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devices such as 3G modems (using a USB OTG cable), and a 1.5” touch screen, which 

can be configured to show router information, bandwidth graphs, or disabled if not 

needed. MikroTik’s “RouterOS” is the operating system running on the routers, and 

enables static and dynamic routing (RIP, OSPF, OSPFv3), and also supports various 

bonding protocols, EoIP (Ethernet over IP), Virtual Private Networking (PPTP and 

P2TP), VLANs, bandwidth logging & graphing, and also has several built in tools such 

as a ping test, bandwidth test, and network monitoring which Mikrotik calls “Netwatch”. 

RouterOS can be configured using the command line interface directly from the console 

port on the router, via telnet, a web browser (Command line or GUI), or using Winbox, a 

Windows based program. 

 

In order to access the network remotely, in the case of a complete network failure, 3G 

cellular modems are used to provide a backup connection to the network. The choice of a 

specific modem should be chosen depending on the mobile networks in the deployment 

area, however this project is configured using Virgin Mobile CDMA MiFi 2200 modems. 

Remote access network connection can be achieved using a wired Internet connection 

(DSL or cable for example), a mobile cellular connection, or a satellite based Internet 

connection. 

 

In real world deployment, each site should also have a UPS (Uninterruptible Power 

Supply) to cover the site in the case of brief power outages. 

Objective/Deliverables 
This project will use 802.11ac equipment for use in a high-speed, long-range point-to-

point wireless bridge. This is intended to supplement existing network connectivity (For 

low priority bulk traffic where a more expensive link may already exist), act as a primary 

connection between two sites (A hot/warm site, or a secondary office), act as a secondary 

backup link between sites (Taking over incase a primary link were to fail), or can be used 

to rapidly deploy bandwidth in temporary or emergency needs. This solution can also be 

used as a low cost wireless backhaul for use by ISP’s or telecoms. 

 



 7 

The wireless bridge will have more usable bandwidth over existing wireless deployments 

(Up to 900Mbps of aggregate bandwidth as described in the 802.11ac specification), and 

offer multi-mile distances between links. 

 

Using four access points will allow the network to operate in a “full-duplex” mode, 

designating one pair as the “primary transmit”, and the other pair as the “primary 

receive”. The traffic will be segregated using OSPF routes at each site, configuring the 

“primary receive” link as having a higher route cost over the “primary transmit”, so 

traffic will be preferably sent over the transmit link. This will allow for higher aggregate 

bandwidth over the entire link when fully operational, and also offer redundancy if one 

link were to go down due to a failure. In the event of a hardware failure, the router will 

then route all traffic over the single link, with reduced throughput but no interruption to 

service.   

 

The links should also be able to be monitored for connectivity, and alerts can be 

configured for network events and outages. Only network administrators can configure 

the access points, routers, and other network equipment via an out of band management 

network.  

Budget 
Item Quantity Unit Cost Total 

Cost 
ASUS RT-AC66U Dual-Band Wireless-AC1750 
Gigabit Router 

4 $193.00 $772.00 

Ubiquiti RocketDish RD-5G30 30 dbi 5 GHz 
dual pol 2' dish 

4 149.00 596.00 

Mikrotik RB2011UAS-RM Router 2 119.00 238.00 
TP-Link TL-ANT24EC5S 5-Meter Antenna 
Extension Cable 

8 15.00 120.00 

VirginMobile MiFi 2200 3G Modem 2 20.00 40.00 
Cat6 Patch Cable, Black (10 Feet) 6 5.50 33.00 
Mounting Hardware 1 70.00 70.00 
Total   $1869.00 
Figure 2: Components required and pricing 
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Project Timeline 

 
Figure 3: Project Timeline 

Much of this project has involved testing of the various router configurations, such as a 

static versus dynamic configuration, and testing bonded interfaces. There are two major 

test scenerios for this project, a lab based test, and an on-location test. Lab tests are used 

for prototyping and gathering information about different router configurations, and on-

location tests involve taking the equipment outdoors, applying the configurations 

gathered during the lab test, and gathering the resulting test data utuilizing the high gain 

antennas.  

