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TodayOs Goals

I Understand how modern OCellular for 10TO fit in t@ thxisting cellular
Infrastructure, and what they do at a technical leVéo suit 10T needs

I Preview LPWANs more generally



Aside: One last bit on emerging new GOs
aka: WhatOs up with this 5G / airplane kerfuffle?

I aka: when FDMA doesnOt do the ODO part so great

January 18, 2022 Aerospace & Defense

AT&T, Verizon pause 5G rollout
near U.S airports to avoid flight

disruptions Emirates, Air India, and others cancel flights due to

AT&T and Verizon's 5G rollout

. . . Airlines have dropped flights or switched planes to certain US cities, with
n. b The FAA Slte On thIS |S emphasis on 777 aircraft

By Mitchell Clark | Jan 18, 2022, 5:43pm EST

aCt u al Iy p retty g O O d y a n d If you buy something from a Verge link, Vox Media may earn a commission. See our ethics statement.

both aCCGSS| ble / teCh N ICaI Emirates, Air India, ANA, and Japan Airlines have all announced they're canceling some "

flights to the US due to this week’s rollout of C-band 5G over concerns it could potentially
interfere with some instruments, particularly on Boeing 777 aircraft. This comes as cell

! httpS //WWW.faa. g OV/5g carriers, federal agencies, airlines, and airplane manufacturers struggle to reach an Ugggles

agreement on policies regarding how the rollout should be handled.



https://www.faa.gov/5g

Filter design is hard ($3%), a touch on the EE black mgic side
(especially equations vs practice) U.S. vs France: Big DITIERER

5G Airport Buffer Zones 5G Power Antenna Angles
S _- ‘/ France - A
e x> 96 seconds of flight Temporary
U.5.5G Power e
Pitch or Uss. - 20 seconds of fight w ,%g'hé X / ‘ i I
Rad Alt Antenna Rollénate &
Boresight 5 =
5 2
Altitude AGL ©
2
2 In France antenna
Downtilt = must be tilted downward
2 U.S. - Six Month Temporary = A
i & ey (50 Airports) . iedseiba- DAL
Antenna (Eaprlicetie) France - Permanent Safeguards
Main Beam v &(é' \3&‘:‘5
| Lateral Distance » <
10 Gain dB 90° Corner
Power " i / 1st-order
aximally fiat 2nd-order
’ 160 mph i
New 5 band Typical Rad Alt serarde PN(~landing speed)
5G fundamental [3700 - 3980] receive mask 10 i .
emission level ~ | Rad Alt band (receiver front-end *9 6S ~ 4 2 5 m I
[4200 — 4400] filter response) 20 -
e txreas e, Ideal * .
B 30| “Brick wall 205 ~= 09 mi
aanunest” trea, Response
5G spurious 40
ion level = |
T -50
4200 4400 Frequency
3700 3980 (MHz) 50 —
0.1 03 1 3 10 0 FHz
Normalised Frequency

Graphics stolen frorhttps://www.5gtechnologyworld.com/5ealtimeter-interferenceaviation-versustelecoms/, the FAA site, and a quick google image for Ohigher ordeufiié®c



https://www.5gtechnologyworld.com/5g-altimeter-interference-aviation-versus-telecoms/

Resource: Some of the best technical details | could ind

I National Business Aviation Association (NBAA) webma

https://www.bigmarker.com/nbaa/NBAANews Hour-What-the-LoomingThreatFrom-5G-InterferenceCould
Meanfor-YourFlight?show live page=true&add to calendar=true&bmid=859a33fdec7a

One takeaway from webinar: AirpoasenCthe problemhelos emergencyetc



https://www.bigmarker.com/nbaa/NBAA-News-Hour-What-the-Looming-Threat-From-5G-Interference-Could-Mean-for-Your-Flight?show_live_page=true&add_to_calendar=true&bmid=859a33fdec7a

Highlights from the webinar [ n.b. recorded Dec 7, 2021]



Just because | was

I n.b.OSoCal TRAQ




Outline

I Cellular 0T
" LTEM
" NB-loT

I Preview of other LPWANS
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3GPP
aka: the actual answer for what stuff is really doing

