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ABSTRACT

Fourth-generation (4G) cellular communication systems must provide different quality-of-service (QoS) to users
according to the service type, membership class, and usage case of each user. For the purpose of user’s QoS
differentiation, we propose an enhanced uplink random access scheme for bandwidth request. More specifically,
we divide a bandwidth request channel into two parts: One is a primary region and the other is a secondary
region. Then, each region has a unique minimum access class that allows only specific users to perform random
access through that region. By doing so, we can reduce collision probability and increase the success probability
of bandwidth request. From the perspective of standardization, we presented this scheme in the IEEE 802.16m
Session #66 held on March 2010. As a result, the concept of the proposed scheme and required messages were
defined in the 802.16m standard.
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Alo] o] 83tar gl Aule] Helf A #& A7
S w3l oW ABZH YollA random access=
Azsles Aol 7 fEldt AAE #dE 5
ek

I3 7(a)2 AAI-SCD(advanced air interface-
system configuration descriptor)®} -2 MAC A|¢]
W A|X] 2-2 SFH(superframe header) subpacketel]
random access AFdel] oidF PMACe]| =) 4]
= 1, 2, 3, 1= AAE A4S BelFa gl
AF B, AMIS SHo] 20 sPEE AR
T oA 2 A WA ZHdell4] random access2-
Axd o glar wkek zAle] o] fals AR]~e
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Super-frame (4 frame)

Frame (8 sub-frame)
>

77

%

DL UL

PMAC =1

‘ PMAC sequence: 1, 2, 3, 1 ‘

DL uL

PMAC =2
0
%

DL

PMAC =3

Uplink channel

UL DL UL

PMAC =1

Random access

[]

descriptor (bandwidth request) resource
(a) It 7|%0| S ot 1: PMAC =0 X85 Z <

Super-frame (4 frame)

Frame (8 sub-frame)

‘ PMAC/SMAC sequence: 1/4, 2/3, 1/4, 1/3 ‘

QHIlE9 SE YR

(b) A

Ozl 7. Algk 71€2] 802.16m A4

=

e Agte] T

J.zﬂ lq_

=

7ol WA
HA oll4] random accessS A|EIEE

o

7<)

%A 2

3.56.2 PMAC ¥ SMAC FEE 2F 0|8st= &
=]

o} 2

()

)
Hlo}
A

o
F

a3 7(b)= 4
access AFdo] ZH[3]9] Bz euk =
A= 73-$elck A% 7+ random access AHY-S-
primary %%} secondary J¥ o2 FEHc} o]
3l Qo= AL w13 g2 PMACKHT) S+
of e A A el
secondary ool o]83led random accessE A%
Fomy 7|52 7leelA BAsks E283 A

AZEE AAA S Qlek webA] ool 52l Ab
427} 71AFe] AAg PMAC 2 SMACe] weh
A vl Z#H| ek} random accessE Al&Ed 4= glvk

I3 7(b)2 AAI-SCD®} 722 MAC Ao wA]

sl

(EI
o1 o
Ag vk 13}

1 A

v}z A 2 random

Rl
A

random access
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%

=
Z || - - -
A A A A
DL uL DL UL DL UL DL UL
PMAC =1 PMAC =2 PMAC =3 PMAC =1
SMAC =4 SMAC =3 SMAC =4 SMAC =3

Uplink channel
descriptor

CF2: PMAC 2 SMAC HEE 2 F X%

Random access
(bandwidth request) resource

A 22 SFH subpacketol] random access Al
tlgk  PMAC SMACe| =gl FAUE
PMAC/SMAC = 1/4, 2/3, 1/4, 1/3°2& A= 7
5 molFa glek olE Sel, 31 WA random
access A2 primary %4> PMAC = 1 °]A}9]
S5 zZ= AR} random access2 A &3 4
L secondary °dd2 PMAC = 1 7|vF SMAC =
4 oAe] TF& Z+= 2}82}7} random accessS

