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loT Use Cases

Smart
metering

Smart
buildings

: Agriculture/
Automotive :
Environment

ISmart metering
“*Gas metering, water metering
ISmart buildings
“* Alarm systems, HVAC, access control,
white goods
_JAgricultural/Environment
“*Land/environment monitoring,
pollution monitoring, animal tracking
JIndustry 4.0
“*Remote control, asset tracking
_JAutomotive
“» Autonomous driving, remote
diagnostics
ISmart cities
“»Streetlights, parking, waste
management, ITS




In Order to Deploy an loT...

Performance metrics Non-cellular-based technologies
’El Network capacity \ “Short- range systems (e.g., NFC)\
' Passive/active RFID
|IEEE 802.15.4 (ZigBee)
Bluetooth Low-Energy

v IEEE 802.11 (Wi-Fi) ,

: IPacket delivery delay
: _IPacket error rate (PER)
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I LJOutage probability
' CeIIuIar based solutions

1.  Extended-Coverage GSM

| . .
\ILocalization accuracy , 2. LTE-M
\5 ___________ ’/ 3- NB'IOT

: _IBattery lifetime

Each use case requires a specific Short-range, mesh technologies are

combination of performance metrics! = suitable for small-size, localized loT!

To support massive machine-type communication (mMTC) effectively,
we must maximize flexibility and minimize complexity!




A New Trend: Long-Range loT

loT ON CELLULAR NETWORKS loT ON LoRa

PROS PROS
1. Universal coverage 1. Ready for the market
2. Quality of Service (QoS)

In this presentation, we will
1. focus on cellular networks

2. analyze the performance of various radio access protocols
3. propose enhancements to boost capacity

overload the access network o Basic radio access protocol

o Excegiilvr? signaling and delay to 2. Constrained in terms of duty
establish a connection cycle and transmit power



Problem
Statement

The 4G radio access
protocol is not suited

for 10T, because this
kind of traffic is

infrequent (focusing
on the single
terminal)

uplink-dominant

involves a huge
amount of terminals

RRC_CONNECTED

= Connected to known cell

RRC_IDLE

= Monitors PCH

accordingto DRXcycle | | oo \ pmmmmmmmmmmm—————a
J OUT_OF_SYNC 1t IN_SYNC
i- DL reception possible s DL reception possible
1= No UL transmission : |*= UL transmission possible:
\_ \M=——mmmmmmm o e e e e i ’

After transmitting a packet in uplink,
the loT terminal switches from
RRC CONNECTED to RRC IDLE,
losing the synchronization with the eNB
and generating a lot of signaling
to re-establish the connection.



4G enhanced 4G 5G two-stage 5G one-stage
MS BS MS BS MS BS
.' Collision if more than one user pick
—>] | Preamble
\ the same preamble!
" RAR 3 RAR 4
= 1 58-- £
Msg.3 | B i sk 5 Msg. 3 and SR are
ﬁ Msg. 4 é '
Msg. 4 +G
; L ala No more
/ / L5l 0 I
" seis” | scheduling!
*) J B
o o
i | S _:8; e 5 DEIERE = 1S o) a I INACK path with random backoff time
o
" - contention-based
. " In spite of successful Msg. 4, resource
) for data packet may be unavailable
ACK This is considered by dynamic or static split
of PUSCH resources for Msg. 3 and for data.

Comparison of radio access protocols for 10T
on cellular networks

The stair must be reduced, trading collision-free data transmission with lower delay and
reduced control overhead




Contribution

Analytical models to evaluate the various protocols in terms of
IThroughput

1Outage probability
_IAverage delivery delay

Ingredients for the analysis
_IProbability theory

_1Queueing theory
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Viathematical
Viodel:
Preliminaries

Definitions

SPB: a group of | RBs

Number of SPBs
M - MSR + MD

Overprovisioning: for
every data SPB, N
preambles available
for SRs

Data SPBs grouping
available

Let us consider the following
OFDMA grid:

GROUP 1

Frequency

Resource
Block (RB)

GROUP 2

Transmission
time interval
(TTI=1 ms)

USEFS]

A = arrival rate [ -

6 = # of available tx attempts

Mg SPBs for
Scheduling

Requests
(SR)

M, SPBs
for data




Mathematical Model: Sketch

ONE-STAGE

Data SPB collision probability

Pe = 15{1 - (1 —MLD)]_1

=1- (1 — L)A_l,

Mp

where A is the average number of

arrivals in a subframe.