Project Hardware 
Below is a list of hardware used by this project: 

• 4x ASUS RT-AC66U Wireless Access Point 

• 4x Ubiquiti RocketDish RD-5G3 High Gain Antenna 

• 2x Mikrotik RB2011UAS-RM Router 

• 8x TP-Link TL-ANT24EC5S 5-Meter Antenna Cable 

• 2x Virgin Mobile MiFi 2200 

• 2x USB OTG (On-The-Go) Cable 

• 6x Cat6 Patch Cable 

• 2x Belkin Surge Protectors 

 

Additional Hardware used for collecting test data: 

• 1x MacBook Pro 

• 1x MacBook Air 
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• 2x Thunderbolt Gigabit Ethernet Adapters 

 

Hardware used during initial long-range viability prototype: 

• 2x  Air802 ANGR5X26 High Gain 26dBi 5GHz Grid Antenna 

• 2x Type-N to RP-SMA Antenna Cable 

Project Software 
Software used during this project includes licensed router software, wireless access point 

firmware, and testing software. 

 

The RB2011UAS-RM MikroTik routers include a licensed copy of RouterOS Level 5. A 

Level 5 license includes 30 days of configuration support, hardware support for wireless 

AP’s. RIP, OSPF, and BGP routing protocols, EoIP tunnel support, up to 500 PPTP and 

P2TP tunnels, and unlimited VLANs. 

 

Purchasing a RouterBoard based hardware solution includes a license to the current 

RouterOS release, at this time, version 5.24. It also entitles you to two major version 

RouterOS upgrades as they are released, RouterOS v6 and v7, for example. 

 

All router configuration and testing for this project was performed using RouterOS 

version 6.0, Release Candidate 6. 

 

Wireless access point software upgrades for the RT-AC66U access point include feature 

releases, bug fixes, and driver updates. All testing was performed using firmware version 

3.0.0.4.270. 

 

Software utilized for testing includes Mac OSX 10.8.3, and JPerf version 2.0.2. JPerf is a 

java based GUI running on top of the Iperf command line based network performance 

tool. Iperf is able to generate both TCP and UDP packets, and report bandwidth 

throughput, jitter, and packet loss. Iperf requires a sever and a client to be run for testing.  
 



 10 

Proof of Design 
This section demonstrates how the wireless backhaul solution was implemented and 

tested to meet project deliverables. Overall, the network was configured using four 

wireless AP’s (Access Points), to create two wireless bridge links. The wireless links 

were both lab tested locally, and also long-range tested using high gain 5GHz dish 

antennas. The wireless links were secured using AES 256-bit encryption and a strong 

encryption key. On each network side (“Site A”, and “Site B”) a router was used which 

connected the two wireless AP’s to the Gigabit Ethernet connection. Each site also had a 

laptop connected via a Gigabit Ethernet port, which represents another segment of the 

existing network. There are four major network segments, the “Site A to B Primary 

Backhaul” (10.10.0.0/24), the “Site B to A Primary Backhaul” (10.10.1.0/24), “Site A” 

(192.168.20.0/24), and “Site B” (192.168.10.0/24). The wireless bridges were configured 

by the routers to operate in a full-duplex setup, preferring one link for sending, and 

another for receiving, as designated by arrows in the following network diagram. 
 

 
Figure 4: Network Configuration Diagram 

Wireless AP Configuration 
Four total access points are used, two per wireless link (Two links total), one AP is 

configured as an access point, and another AP configured as the wireless bridge client.  

 

Below is a screenshot of the access point configuration, particularly showing the 5GHz 

80MHz channel bandwidth (One of the main features of 802.11ac over 801.11n’s 40MHz 

channel bandwidth). This screenshot also shows WPA2 AES encryption, preventing 

unauthorized users from connecting to the network, and also encrypting all wireless 
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traffic. We have also chosen channel 161, which operates in the 5.8GHz range, and does 

not require the reduced power requirement as lower channels do. 
 

