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802.11ah (Wi-Fi Halow)

 Internet of Things (loTs), which try to connect a large number of
devices such as thermometer, sensors, smart TV, etc., has become one
of the most important technologies.

 |EEE 802.11ah can support up to 20Mbps data transmission rate at the
PHY layer; the transmission range can be up to 1 kilometer.

e A single IEEE 802.11ah’s AF can manage up to 8191 wireless stations
(STAs) at the same time, for which the time-division approach Is
adopted for STAS channel access.
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Traffic Indication Map (TIM) Segmentation

 IEEE 802.11ah adopts the Traffic Indication Map (TIM) Segmentation
mechanism to divide STAs into several TIM groups.

e STAs in each group only wakes up on specific time to access channel.

« Two types of control beacons sent from AF are Traffic Indication Map (TIM)
and Delivery TIM (DTIM)

« DTIM beacon: DTIM beacon indicates which TIM segments have the buffered

data on the AF side.
 TIM beacon: The TIM beacon contains the grouping information in the TIM
Interval.
DTIM DTIM
Beacon Bt;ral:\:non Beacon interval B:a:?on B;:znon Beacon
< >
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Restricted Access Window (RAW)

 Restricted Access Window (RAW) mechanism limits the number of STAs to
access channel at the same time and reduces the collision probability.

« A DTIM period is divided into several TIM periods; a TIM time period is
divided into several RAWSs and the duration of each RAW is assigned by AF.

 Each RAW'’s duration i< divided into several time dots.

* In atime dot, only part of the STAS, which are also called a “subgroup”, In
the RAW group are included.

DTIM

DTIM TIM ™M TIM
Beacon

Beacon Beacon Beacon interval Beacon Beacon

< >
RAW 1 RAW 2 «xa| RAWKk
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The Collision Problem

e Alt
col
tot

nough the TIM and RAW mechanism can reduce the collision, the
Ision still can happen when there are two or more stations, which belong

ne same slot of a RAW, have data to send, having the same backoff value.

e Thus, the Registered Backoff Time (RBT) channel access approach was
adopted In this work to avoid collisson and make the communications
between STAs and AF be more efficient.
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The Claim-based Channel Access (CCA) Method

* The CCA method is one of the RBT channel access approach which is proposed
for scheduling the channel access's sequence of the STAs [1][2].

 The RBT concept is that each STA randomly generates a backoff value for its
next channel access, which is called RBT, to AF.

A STA X’s RBT value, which is randomly chosen from the contention window,
can be (i) delivered to AF when X is associating with AF on the first time, (i)
piggybacked on its uplinked data frame that is sent to AF or (ii1) piggybacked on
the ACK frame that is sent to AF.

e Based on the RBT values of STAs, AF can assign the STA with the lowest RBT
value among those STAs that need to access channel to get the privilege of
channel access while the medium is free
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The Clam-based Channel Access (CCA)

M

ethod

 The key i1dea of the CCA method is that the AF would know the
existence of STAs having uplinked data frames through the use of the

cl

o T
C

o T

aming RAW.

ne STAs that have uplinked data to send in RAW | send ther
aming frames to AF in Claming slot | of the Claiming RAW.

nen, AF can know and schedule a STA to uplink its data frame(s) on

Its corresponding RAW’s dlot if its Claim frame Is successfully
received by AF.

1931
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The Clam-based Channel Access (CCA)
Method — Remaining time

e Authors In the CCA method using the algorithmic way without the
mathematical modeling and analysis.

e In this work, the CCA method Is revised, for which each RAW s
composed of one Claiming RAW and one Data RAW, and the
mathematical modeling and analysis are presented.

) > i)
% Bl 2 koA 4
National Cheng Kung University

1931



System Architecture and the
Functional scenario
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System Architecture

» Referring to the Figure, let one TIM interval have n groups. Each group is
associated with two RAWS, in which one is Claaming RAW and the other
one is Data RAW.

e The Claming RAW is for STAs to contend their claims of the intension
for delivering uplinked data frame(s) to AF by sending their claiming
control frames

TIM beacon

TIM beacon
A TIM interval A
AP scheduling AP scheduling AP scheduling
A A A
Claiming Data . . .| Claiming Data . . . | Claiming Data
RAW 1 RAW 1 RAW i RAW i RAW n RAW n
TIME

Claiming |Claiming| | Claiming Data Data Data
Slot 1 Slot 2 Slot k; Slot1 | Slot2 |" " | Slotk;

2 3 koo b

National Cheng Kung University

L5

1931



System Architecture

 The Data RAW is for STAs to send uplinked data to AF or/and receive
downlinked data from AF.

