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ABSTRACT

In this paper, the transmission structure and procedure of a random access channel for the IMT-2000 satellite
tadio specification are presented. The proposed random access method has much commonality with that of the
3GPP FDD specification which is a terrestrial radio interface of IMT-2000. The proposed method was designed
by considering characteristics of satellite link as well as the commonality with the termrestrial component. A
preamble consists of sub-preamble repetition and a message is fransmitted along with the preamble successively.
The propose method has fast indication of preamble acquisition by physical layer. The proposed method has been
included in the SAT-CDMA which is a radio transmission technology proposed by TTA, KOREA and approved
as a satellite radio interface at ITU-R. Additionally, in this paper the signaling delay for the proposed random
access channel will be analyzed and it will be compared to that of the random access methods using a
conventional ALOHA procedure and the 3GPP procedure in aspect of the signaling delay. When the SAT-CDMA
satellite constellation at the height of about 1600 km is considered, the delay of the proposed method was
estimated to 100 ms less than that of the conventional ALOHA. This delay difference increases with the number
of retransmissions. The delay is reduced by 30 ms, compared with the 3GPP method.
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IMT-20009] F8 B4 2] shic FAAAZL =
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g A T4 A BEES 253 2 AR
A z} e zRH AdE 7 &) £EL
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A e glck wWelkd, 3 FE EEe 4R
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1. SAT-CDMAZ| el H% 71y

o9 A ASE A Pz (PN Hde
2 sl F4 3=) PRACH (Physical Random
Access Channel)E 3] o|Feix|n], =az]qll 3
F AAE dE Y AE wAE 71ReE ek
Akgal bt (UE: User Equipment)S REe] F41
zZH%de] 2 vlg] 20 ms Zlo)e] AL =7 %(access
frame)-& F712 7+ A% =ZH P Al A
FE AR ook 9 A5 AL o8 19
ol N,x4096 & Zolg e =Zu|gd BE
(preamble part)?} 10 ms Fi= 20 ms?] Ho)& z
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A9, cips 100c 08
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Al A HeE, FUE fA4dd 53 el
= AR ok N, 3h& A S 9tk
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Q-AdE Afch dHols| FE2 FARIAKSE:
Spreading Factor) 2 256, 128, 64, 327} A}2H &
glow, Ae] BH-& SF=2569] 74 F4E& =
ol Alelige] Zb aRede FHY BEE SR
8 wEL] wad$ (pilot) FYxsl 2 ¥]=L TFCI
(Transport Format Combination Indicator) HE>}
A4Frh TRCIx 4 =8 oy e A
5 Xl gt ARE pA)E o]F o]4dle] H
o] H-1-9] #AEE o 4 Utk

Daw ‘ Data
Control ' Filot I TFCI

- Tt —_f
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| snm#oT Slot #1 | Slot # | |ﬂ:m4]

37 2. WAA 2 zdda) &% A

a8k P AdlA R sl F41 Y2)
ol4] AICH (Acquisition Indicator Channel)&
PRACH®| Zz]elfollr AR Alzuixel] o)
+ Al (Acquisition Indicator)S -2Xksl= Ad=
SF=256¢] 1A A$FR A4l AICH =Z#HY
< 1¥ 33 zho] 20 ms9] ZHolZ 15719 HE £
208 FAEH, ZF A4 £59 Aol 5120 A
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& S8 ARgElE, A A SFelA 32 AY
ABE PAEE AlE 4096 3| A AdEm
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& vE HhE ZRAE, 41, -1, B2 09 7

< 7F 5 sivk sk Y= AICH ZHYE 2
¥ 49} o] sl8F Y= wkg Adel P-CCPCH
(Primary Common Control Physical Channel)®] 3
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&7} #4o) 5 P-CCPCH Zd|gjd} & A7l
Al X zpgc)

Al part w404 ohi. 30 reasmivad mprivan 1024 chips

| nl ];n{lnl Tranamlsshnm
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[Aswa | aseo |

