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ABSTRACT

In the Policy and Charging Control(PCC) architecture of the 3GPP and WiMAX forum, the Policy and
Charging Rule Function(PCRF) controls and configures the policies of quality of services(QoS) and accounting to
a Policy and Charging Rule Enforcement Function(PCEF). In this paper, we categorize the errors into three types
that include a disconnection with peer entity, a delayed or no response and a response with failure result, and
propose a scheme to automatically synchronize the data between the PCRF and the PCEF for each type of error.
Also, we conduct a quantitative analysis to see how much it can help to maintain the cell capacity of the mobile
VoIP service in a WiBro network, which is implemented in Korea according to the standards of WiMAX. We
can see that our proposed scheme improves the performances of PCC by preventing the waste of radio resources,
the overload of systems, the memory leakage of servers, the system shutdown, and so on. We have validated the

scheme by implementation, and reflected it in WiMAX standard documents.
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Fgtl 2¥, PCRF= AA Aol dloJelmjo]|~E
7YA1&F & CCA(Credit- Control-Answer) H|A]A]S
=g} o], PCEFS] PCC Rule2 AHAlsjo} &}
= 7%, A7) CCA wAA]ell PCC Rule A 8.4
(Charging-Rule -Remove  AVP)S  XE3A|ZIch
PCEF+= CCAW|A|#]ol] PCC Rule 2HA| 84| Z3+
o] ¢9loew Fw PCC Ruled AMAg)
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<RA-Request= := < Diameter Header: 258, REQ, PXY =
< Session-ID >
{ Auth-Application-1d }
{ Origin-Host}
{ Origin-Realm}
{ Destination-Realm}
{ Destination-Host }
{ Re-Auth-Reguest-Type}
[ Origin-State-Id ]
*[ Proxy-Info ]
[ Route-Record ]
*[ Charging-Rule-Remove ]
*[ Charging-Rule-Install ]
[ AVP ]

<RA-Answer> = < Diameter Header: 258, PXY >
< Session-Id >
{ Crigin-Host}
{ Origin-Realm}
[ Result-Code]
[ Experimental-Result]
[ Origin-State-1d ]
*[ Charging-Rule-Report]
*[ Proxy-Info ]
*AVP ]

<CC-Request= 1= < Diameter Header: 272, REQ, PXY =
< Session-ID >
{ Auth-Application-1d }
{ Origin-Host}
{ Origin-Realm }

{ Destination-Realm}

{ CC-Request-Type}

{ CC-Request-Number}

{ Destination-Host }

[ Origin-State-Id ]

*[ Subscription-Id ]

[ Framed-IP-Address ]

[ Framed-IPv6-Address ]

[ WiMAX-A-PCEF-Address ]

*[ Charging-Rule-Report]

*[ Event-Trigger ]

* Proxy-Info ]

[ Route-Record ]

[ AVP ]

<CC-Answer> = < Diameter Header: 272, PXY >
< Session-Id >
{ Auth-Application-1d }
{ Origin-Host}
{ Origin-Realm}
[ Result-Code]
[ Experimental-Result]
{ CC-Request-Type }
{ CC-Request-Mumber}
#*[ Charging-Rule-Remove ]
*[ Charging-Rule-Install ]
# Failed-AVP ]
*[ Proxy-Info ]
[ AVP]

{a) DIAMETER EAR/RAAMessages

12| 5. PCRE-PCEFZF DIAMETER -$-§ w41

(b} CIAMETER CCR/CCAMessages

Fig. 5. DIAMETER Application Messages between PCRF-PCEF

WIiMAX PCC o}7|€lA<|4 PCRF%} PCEF7Z}
DIAMETER <% 4] A== RAR/RAA,
CCR/CCA MWAA| F-Z= 13 59 o] A ¥t
13 5a9l4] RAR WA|A]¢l4]+= PCC RuleS 3433}
At Ak 8 4o] 3R] GBS a7Ec) =
gh B =rollA] Aljkel vl wpel F713) Bl E
HAzels d7j7] 8l CCR - WAA|el+=
Event-Trigger AVPS ¥§3H4] ¢=ch