3d Generation Partnership Project (3GPP)

Industry alliance for development of telecoms standasd
" Established around 1998

" Makes OReleasesO which are roughly analogous to |EEE Sisdamas
I Release 8 (2008) LTE ~4G

I Release 15 (2018) NR (New Radio) ~5G

Focused on the practical
" |TU posthoc defined O4GO, 3GPP defined LTE and LTE




Mapping O4GO, OLTEO, OLTE Advancetd©nto actual
technologies

This Qualcomm presentation is grehttps://www.qualcomm.com/media/documents/files/demystifing-3gpp-and-the-essentialrole-of-qualcomntin-leading the-expansiorof-the-mobile-ecosystem. pdf
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LTE Categories

Different equipment supports
different OcategoriesO of LTE

Maximum MCS index supported

Examples
IPhone 6 (2015): Cat 4
Pixel 3 (2018): Cat 16

Aside: Hey looksomeLTE is OITU 4GO!
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Additional low-end categories for loT

I LTE CatO
Traditional LTE, but focused on the really low end

| LTEM (LTE Cat M1)

375 kbps uplink, 300 kbps downlink (for the actually implementedieno
Reduced power and maximum bandwidth
Increased range

| NB-loT (LTE Cat NB1)

65 kbps uplink, 26 kbps downlink
Reduced power and greatly reduced bandwidth
Greatly increased range

12



Why do we need Ospecial categoriesO for 10T on cell?

I Pragmatic for the end device
" Lower power
Allow for longoff periods

I Pragmatic for network operators

Allows for scalefietwork no
longer needs to assume that
devices could always be on Iin
each cell
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LTEM and NB-10oT were developed in parallel
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LTEM and NB-1oT downlink and uplink

I OFDMA downlink
Put the more complicated hardware in the cell tower [dar+FT demodulator]

I SGFDMA (single carrier FDMA) uplink
Blocks of subchannels combined into one signal
Similar concept, but simpler for end devices to implegmen
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LTE resource allocation

I Cellular uses OFDMA to schedule
" Time + Frequency O2D SchedulingO

I Cellular uses single channels up to 20 MHz
" Further divides these into 100 Resource Blocks

I Resource Block
" 12 subcarriers for OFDM in frequency (15 kHz each)
"7 symbols in time (0.&19)

I Devices are allocated frequency and time based on what tlaeg sending
" Allocated in units of Resource Blocks
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Resources used by LTH and NB-loT

I LTEM uses up to 6 resource blocks

" 1.4 MHz of bandwidth (1.080 MHz)

" Can ceexist with other normal LTE traffic, scheduled Wdi/togver
Limited to only some capability of LTE

I NB-1oT uses up to 1 resource block
" 200 kHz of bandwidth (180 kHz)

" Multiple deployment options
I Guardband in practice
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Reducing power for loT devices

I Reduce max Tx power to 20 dBm

" Increased receive sensitivity at tower will
cover it

I Extended Discontinuous Reception
(eDRX
" Allow devices to reduce paging period and
still stay on network

" Cell tower will hold messages

! What does this get to?

OFor a LT®1 device that transmits data
once per day, and wakes up every 60 hypar
frames to check for commands (this
WOUId be abOUt evel‘y 10 mlnut%ﬁfe Of Graphics, quote frorhttps://www.link-labs.com/blog/lte e-drx-psm-explainedfor-lte-m1
4.7 yearsis achievable on 2 AA batteriesO
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Further power reduction for simple devices

Power Saving Mode (PSM)

For very simple, uplink
focused devices, allow ther
to turn off entirely but stay
connected

Minutes todaysin duration

Notify tower before
sleeping, listen for packets

N

after each transmission

Graphics fromhttps://www.link-labs.com/blog/lte-e-drx-psm-explainedfor-Ite-m1
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Some numbers from an actual telecom: Aeris
[n.b. Aeris has been a leader in cellular M2M since the 900s]

I PSM has two timers, devicesquestvalues,tower chooseactual:
" Extended Timer (OsleepO timer)
I 3GPP max is 35,712,00s [413.33 days]
I Aeristimer range: Min 240m [4h]; Max 413 days
I @Q\erisFusionO timer range: Max: 12.9 days
Active Timer (how long will the device stay in idleracommunication?)