 Each RAW is divided into k dots and each dot is for the channel access
of a subgroup of STAs belonging to the RAW'’s group.

TIM beacon

TIM beacon
A TIM interval A
AP scheduling AP scheduling AP scheduling
A A A
Claiming Data . . .| Claiming Data . . . | Claiming Data
RAW 1 RAW 1 RAW i RAW i RAW n RAW n
TIME

Claiming |Claiming| Claiming Data Data Data
Slot 1 Slot 2 Slot k; Slot1 | Slot2 |" " | Slotk;
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Functional scenario

In the proposed method, the functional scenario is divided into three
phases:

1. The claming phase.
2. The AF scheduling phase.
3. The scheduled data transmission phase.
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1. The Claiming Phase

» After recelving the TIM beacon, each STA can know whether it has
some downlinked data that are to be recalved from the AF side In the
current TIM interval or not.

* Nevertheless, AF doesn’t know whether a STA has uplinked data
frame(s) to send or not.

e Thus, the STAs that have spontaneously uplinked data should notify
AF inthe claming sot
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Contention Process in the Claming slot

 The STAs with only uplinked data would contend for channel access
using the CSMA/CA mechanism.

 The one that wins the channel access privilege, 1.e., transmitting
without collision, sends the claiming control frame to AF.

* Then AF will schedule that STA's channel access in the corresponding
Data RAW'’s dlot.
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2. The AP Scheduling Phase

o After the Claming RAW is ended, AF schedules the sequences of
STAS, for which AF already knows their need to access channel in the

coming Data RAW, to access the channel according to ther RBT
values.

e |f two or more STAs have the same RBT value, AF schedules these
STAs to access channel according to the time stamps of the RBTSs.
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2. The AP Scheduling Phase

» At the end of the AF scheduling phase, i.€., before the start of Data
RAW, AF should notify which STAs are the first ones to access
channel in their corresponding slots respectively using an ACK frame
In the end of the Claming RAW.

e Thus, the STAs that belong to the RAW group and need to access
channel In the coming Data RAW should wake up and listen to the
ACK frame.
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3. The Scheduled Data Transmission phase

« After AF broadcasting the ACK frame, that was notified as the first
STA to access channel in its assigned data slot can immediately access
channel for uplinked and/or downlinked data in its assigned data slot.

e The
can

a) S
b) S

channel access of a STA In the scheduled data transmission phase
ne divided into three types:

'A X only has uplinked data.
‘A X only has downlinked data.

c) S
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An Example of the Channel Access Sequence

slot X

It
( ¥

; Data Data Data

FAIM ' _ _ ACK ACK ACK:

| DIFs AP~ pirs AID=1 SIFS SFs sirs AID=2 :

AP AlD_3=1 i more=1 <« more=0 ;‘_.A[D=1 HAID=1 more=0 Sﬁ :
H A A A

PS-Poll Data T Dataé PS- PoIE ACK

STA1 DIFS | DIFS | 1
(RBT=3) § E S |E)f§ more=1! P more=0; _QlFS) E §E§ RBT=4|

5 | | ‘ PS-Poll Data -
STA2 ; ‘ i more=
RBT=5) | RES % Rer=s

PS-Poll ACKE ACK
STA3 ! : SIFS : SIFS

* Thetraffic demandsis set as follows:

a) STA 1 has two uplinked data frames and a downlinked data frame.
b) STA 2 only has an uplinked data frame and has claimed to AP,

c) STA 3 hastwo downlinked data frames.
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System Modeling of the Proposed
Method
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Overview of the Proposed Modeling

* The modeling and analysis are mainly through the estimation of throughput.

e To formulate the throughput of a subgroup’s, I.€., a slot’s, throughput, it
needs to calculate the time spending on the data transmission for the
corresponding data volume.

e Since those STAs that only have uplinked data (without downlinked data)
need to participate the Claiming phase, the number of STAs that can have
successful claiming to AF needs to be derived at first.

