(} Electrical & Computer .
€\ ENGINEERING Carnegie Mellon

Course Syllabus

18-452/18-750: Wireless Networking and Applications

Spring 2024
Instructor: Peter Steenkiste
Office Location: GHC 9107
Email Address: prs@andrew.cmu.edu
Office Hours: TBA on web site
Web Site: http://www.cs.cmu.edu/~prs/wirelessS24

Teaching Assistant: Sofia Martins
Email Address: martins@andrew.cmu.edu
Office Hours: TBD

Course Management Assistant: Tracy Farbacher
Email Address:_.tracyf(@cs.cmu.edu
Office Location: please use e-mail

Course Description:

This course introduces fundamental concepts of wireless networks. The design of
wireless networks is influenced heavily by how signals travel through space, so the
course starts with an introduction to the wireless physical layer, presented in a way that is
accessible to a broad range of students. The focus of the course is on wireless MAC
concepts including CSMA, TDMA/FDMA, and CDMA. 1t also covers a range of
wireless networking standards, and reviews wireless network application areas (e.g.,
sensor networks, vehicular) and other applications of wireless technologies (e.g., GPS,
RFID, sensing, etc.). Finally, we will touch on public policy issues, e.g., spectrum use.

The course will specifically cover:

Wireless networking challenges

Wireless communication overview

Wireless MAC concepts

Overview of cellular standards and LTE

Overview of wireless MAC protocols WiFi, bluetooth and personal area
networks, etc.

e Wireless in today's Internet: TCP over wireless, mobility, security, etc.

e Advanced topics, e.g., RFIDs, vehicular networks, sensor networks, DTNs,
localization, sensing, etc.
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All information regarding the course will be posted on this web page so please check the
page regularly. We will also make announcements in class.

Number of Units: 12

Pre-requisites: 18-213, 15-213, or 15-513 or equivalent background. C/C++
and/or Java programming skills are also needed for theproject.

Course Designation: Coverage

Course Area: Computer Software

Class Schedule:
e Lecture:  Monday, Wednesday 2:30 pm —4:20 pm Wean 5302
e Recitation: Friday 11:50am — 1:00pm  Doherty 1112

Required Textbook:

A lot the course material can be found in an online book published by

Springer: Introduction to Wireless Networking and Its Impact on Applications. Access is
free for people at CMU (make sure you are authenticated!). Note that the lectures will
often have additional material.

The following textbook may also be useful: "Wireless Communication Networks and
Systems", Cory Beard and William Stallings, Pearson, first edition, 2015. Again, it does
not cover all the course material and it has a lot of detail that is not covered in the course.

Assignments:

Four assignments will be assigned throughout the course. Homeworks must be submitted
using Gradescope by 5pm the day they are due. Homeworks cannot be submitted
electronically through e-mail or blackboard. Late homeworks will be assessed a 30%
penalty. No homeworks will be accepted more than one day late.

The homework schedule will be announced on the web site.

This course also includes a midterm and a final. The midterm will be on Monday,
February 28" | during class time. It is closed book and covers the material in lecture 1-
13. The date and location for the final will be posted by the registrar.

Project:
The course includes two hands-on projects. The first one is an individual measurement project
while the second project is a larger, open-ended project executed by small teams of students.

The educational objectives of the course project include the ability to apply knowledge of
mathematics, science, and engineering; to design and conduct experiments, as well as to
analyze and interpret data; to design a system, component, or process to meet desired



needs within real-world constraints; the ability to function on multi-disciplinary teams;
and to identify, formulate, and solve engineering problems.

The due dates for the project miles stones will be announced on the course web site.

Survey Presentations:

A block of lectures in the course will be dedicated to more advanced topics. This part of
the course will consist of presentations by both the instructor and by the students. Each
student will prepare and present one survey. More details on the survey assignment,
including list of topics, can be found in the Survey Handout. That page also includes a list
of papers for each topic. The papers from a previous offering can be found on the
schedule for the student talks can be found on the Survey Papers page.

The dates for survey presentations will be announced on the web site once the student
teams have selected their topics.

The survey lectures are part of the course, and the material presented in the presentations
will be covered in the homeworks and final. Specifically, the slides used in the survey
presentation and one of the papers on the reading list, should be studied to prepare for the
final. Both the slides and the selected paper can be found in the table with the course
schedule.

The education goals for the survey presentations include a recognition of the need for,
and an ability to engage in life-long learning; and an ability to communicate effectively.