/x] T_:fi]— 2= olp]_

)
=

=10
=

3.5.3 WCDMA A|AEnto] H|w

el Adslsde] WCDMA  A|2Hlof A=
Z+7+9] random access el AZE t}E ASCE
sltsl

4 oo} ©]= minimum access class 7|5}

random access HFole] whdS weldl o7 7+ A}
g2}l &t random access A|oi7} Hr} mEH o

2 o]FolA 4 glr}. 3|9 wlEe] Aol 4=
= ASCE mlE] odElE 4 9= uphde] ¢l7) wlE
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S Ee L kS R S

el A A 4gR A A%

b
O
o

d

A
R

-

o AMAES 7137F 90 wjwle}l v ¥ random
access2 A|E=E Zlolth o]y A ALgA}el] HEh
14 ¢l random access AF FES U3 =k

A5t 802.16m /‘]/\E“-% “r 23| —TLZEE g
43 Aot 7|Eelde o Zd) do] -2 MAC
Aol WAAE A shte] vﬂ‘”ﬂ"“’ﬂ ZA3}
= %% 59 random access ARl ogk
PMAC 2 SMACE vlE] d&E & olrk uwehA
random access 35 FES FYAT)7] 93t xR}
A g2t 7lssith Clg B dEe A
slok & dlojele] FH A HE A7 2 gkeR
°] PMAC¥ SMACS rE{sle] &z =z#qle|
random access> A|E3h= Zlo] f|gA] o
o2 Z#H Yl random accessS A EdH= 7o
23t A& st 4= gl

3.6 Hot 7lze| S& A

Jer% = Eoﬁ— A w2 T1AEe] Wt
£ MAC Alo] A 32 SFH subpacketS %3l
A1 BR Aol djgh ARE melglc} wiek ghiio]
Agkelae A4st dolHE X1 Qi vle
vlelsla 9l PMAC 2 SMAC AHRE 7[ukoz
o]™ random access Aol random accessS A%

A o HE AT} o] wf AL ulgl 10] o]&

o

Afelle e ZeYgel $4d PMAC] 44

< N )
‘ Bandwidth request A9 H & 41 %7

Primary &%, secondary %, PMAC ¥
SMAC et

e o

Contention-based random
access bandwidth request

‘ Random access At (frame, slot) 273 ‘

'

‘ Random access 43 ‘

R I i il A

9182 773} random access AFAS ZAA 7}
nh A vl 27} o] 8% ASo) 7k Z|9)o]
A} primary %39 % secondary %3] FEE= 7

o

A &3S 723}3. minimum access class =71
uEshe £5-2 13t ¥ random access AFY
AARg), #HEA o7 w2 AR random access
A8 &84 random accessE Al =3}

mlo il

3.6.2 7|X|=2| & TMT

a8 9= A’k 7lse] ALEAE W 7=
T2 S BolErh sAEE dubAal
Feshda] F71- o2 BR ALY ARE W
oh. "o AlgARe] 27| Z{F—T— 2Ao] WAtk
1A= g AREALe] SEE Fhetgiet o] W A}
S2ke] 5] S7A Sl -*SH/H olw] AAH 7
Foll= e 95 1= 83k wb AR}
o] Sl ARAPE o] 8sh= Au|2e] FRell €]
A AAEE Aol 2] AHE 84 A slofe
2 7P U2 5Ee AR ISt ad AR
2PF AAR e~ SAYS o FHe 5H5&
Fofgitl ARgARe] S SelRh ZIAlEE ARSAE
e xel webA fH=ZHY] WY 5% BR
Adel gt primary 99 ¥ secondary 3%,
PMAC ¥ SMAC 5= ZAgh} o]& ukdsly
AAI-SCD¢} 7> MAC Aol wA]#] 2 SFH
subpacketol] E3FE BR A HHE Juo]|Eslw

5 FIHE st

G
'

‘ Normal operation

FS 2 primary <,
secondary FH, PMAC L SMAC &

'

Bandwidth request A2 H &= M

a3 9. /A= T A=
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= = At 71ed Ass WA
we] AFE ek mla dike 719
minimum access class 7|4} random access H}gho]
] AlE 348 ol8e] % 33 )