Numbers fromhttps://aeriscom.zendesk.com/hc/emis/articles/360049848254)nderstandingL TEM-PowefManagementModes
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Improved range for LTEM and NB-loT

I LTE defines a Maximum Coupling Loss (M@lklaLink Budget
" Traditional cellular: 144 dB (~2.5 km)
" LTEM: 160 dB (~5 km)
" NB-loT: 164 dB (~10 km)

" Sigfox: ~155 dB
" LoRaWAN~143 dB

I Note that many cellular bands are often on higher fragncies
" Example: 1900 GHz
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Coarsely, lower frequency -> longer range

This was the
picture circa 2019
Why else might
T-Mobile have

reallywanted to
buy SprintE
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Cellular deployments

I Originally unclear which would be dominant
" Verizon and AT&T focused on tVE
" T-Mobile focused on NBOT
" All rolled out services nationwide in the 2R 9 timeframe

I Networks are expanding to provide both capabilities
" LTEM: AT&T, IMobile, US Cellular, Verizon
" NB-loT: AT&T,-Mobile

I Pricing models still very uncertain
" NB-loT example: $5 per device per year up to 12 MB, &G pmeakhour
" Future adoption will greatly depend on these
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Outline

I Cellular 0T
" LTEM
" NB-loT

I Preview of other LPWANS
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Wide area networks

I Communication at the region/city scale rather thante
building/residence scale

" Throughout cities
Agricultural deployments
Industrial facilities
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Long-range, low-data needs havenOt historically been met
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Long-range, low-data needs havenOt historically been met
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Long-range, low-data needs havenOt historically been met
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Long-range,
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Long-range, low-data needs havenOt historically been met
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LTEM and NB-loT design constrained by fitting within
existing cellular ecosystem

I What might a fresh design look like?

I Caveatln ISM bands!
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Design a wide-area network (ignore low- power for now)

I What PHY choices would you make?
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Design a wide-area network (ignore low- power for now)

' What PHY choices would you make?
Modulation

TX Power
Carrier Frequency Band

Data Throughput

Channel Bandwidth
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Design a wide-area network (ignore low- power for now)

I What PHY choices would you make?
" Modulation
| Unclear. CanOt be too crazy for cheap devices.

Tx Power
' High (much higher than 0 dBm)

Carrier Frequency Band
' Low (something lower than 2.4 GHz, 915 MHz or lower?)

Data Throughput
I Low (much lower than 1 Mbps)

" Channel Bandwidth
I Unclear. Likely smaller for lower frequency carrier.
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Design a low-power wide -area network

| Any particular MAC choices for lower power?
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Design a low-power wide -area network

| Any particular MAC choices for lower power?

" Diversity of devices in network
I High power gateway, low power devices in star topology

Devices should be off whenever possible
I Listenrafter send for downlink

Remove requirements for synchronization
I No TDMA access control if it can be avoided
I Aloha,-GSMA
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Long-range CSMA is problematic

I Longrange makes everything more challenging
" Kilometers of range mean kilometers between devices

I Detection of channel use is less reliable
" Active research in clear channel assessment for INBWA

I Hidden terminal problem has a wider range
" Might make RTS/CTS more important

|  Result: CSMA doesnOt dominate LPWANS like it doesNgLA
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LPWANSs overview (common qualities)

Unlicensed 915 MHz band (9828 MHZz)

Higher power transmissions: ~20 dBm (100W)

Low data rate 100 kbps or less

Range on the order of multiple kilometers

Simple Aloha access control
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Next Week: Non-Cellular LPWANSs [LoRa Sigfoxx, etc]
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Friday® Q.abQ Specs aren® scary!

Plan A: Empirical measurements of power
Plan B: E

Plan C: Datasheet & specification measurements of pamifetime
" Yes, the Cis for Plan OCOOVID

Continues theme of last week, Oso you are building a deviceEO
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