Grading Algorithm:
10% Homework
5% and 25% | Projects
10% Survey Talk
20% Midterm
30% Final




Tentative Course Calendar:

Week of Monday Wednesday Friday
1/15 |MLK day — no class Intro, course overview  |Wireless challenges and signals
1/23  |Physical layer Physical layer Physical layer
1/29 Physical layer Wireless MAC Introduction Projects, Survey
2/5  |WiFi basics WiFi 'WiFi versions
2/12  [Today’s WiFi IAd hoc networks 'Wireless and the Internet
2/19  (Cellular 1 Cellular 2 Slack; midterm Q&A
2/22 Midterm Cellular 3 Spring break
3/4 Spring break Spring break Spring break
3/11 |Cellular 4 Cellular 5G PAN
3/18 [Sensor l’letWOI‘kil’lg RFID Localization
3/25 |DSA
411 Spring Carnival
4/8  [Student Survey Student Survey
resentations Presentations
4/15  [Student Survey
resentations

4/22  |Project presentations

Course review

The ECE department Changes in the schedule will be posted on the course website and will be

announced in class.

Education Objectives (Relationship of Course to Program Outcomes):

The ECE department is accredited by ABET to ensure the quality of your education. ABET
defines 7 Educational Objectives that are fulfilled by the sum total of all the courses you
take. The following list describes which objectives are fulfilled by 18-452/750 and in what
manner they are fulfilled. Objectives not fulfilled by 18-452/750 have been omitted from the
following list but are covered in other courses:

1. an ability to identify, formulate, and solve complex engineering problems by applying
principles of engineering, science, and mathematics:

The students use mathematical concepts to model signal propagation and learn how to
apply engineering principles to optimize network bandwidth and design wireless networks.

2. an ability to apply engineering design to produce solutions that meet specified
needs with consideration of public health, safety, and welfare, as well as global,
cultural, social, environmental, and economic factors:

The students learn how to optimize individual radio channels, wireless network
connections, and wireless networks. Besides technical constraints, constraints imposed
by spectrum policy and economic realities are an important consideration.

3. an ability to communicate effectively.
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Students give several presentations. They must present a mid-semester update and a final
report on their project 2. In addition, each student must present a “survey” of a specific
wireless topic, effectively a 30 minute mini lecture on that topic based on ~3 research
papers and background reading. These presentations are in front of the class, i.e., ~20
students. Students also must write a short (5-10 pages) final report for their project that
states the goals and requirements of the system they built, describes its design and
implementation, and presents and analyzes measurements of the system.

4. an ability to function effectively on a team whose members together provide leadership,
create a collaborative and inclusive environment, establish goals, plan tasks, and meet
objectives

The second course project is performed in in teams of 2-3 students. Besides technical
project goals, the students learn teamwork and team management skills. The course attracts
student with very diverse backgrounds, including signal processing, computer engineering,
and engineering and public policy, so some teams are inter-disciplinary in nature.

5. an ability to develop and conduct appropriate experimentation, analyze and interpret data,
and use engineering judgment to draw conclusions

In the first project students measure the received signal strength in different scenarios (line-
of-sight versus non-line of sight, different distances, mobility versus stationary, etc.). The
students are asked to analyze the results and interpret the data within the context of the
material taught in the course.

6. an ability to acquire and apply new knowledge as needed, using appropriate learning
Strategies

In Project 2, teams of students do a large course project on a topic of their choice. About
half the projects are on topics that are covered only lightly, or not at all, in the course.
Examples include projects building a simple network using visible light or acoustic
communication channels, cross-technology communication, or IoT communication in the
white spaces, and sensing using WiFi . This requires students learn about these new topics
and apply their knowledge to their project.

ECE Academic Integrity Policy
(_https://engineering.cmu.edu/education/academic-policies/academic-integrity.html ):

The Department of Electrical and Computer Engineering adheres to the academic
integrity policies set forth by Carnegie Mellon University and by the College of
Engineering. ECE students should review fully and carefully Carnegie Mellon



University's policies regarding Cheating and Plagiarism; Undergraduate Academic
Discipline; and Graduate Academic Discipline. ECE graduate student should further
review the Penalties for Graduate Student Academic Integrity Violations in CIT outlined
in the CIT Policy on Graduate Student Academic Integrity Violations. In addition to the
above university and college-level policies, it is ECE's policy that an ECE graduate
student may not drop a course in which a disciplinary action is assessed or pending
without the course instructor's explicit approval. Further, an ECE course instructor may
set his/her own course-specific academic integrity policies that do not conflict with
university and college-level policies; course-specific policies should be made available to
the students in writing in the first week of class.

This policy applies, in all respects, to this course.

