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Abstract

In IEEE 802.11n WLANs(Wireless Local Area Networks), to support high throughput, MAC(Media Access Control) layer adopts
A-MSDU(Aggregate-MAC Service Data Unit) and A-MPDU(Aggregate-MAC Protocol Data Unit). Generally, as the A-MPDU
uses a selective retransmission capability, A-MPDU provides higher throughput than A-MSDU. However, although A-MPDU uses
the selective re-transmission capability, if the size of MPDU within A-MPDU is smaller than the size of minimum MPDU starting
spacing, A-MPDU can reduce throughput because of the overhead of retransmission owing to the addition of delimiter, that is a
dummy MPDU. Therefore, to overcome the above problem, two-level Aggregation method, where the small MPDU within
A-MPDU is replaced by not delimiter but A-MSDU, has been introduced. In the two-level Aggregation method, the existing
re-transmission scheme retransmits only A-MPDU, but if the size of retransmission data is smaller than the size of the minimum
MPDU starting spacing, the proposed retransmission scheme retransmits the aggregated retransmission data and MSDUs. Therefore,
we know that the proposed retransmission scheme have better throughput that the existing retransmission scheme.
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Table 1. Four possible frame aggregation scenarios

Retransmission data

New data transmission o
transmission

Scenarios

The usage of the existing

A-MPDU scheme Disuse

Case 1

The usage of the existing
Case 2 L., based 2-level Disuse
aggregation scheme

The usage of the existing
Case 3 L., based 2-level
aggregation scheme

The usage of the existing
A-MPDU scheme

The usage of the
proposed Z, based

min

2-level aggregation

The usage of the existing
Case 4 L., based 2-level
aggregation scheme

scheme
I AREE B2 Hag s 2wy
1. A HE ME2 28t A-MPDU2t A-MSDU
HFA|

A-MSDUT 4] (3)3% #o] o9 MSDUE 3&hte]
MPDU=Z A3h= Wlolt) 4] (3)oA N= A-MSDU<]
Hoj 271013, A-MSDU Hd A7]1& 54171 5
71%38HA "ok T3 A-MSDU9| 739+ 3kl MPDUS



21914 9] 19 : IEEE 802.11n¢] 2-#® & ajelA 4 MPDU A2 2H4 S ol 8shs A2 Ads Iy 303
1ln

(In Cheol Shin et al.: New Retransmission Method using the minimum MPDU starting Spacing in Two-level Aggregation of IEEE 802

olg] /§e] MSDUZL BAA HDw7] wie] BE JHE
2 T4 ARG FARAFLE AT lofof g o)
A-MSDU9| 29l $8< 8k 4> MPDUE ©]8-3tE
Z A-MSDU W] MSDU A H.7} it &4be 7
A ] A-MSDUE ThA] A i s oo g

N
A—MSDU = Y, MSDU, (3)

i=0

A-MPDU A-MSDU$H o] th=¢] MPDUE 8}t
PSDU(Physical Service Data Unit)Z <3} "4 o]t
A-MPDU+ s H[H o] < Alof AlFo 4] o] Foixith.
2 (@2 25t JHE AE5E 918 AMPDUE 7Hefalet 42
olth. 4] (3)dl4 HEo] A-MPDUE Hul =72 (4)°l
M)7}4¢] MPDUE = #& AE7F €tk A-MPDU7} A4
%W A-MPDU Wol 2+ MPDUS| 2717} £, Bok 25 7
F MPDU9| & AJAZHAS 9 8}7] 98] 2t MPDUS

MSDU

)

o dal F7HFo2 MPDUS FEAS © Friste]
MPDU®| HA& AAZHAE W= Al71A doh 19 12>
A-MPDU®| 54| S5& 28] YAl ek 24 7
tjo] 2 Alo] AlZelA dhte] MSDUZF sk Ht]of 3
= Ao AF AFLE UH A =W o] MPDUES
afke] A-MPDUE vHP-E 295 st €tk A-MPDU Wi
o MPDUE 22 5845 73 JARE 54, HY L,
K, SEAH 28} ZFo] M2 thE TID(Traffic IDentifier)
£ 714 $71 9ol zt MPDUES 7+7+e] MPDU &t &
iz 7 Qe

