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Abstract

In the past two years, we focused on the study and development of B3G
heterogeneous networks. We have proposed a major architecture of the heterogeneous
network, which integrates WCDMA (wideband code division multiple access)
systems, WLAN (wireless local area network) systems, and BWA (broadband
wireless access) system. Several technologies and mechanisms about the radio
resource management (RRM) with quality-of-service (QoS) guarantee are also
designed for heterogeneous networks. In additions, we also develop an open
simulation platform with more realistic communication environment and advanced
transmission technologies, such as OFDM (orthogonal frequency division
multiplexing), OFDMA (orthogonal frequency division multiple access), and
OFDM/CDMA. Basing on the previous results, we focus on the researches of cross-
layer radio resource management to provide a more integrated and accurate system
resource control, monitoring, and adaptation. The top-down cross-layer RRM in the
B3G heterogeneous networks include the issues of resource allocation, traffic
scheduling, HARQ mechanism, congestion control, dynamic cell configuration, and
advanced transmission technologies. We apply both intelligent technologies and
performance analysis to obtain the efficient RRM results with cross-layer
considerations. We also show the effect about the cross-layer designs in the IP-based
core network for B3G systems and propose a base station switching mechanism to

reduce service disruption time while satisfying the QoS requirements.

Keywords: B3G heterogeneous networks, WCDMA, WLAN, BWA, RRM, QoS,
OFDM, OFDMA, cross-layer, HARQ
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BB A BT FERYTENAR SR ER ST G I AR

T g
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3.1.3. PRA*P YT ek
Ao wld i (network ) fréai & (link) Bk » R4FH N EH H
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g

2. daRE -G Rfe- BAR LS RSP AR AR E
RIS SHTARES > A e ¥ - B S B ANE 2 ATl AR o FIE AT
s APFRUBRA - FERRY HF IR -
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fw

Pt EPRFA—- B A ¥ 5 (Anchor Base Station. )

i
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-
Hard Handoff e"i)

B 10 % IEEE 802.16e -2 ¢ £ 84 N E B gindz » H g de ™

T

=

MSS Anchor BS Target BS Router NCMS Entity
2. MSSHO-REQ

3. HO-pre-nofification (QosS)

4. HO-pre-notification-ACK (QoS

6. BSHO-RSP 5. HO confirm

7. MSSHO-IND

8. Fast Ranging
9. RNG-REQ
10. RNG-RSP

@) 10.1IEEE 802.16¢ /s 5t ¢ A ;% ¥E45 im 42 [10]

MS 8 ihd Frpy T engk e & oo

& % % Anchor BS 3 MiL# & &£ (MSSHO-REQ) - ¥ {345
AT R T A LR TR I & R i # % (target BS) -

Anchor BS ¢ 3f L 3% i e B2 38 {r target BS i7— w343 gLz @& # "F*f
¥ 3 e & (HO-pre-notification) » 14 4% % target BS 3 & 33 ey 4
L —ﬁ PR G2

Anchor BS #: 3/ target BS v % (HO-pre-notification-ACK ) -
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5. Anchor BS i &gt target BS (HO confirm ) #-= 5 MS 24 ¥t
%o pPFtarget BS VIR A BT - B R I F10 5L el i 4500 MS o

6. ¥ =+ MS (BSHO-RSP) rx z ¢ target BSID -
7. MS i% i MSSHO-IND % % 3 Anchor BS #_F X 4 ; # 4

2 3% P Anchor BS *7 %74+ MS &g 5 o

8~10. MS # * # 25 ® target BS 3¢ ¥ 7 channel ¥ £-:i# 4 iE (Fast Ranging)
et i P oeni B A MS et gar &3 B (UL power) -~ B
(timing) % 4 & > ¥ I target BS 305 MS F4ar ¥ R A7 £ X 0
B & wi@- B RNG-RSP Hkjiz% 2 &7 (status=Success) =
koo (S R-E A Gt 3R AR o

11.~13. MS 4r target BS % = i& » % (network entry ) s {7 » JL 304 & 7

7 337 (authorization) ~ 3 (registration) fri = IP (DHCP )

e0d 1T o
14. SIP reINVITE = = {¢ » MS B 4>fr&7¢7 Anchor BS 1% F i chig i o
e

H ¢ DHCP %2 SIP reINVITE #: it % 7 Network Layer Handoff shpF fFF » 427 %
Foipr -4 % DHCP 2 SIP reINVITE e i® 7 4% o
1.  DHCP(Dynamic Host Configuration Protocol)
F MS FE 4@ e a3 FRAADIP hpF o r‘r%s! DHCP
R R LA fe- B IP b MS e e A e IP a2z w0 g L
## - 1 Duplicate Address Detection (DAD) k Fz gt IP =htiZ 5 A H
MS #7i¢ * > NCMS - # i DHCP 4= =nt &~ i % BS, i¥5 MS e [P i
i o & WLAN 93k 5 ¢ DAD # (£ ) & 7= § 1500ms «p= & [16]
2. SIP (Session Initiation Protocol) reINVITE [17]
P end B-Faldte KA IP mnt £ X7 FIAT IP sk > 4o F