18 3. AICH A% AL
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AICH sub- v
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framaa

ACHacowss | #0 y #1  #2 | 43 | @4 #5 48 W7 | #B M) RO N1 NZ) D) #4
ot T T T T T T l]l L ¥ 1 L
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AICH qub-acoses I i tame
frrnee RXalUE ="y a
n
T
AP | Aesaga [
ssaren| E] B
frammy TX mt UE — J—— — —_—— __|_
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18] 5. PRACHS} AICH Eele]w) 34,

¥ 1. PRACHS} AICH elo]ul @),

AICH elo]v] )
shzile] P e
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234 Tgmaoll G AAHE -Togmar W Topimar
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13 62 AAE AT A4 Tee} ~F
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& AMgElnh 2/ 6ol 23] W FHef 98 A
d Azkbe A0 merrie AFY FZ7)d W
2t B 2o]& 7AW 6~13 mse] W4l Fhe 7
=tk °lE 5 ¥ Welx 4 P-CCPCH =#|¢]
< VIEoR die] AER =zl el 914
HellAe] & Azke] Ho 13 mse] AZRAE 7}
A 4 3le-& ojuigitt. wlelx, PRACH #5at 4
o Ol$= AICH %% =3 shie) 54 =Z#g
ql 10 ms oj4de] HF F71F 7hAe} 8, ZHY
Zolg Ag Fr)o V2 w9lE umefdiopd, A&
29 ol 2709 F4 a9l Zo]l 20 ms
7} Eejof g}
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38 6. 23 WA HE e ghde] A A e
M3} A A)zZkaL

2. SAT-CDMAZ| 2o X< npH

9] A% 99 A% F4L MAC (Medium
Access Control) A]¥. #|Z&2] PHY-Access-REQ =
|n|e] B(primitive)] S0 ofs] Alatgr) qle)
A& FAe] AlalE]r] o]lel, E2] AEL RRC
(Radio Resource Control) A&z} MAC 4B A&
L23E] PRACH Aol AHd Hujr|elg Al

1586

ek PRACH A4 =H9l& 313 = AICH =
Hdxie}t 1,2 3 olalell AlatE I, RACH A8 )
g2 53k =9 P-CCPCH =dsls} Azbdez
deEle AY B3 AE zHYe Aok
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% 234 59 A FAeeE Al gL
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ol 43l AgRich A A4¥ A g3 & =
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He o Be 9 AUV} AEFHA 4% A9 o
22 AMg- Zhegt S =eloid =z AHE
AE-g vl AR Y Fot 2dwg Fp)
3 ZejgEa AARE AL o] o, S
37t &) AlR4 3)4(Ramp_Retrans_Max)§ &
A (& ) AH 7 AdE TP £s8)
), ANdg3A] ok AR AFMAC)Y “No ack
on AICH™E Agsli &) A%e ¢ A 34
& Fuighc) wek #8 P=3 AICH Z#H|{lo4 A
A3 A s oY AF A" A
MAC®)| “Ack on AICH received”d 3tz %
2] A3e S Fdaba, 529 Al 7} 3ed A
24 “Nack on AICH received"& Hdsly &
2] Aol AL FTRigick 9] AL A F oo
Wik Azl = A9l AlEeld A48 RACH
ARl t-gE= 5 AR ZF pAEE 75l
+ &9 AF 99 HE AxE S