F 20l Yelt BR A de] AA random access
&5 g 802.16m EES skl AdAsch
802.16moflA= g Ze|glel] ) 47]¢] BR A4
< A3k A4 BR A2 4ME2 67D
subcarrier 2 6719 symbolZ FAJ%E ¢ -%—EJ tile 3
NE o]FoixIt}l 42| random access S
E 271¢] symbolZ FAE7] wiitel & =Z#H Y W
o= Z | 36702] random access &Fo| Exfe
Qe 2L wela) g Z#glel 27)e] BR Aol
Asks 795 7P <F 20709 random access
EFo] EAEh= Aol

& 2o A As Ax= AHAR] random
access AF FEE AASIGLE o] o 7|x|Fe] 5
A18F bkl random access AlEE BF T3t Al
3 FASINR S zZherha 7Hsisla wef 7 Af
22} o|Ato] Tgt &3-S A=E)lo] random access
& S A% AT A mTl A9 24 o)
A= MR FEste] 7|A=elx] 4le] gt
3 7HsksAck

I3 102 primary %99 % secondary 99| &

7F 242 578 215700 7394 Alg Aol
Zﬂ‘ﬂ- 7142 7% primary %39S ©]€-3]4 random
access& Tz ARSAR] A EHE] 7|E e
Hep H3d 3% MAEe & o4 sk =3
secondary °3%-& ©|8-814 random accessS 53
SHe ARl AE BE A 4% Fhsje] A
el AF FEel 5% MRS & < gk ol=Igh

sz e

M oy

>~

37

o

=5
.°°
olr‘

w4 &
BR Ade] AA
A e ,j] R 2070
random access &% I
Primary/secondary (@) P/S = 57W/157)
Ao &£ &+ (b) P/S = 87H/127)
= A 5 5 ~ 20
PMAC o4 535 25%
2 ApAl v ‘
SMAC o] 5535
v o 75%
2= A Bl
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Success probability (no collision)

—+— Proposed: Primary
0.4 1{ —=— Proposed: Secondary
Proposed: Overall

Conventional: Overall

03

5 10 15 20
Total number of users

a2l 10. &= AFEAF ol w2 random access A3 FE
®/s = 570/157H)

WA FIH= random access A'E-S primary 3=}
secondary % oZ FH3le] HT ClE SHES 4
= ARAL Alele] B3 AAS R AlE
7] vl A& 5 sdek

% 11< primary %39 % secondary %3¢ &
% a7F A7 87 2 1270 7ol A Aot
o] 7%l primary °392 ©|-834 random
access= T3z AREAR] AF FEe] 7]E Mkt
e 33%°2 =) A=l SX]eF secondary
%348 o]&-3ll4 random accessS F3I= AEA}
ol AF FEE 71E wlE 1% 3Rl or
AAAQ A FE2 7S ik 543E o
ale}. o]#idt A= primary 3% 2 secondary 3
o] &% 47F PMAC oAl AR8Ake] A% 2hE
= AR Fol Wiskew MHA=ElY] wie]

04t

—#— Proposed: Primary
03k —S— Proposed: Secondary | __
Proposed: Overall
02t Conventlonlal: Overall :
5 10 15 20
Total number of users

Success probability (no collision)

a2l 11. & AHEAF Foll w2 random access A% EHE
(P/S = 87W/127N)
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[ 4AE TS EAA LR S SR A1) N Ao A a A S iy Y 2ws
o} wlebd B oAg 7)EeS A ARl =3 B E 4. 802.16m ol E3FE Ak 7]e] Ay

X5 wdsle] primary %49 2 secondary °3%,
PMAC % SMACS FA3}e] ARgAte] Sl ut
£ QoS APHsIE &5A 2T 5 glrhe AFe]