11 -
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& T1 P& R 2,k =4 o0 [P Phone # MS 5 f4f ¢ 516 4 & s = IP1 e
o T2REFE > £ MS £ BSI *»# 5| BS2 s %356 DHCP i 4] £ 7| 370 IP
bt MS % § % 41 SIP reINVITE & f4 i3 55557 IP Phone, & ##-F it e £

Hard Handoff

Router

IP Phone |I
, : b
T: NCMS entity assign IP-1 to BS1 for MS =
| Data packet transmission to destination IP-1
- 1P-2
—
T: When MS handoff to BS2, NCMS entity assign IP-2 to BS2 for MS.

After SIP re-invite, data packet will transmit to destination IP-2

[T

% H//
=

IP-based Wireless Access Network

@ 11.SIP reINVITE 7+ %, B

IP2 sniz gt » i&FF MS ﬁ‘b\i 8% % SIP reINVITE = = » A icd IP2 B~ Filafe o
d % SIP reINVITE eé: it 5 & B & B 52 i

= 2
L

A PERE RS MS frit i
IP Phone 2. fF shpedty B > H o F 5 F5 & 10ms~10s -

B 10 7 - 8,9 10 &= f[%-)-b,% ) ﬁf’:'}&ééﬁ’éé] s i 42T %4 1 IEEE
802.16 L& ¢ thjnfe (- B A &2 o

bk S dkiEe o 4% K A & s (F L BE (Ranging) - Ranging 3 & £33
KPR (timing) ~ #F & (frequency) ~ #* 3¢ (power))Z s3# RF =48 & & F ch— B B4
® MS B t4apF o Kb SRACTBIERS D AT 3dE MS i n
(symbol) # 117 42 OFDM ¢ ~ e % /B > @ AiFE LM o § MS 4 {731

(E£ATP ) S B7 D HpF o> ﬁ‘u\’» #{ 7 Ranging - % o
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% IEEE 802.16e [18] & %t¥ > OFDMA #5538 T » § &} 4aih3 {2l fedd 2
e 3 3 MS ¥ ranging » ranging ¥ A4 & T v fA G
1 initial ranging
2 periodic ranging
3.  bandwidth request
4 handoff ranging

I % - % Pseudonoise Ranging Codes (0~255) - N i i¥ 5 initial ranging
codes » M i i¥ 5 periodic ranging codes, L i# i¥ 5 bandwidth request codes > O B i®
% handoff ranging codes, 4@ 12 #757 > & MS 1335 P # B & (7 chds (5 > @ K7
fehgroup * i 11— B code, A3 o HRTTIE 0 Tt Code kW p W R ¥ F BR&
H {7 o fE b 1F o

N(initial M(periodic L(bandwidth | O(handoff
ranging) ranging) request) ranging)

B 12.Ranging Code 4" fic [§]

@ 13 5 Initial Ranging /5 427+ & B o Ranging /i 42 f§ it 40 ¢

L #&% Hf sl o UL_MAP > ¢35 11 # ranging channel #7 & iz § - & *
frdl s ehig % H A (contention) ¥ ranging 8 § - ¥ F|4H T ranging i
¢ ’fjﬁ“iiffiig i# ranging slot fv— & ranging code } &5 A 5 o

2. A¥ CRBERIIRY FAUBR KGRI S F{FERE I FEAREEAED
R, EAFEDFER 5 FETHFE > £l RNG-RSP F A i flw @3
® —?]Z o

3. ® % 443 RNG-RSP %3t & & chrt 5 frﬂfﬂf °

4. pinfe e A e R0 BRI AR S BRI F P BN R TR L AL
h& foo i{ § & RNG-RSP ¥ w §— & state=Success (it > £ 35i¢ * <
BEERF T2 AR BanBE R
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v Ao S 2 BRMY G FHROUE R N HF BB

¥

BN g o @ —‘%f & R % P M ek IR PRFRchk 3+ 5 i periodic ranging,

BS SS

<Time to send next MAP>
: " UL-MAP

Send MAP containing Ranging e e e e e e e e e C e e —————— >
Region Information

<Receive Ranging Code> 1- (b Transmit randomly selected

Send RNG_RSP with Ranglng COdC Ranging code in a randomly

Time & Power Corrections and B g e R LT .
loriginal Ranging Coée and selected Ranging Slot from
; available Ranging Region
Ranging Slot

