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Due to the rapid growth of communication technologies and services,
it is expected that in the coming years, billions of devices will be
connected through the internet and wireless networks, resulting in a
significant amount of traffic being sent and received between them.
The sixth-generation standard for wireless networks, known as IEEE
802.11ax or Wi-Fi 6, is designed explicitly for dense environments.
One of the primary challenges in 6G wireless networks is resource
management in densely populated environments. The increased
number of stations and the need for more speed and efficiency have
created new challenges in resource scheduling. Among these
challenges, we can mention the increase in bandwidth demand,
frequency interference, resource limitations, resource scheduling,
energy consumption, delay, and maintaining user security. Our goal is
to present a resource scheduling method that improves the efficiency
and productivity of wireless networks in dense and heterogeneous
environments, utilizing the entire bandwidth space. In this research,
a method for resource scheduling at the access point based on the
Orthogonal Frequency Division Multiple Access (OFDMA) mechanism
is proposed. This method has been evaluated using the ns-3 network
simulator. The results show the proposed scheduler's better
performance in terms of throughput, end-to-end delay, and Head-of-
Line delay. As a result, the proposed method can help improve the
quality of users' experience in dense and heterogeneous
environments.
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EXTENDED ABSTRACT

Introduction

The main goal of future wireless networks is to improve the quality of user experience in dense
heterogeneous networks. One of the main needs of operators and sellers is to provide more
capacity, less delay, higher efficiency, reliability, and connection of a large number of devices. In
dense environments such as stadiums, colleges, residential complexes, and chain stores, there are
hundreds of access points and stations. One of the main advantages that wireless local area
networks (WLANSs) offer is the uncontrolled use of access points. This advantage sometimes
causes challenges in the performance of wireless local area networks. The most important
inherent challenge is the high and unchecked interference level that exists in the channel access
method of wireless networks. The IEEE 802.11ax wireless network standard was introduced to
connect users in dense deployments. This standard does not introduce a specific scheduling
mechanism. A feature of this standard is the introduction of the OFDMA mechanism, which can
be used in the media access control (MAC) layer. The use of OFDMA provides the possibility of
scheduling download and upload data flows, and the efficiency of OFDMA depends to a large
extent on the scheduling of resources between users. In this article, a new scheduling method is
proposed. In the proposed method, the OFDMA mechanism was used to schedule the resources
at the access point so that most stations can use the bandwidth for transmission. In practice, the
proposed method was compared with two other scheduling methods by implementing several
different scenarios and using an ns-3 network simulator.

Methodology

Scheduling is used to allocate resources in the IEEE 802.11ax wireless network standard. When
multi-user OFDMA is used, the access point must determine how to allocate the available
bandwidth and provide this allocation in a scheduled manner. In other words, with scheduling, we
determine the number and size of resource units (RUs) into which the full bandwidth should be
divided. In the proposed method, to allocate RUs, the stations that had data to transmit were
placed in a queue and when a new TXOP was available, the stations were served in the order of
being placed in the queue. In this method, the RUs were arranged in such a way that they can
serve the maximum number of stations with the maximum use of bandwidth. The operation and
allocation of data sources in the proposed method for 20 MHz bandwidth are shown in Table 1.

Table 1. How to allocate RUs in the proposed method for 20 MHz bandwidth.

Number of 1 2 3 4 5 6 7 8 9 >9
stations
Allocation of 1*242-  2*106-  2*106- 4*52- 4*52- 3*52- 2*52- 1*52- 9*26- 9*26-
same-size RU tones tones tones tones tones tones tones tones tones tones
other RU - - 1*26- - 1*26- 3*26- 5*26- 7*26- - -
allocations tones tones tones tones tones

The proposed method was compared with two scheduling functions: ‘bw’ and ‘hol’. In the ‘bw’
scheduling function, the stations are served in a round-robin manner and allocated the entire
bandwidth. The ’hol’ scheduling function tries to fit the maximum possible number of stations
into a TXOP. Both functions assume that the bandwidth can only be divided into RUs of the same
size.
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Results and Discussion

Figure 1 shows the total throughput for uploads for the three schedulers described in the multi-
user transmission. For all three scheduling methods, the throughput in the number of stations
between 1 and 9 is close to each other, and the observed difference is due to the difference in the
allocation method. However, with the increase in the number of stations in dense environments,
the ‘proposed’ scheduler and the ‘hol’ scheduler provided more and closer to each other
throughput compared to ‘bw’.

Figure 2 shows the end-to-end delay graph for download and upload traffic. The result of the delay
of the proposed method was reduced in general, because in this method, the goal is not to wait
for any station. Because the ‘bw’ method uses the entire bandwidth for minimum stations, it
keeps more stations waiting and thus creates a greater delay. However, the other two methods
cause less delay because they serve the maximum number of stations.

Figure 3 shows the average head-of-line (HoL) delay, which represents the average time interval
between two consecutive transmissions to a station. The ‘bw’ scheduler produced a longer
average time between consecutive retransmissions to a station, while the ‘hol’ scheduler
produced a shorter average time between consecutive retransmissions to a station, but the
proposed scheduler produced a lower average delay than the other two schedulers.
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Figure 1. Total throughput of uploads for different numbers of stations.
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Figure 2. End-to-end delay for download and upload traffic.
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Figure 3. HoL delay for different numbers of stations.