 
Figure 5: Wireless AP Configuration 

Additional advanced wireless settings, particularly showing the transmit power 

adjustment. 
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Figure 6: Advanced Wireless Settings  
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Our Wireless AP’s are set with static IP addresses on our backhaul network. 

 
Figure 7: Wireless AP LAN IP Address 

Router Configuration 
Using routers in addition to the wireless backhaul allows the use of standard routing 

protocols to enhance the dual bridge link, such as creating a full-duplex wireless 

configuration using static routes, using dynamic routing protocols such as OSPF, and also 

bonding two or more links to creature a virtual network link that can balance traffic, or 

act as an active backup. The routers also enable the ability to provide extra network 

security by using a VPN (Virtual Private Network) tunnel across our wireless links. 

 

A full-duplex wireless setup allows traffic to be sent and received at the same time. In a 

traditional wireless link, which both sends and receives traffic, throughput is slightly 

reduced as channel bandwidth is used for both sending and receiving traffic. Using two 

separate wireless links as a full-duplex setup allows for two different wireless frequencies 

to be used, allowing more channel bandwidth and offering increased network bandwidth.  
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In ideal conditions, a full-duplex wireless configuration enables maximum bandwidth, 

and reduced network latency. In the case of a failure (if a link goes down for any reason), 

using standard routing protocols, all network traffic can be sent over the single wireless 

link, with a reduction in available bandwidth, and a slight increase in network latency. 

 

Below is a screenshot showing the interfaces on a router. “Ether2” and “Ether3” indicate 

our wireless AP’s on that particular site. “Ether5” indicates our existing network for that 

site. 

 
Figure 8: Router Interface Listing 

A network administrator has several configuration options for routing traffic. An 

administrator can choose to use static routes, a dynamic routing protocol such as OSPF, 

or create a virtual interface that bonds two or more physical interfaces. Below shows a 

screenshot of configuring a static route. 
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Figure 9: Static Routing Configuration 

A network administrator can also use a dynamic routing protocol such as OSPF by 

creating an OSPF area, adding networks for that OSPF area, adding physical interfaces to 

the OSPF area, and lastly defining the cost for physical interface links. Below is a 

screenshot showing two physical network interfaces, each representing different wireless 

links, and a separate cost for each link. The cost of an interface is what OSPF uses to 

determine which link it will prefer to use first. In this example, “ether2” has a cost of 10, 

and “ether3” has a cost of 100, the lower the cost, the higher preference the router will 

have for sending traffic. If a link becomes unreachable, the next lowest cost interface will 

be used automatically. 

 

In our example, under normal operating conditions “ether2” is preferred for sending 

traffic, representing a wireless link. On the other site, we will then designate the other 
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remaining wireless link as our preferred link for sending traffic. This allows us to 

designate “Site A to B” traffic to use one wireless link, and “Site B to A” traffic to use 

the other wireless link, simulating a full-duplex network configuration. Incase one link 

were to fail, all traffic will be routed over the remaining link. 
 

 
Figure 10: Router OSPF Interface Configuration 

 
Figure 11: OSPF Instance Configuration 

 
Figure 12: OSPF Network Configuration 

 

 
Figure 13: OSPF Neighbors 

Bonding enables a network administrator to quickly combine two or more physical 

interfaces into a single virtual interface. This enables the administrator to create static 

routes for that single virtual interface, instead of relying on multiple static routes, or 

dynamic routing protocols. If more network capacity were added in the form of additional 

wireless links, these additional links can be added to the bonded interface without 

requiring any changes to the existing routing configuration. Bonding also enables a 

network administrator to define the behavior of the bonded interface, in order to operate 
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in a traffic balance mode, or an active backup mode where real-time fault tolerance is 

required. Bonding isn’t ideal for wireless links, however as it can reduce the potential 

throughput of the network compared to a full-duplex configuration.  
 