« Using Bianchi’s proposed model, the probability t that a STA transmits in a

backoff count down’s time dlice cazn b(e1 exzpr?ssed as follows:
*(1—=2p

TA-2pW+D+p*Wx(1-(2p)™)

T
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Data Transmission on Claiming slot

* |n the proposed method, the size of contention window (CW) is fixed in the
claiming dot, for which the CW is set to the minimal CW, i.e., mis equal to
0. Thus, the probability t that a STA transmits in a backoff count down'’s

time slice can be expressed as follows: ,

TW+1
e The probability P, that there is at least one transmission in the considered
backoff count down’s time slice containing n STAs is as follows:

T

P =1-(1-7)"
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Data Transmission on Claiming slot

 Then, the probability P;,_. that a transmission is successful on the condition
that there is at least one transmission in the considered backoff count down’s
time slice can be expressed as follows:

p S CTrrx(1-0)"t nxrx(1-7)"

r=s = 1-a1-oH" @ 1-(1-17)"
e P, * Py._cIS the probability a transmission is successful in the considered
backoff count down's time dlice and P;, * (1 — Pg,-_¢) 1S the probability a

transmission is falled in the consider backoff count down’s time dlice.
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Data Transmission on Claiming slot

 Thus, the normalized throughput TH, for the situation of n STAS
participating contention can be expressed as follows:

_ Py * Py_g * FS
(1—=Py)*0+ Py % Pyp_g x AT + Py ¥ (1 — Ppp_g) * AT

TH,

where (1) FS Is the frame size, o Is the backoff count down'’s time dlice (i)
AT, _ 1S the average time of successfully transmitting a packet and, and (iii)
AT, is the average time of a collision.
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Data Transmission on Claiming slot

« TH,,means the amount of data that can be transmitted in a second.

 In other words, TH,,/FS denotes the number of frames that can be
transmitted in a second.

* Thus, It can express the time spending on a successful claiming for data
transmission In the situation of n STAs participating contention as the
reciprocal of TH, /FS, which is expressed as follows: :

time,¢ = R (4)
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Data Transmission on Claiming slot

Let there be Ny, = Z’.Valu P! x (1 — P}) STAs having only uplinked data.

l=

(1) N,;; denotes the number of STAs inthe slot, I.e., sub-group.

(2) P! and P} denote the probability that STA i has uplinked and downlinked
data respectively in the time interval of a DTIM.

(3) It is assumed that the packet arrival probability is Poisson Distribution and
thus P! =1 —e %t and P} = 1 — e %4t where A, (1) is the uplinked
(downlinked) packet arrival rate of STA | and t is the time length of DTIM.
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Data Transmission on Claiming slot

The claiming procedure is showed as follow’s steps:
(i) Ny STAs contend and one of the STAs has successful claimed to AF.

(1) The remainingNy;; —1 STAs contend, and one of the STAs has
successfully claimed to AF.

(111) So on and so forth till the last STA sends its claming frame to AF.
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Data Transmission on Claiming slot

e The idedl situation is that all Nj;; STAs have successfully claimed to AF.

* Nevertheless, the claiming slot may not have enough time for al Ny; STAs to
send their claiming framesto AF.

e Thus, It needs to find the maximum number of STASs that can send their claiming
frames to AF as follows:

a

" SC "
m(?xz: timey,,, -k < time. s, a < Ny

k=0
where time, ; is the time period of a claming slot.

e Thus, the number of STAs that can have successful claims to AP is:
Neg=a+1

% B 2 g0 ﬁ"‘?ﬁ
National Cheng K

1931 ung University



Data Transmission on Scheduled sub-slot

With the claiming information, AP can know that there are:

(1) N, ¢ STAsthat have uplinked datato AP.
(i) Np, = ¥4 PE + (1 — PI) STAs that only have downlinked data to AP

(iii)Ny epL = ZN U(pL « PL) STAssimultaneously have uplinked and
downlinked data_
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Data Transmission on Scheduled sub-slot

* Let the RBT values of STAs sty, sty, ..., st, b8 RBTg;, < RBTs;, < RBTs, < - < RBTy; .
* Then the scheduled channel access sequenceisst, sto, ..., Sty,.