Conclusions

The continuous growth of various services and applications, along with the expansion of
smartphones, leads to the evolution of existing wireless networks towards more advanced
systems to meet users' needs. The next generation of wireless LANs is WiFi6, whose features
are defined by the IEEE 802.11ax standard. This article, focusing on the OFDMA mechanism in
the IEEE 802.11ax standard, proposes a new scheduling method at the access point. The criteria
of throughput, end-to-end delay, and head-of-line delay were compared, and the results of these
criteria showed that the proposed method functions better than the compared methods.

In future research, the type of scheduling can be changed based on different parameters of
the network and considering the competition between stations. To improve the performance,
different methods of allocating resource units can be checked, and the best allocation mode can
be obtained with heuristic or meta-heuristic algorithms.

16



Ol g (gwoxo Lo,

W-Y0 O oyleds ((VFF) VY (81,1 ole anlilad

Ol sho oKL sale doliliad
IV -Y0 o) oylows YY 2y90 VEE oo
https://karafan.nus.ac.ir/ :4y sis (w >

d 1:10.48301/KSSA.2023.374528.2359

o s (om0 (B wyae Juud yd pilie (ginilo (g, Sy &I

vd).‘ya.;.\a.’?tnc

Yﬁd.&a?u Lé) ¢ \U.»L>).u 0.)‘)']

'Ol)f'-l ‘OIM b ulsy ol Wi sl ‘);5.....»\5 (swAReo 05; ‘5):5: d9:ggi’.3b -1
'Ulfl ‘ul_\ua ‘L.«.w k;\.ﬁy oKy ‘uw.b.@(o 048Iy ‘)aw‘s Lsm_\a.e(o bs)f )L_{JL.«..:I —2
ul)}l ‘ulm <L~» Lfb?f olKisly (ewdiye PRCHAN ‘)Ewlf (W 09/5 )Lyidl.) -3

LXVCES

Ao wleWb]

Sl 58 358oe (e (LS Sy 5 s ysld @ w8, @ 4z b
5 Wigd Jog 0o pris oSl 5 il Gk sl ol s Lke ST sl
e e i s oyl 5g il s g Syl T oy ool Sl
el oss b (ST sladae sl WIFI6 L IEEE 802.11aX ol 4 s
slalize 53 plie Copse @il Jod poio slaaSed o (ol Jile 51 (S
sl i @l 5 ey a5l g ol slass bl ool (oS15 5
Ol ee Lo tdly (nl dloz 5l cenl 03505 Sl e gaislej areey )3 |, o
e saiile; cmlie Casgazme (oS B BT il sl Lol a3 o
Shey Ko il Lo Ban ogas oyl oS Cotdl Lis g 5l (ghyl Gyae
labize 90 e SloaSed oo 5 2D S ln @l anle;
S g onl o S eolatwl Wb sl slad JS 5l aS sl Keali g o515
Wiz (g yiss 03l 2 (e (g yid abali )3 wlie gt sln )
Sheolaul b g, oyl sl ool slpriny (OFDMA) velsie (uilS )3 s
5 ©olgiing wiiley a5 s co lis bl g oad obj)l NS-Y Al jluans
3390 Sa s 4t s Lty 53 5 el el 36 o Slbee 55 (sl oo
oS g Wl oo 3t Ry 4B 53 )08 (5 3Shes calia

S SeS (Keal g o515 sladans ;5 1)l 4y

VEY O tallie cdly o
VEYFITA e (6,555
VEY AN sl i

1B 5y a8

[ EEE A-v.\hVax skl
OFDMA ¢ 5550

s (sl (sladSid
gisle;

WiFi6

oo LS, 2J9§.M~o DMQJ*

1Sy S Sy

r.mohammadi@basu.ac.ir

ARY


https://karafan.nus.ac.ir/
https://www.doi.org/10.48301/KSSA.2023.374528.2359
https://orcid.org/0000-0001-6475-3229
https://orcid.org/0000-0002-2139-4518
https://orcid.org/0000-0002-2139-4518
https://orcid.org/0000-0002-2139-4518
https://orcid.org/0000-0002-2139-4518
https://orcid.org/0000-0003-4051-5378
https://orcid.org/0000-0003-4051-5378
https://orcid.org/0000-0003-4051-5378
https://orcid.org/0000-0003-4051-5378
mailto:r.mohammadi@basu.ac.ir

