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SDN can help build more
efficient WISP networks.
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In this paper..

- Survey and interviews of Wireless ISPs in the United States
- Deployment of a rural WISP in northern California
- Development of Celerate, a platform for managing WISPs



Study on WISPs

- Online Survey: 75 respondents

- 13 Follow-up interviews

- Nationwide, range of rural and urban WISPs

- Asked about scale, network management, failure rates, and

growth.



wo (main) types of WISP




<1000 subs

49% of survey respondents



<9000 subs

96% of rural survey respondents



<9 people

42% of survey respondents



Unlicensed

Backhaul and Access Networks



Network Management Strategies

“We don’t route at towers. I designed the network that way because
routing has its place, but I want to be able to take a vacation and not have
to pay someone 80 or 100 grand a year. It complicates the network that
much more. I designed the network to make it as easy as possible to train
new employees to be able to operate within our environment. That’s why
we’re a layer two network; it’s mainly for easier deployment and training.”



Network Management Strategies

Azotel: “The customer is entered into our Azotel system, and then it
monitors the bandwidth based on their IP address. [..] It comes back to
our NOC, and before it goes out to the Internet, Azotel controls how
much bandwidth they get.”

Powercode: “[ To enforce usage caps] we use a product called Powercode.
It’s our CMS, billing, everything all rolled into one.”



local Connections

“We had a regional sales VP [for Charter] as one of our customers, and he
wanted more bandwidth. I said, ‘If you want more bandwidth you’ve got
to get me a pipe.” He got the right people involved and got us a fiber
connection in the middle of nowhere. ”



local Connections

“[Our tower costs are] extremely low [..] What I've tried to do is make
this a community effort. [..] Why are we doing this? In order to provide
some economic lift to the county and also to help students get access to
the Internet. We are capitalists and we do need to make money, but it isn’
t all about the money.”



Mutual Support

“Generally, if you have any question about anything there’s someone out
there in WISPA [industry association with active email list] that knows
the answer to it. It doesn’t matter what it is. They know. They’ve been in
the business forever.”

“We’ve actually spawned a co-op. Right now, it’s five ISPs that formed this
legal entity. [..] The idea, to start with, was for buying power. [..] One of
the things we also talked about is sharing call center people.”
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Largest perceived challenge faced by WISPs
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Bottlenecks: Spectrum

- Most WISPs operating in 5.8GHz or 900MHz
- Key problem: self-interference on tower

- More APs = more subscribers

- Limited bandwidth -> narrower channels
- 900MHz important for foliage penetration

- Only 28MHz available

- Shared with SCADA




Bottlenecks: Funding

- High Capex + Low ARPU = Low ROI
- Challenging to get subsidies due to small scale
- Geographic constraints lead to step functions in expansion costs



Further Reach

- A research WISP in Northern California

- Completely greenfield deployment

- ~350 subscribers today

- Non-profit: initially funded by Google.org grant



Further Reach: Design Decisions

- Unmodified commodity hardware (Ubiquiti, Mikrotik)
- Unlicensed/lightly licensed spectrum

- Paid service

- Minimal new tower infrastructure

- Community Relays



Lesson: Importance of funding

- Initially funded by a grant from Google.org

- High-end (though still commodity, unlicensed) equipment
- Long runway to make and learn from mistakes

- Plenty of capital for infrastructure installation

- Finding grant funding is very difficult for small WISPs...

- USDA: Broadband grants require applicants to be CLECs
- FCC: Experimental broadband grants require line of credit equivalent to grant size



Before the
Federal Communications Commission
Washington, D.C. 20554

In the matter of
WC Docket No 10-90

Connect America Fund

WC Docket No. 14-259

Rural Broadband Experiments

R

Adopted: January 30, 2015 Released: January 30, 2015

By the Denuty Chief Wireline Comnetition Burean-

15. IT IS FURTHER ORDERED that the petitions for waiver of the rural broadband
experiments financial review requirements, which requires provisionally selected bidders to provide the
most recent three consecutive years of audited financial statements, filed by AirNorth Communications,
Inc.; Agile Network Builders, LLC; Brainstorm Internet Inc.; Chafjjes
Inc.; Crystal Broadband Networks, Inc.; Declaration Networks Grdp: , I onnell, Michael
D. (d/b/a San Joaquin Broadband); Glant Communications, Inc.; | St : ercury Wireless
Inc.; Rural Broadband Services Corporation, Inc.; Tower Commumcatlons LLC and Worldcall
Interconnect, Inc., ARE DENIED as described herem.




Lesson: Expansion is a step function

\

Growing the network means adding new tower sites

\

Intrinsic costs associated with towers
Lots of non-obvious costs

Travel time / fuel

\

Additional personnel
Learning how to deploy in new markets

Geography is key!

\



Celerate: An SDN controller for WISPs

Management

Controller External Cloud APls —

Network

Network Controller

OpenFlow Wispy APl Power API

SDN Non- SDN
Device Network Network Power
Hardware
Hardware Hardware

https://github.com/Celerate/celerate-controller




Intelligent Routing?

Goal: automatic re-routing of traffic after faults and

for performance optimization
First six months: did not have multiple paths!

Afterwards:
STP good enough for handling link failures

Bottleneck at the CPE, so no performance benefit in core
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SDN-based billing?

- Idea: Implement billing/metering/shutoff via SDN controller and OVS rules

- In practice:
- Manually throttling traffic on CPE using existing software
- No automatic shutoff: billing issues are complicated



Subscriber Mapping
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[ staging.furtherreac

€ [ staging.furtherreach.net:3002/c
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Further Reach

Further Reach Customer Dashboard

Integrated Billing

Ultra random user A New User

Account ID: cdadg6a7s8 Name:
Email.  randommasbemai

Details: Min: 15Wbps Typical: 30Mbps Address:

Type: Residental

Manage Autopay

-

Autopay Info

Email: randommasbenail@email com
Card: Visa ending n 4242

Monthly Charge

period Amount
100112015 - 11 $13000

Monthy Total: $13000

Installation

Description Total

Standard Instalaion (includes anenna, access point, Ethernet cable, 3 hour labor) $150

Installation Total: $15000

Payment History

Charges

122015 Amount:$130.00 Description: Monthy payment or the period ending n
10/01/2015 to 10/31/2015.

1022015 :$13.00 Description: Monthly payment for the period isaending in
092812015 10 0913




Node Database

Subscriber Details

Delete Subscriber

Basic Info Scheduling Extra Contact Info Billing Info
Has agreed to terms: « Mon Nov 03 2014 20:02:14 GMT+0000 (UTC)
sStandard Installation: 150
Paid for Installation:

Extra Labor HOURS:

Extra Equipment: NB-16-Aldrich

Discount Discount Discount
Amount Label: Notes:

(8):
The Discount Label will show up on user's bill. Notes are internal documents.
Plan Activity

Previous Plan: hold New Plan: hold Date: Sat Feb 28 2015 00:10:39 GMT+0000 (UTC)




Node Database
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Lesson: Build software to support business process

- Simple network means simple network management
- Existing network management systems work well enough
- Major gap: integration of non-network elements

Power systems

Inventory

CRM

Billing

Physical location of equipment

- Management and operational subsystems of Celerate were most important for
day-to-day operation



Building a WISP is a non-
technical problem
(mostly).
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