M
A—MPDU= Y, MPDU, (4)
i=0

2. Mgt Y2 ME= S8 MPDU 22 A|FZHY
7|8t 2-gj|dl EIA die

9 28 A AR A5 99 29 A 1A B

Upper MAC
v
MPDU |
Lower MAC
\ 4
A-MPDU
aggregator

" MAC Layer

MPDU +
delimiter

PHY

~ PHY Layer

T2 1. A M FMSS 9IS AMPDU 2Aof Cist =ME (E 12| Case 1)
Fig. 1. The flow-chart of A-MPDU scheme for new data transmission (Case 1 of Table 1)



N

i
Ry

30 & o
rir ™ o i

P2k el Bk N4 AEE PHS PR FH0

Z Yepd 4 ()9 2o

79 1614 R ko) o] AMPDUS] A $E 35 v
to} A2 Ao} AZeA 7429l Bl MPDUE %7+ &
A AR5 99 vla ARE Fael B, 24
o] Aol Wi AAE ALESS T4 82
of 4 Alof Aol A Azl gk, mreA 2-2)

1212 @]9 stedo] A4S A & &

MSDU

1. 71Ze] 248 T AoA HHS M2 SF

71E 2-9 FHA WA E A AR AEY Aol
e I8t A-MSDUE o83l MPDUE A4 3}
B A5Y A9Ae Ly, o tigk 28 §lel

¥ MPDUE 214+ MPDUS} 7 A5}
71¥ A-MPDU "5 ARE-3FAL Stk ApA 8] A&t
713 A-MPDU HH4] ol &= BA(Block Ack) H4]S o] &3}
of AeA AAEE stz APl BA e $227h
A-MPDUE 43 & A-MPDU Yo 3 WA MPDU<
2 BAR(Block Ack Request) Z#| QS 41
2ol Al o] A-MPDUU o] MPDUE ] th3 AckE &%
gtk 4172 BAR 28 9l< o]&-3te $41%E 2t MPDU
Eoll thall AckH|ER S THET AckHIERS BA Za Yol

>
>
rE
fol
it
o

=

Upper MAC

lf LMPDU < me

A-MSDU
aggregator

|

A 4
MPDU

Lower MAC

™ MAC Layer

A 4

A-MPDU
aggregator

PHY [___Psou

~— PHY Layer

A 4

PPDU

D22, A M2 MES 9le 2-B EF 2Alol| hEt =AMk (E 12| Case 2)
Fig. 2. The flow-chart of 2-level frame aggregation for new data transmission (Case 2 of Table 1)



A0 91 190+ IBEE 802.11n°] 2-81 2 4ol H& MPDU A& A& olgshe M2E A-E ¥ 305
(In Cheol Shin et al.: New Retransmission Method using the minimum MPDU starting Spacing in Two-level Aggregation of IEEE 802.11n)

ol FAIA A ME3ste] 2 MPDUEC tisll Acks 91
A "k AFEe] 23 ¥ MPDUES Tl F st A
3t Aok A (6)2 4 (S5)olMskE 2] A-MPDUE A
st HA M NS FE7E FrHE T A (6)914 R
2 AAEHojord HH o] F7]0] 3 rDATAE AW
MPDUE°|th 11§ 32 7]1E9] 2-84 74 #Ao A A
% 930l uuga} Ao SRS HlFT Atk 19

ANMHE A dEo] LHHAS W) A-MPDU aggregator©ll
A1 BA 4&1]?4011 HIERS gQlste] 2] 5 MPDUE 4 Al
% MPDUE°] I 43t A-MPDUE TH&o A4

& SH= sl ok
R M—R
A—MPDU=Y,rDATA, + Y, MPDU, (6)
m=0 =0
2. MotEl 2-2fd EA 2AoMel MEES M SE
E

7129 23 A WAl o] AR FAME Ly, ol o

3 39 glol AAS ABS} A PRk WA YA
/I AMPDU 218 AL S A el
© AGHRE A S AREA A0S AEak 34
A Ly, 92 TEistel 405 309 2717} me%k
uo 2 A%o] A7 MSDUSH 444 dolBE

A 500 FE ANEES EG FHIL, 4 (7)—3—
AAE dOlHe A} L, Bk &S Aol s
A-MPDUE 54 2.2 7eks) & Zlolth

o

A— MPDU = Z i]MSDa+ErDATA) (7

z=0 =0 =0

(d
o
i
rir
Y
r$
i
3
Y
of
o
1>
o
I3
%
rot
i)
Y
o
1>
=2

AR EAEE 2T A
o] A% 270l Sole
SN Ly, R A
olHES 37 AAe] o]