WY ) olos ((VF+F) Y (31,18 sale aobibas ey @alin goiilo) gy Ky 4l

LV-RY-7

GreS L olen (L8353 a i Jilwg g e don sla o aile goite sloaalp g o g 03,
Ol Lol oals Sad it Slaptis S 4 o 2 SLASES oSS @y jomie caielign slaobsT
ool Gase il anils (6,50 Sl Wl beaSes (o515, sbaSed s laosls a> g olfiws sluss
ol ol glajl ol (Sanl 65155 loaSes )0 (1)5 428 oS 65| coaty] s 2 sloaSds
Sl olRiss (g3lyj ol Jlail 5 Glabol <ol o558l (590 02 VL @l ¢S 22U iy 2d )b
S a3 e 45 e Lol ] slmolSiiws 5o oolitil wpwm o SWASLS mie oo, 5 51 S [¥-)]
A dalys Lo )88 mee slacuglyl 5l (o Lodl o il ean] o ams idg o5 Gkl ol
6kl gloollinws o938l silod S gai dire) (nl 5o (o slaslailinl g Lo o3l sl 12985 51 (g )lemm 9
Aalss 5L Vb pliebl CoblE 5 o5 5ol L slaSid 4 g ools (bl ) aSlls jolie J @S o Ll
8 s yiws b blis ,0 a5 conl S slao,S 10 a0 sloaSis slas )15 51 S [F 5] el
il @l Cosgaze Jo 4 laasid ol (ol Blaal I gllee (g5 il 5 pae Job 0gne 005 (o
5 5 Jom Lot (sl 252 4 Wit Jlons o g2 45D (255 (229,095 sloaSed [o] el
SISl 5 aas o |y ledbl Jols g bL3,| LSl lag 055 4y laaSics ol g oo ogmmns draish
I5] ass o ool 31, Lilise

(s 7o alai Lo glo i o8l 3 5 (J9Sms gaime 0uSLAls pgaslinl Jio o515 5 lolazre 5
g Wgh e e Sl Al e O 9oty (53b) (saoliins ladame pl o 3,1 Syzg oKl o
b il s Ll JLasl gl o o sasees IEEE 802.11aX o laibisl .canl 5Ls oV S
ol 5l ool aSl )5 o sl YL ools &5 Al LS 45 e ik (nl Bom .l 00l (3 yxe 1515
VN2 g 4 RO PRVESUICE IR PO SRR gk J - S

bL&s 3l ag, o eolatuwl wias o &L WLAN) s o (Ao sloaSlis a5 Sblse o5 Lol 51 (S
M G2t D9d o0 At (0 Shes jo (pla il ol tel LBl (B iy jo ol sl (guo s
)18 392y e SLaaSed JUI 4 (s (g 50 &5 el sloais JpuS 9 Vb B e (51
- A5 SIS Cgogame 5 U5 abae b alilie sl sols saiile; pilss IEEE 802.11aX o, luste!
Y 51, o lsssime 45 ol OFDMAT p 33080 48 ne e laibias] (sl colilB oKy sl 03,55 23 y00 s
IS o aule (gl a5 sl glail; 4 (cw yiwd (55909555 OFDMA 5505 ool il ) (oan yiwws J yisS
Yo slagy 3 Sas8 slaats Jlo)l jliw 2ol crgo a2 ogdle 5 Conl ould (80 LaaSt o515
OFDMA 5l aslical 3550 LS 00l &3 Gl iy 5 6531 inb w15 (al531 cmgo w09 oo
e 4 OFDMA (5 350,40 5 S oo w153 1 (UL) LT 5 (DL) s5bls 03l slagly > (sasle; lSel
La5Y] sl Sy )5 oo @olie (satile 40 g0l

! Wireless Local Area Network
2 Orthogonal Frequency Division Multiple Access
3 Downlink
4 Uplink
YA



Ol 9 oo LS, WD ) oyles (VF+F) TY (031,15 ode aclikiad

I b a5 conl oals olpiny OFDMA el 3leslatnl b wyas sasiley g, SO llin opl jo
099y Ol S solaiul wily sl 5l auslen ol ST a5 WS o (gaiile) (saisS 4y (o s alais jo
Sl el ool dnlie [0 uiile) (g, 90 b calitre (g9 )l a0 ns-3 Sl 3l eolazul b
Slool jgpe ¥ Gidu 10 .l oo 00ls 7,8 (gausle; a1 o IEEE 802.11aX o Jasbiw! alex I cggo50
Ty Jhise gba)lire 9 N5-3 jluacd )3 (gilwosly oolerin aiile; (b9, ¥ (A5 )0 9580 Ol
Lol o oyl oo T sla 5 sy Shlpin 9 S e b (isn 1o .l ool ools

b pleo -Y

SNl ulul jy aS oals adye 5l )0 paw e lore a5l sz sle s Gl slo Sl o

IEEE  wos sbojlabinl pl 51 (S el ool Byme IEEE 802,11 v o sloaSis o st

Sgute 5o oMl SO e lailiwl cpl @l Lol Bgyme BC) pind Jus aSii 4 a5 sls b 802.11aX
el IEEE 802,11 (s o sloasSliis o Sloe

IEEE 802.11ax o,laitowl =) =¥

aswgs |EEE 802.11aX ob 4 JEEE 802.11 o> 4ol o TGAX aibs 05,5 ¥V F Jlo ;o
Sl 090 Glaills 4 g B og gl jiiie YoV Jlo o asdal cpl 4 og cpl el ols
a0l 8 likiwl ol YoV Jlo 5o .o gl Yo wib slige b olaglw g oosT o515, sWWLAN
a5l (goasie sl g, 5l IEEE 802.11aX o laslil 0,5 cdl o 1, IEEE sleos lailinl cop ow,
4| oaxie sblse o lulinl ol A 3V] wiS oo oslina jzge o ,Slee sl TWT'y OFDMA QAM!
Gl Vo YE r¥ode L QAM Lams als 1) 156 5 b g ol asls YU Jlaws S o Wilgi b ans o
5l 58 s Aotz yiwws OFDMA ol solawl LB 5 0lKe Yoo 5l iy aib by ,o Jl)
s8> g oy dz aS asuine ulen B ojle e 0l 1) aolliws cdan g o yloy b TWT el aaleie
D5yl oS aladl esls <l o b Jlo)l sl g oo o Clss |