CMU Academic Integrity Policy (http://www.cmu.edu/academic-integrity/index.html):

In the midst of self exploration, the high demands of a challenging academic environment
can create situations where some students have difficulty exercising good judgment.
Academic challenges can provide many opportunities for high standards to evolve if
students actively reflect on these challenges and if the community supports discussions to
aid in this process. It is the responsibility of the entire community to establish and
maintain the integrity of our university.

This site is offered as a comprehensive and accessible resource compiling and organizing
the multitude of information pertaining to academic integrity that is available from across
the university. These pages include practical information concerning policies, protocols
and best practices as well as articulations of the institutional values from which the
policies and protocols grew. The Carnegie Mellon Code, while not formally an honor
code, serves as the foundation of these values and frames the expectations of our
community with regard to personal integrity.

This policy applies, in all respects, to this course.
The Carnegie Mellon Code

Students at Carnegie Mellon, because they are members of an academic community
dedicated to the achievement of excellence, are expected to meet the highest standards of
personal, ethical and moral conduct possible.

These standards require personal integrity, a commitment to honesty without
compromise, as well as truth without equivocation and a willingness to place the good of
the community above the good of the self. Obligations once undertaken must be met,
commitments kept.

As members of the Carnegie Mellon community, individuals are expected to uphold the
standards of the community in addition to holding others accountable for said standards.
It is rare that the life of a student in an academic community can be so private that itwill
not affect the community as a whole or that the above standards do notapply.
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The discovery, advancement and communication of knowledge are not possible withouta
commitment to these standards. Creativity cannot exist without acknowledgment of the
creativity of others. New knowledge cannot be developed without credit for prior
knowledge. Without the ability to trust that these principles will be observed, an
academic community cannot exist.

The commitment of its faculty, staff and students to these standards contributes to the
high respect in which the Carnegie Mellon degree is held. Students must not destroy that
respect by their failure to meet these standards. Students who cannot meet them should
voluntarily withdraw from the university.

This policy applies, in all respects, to this course.

Carnegie Mellon University's Policy on Cheating
(http://www.cmu.edu/academic-integrity/cheating/index.html) states the following:

According to the University Policy on Academic Integrity, cheating "occurs when a
student avails her/himself of an unfair or disallowed advantage which includes but is not
limited to:

e Theft of or unauthorized access to an exam, answer key or other graded work
from previous course offerings.

Use of an alternate, stand-in or proxy during an examination.

Copying from the examination or work of another person orsource.
Submission or use of falsified data.

Using false statements to obtain additional time or other accommodation.
Falsification of academic credentials.”

This policy applies, in all respects, to this course.

Carnegie Mellon University's Policy on Plagiarism
(http://www.cmu.edu/academic-integrity/plagiarism/index.html) states the following:

According to the University Policy on Academic Integrity, plagiarism "is defined as the
use of work or concepts contributed by other individuals without proper attribution or
citation. Unique ideas or materials taken from another source for either written or oral use
must be fully acknowledged in academic work to be graded. Examples of sources
expected to be referenced include but are not limited to:

Text, either written or spoken, quoted directly or paraphrased.

Graphic elements.

Passages of music, existing either as sound or as notation.

Mathematical proofs.

Scientific data.

Concepts or material derived from the work, published or unpublished, of another
person."
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This policy applies, in all respects, to this course.

Carnegie Mellon University's Policy on Unauthorized Assistance
(http://www.cmu.edu/academic-integrity/collaboration/index.html) states the following:

According to the University Policy on Academic Integrity, unauthorized assistance
"refers to the use of sources of support that have not been specifically authorized in this
policy statement or by the course instructor(s) in the completion of academic work to be
graded. Such sources of support may include but are not limited to advice or help
provided by another individual, published or unpublished written sources, and electronic
sources. Examples of unauthorized assistance include but are not limited to:

e Collaboration on any assignment beyond the standards authorized by thispolicy
statement and the course instructor(s).

e Submission of work completed or edited in whole or in part by anotherperson.

e Supplying or communicating unauthorized information or materials, including
graded work and answer keys from previous course offerings, in any way to
another student.

¢ Use of unauthorized information or materials, including graded work and answer
keys from previous course offerings.

e Use of unauthorized devices.

e Submission for credit of previously completed graded work in a second course
without first obtaining permission from the instructor(s) of the second course.In
the case of concurrent courses, permission to submit the same work for credit in
two courses must be obtained from the instructors of both courses."

This policy implicitly covers Al tools such as ChatGPT. The use of such tools in assignments
constitutes unauthorized assistance and is thus an academic integrity violation.

This policy applies, in all respects, to this course.