3] Zoleth meEbA 719 2-E [ Aol A 9

o

cor = M
2L
ofr
ko
o

o
rr =
9
R
o HC
uls
z
g

<
S
c
2o
)

N
)
il
rr
-
Sl
L
N
- =
ok

2L

ox
2 1o
L o o my pot

MsDU ]
Upper MAC .
v
- -MSDU
if Lupov < Loin A
aggregator
Lower MAC
v
______ A-MPDU
! aggregator
: | A—MPDU
! ! = rDATA + MPDU -
1 A 4 )
oy | —Ti—
1
{ T ~ PHY Layer
L :
1
i H _
. vy
[ HEsaH | | PPDU |

203 J|ES] 2-4E EA WAOIM MEHES 2F0| LMEt 20| =MT (# 12| Case 3)
Fig. 3. The flow-chart of 2-level frame aggregation for re-transmission (Case 3 of Table 1)



306 Wassl=wA #2034 #1235, 20159 3€ (JBE Vol 20, No. 2, March 2015)

Upper MAC
Y
R N if Luppy < Lmin A-MSDU
! Il "DATA < Ly —~==--p|  aggregator
I
i !
| T
I | A—M5DU
; y 'y = rDATA+MSDU
: MPDU
I Lower MAC 1
¥ 1
1
: \ 2 4
. A-MPDU
[ N . aggregator

Y
[ amses ] [___eeou

™ MAC Layer

¢ PHY Layer

T2 4. Mok 2-3jEl FX HHAOM MRS 2F0| LR Ao SMT (E 12| Case 4)

Fig. 4. The flow-chart of proposed 2-level frame aggregation for re-transmission (Case 4 of Table 1)

F A% FAuUG ALY WA AAE A% Fao] A

bl L

1. Alzzfojy &

2~
2
2 Sate] JHE HPshe WO AlEHolA
ZhE 3027 A3 9 t),,,95 %+ IEEE 802.11n 7+
1608 & Ao & 22 AlEe oA

L =] o
- = =
F2 SehE 5L HelF ek Al A

19k
2 g3 Edeo] dolg AdelA AlEe ol
itk @ldelo] el A 2ol At o]y

Adg FAH|

98k K-Factorar< o3 2th.

9] Ao A *& LOS(Line Of Sight) A% A&< e

K-Factor?t

EER

Wi 0”& w9 A9< yebdth K-factorgkel
A2 7HATE LOS Ae] Aol AT & whatale]
ARG o & %S /HER 22 084 3
FTETFA = K-factorgto] Ztopxithd L

o] Ago] wiatate] A rh 22 Fhs VA ER

SHY s 7RG £ F Aok B AlEd oA

o] &3sto] Zho] At Hlo| Ad 2 #dd o]
< T8tk &, K-factor’} 0 dBE.t} 2o}

A5 Gl Moy A #E Fxe) /YA
K-factorgko] 0 dBR.TF AQ5S ol Aok 3 $29} 7
AT, mheby B =R el Mgt o] A



AY9E 919

: IEEE 802.11n9] 2-@d

A7 WAl R MPDU A% 1AL ol MR AdE W 307

(In Cheol Shin et al.: New Retransmission Method using the minimum MPDU starting Spacing in Two-level Aggregation of IEEE 802.11n)

29 o] A= K-factorghe 20 dBE AHEEI L @l Ldo]
Hojg Ade] A9+ K-factordhs -10 dBE AHE-31e]
AlEdlolds 3 aith

¥ 2. AIZ3(0|Y m2toletE
Table 2. Simulation parameters

Simulation tool NS-2
Simulation time 30 sec
Simulation terrain 670 m x 670 m
Number of node 2 Node
Node distance 40 M
Traffic type CBR(Constant Bit Rate)
MSDU size 50 byte ~ 300 byte