I7] 62 =rellA Ak AA AR 573} 1)
HS Fol deul 7ME olejuyl A3} (VoIP, Voice
over IP) Alvl] 2ol 28k Aa}e] ofjAjo]c). o] o
Aol A= 24l A X Ed#] 43RS PCRFIA] 748}
o] 5713}E o|F+= AlElE Kol WA, VoIP &
7] A WS FEl T3 AR $ Al A
WZHE] PCRF2} PCEFE A* whi7lx] o=
A FAAEE A VoIP AH|2~8] FAlo]
TAE F JES F7HE]] FA A8 gl o)
¥ VoIP 35 djAlstar AF AlAdE FEsislon,
PCRF2} PCEF7}e] 27 Akslo 2 olg)] Eslo)] )
g A 2RSS AR < gl A, S, IP-CAN Al
A A At 57 WAElS-S 7P sk
o] -5, A ARle] ulE= AE E1E 4 gtk
wEbA] 919] Aol A AAISEA] EgF PCC Ruleel] o
sl F713) s AR & AS AT AdHe]

o] Fo|A|HA F7I8} A=} oWl EZ} whAYEhH 1H]
4a°] Azlel wlg} PCRE7} w14 2 o3hA 2 g)
= PCC Rules AHAglc) o]2idt 3148 4 PCC
Ruleol] &J3l] Fr]=la 3w 74 A= siA|EIck

gk, 78] 72 13 6014 A3 PCRF- PCEF7}
e AR EA] o AStellA] 18] 4be] Aol u}
2} PCEF7} WA 5713} A5 E|Ash= olAlo|ch
Z, PCEF7} A4 AlZKell 5 £91, 3417h& Z}sle]
ARZol2t 3 FekEl= PCC Rules AMsle] 57)3}t
= ARkt

A=, B =ollA] A A3F PCRES} PCEFZEY] O
2] 2 Ak 5713} b2 ARSA} sFEe] IP-CAN
A AR, 74, T8 AR WA 7l BE 2
FHE X7} 7bssla, o)% 713 Aaks S3ted
PCRF2} PCEF7Ztel] PCC Rule AH2] AFe]E =3}
Al wrEr) weha] o] 7] WIMAX PCC %ol 4]
A Hol| vEY = A8le] |, AlaEl Fa)
w2e] Y, AlEl A= A 2R g, Afe) s F

A A3l A Aol 5o TARS AT 5 Sick

V. M

oIr
HI

Sk 7] 63} 17 79| oAlolA] - ule} Fo]
PCRFE-PCEF7}F AA AHuo] BEUdx=E <l WiMAX

361

www.dbpia.co.kr



P-CSCF
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ASN-GW PCRF/
M51 BS (PCEF) ALA PDE
1. Initial Metwork Access >
2. Access-Accept
ﬁ 3. Establish the Initial Service Flow
< ‘
= <: 4. Establish the IP-CAN Session :>
| |
MS1's resource: MS1's PCC Rule : MS1's PCC Rule :
(1) ISF (1) R1 for ISF (1) R1 for ISF
5. VoIP Call Setup (SIP INVITE)
A |
& 8. Establish a Service Flow 7. Modify IP-CAN Session 6. Establish AF Session
2 < (04, UGS Addition by DSA) / (DIAMETER RAR Install/RAA) (DIAMETER AAR/AAA)
2 |
5
= MS1's resource : MS1's PCC Rule : MS1's PCC Rule :
(1) ISF (1) R1 for ISF (1) R1 for ISF
{2) DSF{UGS) (2] R2 for VoIP{UGS) (2) R2 for VoIP{UGS)
9. WoIP Call Release (SIP BYE)
/IID.Terminate AF Session
= (DIAMETER STR/STA)
@Q
4
# % 11. DIAMETER TCP disconnected
29 (eg, network disconnection or software
L=l exception, etc.)
S [
&5 12.1P-CAN Session Modification
== 5 Failure (DIAMETER RAR
= Remove(Failure)Message)
MS1's resource : [
(1) IsF M51's PCC Rule : MS1's PCC Rule :
(2) DSF{UGS) (1) R1 for ISF {1) R1 for ISF
L (Waste of unused (2) R2 for VolP{UGS) {2) R2 - Display Warning or Deletion
radio resources)
( 14. DIAMETER TCP connected |
[
15. Decide to retrieve
the status of MS1
o . 16.RAR: Session-ID=MS1
He 17. RAA - Session-ID=MSs1
c = Charging-Rule-Repart
g {Rl=active, R2=active)
25 < .
w5 15 RAR : Session-ID=M51
O E Charging-Rule-Remove(R2)
g-@ -
T /I 19. Delete the Service Flow 20. Rﬁﬁ:: E’IESiD”'IDﬂ“Sl
= {eg, UGS deletion by DSD) geuli=success .
MS1's resource: MS1's PCC Rule : MS1's PCC Rule :
(1) I5F (1) R1 for ISF (1) R1 for ISF
- | | |