Status = Continue

Receive RNG_RSP message with
I —— _R_I\lq__R_S_P ___________ ! Ranging Code and Ranging Slot
matching sent values Adjust Time &
Power parameters
Status = Continue

<Time to send next MAP> U.L:MAP >

Send MAP containing Ranging
Region Information

2- (b) Transmit randomly selected

Ranging Code Ranging code in a randomly
e dntetateteiadete et D b L e L R R Dl selected Ranging Slot from
available Ranging Region

i8] 13.Ranging Process in IEEE 802.16e standard

i REF 0 2 n42qe Initial Ranging synAzAp 2 0 R A2 e H @ —‘F,‘ A

Fried ranging o € o

22

T A @ % R VAR % Anchor BS st &8 > 5 @ Big =

PRI P $TiE A PR T
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Lo AE K Y A0 B ranging Wi e fl T BRI KD EFLfoR S
PR g4 R EE s 2R
2. gk : DHCP v SIP reINVITE s (% 5 #-i¢ PRI+ $7enph Y < tpg = & a2
s W PR IR R o
AR T AT e R T 2 97 A S0ms o T e Bk
ST A A BRI T lﬁﬁiﬁ]z&x}imnt}ﬁvﬂaagé&%ﬁﬁq
# % £ DHCP 2 SIP reINVITE o B45 2 + i 45 > tff B ibatines ®EA
%'J?‘L%fuifl%i"’ff??ﬁifiﬁlié B PCREE  LR UM S BT A [P T AT
*ﬁﬁﬁﬂ?i°%ﬁEﬁﬁiS@ﬁ%ﬁﬁﬁﬁﬁ%éi?#@ﬁu@@ﬁ%,
7 BHCBURS & (e A LSt K R F > 80 L Rt U RS

s
e °
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.h}
el

AERVHELUEEY - - F BIGEFIRFREFAIFRETLEAES
o B A R TR R T Rpy J BRI hE oo AP i ﬂ?ﬂﬁ
B SR dI A 2 & R R 7 (radio resource management » RRM) ~ &]
ERFTREL 12 Bk (cross-layer) A7 & % o M4k 0 RRM * 65 >
EARAE: SR g UE - 31 ﬂﬁxﬁﬂﬂ?uﬁkvﬂ}&@%ﬁ$~iﬁﬁﬁ
Bos iR FERD S UZ FaS B A RE o AERTE Y TR NIRRT A
L

e Situation-Aware Data Access Manager Using Fuzzy Q-learning Technique
for Multi-cell WCDMA Systems

e A Cellular Neural Network and Ultility-based Scheduler for Multimedia
CDMA Cellular Networks

e A Novel Dynamic Cell Configuration Scheme in Next-Generation Situation-
Aware CDMA Networks

e Gap-Processing Time Analysis of Stall Avoidance Schemes for High Speed
Downlink Packet Access with Parallel HARQ Mechanisms

e A TCP-Physical Cross-Layer Congestion Control Mechanism for the
Multirate WCDMA system Using Explicit Rate Change Notification

e Comparisons of Link Adaptation Based Scheduling Algorithms for the
WCDMA System with High Speed Downlink Packet Access
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e Pro-active Base Station Switching Technology
e Media Access Control Signal Exchange Flow Design

e Pro-active Base Station Switching Initiation Algorithm

i A E FAY o AP o AT E A HF 0 b4 fuzzy Q-learning -
reinforcement learning ~ cellular neural network % $jiF » 14 2 F »xefa i Sl 45 ~ [ 4R

oo R SRR GRS E A Sk A R 2 R 2 R
BoF TRl P o THERBEET (QoS) FREHEE G FAFE R o

b 50 -k iR (handoff) AR Y HEPRR DS A SIRF PRI R T S 2
® oo AzrF v 7 A IP (Internet Protocol ) i ¥ H 7 # ayniz » ¥ 5 5 2 4

TR BETA S it BEF > A BT B EE R 2tk A2 0 AR T L2
Pooptoank g 4 N R FIESIE A RS HMTL L G AR E he F o R ARG
A b i ) 2 F B T O AR A TR AR e L ¥ 1‘*“%‘*@%] TR
B odigdm B1NHIRGE T OE o R A BN TEEAIRBR M E R > R TR
WHRER TR B ST LR Y B HRT oY F R RRRAHTH Y

wBarck > VR EEHIERT SrkREL GRS PTG L AT AT B RIRS o
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