OFDMA p 5 -¥-Y

iny gz oolizal CSMAJCAT g, b OFDMA p5.l5e IEEE 802.11aX (glaaSots o

95 2 3 1) 2oz w8 Wlgioo (s il on (o JUB 4 o2 4l (8 L Tl (o s abail
Sod Y Slog gl Lise ol Lise 99 OFDMA 8 .aules adgl a0 laie ogbT 4 sgbils >

T Quadrature Amplitude Modulation

2 Target Wake-up Time

3 Carrier-Sense Multiple Access with Collision Avoidance
14



W YD ) oylesd ((1FF) Y (3115 ale anbibad ey gl siile ) b, S 4l
b ol Gilies )5 sl a5 Conl Lo o LoDl pgs (5 5 Conl il baolKiuy] don (gl a5 cal
59 Ogd g0 Sl o yiws aladi ;o 0,8 15 )l 092y ISk g Solils sla Lyl o el salls sguse
oS (g ¥ Sledgi s olls 5lead Jlol lojer slaeyd a5 o)l a5y JSis cal 35hT slaJlo |
Gl ) (TP ails )8 e pws bl azil (LSt b8 5 ol a5l wsdoe odsi o5 avgs
Slaat 5 pgea¥yne o SO all il oo yins ojlrl sabez S aS o Jlol an sz S8
WJlsyl 0,95 {MIMOY >g 50> - (595,500 Jlo)l &y08 s glp olo el (MCS) 5 )l38as
rsbie o 00 Jlojl sloolRiwsl (3505 Glojon sln TR 023 008 5 (So5d 4 Sledgs (2o
o0 8,0 350 lap)] mf s (S 4 b osd ge Jloyl (MSBA) oSyl stz a8 5 onl
s ol ploo b &y 5 S>95 (RUY aie asly ai> a0 |, JUIS COFDMA 45086 VY 51 ] e
Ul 4 e am )3 was oo plaidl Gl ol 4 ] ate laaxly Gl bisS (Sl ) 5 03503
Sl S By ) S 0500 Slayen job & Giliza )5 (sl Spaomal s5bls 5 5k (sla L)
3 ad e plis JSa oS beles VY] aas s olid pialKe Yo wib sl clp |y g slaasly
Al ae slaaxly ojlail gl le sl )l 5,086 Yo Wil sl o IEEE 802.11aX o laske!
5 V8 il ol L) (5 Y8 aoly 4 o5 O axly ez o o5 Vo F axly 90 o 5 YEY asly G 3
2 el o ISl sglils 5 o5LT > 5o 4o IEEE 802.11ax o OFDMA (5556 olles (635 50
A oo yiwd ilg o I 1) 00l Lyl Wb aST Hlaesls den Dledbl wyiws alads e webils il
Sy o e pdy el B 5l ey gatile; CSMAICA L Laid wogbl o .S asile; | ails,
Gl osh ! gandle; p3¥ ledlbl ¢ pwyiws ahadi gl U 0gd oo <y o by ;8 alolie (5l 2o bLs )|
G s g 035 o Jloyl 1 o0ls ¢ polazs] guie axly Gyl 5l 2,5 o g0 o oebT o [VF V] aas
795 JU 5508 baelSiyl ¢ Jgane jsbo 4 05 oo SoS o ptuws abaii ;0 5YL (SNRY] 555 4 JUSins
Slp ams e 1als 1) asbT plys (JUtl @08 50 (p)lE pae cpl g Wl (o itwd blE 4 Connd (55505
iand 25l )08 b pleolKinnl 4 1) (65858 g slasly (g s abals (s ja ()& pae ol ol

Dve 500 5¥] ams o dgug0 olKins! T 1 1, SNR g aas oo (olais|

26|26 | 26 | 26 | 26 | 26 | 26 | 26 | 26
52 52 [26] s2 52
106-tones RU | 26 [ 106-tones RU

242-tones RU

'Trigger Frame

2 Modulation and Coding Scheme

3 Multiple Input Multiple Output

4 Multi-STA Block Acknowledgment
5 Resource Unit

% Signal to Noise Ratio



ol ed g goemo Ls, W Y0 A oylodds ((VFoF) YY (031,15 sole aobibiad
(V] 635 @Ko Yo JUIS 40 gudo aoly o amans 31 S .Y S5
Galila Y'Y

o Gial38l g 6,8 Ayms deug wud B ioldl cel mlie gansle;y IEEE 802.118X o lusbiwl yo

m s oslil 35 yate (gatileg o, 3l ookl g Sslils slaJlul gl gy alai 355 o LaolSis 55k