Failure probability
Pr = D¢

Ji arrivals}

From theory
of queues
with

impatient
customers

SR drop probaki
Pa =

ision

- NLMD Ji arrivals}

lity
A, M,

Failure probability

pr=1-

(1—-p:)(A—pg)

Performance metrics

Poutage = pfe

S=101-

poutage)




Two-stage

Performance
Evaluation:
Throughput
and Outage

2-stage yields a
throughput increase
with respect to 4G

0.2 0.4 0.6 0.8 1 1.2
Arrivals per SPB per subframe

1-stage becomes
unstable soon

—— K =1, 2-stage
—— K = 5, 2-stage
—— K = 10, 2-stage
—— K = 20, 2-stage
—— 1-stage

—2—ITE

Low outage probability
can be obtained!

Mathematical model
and simulations are

poutage

Two-stage/

. -~ K =1, 2-stage, sim.

cross-validated 4G g K =B, Xstage, sim.
. ot K= 10, 2-stage, sim.

No grouping (K =1) P . ; . % K = 20, 2-stage, sim.

prOVIdES the hlgheSt 04 0.6 0.8 1 1.2 ol l_Stage sim.

th rough put Arrivals per SPB per subframe s LTE si,m

Very low outage probability!

K = number of groups




—6— K =1, 2-stage
—— K = 5, 2-stage
—— K = 10, 2-stage
—+— K = 20, 2-stage
—x— 1-stage

——JTE

g K =1, 2-stage, sim.
—-o-- K =5, 2-stage, sim.
~t-- K = 10, 2-stage, sim.
N - K = 20, 2-stage, sim.
0.01 LygupuibBFos gt
ot i RN -t LTE, sim.

02 04 06 08 1

Huge delay reduction
Arrivals per SPB per subframe

For low arrival rates,
one-stage provides
the fastest delivery 0.02

1-stage faster than 2-stage here

] 0.4 0.6 0.8 1 12
Arrivals per SPB per subframe



Observations

ONE-STAGE VS 4G TWO-STAGE VS 4G
PROS PROS

_IVery fast packet delivery IHigher throughput

JReduction of downlink

CONS feedback

_IHigh collision probability

_IDifficult coexistence with CONS

scheduled transmissions _ILonger latency than 1-stage



Impact of ==

| . . l-stage, MU

I\/l _U | _ stase MU, foda

ulti-user il
. - = 2-stage, MU, model

Detection

Exploiting multi-user
detection algorithms at the
eNB yields a massive
performance improvement,
that is, a network capacity
increase.

o
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MUD is based on successive 02k
interference cancelation,
thus it is computationally
demanding, however, it is 0 , { ! , . |
performed at the eNB side: 0 02 04 06 08 1 12 14 218 18 2
no further burden at the Arrivals per SPB per subframe

mobile terminals.

The design of the extended
mathematical models is a
work in progress.
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BACKUP




Queueing Theory




Queues With Impatient
Customers

The data transmission phase is modeled as a queueing system in which the
customers (the SRs) are impatient: the maximum waiting time is 7. The long-
term fraction of customers that leave the queue is

_{A-p)pQ
where
) = e H1-p)T
U= SMD is the service rate, 640 is the time interval between two SR SBPs
RAO

p = %A is the load factor, A4, = rate of activated SRs [SR/s]

T = Wdg,p is the maximum waiting time



4G Model

Preamble collision probability

1\/71
p. = 5{1 - (1 —)
Connection request (Msg.3) drop probability

PG = f(/L

pa=f(4, pgR,MD,@)
Failure probability

pr=1—(1-p)A—-piHA—-pa)

Ji arrivals}

Preambles in 4G

RAR window

RBs for connection requests

SR drop probability

SR periodicity