* The channel access time of scheduled STAs time; , should not exceed the data slot and is
expressed as follows: . ; \
timel,, x P} « (1 — Pd) Port,

timeg ; = = max PR +timel; * P} * (1 — Puf) r < timeg, ....(3)

+(time,:d + Ttimea'”) P! x P} )
1. timel; (time}, I) IS the u Ilnklng (downlinking) time of STA 1, which includes the time for
upllnﬁ (downTinked) data frame's transmission and control messages transmission.

P! and P} denote the probability that STA i has uplinked data and downlinked data
respectlvelylnthe time interval of a DTIM.

Port |s the portion of successfully claiming STAs in the claaming slot, which is equal to

CSf

4. timeg . Isthe duration of a data slot.

“woN
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Data Transmission on Scheduled sub-slot

* The time flow charts for the situations of uplinked and downlinked datais
depicted in the following Figure.

 Then, the time spending on sending an uplink dataframe is as follows:

timeyr, = tsirs + tps—pou + tpirs + tpata T tsirs + tack
 The time spending on sending a downlinked data frame is as follows:

timepy = tsips + tps—pou + toirs + tpata + tsirs + tack

SIFS FS

DI
AP AP Data
ACK(Next)

PS-Poll PS-Poll (Next)
Data ACK
. (RBT) (RBT)

% B 2 oo A% STA STA
National Cheng Kung Universi

ty SIFS DIFS SIFS SIFS
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Data Transmission on Scheduled sub-slot

e |f there are more than one uplinked or downlinked data frame, these data
frames can be transmitted without sending the PS-Poll frame again, which
can be notified by setting more bit to be equal to 1.

e Thus, the transmission time of STA i time’;, which has AUD}; uplinked
data frames can be expressed as follows:

time,; = tsips + tps_pony + AUD], (tDIFS + tp, + lgips T tACK)

 Let the data arrival pattern of the uplinked data be the Poisson distribution.
The probability P, of a STA I having k uplinked data frames to send to AF
InaDTIM period tlmemlm IS expressed as follows:

Pk=

i

| P
Ay, * timepryp) e_}\u*umeDTlM/
k!
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Data Transmission on Scheduled sub-slot

e Then, the number of average uplinked data oZrames that STA 1 sends to AF is expressed as follows:
i 2k=1(Pr; ¥ k)
| Ziz1 P

AUDL, =
e The transmission time of STA j time);, which has ADD/, downlink data frames, can be
expressed as follows:

time), = tsips + tps—pou + ADDY, * (tpips + tp; + tsips + tack)

» Let the data arrival pattern of the downlinked data be the Poisson distribution. The probability
Py, of a STA | having k data frames to recelve from AF is expressed as follows: :

. J B
P, = (A * timepryp) " e_}\d*umeDTIM/

j k!
. ;I'rlllen the number of average downlinked data frames that STA | receives from AF is expressed as
ollows:
. (P x k
ADDC]” _ 2i=1( K )/Zoo -
o A Koo
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Data Transmission on Scheduled sub-slot

« The value k of Equation 3 has been derived. Thus, the total data volume
transmitted on the Data Slot DV, .0qu104 CaN be expressed as follows:
rAUD{'m x FS * Pl * (1 — Pail) * Port, g

k
i . .
DVscheduled=2 +ADDdl*FS*POLl*(1_Pl€)

S+ (AUD},, + ADD},) + FS * P} « P}

(i) AUD} up /ADD,is the number of uplinked/downlinked data frames of STA i.
(if) FS isthe size of a data frame.

(1if) Port, ; isthe portion of successfully claiming STAs in the claiming slot.