2 6. PCRF 7§A19] 5713} oi|A]
Fig. 6. An example of PCRF-triggered synchronization
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EF ) WIMAX A3 Ale] Azde] 4w E7)35

ASN-GW PCRF/
MS1 ES (PCEF) AAA PDE P-CSCF
~ ( 14. DIAMETER TCP connected |
|
15. Decide to retrieve the
status of MS1 after
detecting thatR2 is

& active for more 3 hours.
E 16. CCR - Session-ID=MS1
a5 Charging-Rule-Report
g = (R1=active, R2=active)

[
o H
25 17. CCA - Session-ID=MS1
w5 Charging-Rule-Remove(R2)
o=,
o
e 18. Delete the Service Flow
= (eg, UGS deletion by DSD)

MS1's resource : MS1's PCC Rule : MS1's PCC Rule :
(1) ISF (1) R1 for ISF (1) R1 for ISF
%] 7. PCEF 7§19 5713} oA
Fig. 7. An example of PCEF-triggered synchronization
A= S I {1 ZJM—XJ o] =z B2 g3t DL PUSC FUSC, OFUSC UL PUSC OPUSC
T ]”( 4 = :Q]T7]_ €7F‘ H :] R :rnand_alory) or_AMC :’mand_alc-ry) or .%MC

AL 2R dnlzF EAE = ol weba 2 A4
+ PCRF-PCEF7} AH EUdx]7} A= 317 ol 4]
WiMAX F472] MAC/PHY A& =4 %5 74
3l IEEE 802.16¢ #A"2 #831= WiBro %"
o] &JA3 e 7+ 71A]=2] mVoIP AH|2~ ~8-=F 4
oA Agr uLng] Ao B}
7| A= 4822 WiBro MAC ZH|ge] AA 718
A 241e] kS R mVolP 7} ApA|sh= -4
Ao oFo B2 vmomA A ¢ glon, 7]EA’l
A A A [7]aﬂr (8] uwpEch 17 8
WiBro MAC Z#3]¢] 7225 Uehdt}, 7l22L 2]
E A7 weEA] 2 %E—Lroﬂﬁ—é WiBro 724 uje}
sk 3= 27709 Al *“‘*ﬂi—é 1570 AlE=
T 73 A|E5S OFDM Fukes) ok
Hiﬁ E =rollA= 3k JEH 720712 HleJE] -
HkEs), Ak A= 560709 dlole FubEsts 52t
ghoba 7EAske) slEka =ZHdde ZEE
(Preamble), FCH, DL-MAP, UL-MAP 52 MAC
Aol AR 2} dlo]e] B ~E(data bursts)E TAE
t} o] & Zz|9)E, FCH, DL-MAP ¥ UL-MAP-%
sl 3 MAC ZH| el AV 23== eH3=
24 7)1, 0.125, 0.8667, 0.4667 AE2 114749l
3715 AAE) v MCS #HW-S QPSK,1/125 A
43ltl olu], DL-MAP¥} UL-MAPel| 37}=&=
DL-MAP-IE®} UL-MAP-IE®] =7|&= 72+ 0.4334,

OFDAM symbol (time}

5 x
= Burst 4 o Burst 1
a 8
= | 4
27 |= E: Burst 2 I Burst 2 BUIS
c ol = X |
& [Blal|> o |
£ 35 |&]| =
sz (8|2 g |
Ers ﬂ-._D;‘ Burst 3 | Burst3 |
| 5 Burst 5
Burst 1 e
[
- DL Subframe e UL Subframe oref
TTG RTG
- MAC Frame (5[ms])- -
| - ACKCH : Acknowledgement (.']ml'.nu-]

% \\Il_ \eI<| iv \l <Iu ation anc L_ I|||>

T2 8. WiBro MAC =39 +%
Fig. 8. WiBro MAC Frame Structure

0.2667 Algoln, Z4zbe] Jia= sl Ze el A
F8 dlofe] MEL] el w2l #stele oHF
Eole, kb 71A|50] ST Hlole] M ES
A3 Al AR 5 ole AlEY A e
24.6250-N*0.7001 = At 7], N2 313
3 = A3 HlolE] W2Ee] 4]l mVolP
Eelne) 24, bkl BUT SAE 2] ol
sfp e A=l NS s T, A
=2 7J9+= CQICH (Channel Quality Indicator
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E 1. WiBro MAC =Z#J9] =1
Table 1. WiBro MAC Frame’s resource