MAC AE A2 10 ms 34 =y #de
RACH A% elo|wel gt AlolE s3gie}. A%
T dloleizl 31e wl, <dd] MACES A ARg 7}
5% ASC 3§} £ ASCE AW} HA2RA
%P olasl D YAle) LHYelr] Ew)
A% PRACH A4 A& 4% Z& ARt
wheF o) #7kEw PRACH A% FA(H 3t
2 AH ZF7t AAE NS ARk 1 &
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MAC2 Be)AlFoayels] 34 ANE 7|tk
gk o] #rlER] doxd ohg ZHYellA A
2 HAXHA HALE pEEy, HASRA HAL
£ Age) 71 wziA] g selr T €
Tl sl HAARA ZAPE Aelw 10 ms
A7} AE g ke 9%e stk
ZalAxo 2 vE] “Ack on AICH"S] A& Ay
£ A1 A ARl RACH Ad 434 ¢
ok BARAA AY Zvl AAde] AW HeF
g} “No ack on AICH”¢| AL AlelE e o,
ohg A ARE HAXEA FAAE FE
t}. Be|AlZolA] “Nack on AICH"S] A& AelE
deig- 739, U2 Z(backoff) Ele|™] TeorE 7HEA]
712 ge|rt w19 F, HASEA AR oA
Saigicl, e goln Teot: 10 ms R
Npotmin~Neoimx?] H$ellA FUT £33l wiet o
oo Aez Addel HAARe ZAE o3l
RACH dA|A]e)| gl S5 wlAA7) 44159
2 A9 AZozne] Adyked, EEjAE] o]
g £45l7 RACH AF Alg Fgc) =3,
AAE F7) 57 ManE 231, 39 AR
RACH A% A¥E gelx A4 & Fagch

Thitial preamble power
= Preamble_Initial_Power
Retrans counter
= Ramp_Retrans.Max

Message power
= Preamble power
+ APy (control part)

PHY-Access-CNF
(Nack on AICH)

a8 7. @Eelde] PRACH A& 3.

3% 8. W% MAC A AZex9) RACH A% oA

3. o) M4 vlgel §3 vl

¥ 28 /1A )39 SAT-CDMA 39 A& W
Al, 3GPPoIM9l 1o AL WA, Akl SAT-
CDMA©A] AHgElE 99 A vl 3714] 714
o g%t 54L& vlmat Zolvh s & Aol X
2o AR A el vk AFE SAT-
CDMA¢] PRACHE 4 4] ms®] ¢4 ®= A}
el AZhg wiEle zejqEal wiAAE FAel
Agsle], AAE Ao 288E IS A%
7] A7he Fol7) H# B AR ALl wh
2 ¥ HFE Zevh AR o)xe] SAT-CDMA
o] oJ2] A% 7We £F3 ALOHA WAE 7|8
27 BE &3 5uly "Holg dve AL %%
AHgala, xE|giEd) wAAE FAl AHEsla
=gl 8-g 3GPPe} FY¥ 3 rRlclh I,
9lHe] Ey] AAE ol43}A] W= 7, 9] 24e
A 71€% ulel o] 94 A ujellxe] A
A A7k Aol 10 ms ol4bo] € 4 slem, A
% &Feo| 5x2560 3 ZHelzy ¥F-EsHA Hrk
wlzha], 71AE SAT-CDMAME o1& zRlal
20 ms Zol9] A& =YL V|8 A7t AR
o] Ageo] o) F|AIc}. wwh, A o)He] SAT-
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E 2. 99 A% 71 34 v
4
i

He wal | 228 ALOHA SRS R NS ERY | a2 s gel® 2 ALOHA
7IE A | B &% s &% s zyg
e Ziol: 5x2560 chips 2o} 2x2560 chips Z0J: 2x38400 chips
& x| ZaAED gaxe BA Me | Z2YED HAXe 22l HMe 2|y Es}t HAX|e] A M
. Bl Tale LR TRlE . A malolEo] Nplite
za(UE . AlaH(16&1Eol)2| 2564 . AlaHXM(16E=E02| 2562 L AME TR AlTHK
A dp= Hi= (16% ZHol)2l 2568 ur=
. Zol: 4096 chips . ZO|: 4096 chips . ®Ol: 4096XNp chips
o= I
Az Zel ABSIR 2 AICHE F8 Al &2l AICHE S& Al &l