@bgipo JU 25 50 Gy 5l o Wo)S 5 00,5 Jlu)l ) gatile o8 (o yiws il woglils JLol o asS

JBE 25 50 Wao)S 5 03,8 Jlojl 1) (saisilej w2 ¢ ptwd abali 5 35kl JLojl )0 aiS (oo 1211, 25l
I¥] oS o ganilo; 1y 0ol T Jloryl ¢ ouo yims alas g simd oo gl abogs e

Qohila sl by gaisila ) =Y aYaY

a1y osls e g 0 g0 Iy swyiws ol JUIS 4 lasyl oo s adads wolils Jlo )l gaiile; )0
)8 (PPDU) o5 USG9, ools axly b 5l cols ald jo sanile) mls diw b e olSiw] wix
Jloyl (o yiws alais a5 |, MSBA 400l laolSas! SIFS o5lail a0 Ul g 02,8 <db,o 5l o 005 o
Il ¥ USS el Sed oo plonl Coddge b laasauli <l o 5l G gl ogbils Jlisl oS o
A o slid 1) sglils Sley e

DL OFDMA  T11gger

i:l UL MU
HEMU PPDU || | ] Block
L]

ACK
|-
SIFS SIFS
[¥] OFDMA selils giloj s .Y S
A)S_.lj by saldla) =YY

5 05kl 3L o3lal bl 5 1) aolie wgSae (i)lodd 5l Ly (omoyiws abaii gb] Lol sosile; o

5 &t glaasly Condso 5 olani (pepad el aloyo oz Jold an T () a8 o gaiile) ad Cundy

s MU-MIMO" 5l olas il s cyols lis o (Bolas b oads (gaiile)) (o yiws £95 s il sligy
DVE] s o Loy  TF 38 50 sl gl um oolSins] & auie slaasly olazs]

{ HETBPPDUSTAN _
- Multi-
Trigger - STA
HE TB PPDU STA 2 Black
HE TB PPDU STA 1 ACK
SIFS SIFs

" Physical layer Protocol Data Unit
2 Short Interframe Space
3 Multi User-Multiple Input Multiple Output
AR



WY ) olos ((VF+F) Y (31,18 sale aobibas ey @alin goiilo) gy Ky 4l

(1Y ;Y] OFDMA 5T iloj ks ¥ s
Aas o olai | osbT gley b 5l led ¥ S
C:l:.ga‘ )9)-0 —Y’

Jolo Loty cnl ilos S Al p o (ove (slaaSid 5 Slos S5 sl (ooiie slaty, ol
sl > MU-MIMO 4 OFDMA usle IEEE 802.118X s lutinl o5 by Sis 5l ooliul
5 90, %os S50 (sl sy iz caelol yo el 2lils 5 95bT gla JUitil 4y az g 5 (s Al o 55 e
e oe 3 yme IEEE 802.118X 5 laibiv! 15 oot (sloee (soaSicds (559000 Ll

By AT AX laasis ool s e jarvass sl |, ERA b ar o oS0l VY] 0505 5 oDl
ol e als 1) et same Jlo,l 5 aos Lialil 1) aSes 053, OFDMA I 6,50 40 b a5 wages
Coya )0 4l slaghy) 4 S (5 e 0 8hes SIS sladaize )3 by, (al 45 Ol i (gjleand
3565 5 o9kl p Bro 55 se8 rmsgasme Ll ol gyl 5 syse e 5o slr allisls (b O Lol
el Fa iy Sl sl b gl anslie

5 Cono 5 a0 NS-3 jluaccs ;0 OFDMA (silwosly i yliel 4 VAl o) Ke 5 op SLe
sSbee byl & VY] o hKen 5 oSk wisges agl 1, N5-3 5 OFDMA (sjluesls oS
St sy & DW el ey aiile; 50 gl sl gileand 5 g9 Jolos sk 5| OFDMA
2 b g Julos jo em oS aud $ Lo | [Vl ALY, bianchi b, Jas ulel » hol 5 388
5,505y Jae S slasimian b as ol ()Las OFDMA 5 Sloe b3l i jl3 s 9550 (5jluannds
sy oles slwesly onl (i liel 5 Jolo gl Lol Cublhe sndosle slag v I (S p ,o ulow
2y (HOL) bas e 56 Sl 3 Sllee oy aass ol awtadlys ol o)l gllae o, Slas a5
5 oSl slaws ACKT allss csaiile; wi,s il by MCS aleax 51 dajiel b 5l oy il
NS gy 335 Hobar (ilwesly (nl Gl arwsl g et slalts, )l S MU <) le il
L arie laaxly 5l plgiee s a5 (558 cal GraldS LS L ) (6550 slasisile) plgs oo mizmen .ol
g b 0,5 solitul LSS o3l

«l,l IEEE 802.11aX s uitiwl ;5 s5bls 5 35bT 51y OFDMA gal> Jow 5 [¥-] ]S ¢ LIS
GRIB el 3,805, al 098 bl asS (oo (owyp | e slaaSid oI5 5 0 Shee 35 o5 w0l
Sz ol s dbl cwl Slead CedS e 5 @I I (JB als ass el b
el Glagen Gl)lS slaw b8l s a4 iy slaaddy Lol 5 jluosly