Downlink Uplink
Total resource (symbols) 27 15
Scaqicu=1,

. Spreamble =1, Sren=0.1250, 3
Fixed overhead [symbols] Soiaan=0 8667 Suiame=0 4667 Sacken=1,

Srnacn=1
Spr-map-1£=0.4334 (N bursts),
Variabl head bol A
ariable overhead (symbols) Sotamris =0 2667 (N bursts) N/

Usable resource [symbols] 24.6250 - N*(Sprmap-1E +SUL-MAP-IE) 12
Channel), ACKCH (Acknowledgement Channel), (best effort)2] 73-F-oll& whdo] dloJg HAESE A
RNGCH (Ranging Channel)o] A= o2 37 A& %3171 913l BRHE WA AFsljof 3ok BRHE| =
o emsl=g Aok SUaske e, A9 ZIBBRE)E 48Dbis]2A 2 AL Ak el %
Fof|A = ol HAE 0] Tlol| mE MES] 2 S Wol| &usdh= AL ofA|8E, BRHE AF37]
W=7} A7E)A] ek uely ghdo] Alek a2 A= 31k =4 UL-MAP Z7|9H 37149l

dlolE] BlaEE Agal] S8 AR 4 i AlE el Ee tu(g)siAl ek
o] FH s 122 A=k AAIgE 8-S 3 10 WiBro #ell4] mVoIlP E#|Z2] MAC PDU 7]
Kekslelir) = ZYo 7 = 318} 7FH  (packetization
g+, IEEE 802.16e ¥ WiBro % 4+ AF interval, ©]% Ptime)°l wh2} defxic) & z9le] =
Fga A A q3FE 98 57 2AE ol wle} 7|BAow F Q7 sk tdEo ofo] o}
A& Aestar gL F, 2 A1 ER) Eslel ut 2u, 5 2dlo]e} 8= Ptimeol] w}e} RTP/UDP/IP
2} ghuto] 7|25l A Ak a ARS8 ¥ e st] 27} wlxe} MAC/PHY A% W%y} delx)7]
Hk= w7y Zo] t}2r) 718, UGS (unsolicit grant ufl-toll, o] mVoIP F~&5Fo]| & °oJ3kS- n|ZIv}. u}
service) = ertPS (extended realtime polling 24 MAC PDU =7] B+ 4 (1)} o] A2)st
service)2] 73-$-oll'= BRH (bandwidth request header) T 3
2 AHgelA) G s|ATe] kel ekl B, |
S sesl 4 gl wbH, rPS (realtime polling B, = {ZX]PWJ +400[bits ] &
service), nrtPS (non-realtime polling service), BE
24.6250 1 Ljime
Vo= (Bv JrBBRH)/ :uDL/ ’YDL/ 720+ (SDL7A7L[4P7]E+ﬂ X SULfMAPJE) 8 v 8 5 @
12 1 Litime
M= | (B, % B il 0560~ v 1 75 ®

1, UGS, ertPS ¥ 7-¢-

2, rtPS, nrtPS, BE & 7 %-

2, QPSK & 7%

=14, 16QAM ¥
6, 64QAM ¥

¥ :channel code rate

0<v<l (2 UGS 4 45 v=1)

@ p-|

[e)
7:]—,——

[e)
7:]—,——
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=/ WIMAX A3 Ale] Alzdle] AR F7]3}

Ip: &9 &4 =¥¢] 714 (ms])
Iptlme J’H7]§}' ]'7—:]1 ms]
400: RTP/UDP/IP/MAC3IH +CRC

kA AvdEh W82 EulE, 313 8% (Now)
I AR 83 Nu)= A7 74 2F 74 3)
o2 A2)sk = qlrk ©f, Bera} By [bits] 5H91<]
Wepolm e W 7Y (w3 A 58 (p= v
wo. 24 [symbol] 92 WHESISIcE A=, WiBro
ol A mVoIP 58 (Newp)= T2 (4)9} 72°] NpL
I NyL9| FHagrew A%k

Ncap=min(NDL9 NUL) (4)

oluf, vtk gbx] vt Type 1,11, 25l <]3)
PCRF2} PCEFZF AA AH 2z 3Ao] whyshd
a3 63 11l 72 ol Aol vfehdl ufe} 3ol xu|x
EE27F AH R AAER] Fate] Al 2Fdo]