CDMASZ| ¢l2] A& 7[geld Ad$E Al=gd 7
T AREL- AHERE AR SRE AR Fell
o]FR|H o]zt 7] Alzhe 98- A} 24 A
7b ol9ell Ard=E H a7Ele A9 AZRE:
233 xgEleder ok =, AR SAT-
CDMA |4 whE w|A]R] =41 #Helg 9)8) 3GPP
S} fAkslA £ AZ #delx AICHe| 93t
Z #l AgE A ek aehi, Aldge] A
ES7174R19] H7] AZdelA AladEE $i'E o)
AZEE Z3s1A) oA "o

. AIJEE XH 2N

£ Al RACHE ]88 AR Al2dd
HA& B3k, 7iA o)He] SAT-CDMA, 3GPP,
WA 0]%2] SAT-CDMA®IA ARgEl= 371x] uhka
9] 9] A< 7L A183F RACH Al:zdg) =)od
A)7g b3 EA]dck

1. 9] & LS o8t AlodE 1y

AAETE A4 IMT-2000 AJ2%le] 754
TR} fAsAl 2" 9ol4e} o] RNS (Radio
Network Subsystem)E¢] Ago= J-Alsw, CN
(Core Network)3} Ius gle]so]As Eale] 4%
t}, RNSE 3dhde] RNC (Radio Network
Controller)} dh} o]Ake] Node BEE FAH I,
Node Bt Iubs QIE|#Ho] A8 Eale] RNCe] 97
ol 444 Welld] RNCES A2 Iurs Q1E
Hol A File dFdE 4 3lom, huse 2AA
oz Ezql od7e) o8 m H<$Htransport
network)2- ©]83F 7Hkel Adz A" 4 )
t}. 7} RNSE= &3l gle AE A1E Aofs
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+ AdE 7FIck UESE 94344 Aleldl 7t
RRC «7e] oifsl, &}}e] RNS7} Serving RNS7}
E &, Serving RNS+&= 3 UEE %] CN=} Ius
Aesle]l ~F 7RAa Qlok B4 UES} 74 qle]s
0)2F 2} 3l Node-Be] FAlTb AolE s}
+ RNS7} Serving RNS2] SRNC (Serving RNC)
¢} o & glew, o] ¢ #F Node-B7l 53
RNS2] CRNC (Controlling RNC)$} SRNC Alo]=
Turs QlEjso] 2] of3] dA%c)
Alzdd] Ade 9] Aol w83 94
2] 7¥el wel, 2A o 5= sles, o)#gt e
E {8 o 99} o] ohg kA ] HA
W FAE weE ¢ ok
- Case A: X|T-=HLES: Land Earth Station)e]]
Node-B7} 913t 7+,
- Case B: $jA4d¢l Node-B7} 91213 73-%,
- Case C: 2]Aol Node-B2} RNC7} ¢)=])gk A%
Case At 94 whdt @l9je] Sghg S8
i, 7154 74 848l Node-Be A4t 7=
(LES)¢ll4] RNC3:= $JAa} AeJ=NC: Network
Controller)ellA] = H&& pafdled Uus QIE]#H o)
2 R AT Alelel] EAsh ubs QlE]He)
2 AT A Aelxr Aleld]  EAfdi)
Case Bellrl $l4S A% A4 7158 7Kz &
2] A3e] Node-Be] <& sty o] A%
PRACHe] ofgt E2] A% $=o2 AICHE ¢4
LE28E AdE] Uss deselas whdsl ¢4
Alolell, Tubs QUejHlo] At |G-} Aol Alo]e]
3k Case C= $14¢] RNC7HA]9] Aghg- 33}
of Iubs QlEIHjo]2d= A YlHol| ZA)stz RNC
ZFe] Ius QE|#Holae $47} 83 v $AT
2T Apele] wzel o) A=
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CASE A: Node-B at LS and RNC on ground

CR\S SR
Saslite
/u:/ \ Core
Network
4 . .
T T
Tubs |-
MES LBS  Controber | ° anrdter | ®
UE NdeB  GRNC SRNG o