51 ool b as” wsls sleriey 1) cdlae Laa> 5 e WMMT saile; g, VY] o) e 5 Sl
amass & g, cpl iy oo dgup |y OFDMA s5lils lbls |l sbey (saile; Lyapunov s;luasgs
el aie g ooz o] (oilwesly Ll (aiS o SaS a0 wolie yige

! Head-of-Line
2 Acknowledgment
3 Weighted Max-Min
Yy



Ol 9 oo LS, WD ) oyles (VF+F) TY (031,15 ode aclikiad

A e 2 2V Y 6050 ke 4 50 1 tee |y 85l (sarsle; YY) l)iSen 5 5
S Sl (sl oo e 25 s il Y 5 3515 | 0815 lien oS (Sl 5 e
3l oolaiwl oUlss ogmga g obils Dbl jo (559040 5 om0 Slidl Syl Gllse 5ol fe slo
9 lon 45l g piysll (silwesly 5o ol Sz wlgioe el Gl A 5 ol (oS 5 o

JrS Jelis a5 wols slgis OFDMA 45056 b wolis arass atiley o dA] o)) Ken g gaoslid
O 45 amson 5 075 b5 05 o iy logen ) e 5 Cuglsl 5 Sl (oo 00 b 95550
e mls wsrse laeiysSIl L alie ;o 5 widn o Sgue ) s SoksS 5 4D 0 Shas
oyl Blail g S0 Slles olgs Hlas

sgei ooyt |y IEEE 802.118X s ,luibis] sy Ligy sl ]S w580 VY] )5 5 SBI
LS )| CotS g 5 Shas o il o JuK ©p0d ulal 5 JUS a4 cpols oeS aibin] welass b oy o5l o)
Sl by ool S35 WELS JolS el (e ) @l Jb cnl b riS e Spete |y s
ol 0T gy A

ol ol slass sebT les Lawsie oges JBlas sl |, MUTAX asile; [YF] o San 5 5SiL
e s adadi a4y olSuy! 5l ools JLujl jo 2B ialS (gl gadle; o ,s SO 5l oyl assls &5l
e Al jo saiile) mo 9 (69,5 a5l j0 0l 0 ,Slas gy 2 ge 45 Wdged colaul
ol 485 18 3550 35k T sla bl (5T aib oy o8U (g Sl 0l (o) 2

5 OFDMA (suiile) sl sl 5 00905 35 a5 05kl ool oz (59, 5 DIV] olSen 5 5530
4 il 3 by 5 5l eslicisl b OFDMA isls )3 ol 5 s 9,50 |, IEEE 802.118X slaaSis
Sl Gilwaings sladzoly &) (g, ol ©gd alaii aiS oo @0l 3 1) ool Hlojen Jluyl ! 55w
3ok T slaosls Laid IS ol jo B,k 5 .caol OFDMA 5 b 5l laaius Jlo)l 0590 50 a8 5,Shas S9ag0
Sl 00l 438,85 a3 s

&5 bawgie 0,00 sl > 0 OFDMA glis arass g saiile; b o[Y0] LI § (wercbinssS
Lyapunov (sjluaccte oy, 5l eslinal b 1) sgame 551 5 lawgie 25 Joote sloolfis] coeady
iogai (pyp |y prmie GBS i o Slee ol e Ay para (SisSer Lol wissed piSlas
a3 )5 las o ooyl sleools Ladd 3.5 )15 ol 10 09d co Al SIS g 0, Slas Seugs Ccl (55606555 ) S
REAWS

slaws Jgl el aisges Julow 5 43306 > g0 50 |, OFDMA s6lyT IS d¥8] ) Ken 5 sl bla
Lol sy 055 o0 S50 1) e sloasly 4y (Bolas (g s olasi pgd Sl 5 00l guisile (oo i
warass (§ilwaigy sla by, Sl IEEE 802.118X o o sboaSlis jo (bl sl (arass
el o ) LoaSds ol 4o bl cutsS 5 LS Laal53 sl bls )| alis

I'Minimizing Upload Time in 11AX
vy



W oFD 3 oyled ((0F+F) TY (81,5 ode dolibiad ey gabivo guiaile) gy Ky 41|

b ool isls &l OFDMA ssbT 6l 1, UORA' Solas saies,S ok YV] o 5s 4 b
ol S o oo oS 1) LAl o Sl 5wl o sgue 1) o5 slealll (o sob o ,Slae
5 et Sloslmo 4 jL Ll el gy by 0o 5 ol b b GplS slios 8 ol Sl i,
sl o s Ll 5l bneg 5 Slsesl o s Loz

I, bwgio sl wilg so gloslué Ll .0 OFDMA 5l soliul a5 wisls olas [YA] ol 5w o oy5b]
b Caxsg 5,155 L OFDMA (S5 (piman ans G2alS il Lo V5l 168 4 4l Lo O 3
e o ilil sy Vel i |y lesl e EDCA s gamme (sl 5lSe g (5 S ais