 
Figure 14: Creating a bonded interface 

 
Figure 15: Bonded Interface Listing 
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Figure 16: Applying an IP address to our bonded interface 

 

 
Figure 17:  Creating a static route using our bonded interface 

 
Network Alerting 
In an environment where a backhaul link can be created in a rural area, it is important for 

a network administrator to be aware of any abnormal activity or failures on the network. 

The routers have a built in service Mikrotik calls “Netwatch”. This allows an 

administrator to add hosts on the network to check at a specified interval, and if the host 

doesn’t respond after a specified time period, a script can be triggered on the router when 

the host reports as down, and a separate script when the host reports as up.  
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In the following example, host “10.10.0.4” (A wireless AP) is checked every 1 minute, 

and if it does not respond after 1000ms, we are able to define a script that alerts a 

network administrator via E-Mail or SMS text message of the outage.  

 

Because a network administrator is able to utilize the USB ports built in to the router for 

a 3G cellular data modem, this gives the alerts an outward network path for sending alerts 

if all wireless bridge links were to fail. 
 

 
Figure 18: Netwatch Configuration 
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Figure 19: Router, Wireless AP's, and 3G Modem 

 
Figure 20: High Gain Antennas 
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Figure 21: Mounting bracket for antenna 

Testing Protocol 
Three primary metrics are used to evaluate the network design. This included the RSSI 

dBm, network latency, and aggregate bandwidth. 

 

RSSI dBm, or Received Signal Strength Indication measured as a ratio in decibels of 

received power in relation to 1mW (milliwatt). This is reported by the wireless AP’s and 

indicates how much of the initial transmit power was received from the transmitter.  

 

Power loss can occur for a number of reasons. Free space loss occurs simply from the 

loss of power in relation to the frequency and distance traveled. Insertion loss occurs 

from items in the chain between the transmitter/receiver, and the antenna, such as antenna 

cables and cable adapters. Physical objects in-between the transmitter and receiver, such 

as trees, rain, and snow can cause additional loss. 

 

In order to estimate the propagation losses, one needs to add transmitted power, 

transmitter antenna gain, receiver antenna gain, and then subtract free space loss, and 
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insertion loss, and any estimated loss from interference, and/or physical objects obscuring 

the link. 

 

In order to estimate free space loss in dBm, the following formula is used (Pablo 

Angueira): 
92.45 + 20log(f)+20log(d) 

Where “f” is the frequency in GHz, and “d” is the distance in km.  

 

When measuring link quality, the closer to “0” the measured dBm indicated, the stronger 

the link quality. In general: 

• 0dBm to -50dBm indicates an excellent signal . 

• -51dBm to -65dBm indicates a good signal. 

• -66dBm to -80dBm indicates a fair signal. 

• -81dBm or less indicates a poor signal. 

 

As link quality is decreased, this results in a slower overall wireless link speed, as 

additional error correction is required with additional signal noise. 

 

Network latency is measured using the “ping” command, with the latency measured in 

ms (milliseconds).  

 

Aggregate bandwidth is measured using JPerf, which operates as a GUI on top of the 

Iperf command line network performance test program. JPerf measures both TCP and 

UDP bandwidth, and requires a server and client to be operated for testing. 

Testing Results 
Long range testing was performed at a local park, with a line of sight link distance of ½ 

Mile, or .9km between sites, using a 2x2 MIMO antenna configuration for a maximum 

theoretical bandwidth (Per 802.11ac Draft 2.0 specifications) of 900Mbps. 
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Figure 22: Overhead view of line of sight link 

 
Signal estimation is estimated to be a RSSI of -29dBm, indicating an excellent link 

quality: 
 
Freespace Loss: 92.45 + 20log(5.8Ghz) + 20log(.9km) = -107dB 
Add Transmit and Receive Antenna Gain: -107dB + 30dB + 30dB = -47dBm 
Add Transmitter Power (200mW = 23dBm): -47dBm + 23dBm = -24dBm  
Subtract insertion loss from cable (4dBm): -24dBm – 4dBm = -29dBm 
 

Actual RSSI dBM is measured at -31dBm. 