CASE B: Noce-B at satellite and RNC on ground

Noge B GRS SRNS
Satalbte
o s
s \\ e
/ Nebwork
§ H— :
MES ™ n Turs s
® GRNC SRNC N
CASE C: Noce-B and RNC at satelitte
CRNG SANC
Noia B Noce B
saielite | loes | Samite
N Q\~-4=~~Q _
/ A—i— V\A———‘—‘
MsS T ] 123 T
E o™

a8 9. 4 AL 7isd AL

RACH:= AR AlZe] =z sd CCCH
(Common Control Channel), DCCH (Dedicated
Control Channel), DTCH (Dedicated Traffic
Channel)] dloJelg Adslr] $3) AHe=ls, @2
o] A% Add wAA]el g g2 CCCH
9] 7% $14we] RRC A%, DCCH¢} DTCHS
725 A =g AdE @sls RLC/T 53
a3 107 18 118 CCCH v|AJ#-& RACHE ©]
43le] Ao el Wig % #AAE FACH
(Forward Access Channel)E 413p7|71A|8] A1
¥y A& EA%E Zlelck O3 102 CRNC2}
SRNC7} 4% 7-9eli, 23 112 CRNCS
SRNC7} v} 79¢]ck. 2§ 1004 @2¢] RRC
oAa LA wWAR= CCCHE Fijd tige]
MACe] =7, MACE $4 F-Zella]e] MAC
Az 4ol AL FAAol wet HA2hA Rl 9
3§ 7] wlex Azle] Ad Feo] RACHE E3
e AZd A$ 87E I Y A
PRACHE 53 9 A4-g A=tz 4%+

2 2RE] 2+ AICHE| - &= A 9 A
% ol we} A Axgleh HAR}E AT
Aoz f4lEle] AICHERE] ACKE 441514 UE
£ RACH #3¢ Fagh} 914944732 Node-B
£ A4 dAXE ubs QlE|He]AE sk A
Zvke- Ealed RNC MACe] Adsln #HEHom
RRC7}A] Adge). 9444579 RRCx: I
HAzle] gl wet B3 Ae #A4E AN ¥
o] it 25h& F3ka CCCHe} FACHE
&) Node-Be] Hd%i FACHE SHlsie
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[1} ITU-R Recommendation M.1034-1, Require-
ments for the radio interface(s) for IMT-2000.

[21 ITU-R Recommendation M.1457, Detailed
specifications of the radio interfaces of
IMT-2000.

{31 3G TS 25.211 v3.5.0, Physical chamnels and
mapping of transport channels onto physical
channels (FDD), 3GPP TSG-RAN, 2000-12.

[4] 3G TS 25.213 v3.5.0, Spreading and modula-
tion (FDD), 3GPP TSG-RAN, 2000-12.

[5] 3G TS 25214 v3.5.0, Physical layer
procedures (FDD), 3GPP TSG-RAN, 2000-12.

[6] 3G TR 25.853 v3.0.0, Delay budget within
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the access stratum, 3GPP TSG-RAN, 2000-12,

% o
Al Acquisition Indicator
AICH Acquisition Indicator Channel
ASC Access Service Class
CCCH Common Control Channel
CN Core Network
CNF Conform
CRNC Controlling RNC
DCCH Dedicated Control Channel
DTCH Dedicated Traffic Channel
FACH Foward Access Channel
~ LES Land Earth Station

MAC Medium Access Control
NC Network Controller
P-CCPCH Primary Common Control Physical

Channel
PHY Physical
PRACH Physical Random Access Channel
RACH Random Access Channel
RAN Radio Access Network
REQ Request
RNC Radio Network Controller
RNS Radio Network Subsystem
RRC Radio Resource Control

Satellite-RAN  Satellite Radio Access Network

$5-CCPCH Secondary Common Control Physical
Channel
SF Spreading Factor
SFN System Frame Number
SRI Satellite Radio Interface
SRNC Serving RNC
TFCI Transport Format Combination Indicator
UE User Equipment
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