Transmission rate 40 Mbps, 80 Mbps

Maximum A-MPDU length 65,535 byte

Maximum A-MSDU length 7,935 byte

Rician & Rayleigh fading
Channel

Minimum MPDU Start Spacing 16 ps

Channel

2. A|Z20|M &zt M

J%" 58 " 6w rolAgh Fleold AE gl A
MSDU?®| A7]o wE A &9 A3E BT ek 1
# 59 60lM= FE HEEE7F 80 Mbpset 40 Mbps =
V7t AR 19 59A AR AR HASEErE 19
6ol AHES AE AFEERT 26 7F whE7] wFo A
AHe g AFeE w4 HeE A g1 F vk 18
59 Aol A 2y o83t Ly, = AR 16(us)
x 80(Mbps)/8 = 160 Byte7} L} 2A ®th. wabA Case 1]
7399 MSDU =717} 160 Byteo]slol A& A2l &o] &4
3] HolAE A g9l T 4 ik o3 ZAEE sl Ast
7] $18 AFE-g HH4] 9] Case 2914 160 Byte©| 3ol A=
U AYES 2e AL ¢ F Utk Ed Case 32
Ly o ek 328 gle] Al Bt Alqt Zu9t 3
% = AHE3H7] wiitell Case 29 7%

0Ol

& -2 ]
= ek — 3 = =
i
W 16
= qa
T e + = *— +——2

A=
—

50 100 i50 200

MSDU Size(Byte)

T2 5. 2{olA|ot Hlo|Y REolA MSDU 37(0f| WE XMH2|g (ME5TI}
80 Mbps2! [f)

Fig. 5. Throughput according to MSDU size in Rician fading channel
(When transmission speed is 80 Mbps)

- ————%— &
—= -
5 =
!_’;::ﬁ 10 B——
=)
=
o 8
3
£ 5 —— *
%‘D »— s
2 Case 1
E —+—Case 2
5 ——Case 3
—a—[Ca=s 4
G
5 30 &0 a0 120 150

MSDU Size(Byte)

T2 6. 20[A[9F To]Z! RLolAf MSDU Z7|ofl M2 XH2lg (M&s=t
40 Mbpsg! )

Fig. 6. Throughput according to MSDU size in Rician fading channel
(When transmission speed is 40 Mbps)

Hoe Aol /4 AT AdE FHe A7|7t
Ly W8T 22 35 oﬂ At MSDUFETPJr AE vlolH

40 Mbpsel 18 62 Aol 4 2)S o]&ake L.
2 AXEHA =W 16(us) x 40(Mbps)/8 = 80 Byte7} L}
A Ak webs 17 60014 80 byteoldtoll A= Case 19]
A2l & 4450l Case 2HTF 9Al YA =3 Case 33 Case
49] AgollMe 19 59 73 gollx] A A3 2Ee] Case
4] A&l ¥ #A4 YA Hrh



308 WFerE =54 A209 A23, 20153 39 (JBE Vol. 20, No. 2, March 2015)

o @ 4 * ot b —e
= s — 8 —8 —8—H*m

w

=

2

.'—E 4

B 4

e T _ —— &

ra

50 100 160 200

MSDLU Size (Byte)

T2 7. idzfo] mold AGolM MSDU 37| mHE Mzl (HE5E
7t 80 Mbps¥ L)

Fig. 7. Throughput according to MSDU size in Rayleigh fading chan-
nel (When transmission speed is 80 Mbps)

!T
|

_:——_'--._

F B
Z 6
. 5
2 I
@ a4 - ——————————%
S
£ 3
=

2

5 30 60 90 150

MSDU Sizze (Byte)

Tzl g, giefo] mole oM MSDU Z7[0f WE XM2|8 (MEETI}
40 Mbps¥ iH)

Fig 8. Throughput according to MSDU size in Rayleigh fading channel
(When transmission speed is 40 Mbps)

J" 73 O™ 8 ddde] dold AdsbAela
MSDU Z7]ol & Ael& Z3E vebd 1efzo|th ¢
do] Feolgd Mo e A= gl whatae 9

L gAo|7] djio AxAoZ oAt Holy Ay
HET= A2l Aol oA ok webA 19 89
Case ¥ A& %59 cAlv L9 748 7] Case 4
> Case 3 > Case 2 > Casel®] &=A1E YER) 7] W&
Lo 718ke] A S HFAlS AFR-Ele AQtE Mol bR

T2 Aes veile As #49g F Asith

=

i

V. 2 E
71 IEEE 802.11n¢] wtje] {E Aol AF
S o83k

A-MPDU$} A-MSDU=H= F 7H4] H 4
ntje] M Aol AZoAMe AL =olx rh
A= FA7)

i

A-MPDU 4 W45 AHg-dhe 73
o] sl met H MPDU AR S SJWISHE )66
2= steprlElel] o A olE AlgE AlZF Wl skt o] /e
A-MPDUUY el MPDUE 413 & §lth o] g A ofel] €]
st XEl & s Aste] wANS sidstaat A-MPDUY
ol MPDU$] =717} #4 MPDU A #7474 Z7| Ko} 2he
73l FEAE AYsts talel A-MSDUE A9 st
AA A2 &g Fols 2-9A JA o] Al HH A%
of AFEESATE T8y £ =il E 319 2-9A F4