MU-MIMO s sslils 5 o5 sla il sly 1, SMTT 6 5 Sais sousbe; p,sS! ¥l &L
Aoy AY B Ve | wiley o yiws J0S @Y lg wilgs o o ,ofl cpl a5 sl ylas STL ks slgainy
w8 0 Shee s (sl p SMT (o ,6501 .aiise 3440 MU-MIMO (6l 05bils 5 05bT slo sl b auslio
WS oo ool Sl il s 5 Jlul sl ik e s ol pais 51 MU-MIMO sbs Jlzs! ,s TF
S e olonl a5t LS 0 4 B Sgege a5

oo planil Glallao aodls ) Jgos
= . ) o 'ﬁ ) Dy Y i s
1135344533 ¢
: 7 144 3 43 i , ’
:E', % i = a :3: ‘i» - 1 Ry 5
2 = E E % % %)
o o
* * Yoy [A] Ot 5 gusslid
* YooY D A] OlSes 5 0 Rl
* YOA Y] oS 5 S
- ; Yoy [V] oS5 e
" Y4 [Y ] Ol 5D
* YooY, [TV] OIser 5 sl
* Yo [YY] OIS 5 5
* * Yoy [YY] Ot 5 S
" * YOy [Y€] 0w 5 Sl

" Uplink OFDMA Random Access

2 Enhanced Distributed Channel Access
3 Scheduled MU Transmission
Y¢



o5 g gowmo L, W orB ) oylods ((VF+F) TY (30,1 sale aolilias

* YA [¥O] U 5 (m sasiilinss €
* YA [Y3] Ol 5 sl

* YA [YV] Ol 5 sl

* Yo [YA] Ot 5 ol

* * * * YT [Y4] <t
* * YovY [F] o e 5 Ky

33 gl 8 ,Shas Sgupe Sly (SB9) 5 oy |y (omyiwd b S pae sla il Y] ol Ses § Ko
ool S5 2595 bl 1 e sloasly ilate Janass bl 7 b aols sleiiny (6,0 slbasius
S8 S5 015 slog i 3 ol 1 o8l 5 (s is 5 15 5] (50 Skt s laiand 3 5
Ombed ¥ Jgaz jo oad ploml cledllas asdls Lol Lzl LB sols lals jo b cal (S (og, o)
el 00 00lo

el IEEE 802.11aX o Jastiw! (g3lwans p o b (ddos &g 4 (L8 Sladllas M5 jsb o
IEEE pw o (oo loaSias o s o mlie (gainile) dime jo0 OVl o) (S auglin [ ailons
SVlie 5l (B (a5 amlie ¥ Jgozr 53 5 mlodged (ouyp | Blie (g 9 9,505, (noix 802.118X
GraSls jo Sleas coaS 5 o5 Sempe 4 @liee sloo g, L plas o SYle (pl ulosls (lii ) 5.5
S o s diw cpl o Oladod (S0, g g0 saimslid oS Wlasls a0 love
sl o 0351 ol 3,555, sla T «Jsor 5

ol OYlio A awslio Y Jouo

sl b I3

- Jlw g
s L . . el gl s OB
iy Zoss) Tl
Ol &J:_L;iﬂ @Ln janadl
oSy ghae  ab pnoage 5 Shlee S<uslgl ) a5l
matlab ARAR]
Yo Sl 5L slalae )58 g (5508 JS sl cllae [/\]Q\)\S\_«A
b QoS
Az gl g &L&,_\S;J ySa A:_gii . o .
WiFi6 cslaases s oS il oo vind
) N 5 Shlee (s liie ] B xRk
dsg s & )bealy ns-3 K YY)
Glsiasi  ROFDMA  FOr¥ P [AT oS
o o3 ik ns-3 ,2 OFDMA
3 ya -
! st 5 gme
. . g@”l,_das u\_,'i LS‘AL"‘) - . b)eJLSAl? Yl
&Sy slakasa Ols8 A e R G obuAnd G s 4l -~
e . EET 3 (g 5 3
A Al b 5 siuke L I ARRR
BB sl (g ware ’ S ealiiud [Ve] ol
BB : ;
itk atlab MU- s OFDMA
MIMO
YooY,
WSy slabas gaSle dne Sl olg pmby L) e gl 3 ol gl

Yo



W oFD 3 oyled ((0F+F) TY (81,5 ode dolibiad ey gabivo guiaile) gy Ky 41|

Yo Sdl 5k ok Sl 5l ol - iSha cllae [YV] O san
oad dgdna & 5 BT e OFDMA Jila
b
g (Shlee ()58 e panads
Sy slakama © y..bff 5 ol =k L uplink ' voyq 2wl
YU Sl 5 L jjums S ns-3 s MU- 5l oaliiad [Y1] oSt
i b OFDMA
. Ailad 5 (s
W lee )55 SR
. U5 e =k )1y OFDMA 2 Slee s
S5y slabams e 5 oa0 e | voyy 2 st
LSl 5 b J SIS A ) VAT o AScat
Yol shg RO Sos R L ; [YA] O
BEAIgY X ns-3 L sehb GoeoR
e BEGTENT
(ke ol 53 ) .
wa t by e .
CFTHPN ORI S sk R A Rl d
Yl_n_g.\_é\”b d).us‘;ﬁ:\hc Jldial ‘5‘)&@,\“} uyb.\ﬂj.\ﬁ); Y.v [YQ]d)\J
PSR Al (e yieed . e oy lSaia
25
s e (lee )53 glis panads
§ als Al ) | 3 ke ~
S slas T At i d)ﬁu—‘%ﬁ%‘ B s
i AR 9 (A ol 5 o) 2 uplink Yaxy S
Yo Sl 5L ol lals 5 s [V+] OV s
e S G i s
b (o e
13 S -
o lsy 2932 e o 5 e i gl Uiy
oS sl U8 ¢ Sllee gl el sl il 3
S slakes B il o e il T
YL Sl 5L 4 Ll )l Al ns-3 i Ui ol
T URls 5 el R —aa s OFDMA
. . s
by Al