* Then, the expected throughput of a slot can be expressed as follows:
Thexp . DVscheduled

total —
tlmedslot

\

A
~"

J

where time,_, . I1sthetime of dataslot.
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Performance Evaluation
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The Simulation Environment and Parameters’

Setting

e The g mulation environment
deployed an AF and different
numbers of stations to build the

802.11ah network.
« The proposed system model
was Implemented using

MATLAB and NS-3 was
adopted to smulate the
environment of 802.11ah.

e Related parameters and their

corresponding  values  are
depicted in the Table.
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Simulation results — low uplink — (a)

* “RBT-TRCA-Modd” denotes the results using the
proposed system model, for which the results
were derived using MATLAB.

e “RBT-TRCA-NS3” denotes the ssmulation results
using the NS3-based implementation.

* Referring to Figure (a), the throughput is linearly
Increased when the number of STAs is from 24 to
40.

* When the number of STAs are 40 and 44, the dot
reaches the overloaded situation, i.e., the data slot
time is not enough for all STAs to access channdl,
and thus the throughput would remain the same.

& Anior?

—e—CCA-Model CCA-NS3
100000

90000 R
£ 80000
0
~ 70000
=

>
Q. 60000
&
> 50000
o)
S
= 40000
[

30000

20000
24 28 32 36 40 44
number of STAs

0.075 pkt/s 100% 25%
0.1 pkts/s 0% 25%
0.15 pkt/s 0% 50%



Simulation results — high uplink — (b)

e Since Figure-(b) has the higher uplink traffic = . 77 CAModel mcoanss

demands than Figure-(a), the data frames that R —
can be scheduled to transmit of Figure-(b) is 2 /
higher than that of Figure-(a) when the £

0o
S 50000
O

number of STAs are same, I.€., from 24t040. = ww

30000

20000

20 24 28 32 36 40
number of STAs

 Thus, Figure-(b) has the smaller number of

STAS, 1.€., 36, than that of Figure-(a), 1.€., 40, (Arrivalrate |uplink | downlink

when the overloaded situation is reached. 0.075 ptls 0% 559
0.1 pkts/s 0% 25%
0.15 pkt/s 100% 50%
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Simulation results — low downlink — (c)

» Since Figure-(c) has the lower downlink traffic =~ —ccamodel ——ccanss
demands, most of the STAs use the claiming way
to uplink their data, i.e., contend for the privilege
to send the claim frame to AF.

* When a high number of STAs access channel Iin o
the claiming dlot, the channel would be congested 40000
and thus some of the STAs cannnot send their M Umberofstas
claim frames to AF during of the claming dlot.

e It is the reason that Figure-(C) has the larger [Nl o R L S L S

“» 90000

e
//
—

(bp
S

~J
o
o
o
o

60000

Throughput

number of STAS, I.e, 56, than that of Figure-(a) 0.075 pkt/s 25% 100%
and (b) when the overloaded situation is reached. 0.1 pkts/s 25% 0%
0.15 pkt/s 50% 0%

& dastoor?



Simulation results — high downlink — (d)

e Since the STAs in Figure-(d) has the higher
downlinked traffic demands, it has the higher

probability that AF can know STAS' intentions

to transmit data and AF can schedule these
STASs to access channdl.

3

Q. 60000
<

o0

> 50000
o
< 40000
'_

30000

20000

e Thus, Figure-(d) has the smallest number of

STAS, I.e., 32, than that of Figure-(a), (b) and
(c), when the overloaded situation is reached.

16

—e—CCA-Model =—e—=CCA-NS3

P

20 24

28 32 36
number of STAs

0.075 pkt/s 25% 0%
0.1 pkts/s 25% 0%
0.15 pkt/s
0o Azrnr?

50% 100%
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Conclusion

* |n the proposed work, a formal modeling has been devised for analyzing the
scheduling phase of the proposed RBT-TRCA method.

 Using the proposec

RBT-TRCA met

nod, STAs can use the Claiming RAW’s

dot to transmit their claming control frames to AF to indicate their

Intentions for uplin

AF can schedule STAs to access channel according to their RBT values.

King data, which

nelongs to the Triggered RAW approach;

* In this way, the collision rate can be decreased and the communication
between STAs and AF can be more efficient.

* To validate the proposed system modeling for the proposed RBT-TRCA
method, four kinds of testing configurations have been analyzed and

eval uated

e [t has shown that the analysis model’s results are similar to the NS-3-based

simulation results.
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