S A AR Agwul ohe) xﬂﬂ* h RS

=

o o

—

r rlr

¢

A& ARERES ATk A ol A A
§ 242 we Ads 4ue) 2 f—su DU A2t
A 2700 g 435 ARE JUED A7 MSDUS
S W At AFFOEA A8 fz,k PR A
o AAE PAL THF ZE B AH P o)

lr

‘ﬂ"ﬂ xﬂzjfg— HOP/EM]HL 1 83°] Lower MACO] opd
Upper MAC7HA] Z217Fal TI3XH A3 ZB7F F4 5
7] ol ZEAGS ewe st S s gtk

H

#1g

8 (References)

[1] 1IEEE 802.11n, "Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) specifications : Amendment 4:
Enhancements for Higher Throughput", IEEE 802.11n/D3.00, Sep.
2007.

[2] Byung Soo Kim, Ho Young Hwang, and Dan Keun Sung, "Effect of
Frame Aggregation on the Throughput Performance of IEEE 802.11n",
Wireless Communications and Networking Conference, pp.
1740-1744, 2008.

[3] D. Skordoulis, Q. Ni, H. H. Chen, A. P. Stephens, C. Liu, and A.
Jamalipour, "IEEE 802.11n MAC frame aggregation mechanisms for
next-generation high-throughput WLANs", IEEE Wireless Communi-



[4]

1]

(6]

7

Ae1d 9] 191 : [EEE 802.11n¢] 2-#d

A7 waolA 4 MPDU A% 7H4<

gae Az A0S W

309

(In Cheol Shin et al.: New Retransmission Method using the minimum MPDU starting Spacing in Two-level Aggregation of IEEE 802.11n)

cations, Vol. 15, Issue 1, pp. 40-47, February 2008.

Y. Lin and V. W. S. Wong, "Frame Aggregation and Optimal Frame
Size Adaptation for IEEE 802.11n WLANs", IEEE Global
Telecommunications Conference 2006, pp. 1- 6, 2006.

T. Selvam and S. Srikanth, “A frame aggregation scheduler for IEEE
802.11n”, Communications (NCC), 2010 National Conference on, pp.
1-5, January 2010.

Y. S. Kim, O. H. Lee and K. J. Park, “Adaptive two-level frame ag-
gregation in IEEE 802.11n WLAN?”, Asia-Pacific Conference on
Communications 2012, pp 658 - 663.

T. Y. Arif and R. F. Sari, “An analytical model of A-MSDU scheme
with enhanced Block ACK for IEEE 802.11n networks”, Networks

- 20001 ~ 2005 : SHREAEAIT
- 20064 ~ xf : Zystm ITCHS A
- ORCID : 0000-0003-1359-6125

- ZEIAIEOL ; AHM[CH O|ZEAIA|AE]

(= oSS

eIt

Alel d

- 20094 ~ Sixf . ZLICHStm ITCHS!

- FOMIE0F: RIMICH O|SSAI 2 RMICH F4
433

(8]

(9

[10]
(1]

AN R AN

(ICON), 2012 18th IEEE International Conference on, pp. 291-298,
December 2012.

B. Ginzburg and A. Kesselman, ‘“Performance analysis of A-MPDU
and A-MSDU aggregation in IEEE 802.11n”, IEEE Sarnoff
Symposium 2007, pp. 1-5, April 2007.

I. C. Shin and D. H. Kim, “Block Ack-based Dynamic A-MPDU
Aggregation Scheme in [EEE 802.11n”, The Journal of Broadcast
Engineering, Vol 15, Issue 4, pp 510 - 520, 2014.

Ns-2 simulator. [Online]. Available: http://www.isi.edu/nsnam/ns/

R. J. Punnoose, P. V. Nikitin, and D. D. Stancill "Efficient simulation
of Ricean fading within a packet simulator”, IEEE Vehicular
Technology Conference Fall 2000, Vol. 2, pp. 764-767, Sep. 2000.

RSN SeA
M HEYR