$3oube (9, £

288 peboled 1S oo (B guyiws bl )0 ae glaasly uiley sl (s, S Alie cnl o

Larads 0558 b o iws alads JEEE 802.11ax 3 lastew! 5l OFDMA Pl jo il ly b8 isy
"o Sl Jle lye a4 iaws il aasle; Oje ) parads (nl 5 WS e 1) S92 s Wb sl
IS8 0 oad 53 aine sbeasly 5l glaclS 5 Al sloaiile) (o35 ,080 Ve wil jo oSl 4y 20
6)5"55 Sls galds 6)9193 99 ¢ 2 U’J.za sleasis o sleaxly saiile; slp Lo LS‘QLQ,AM o9

L aio sloasly a1 wil sligy a5 cow sloyog, OS> 5 sl molio a9 Loy (amass sl
‘J._:l.) L;L"'Q) J.S dj_.a.a 9 Lmlim..:l slass uuL..u‘ 29 l.:y O ygo 4 L u"ﬁ) ‘.s...Sso M wl; Lglbo)‘dd‘
Ao 4y 0l sl 5l oolaul a5 04 co el 0,505, (pl s oo Lamass Lol 4 1) ae slaasly
oiloy § arte slaasly (arass ;o s pdyllasl pgs (65l 098 (55T ole @lio (28, 92 5l g Sy
5 08 i dloml o3lasiles ae ooty Lavasd gl gusgase (soloiing (s, (P el jerocas

AR



Ol 9 oo LS, WD ) oyles (VF+F) TY (031,15 ode aclikiad

0018 gy o 38 (65 18 i A g 8T oo 18 e SO o adgle Ll gl osls oS oleolKi]
Ol bl 2 5503 Ol 052K g p Cogh s LaolSiins] don a5 S (o0 (rrendl 0300 (g o
B9 oo Lyt amast gl ae slaasly ojlail 5 slasd sz ge Wil sligy ¢ oK)y ools

il gy JS e 5 LolSil olass 3,90 59 o cote csloasly e (sl sl by 0
Al by ol PPDU 5 gl jlome oy e 25T a5 95800 (28 (o oS (00 S50 o0 L
5 PPDU ools a>ly S JLal gl TXOP ;245 (5,8l b el TXOP' S (6l s jlome yloy e
aS Slej g 25,8 0 8 cae SO0 w5 ls JLEH gy ools a8 SleolSig ! pxi0ed ooliiwl abgs ACK
B 50 NgB g 0300 gy o 50 (605,18 i i 4 LaolRiwal Bl o s 55 wae TXOP S,
Ve wb sl yo Jlo Glaie ay oS sos bl ojlailes sloaxly amass glp codgame aine guiile;
=5 OY aae wxly S o) o JUasl gl g s S sop § ke al o] Folaws gl 55,018
Sglie slaojlasl L amie asls Vool V (gl y o000 oo pamads iz slaojlail b ace -l T L
Cwlgm o dlass 1 81 iolys o 058 o Wb Gl 5l Sy colaiwl cely ol cpl aS 0gi o 00l arass
o=l ax gy B aiS asle oo Hhatie Cho 40 Ay g 9B o (g ] 51 B A a0l A1 i el
5 S 5SSy Lolis] (gl 4l apadss aie laaslg ojlail Ll (acass goi ol jo a5 col
059y piyesdl AT Al g eolatwl Wil sligy JS 5l el ax b aS sl oo elaiSl 555k ane slaaslg
Lol ods 00,91 ¥ Jgoz 50 (golorian

SOl 9y o sl uS Al Y Jgu

Pseudocode of the proposed algorithm
Input: List of stations (STAs) with data to transmit, Total bandwidth (BW), and Resource Unit (RU) sizes

Output: Allocation of RUs to STAs

1. Initialize BW and RU sizes

2. Create a queue for STA with data to transmit

3. While there are STASs in the queue:

4. Initialize remaining BW

5. Create a list of current allocations

6. While remaining BW > 0 and queue is not empty:

7. Get the next STA from the queue

8. Determine the RU size based on remaining BW and STA data size in the current
TXOP

9. If RU size fits in remaining BW:

10. Allocate RU to the STA

11. Update remaining BW and Remove the served STAs from the queue

12. Else:

13. Push the STA back to the queue

14.  Store the current allocations
15. Return the allocation of RUs to STAs
16. End Algorithm

! Transmit opportunity
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