 
Figure 23: Wireless log indicating an RSSI of -31dBm 

 

Network latency is measured to be an average of 2.071ms, indicating an introduced 

latency of roughly 2ms, including the wireless links, and two routers. (Output trimmed) 
 

PING 192.168.10.2 (192.168.10.2): 56 data bytes 
64 bytes from 192.168.10.2: icmp_seq=0 ttl=62 time=1.944 ms 
64 bytes from 192.168.10.2: icmp_seq=1 ttl=62 time=2.464 ms 
... 
64 bytes from 192.168.10.2: icmp_seq=59 ttl=62 time=2.108 ms 
64 bytes from 192.168.10.2: icmp_seq=60 ttl=62 time=1.994 ms 
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^C 
--- 192.168.10.2 ping statistics --- 
61 packets transmitted, 61 packets received, 0.0% packet loss 
round-trip min/avg/max/stddev = 1.725/2.071/2.829/0.228 ms 

 
 
Actual TCP Full-Duplex Bandwidth is measured at 385Mbps. 

 
Figure 24: Actual TCP Full-Duplex Bandwidth 

 
Actual TCP Half-Duplex Bandwidth is measured at 275Mbps. 

 
Figure 25: Actual TCP Half-Duplex Bandwidth 
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Actual UDP Bandwidth is measured at 650Mbps. 

 
Figure 26: Actual UDP Bandwidth 

Conclusions and Future Development 
While the speed achieved does not match the maximum theoretical speed as defined in 

the 802.11ac specification (275Mbps actual vs. theoretical 900Mbps), it does represent a 

significant speed increase over a comparable 802.11n based backhaul solution (Actual 

802.11n bandwidth of 150Mbps), for a small price increase, and an easy upgrade path for 

existing 5GHz 802.11n backhauls. 
 
Technology 

 
Actual Speed Cost/5-Mile Link (Notes) 

 
Fiber-Optic  
(Single-mode) 

10Gbps+ $500,000+ (Broadband.gov) 

Licensed Microwave 
(Bridgewave 80GHz) 

2Gbps $50,000  
(Two Pairs, Line-of-sight required) 

802.11n 
(2x2 MIMO, 40MHz 
Channel) 

150Mbps $500 
(Two Pairs, Line-of-sight required) 

802.11ac  
(2x2 MIMO, 80MHz 
Channel) 

275Mbps $700 
(Two Pairs, Line-of-sight required) 

Figure 27: Backhaul Cost Comparison 
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deployment. Using the same equipment and testing protocol, just changing the wireless 

operation mode to 802.11n yielded maximum average bandwidth throughput of 

142Mbps, compared to the achieved speed of 387Mbps using the same testing protocols 

using the 802.11ac standard. Switching to the 802.11ac standard over the 802.11n 

standard results in a 275% speed increase, using the same 5GHz frequency. 

 

 
Figure 28: 802.11ac vs 802.11n Bandwidth 

Future products coming on the market in 2013/2014 will feature 802.11ac based radios 

for long-range backhaul use. This commercial equipment will integrate into existing 

network management solutions geared towards wireless backhaul network operators 

(Such as Ubiquiti Network’s AirControl management system), and offer easier 

deployment such as outdoor rated equipment, and PoE (Power over Ethernet) power, 

which would allow the wireless AP’s to be mounted directly to the antenna, reducing the 

insertion loss introduced by antenna cables. 

 

Future 802.11ac specifications will also allow the use of 160MHz of channel bandwidth 

(Over today’s available equipment of 80MHz channel bandwidth), allowing even greater 

speed increases. 
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