I Q3HA duEch S mVolP AM|2 59| 79
%‘H& O 7 UGS AR~ Z295 A= =3}
TIRA AR E27F AR AAER] Fehb
sl 57} DL-MAP, UL-MAP, Hlo|g] HAE 4
< _?451—} ;<]~,J_o_ 1}42—]i 24 03}_& /H ;(].{J_/]
RS gl F 2 B =] Al ol
PCRF2} PCEF7}F AA AW EUx Els
WiBro 7]1A]=2] mVoIP 4~85F £A1S AAA F

?‘éEé Aoz A S8l AledelAd s
W42 A3 Aolo) 7 7122 mVoIP 3 A}
4 oﬂxi Type I,I,IT £Fe| 25 PCRFS}
PCEF7F AA AR E<dx] o] wAsk:= &&
P[X]E Hifo| « W< (Poisson
random variable)S whEr}ia 7]-7§ 3lodtt o]+ A
Avdgt vekst &7 A AFRE ki iSRS
2A9] 9JnE xIt) oS S0, PCRF—PCEFZ} <
o ERlol AlgE AIEE AR RE Al AR

Type I 2577} RbisiA Agstez ol= &
P[X]E o]/ =t} 723 PCRFS} PCEF7}
AR Bdx] el o8 Al zRde] aljA|E A
5 PlYX]E BT pal HEio] ;Y
(Bernoulli random variable)E =tk 7S
webA] vjARARE e 2 S 219 u)s) wkel g5

PIY]E 24 (59 #o| & 5 oltk

o oﬁ, al

‘412, o,
> o b 2N r_EL

&

I 2. AEHeA 3 W

Table 2. Simulation parameters
Parameter Value
PCRF-PCER Poisson random

variable(X) with mean

Error ratio w=05

Bernoulli random
variable(Y|X) with
probability p=0.5

Waste of resources

PCRF-PCEF
Synchronization 10, 40(days)

period (Psync)

Modulation order upL=6, yuL=4
yoL=5/6, yuL=3/4

G.729 (8(kbps))

Channel code rate

Voice codec

Packetization
. , 20(ms]
interval (ptime)

Schedule type UGS

gh, 2 =] Al]l Wl v} PCRF2} PCEF
7F AR AR 5713 7] (Payne)i= 10[H]2 40[H] €]
7 A2 Fodck 2=la A A 3o A
33t A5 Mgl ersE Wx 2 3d 7y
(modulation and coding scheme)S 3} FolA=
64QAM, 5/6 (1pL=6, YpL=5/6) -, A3k 1i°ﬂ*i“
16QAM, 3/4 (puuL=4, yu=3/4)2% T3k 54 =
a2 G.7295 AHESkeE ALRE 7IAsk] 4 mVoIP
3= 8[kbps]e] thgES H|sla, 3 7H4
20[ms]elzl 7HERAcl el WiBro 2% ]
UGSl 7455 7Fd3isich

X2 2 A 5l 7HEE 3 s 4
(D~@)°ll 283t WiBro 7|25¢] mVoIP &%
S 2P a8 99 kS AFE JL8 4= 9)
A =72 MATLABS o]-£318icth 23} dlo 1E1°ﬂ
wl= 5], PCRFS} PCEFZE A A1 Belx]of 2t
A 2 dB17 9= 7-$(ideal case), 171 5173
W 27 3loll4 WiBro 71232 mVolP 588
12702 GATS & 4= sl aeiv A AR &

flo r

a9

O

r-{m
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—_— prupused(F‘SW;AD)

‘ H
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32 9. WiBro mVolP A &2
Fig. 9. WiBro mVoIP cell capacity

Axe} FA 2] )7L A el A1t
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112702 38 5= gl vbd, 5713 7171 40
[]e] 73-Fell= 2F 60[7H] HelellA 1127012 3]5
g}, o]F S B =o Algk whHe- AMgsPd PCC
X HeYsts F8l WiBro 74 ARlS 2840 %
AReEE 5 9lek

v.d E

e

=S WiMAX PCC o}7]€lx]e]|4] PCRF £}
PCEFZ} PCC AA Aw Bz g2 qls)] WAy 753t

A 0f S8 Al @ AP ez o))
A3, 7k 7o) fadel we} PCRF A=) 23 7

.o} PCEF Al&gle] A ARE 57|3H1717] S13t
=2 WAR|e} "AAE zgels AR WS Algt
stolek. =i Algkeh o) ke sl 9ls)
o] ] 2l WIMAX A8 A]2=HlQl WiBro A]2~
dlollA] Zk 7123l 8] mVolP AH|2 8- A%
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