Carnegie Mellon University's Policy on Research Misconduct
(http://www.cmu.edu/academic-integrity/research/index.html) states the following:

According to the University Policy For Handling Alleged Misconduct In Research,
“Carnegie Mellon University is responsible for the integrity of research conducted at the
university. As a community of scholars, in which truth and integrity are fundamental, the
university must establish procedures for the investigation of allegations of misconduct of
research with due care to protect the rights of those accused, those making the
allegations, and the university. Furthermore, federal regulations require the university to
have explicit procedures for addressing incidents in which there are allegations of
misconduct in research.”

The policy goes on to note that “misconduct means:

e fabrication, falsification, plagiarism, or other serious deviation fromaccepted
practices in proposing, carrying out, or reporting results fromresearch;
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e material failure to comply with Federal requirements for the protectionof
researchers, human subjects, or the public or for ensuring the welfare of
laboratory animals; or

o failure to meet other material legal requirements governing research.”

“To be deemed misconduct for the purposes of this policy, a ‘material failure to comply
with Federal requirements’ or a ‘failure to meet other material legal requirements’ must
be intentional or grossly negligent.”

To become familiar with the expectations around the responsible conduct ofresearch,
please review the guidelines for Research Ethics published by the Office of Research
Integrity and Compliance.

This policy applies, in all respects, to this course.

Take care of yourself. Do your best to maintain a healthy lifestyle this semester by
eating well, exercising, avoiding drugs and alcohol, getting enough sleep and taking some
time to relax. This will help you achieve your goals and cope with stress.

All of us benefit from support during times of struggle. You are not alone. There are
many helpful resources available on campus and an important part of the college
experience is learning how to ask for help. It is important to ask for support sooner rather
than later.

If you or anyone you know experiences any academic stress, difficult life events, or
feelings like anxiety or depression, we strongly encourage you to seek support.
Counseling and Psychological Services (CaPS) is here to help: call 412-268-2922 and
visit their website at http://www.cmu.edu/counseling/. Consider reaching out to a friend,
faculty or family member you trust for help getting connected to the support you need.

If you have questions about this or your coursework, please let me know.

Every individual must be treated with respect. The ways we are diverse are many and are
critical to excellence and an inclusive community. They include but are not limited to: race,
color, national origin, sex, disability, age, sexual orientation, gender identity, religion, creed,
ancestry, belief, veteran status, or genetic information. We at CMU, will work to promote
diversity, equity and inclusion because it is just and necessary for innovation. Therefore, while
we are imperfect, we will work inside and outside of our classrooms, to increase our
commitment to build and sustain a community that embraces these values.

It is the responsibility of each of us to create a safer and more inclusive environment. Bias
incidents, whether intentional or unintentional in their occurrence, contribute to creating an
unwelcoming environment for individuals and groups at the university. If you experience or
observe unfair or hostile treatment on the basis of identity, we encourage you to speak out for
justice and support in the moment and and/or share your experience anonymously using the
following resources:
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Statement of Diversity and Inclusiveness

We are diverse in many ways, and this diversity is fundamental to building and maintaining an
equitable and inclusive campus community. Diversity can refer to multiple ways that we identify
ourselves, including but not limited to race, color, national origin, language, sex, disability, age,
sexual orientation, gender identity, religion, creed, ancestry, belief, veteran status, or genetic
information. Each of these diverse identities, along with many others not mentioned here, shape
the perspectives our students, faculty, and staff bring to our campus. We, at CMU, will work to
promote diversity, equity and inclusion not only because diversity fuels excellence and
innovation, but because we want to pursue justice. We acknowledge our imperfections while we
also fully commit to the work, inside and outside of our classrooms, of building and sustaining a
campus community that increasingly embraces these core values.

Each of us is responsible for creating a safer, more inclusive environment.

Unfortunately, incidents of bias or discrimination do occur, whether intentional or unintentional.
They contribute to creating an unwelcoming environment for individuals and groups at the
university. Therefore, the university encourages anyone who experiences or observes unfair or
hostile treatment on the basis of identity to speak out for justice and support, within the moment
of the incident or after the incident has passed. Anyone can share these experiences using the
following resources:

e Center for Student Diversity and Inclusion: csdi@andrew.cmu.edu, (412) 268-2150
e Ethics Reporting Hotline. Students, faculty, and staff can anonymously file a report
by calling 844-587-0793 or visiting cmu.ethicspoint.com.

All reports will be documented and deliberated to determine if there should be any following
actions. Regardless of incident type, the university will use all shared experiences to transform
our campus climate to be more equitable and just.

Statement of Diversity and Inclusiveness
If you are worried about affording food or feeling insecure about food, there are resources on

campus that can help. Any undergraduate or graduate student can visit the CMU Pantry and
receive food for free. Follow the directions on the CMU Pantry website to schedule your visit.
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