S=d
V. 802.16m EZs} M1}

B =l Akt 7]+ 20109 349 Pl5 &
EOH/H 7% % 1EEE 802 16 Session #66 33}
3oelld wEEge Pl As AlgE 7)o
802.16m Alz=gloA] F2HE = QUEE Ak 7]%e]
N 2 F2l agh wAR) E2F A A
e A3s v Pl 2o 7Ade® 802.16m
x5 49 162.11 Bandwidth
allocation mechanism 2] 16.2.11.1.1 Contention-
based random access bandwidth request 35S A
7 Aefslsict. 712 Aol B =ie
I.1dellA =3k ZA" shte] grew A=
minimum access classell wWepA 7+ A8}
random access & o457} ZAAEEE A ojx|o]
udeh #E3}F 3]efellA 7 Tl S S5
&} —E~ E=E] MM =gt Algk 7]&0] #
4 sl shte] ez lel Exfsls
9] 044,‘*‘51 random access AFdel| gk minimum
access classs 247 AoJslaL o5 A3k o] v
AAE EEA IRSe] whdellAl vE] dEFe=
71l ol 83 skl 1 A9 2 A
B2 A HEAow Ak 7% el %
F Aol ek w3k Al”E rlee] A S
34 Besk Ar, 5 o] qrozslel] EAsk
v}2] ¢1<4%l random access ARl Uigh
minimum access class HEE 7]X|7o] whideA
vle] deE =S W ARE AAISCD
(advanced air interface-system configuration descriptor)
WA EFARh AALSCD HAAIE 7145l
Azde] T8 Aotap] A TR W
3= wAR]o]t). of7]ell= ranging, synchronization,
HARQ feedback, channel measurement, bandwidth
request 52} #AHF 9 A]~El parameter’} £+

request and

2
Rl

=

=

<
T

o] glek.
A2 802.16m FFo] Wed Ak s)%e] 9
A U 2 o]E 913 AALSCD HAAE ol

4 2 5ol et ek (A W8 7lanE
C80216m-10-0299 ' =),

ar

16.2.11.1.1 Contention-based random access
bandwidth request

The ABS may advertise a sequence of minimum
access classes in the BR Channel Configuration MIN
Access Class elements within the AAI-SCD for each
frame in a superframe. This sequence of minimum
access classes is maintained until another advertisement
with the AAI-SCD. Based on the sequence of minimum
access classes, the AMS can select the frame used for
the contention-based random access in order to minimize
collision. If no minimum access classes are advertised in
the AAI-SCD,
allowed.

it means that all access classes are

E 5. 802.16m ol ZFH AQE 7]4S 43k Aol w4
] (AAI-SCD | A|A])
Atmbm?/Anay of Size (bits) Value/Note
attributes
T_ReTx_Interval 3 0-38
BR_channel
Configuration MIN 3 INTEGER
Access Class of the 0..4)
(i+0)-th frame
BR_channel
Configuration MIN 3 INTEGER
Access Class of the 0..4)
(i+0)-th frame
BR_channel
Configuration MIN 3 INTEGER
Access Class of the 0..4)
(i+0)-th frame
BR_channel
Configuration MIN 3 INTEGER
Access Class of the 0..4)
(i+0)-th frame
V.2 B

E =rolds ARSAPL o8k Aol i
2 7RIsE 8A, ARl o8- el Sl wlEhA
ARGl A /HE e o] vl FEE AT
U]—— 7] Alkstsiet. 53] white] Z]A|SelA
R s o random access
A5 ek Al”k 712 A 84 A
AH3E= BR AdE primary °§°3,4 secondary
qow FEIer ZAzke] e AR oE
minimum access class, = PMAC¥} SMACS AA
slo] A2 e 559 A8AE°] random access

A pEeF AAE AT 5 RS sl =

1)

2~
T
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NATE A ARAIEY] S5 REE wige=
primary ¢3¢ =7]¢} secondary <] =7,
PMAC¥} SMACS #HgAHow AAF & gx=
sle] 7]Ee] 7lERo) oS f5HoR AN
F M QoS AUSFE WHY > G sgich
3k o] 7] IEEE 802.16 Session #66 F3}
slofollx] =gl AljE 7)ol R 2
a3k WAA]7} 802.16m o] AMPE= A
A7k

g5 7|A T AAAH] AR 5H HEES
22y3}te] primary °3% ‘;‘ secondary ©3%<] :37],

ofd _1

=9 J3a AFo|t) o] uwl A ZFl EHJ
random access 3% FES WA FF oHE
A|&har EA SFol gt random access A5 £
FS Hugsks wkeks 78dd 4 g} o]E £
A AA AzE AAolA AgAF 55 8 QoS A
W32 27 o UAet & 9)e Ao oAakEr)
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=
L
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