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1. ZERNTTAVICHRTEIREBELIE
2. Link Fragmentation and Interleaving ( LFIl: U2 M E{tB LA X—U—E>T)

EERS 74V 00ZLBEBEE (IPRTP7SAAVT4FERE LLQ)

Cisco IOSY 7RI I TV —RA122TR, EERNZ 74V VICRL2BREZREITDERGEN
20HVNEY,

- IPRTP 7’Z 4 F U7 14 ( B8 PQ/WFQ : Priority Queue / Weighted Fair Queuing )
AREBEF I —A 2T (BIBPQCBWFQ :: 724 AT 14 F1—/UVFAR—AEFELF+1—
427

IPRTP 754 A )T 41

IPRTP7’ZA4 AT 4k, 1—%7F—2JSA7OR I (UDP)REER—NDEHHICE TS —E
ORTPNTY R70—ICWL T, T£BEFI1—EERLET. ERICERAE D R—NEI>
RENAAELERYTY— N IIAORTEAFIVOICEZOASI—NENETH. Cisco VolP B F
EFXNTEL UDP R— NESH ( 16384~32767 ) EFALET., L—FHF VoIP RST A4 v 5%
HEMITDE, TORNTTAVIRELTTIAF)TA F1—ICANET, 753/ F VT4 F1—
FZED EE X, ZEED Weighted Fair Queuing ( WFQ; 8&E{tF¥ 1 —a4 27 ) ICE>THOF 1 —
NUBENES, PRTP 7SAF VT A&, AVR—TIAATEENfr RELEVRY T OT 4
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PQIRRBEENAF 1 —IFEHEBEBFTRZICHBSBEVWRSICRII VI EhET, PQERETDEEICRE
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FL1-AVITHFAOHRBEEVCOVTOFME, "TEBEEEOHSE, 2ZRL TS,

LLQ BREDHA RFAL>

LLQ DFRERE. ROHA RZAVICHVET,

1.VOIP RZT74YIDEODITARIY TZ2ERL., REREZERLET, COEXEET
SICE, ROOXV RZEZFEALFT,

maui - voi p- sj (confi g) #class-map ?
WORD cl ass-nap nane
match-al |l Logical -AND all matching statenments under this classmap
mat ch-any Logi cal -OR all matching statenents under this classmap
maui - voi p- sj (confi g) #class-map match-all voice-traffic
!-- Choose a descriptive class_name. maui -voi p-sj (confi g-crmap)#match ?

access-group Access group

any Any packets

cl ass- map Cl ass map

cos | EEE 802.1Q | SL cl ass of service/user priority val ues

desti nation-address Destination address

input-interface Select an input interface to match

ip | P specific val ues

mpl s Mul ti Protocol Label Switching specific val ues

not Negate this match result

pr ot ocol Pr ot ocol

gos- group Qos- group

sour ce- addr ess Sour ce address

!-- In this example, the access-group matching option is used for its !-- flexibility (it

uses an access-1ist) maui-voi p-sj (config-cmap)#match access-group ?
<1-2699> Access list index nane Named Access Li st

maui - voi p- sj (confi g- cmap) #match access-group 102

!-- Now, create the access-list to match the class-map access-group: Maui-Vvoi p-
sj (confi g) #access-1list 102 permit udp any any range 16384 32776

!-- Safest and easiest way 1is to match with UDP port range 16384-32767 !-- This 1is the port
range Cisco IOS H.323 products utilize to transmit !-- VoIP packets.

chsn72tA) AN, match access-groupIN > REFEALTEEFNT 71 v O %R
BB BEICEFERHTEERT,

access-list 102 permit udp any any precedence critical

l1-- This list filters traffic based on the |IP packet TOS: Precedence field.
1-- Note: Ensure that other non-voice traffic does NOT uses the

1-- sanme precedence val ue.

access-list 102 permit udp any any dscp ef

-~ In order for this list to work, ensure that Vol P packets are tagged with

1-- the dscp ef code before they exit on the LLQ WAN interface.

!-- For nore information on DSCP refer to:

l-- Inplenmenting Quality of Service Policies with DSCP !-- Note: |If endpoints are not
trusted on their packet marking, you can nmark

I-- incomng traffic by applying an inbound service policy on an inbound

I-- interface. This procedure is out of the scope of this doc.

Access-list 102 permit udp host 192.10.1.1 host 192.20.1.1
!-- This access-1list can be used in cases where the VoIP devices cannot !-- do precedence
or dscp marking and you cannot determine the !-- VoIP UDP port range.

access-groupsD ROV ICEATED TDMHORESEZZRICRLET, CiscolOS U1 —
A12A2TETE., LLQIZNTSD IPRTP 754 A ) T 1 HEEN REE N TVERT, <D
BEETIE, REETNTVR UDP R—KNICESVWTT T4 AT 4 VUTAORBNBESHh
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FIH. PQROBHAR—NLAREBEABZVEVSHRIBYET,

class-map voice
match ip rtp 16384 16383

Chsm2o0EER. RELLQEMEZERISHIIC. RETKRANTVOIPNT Y MA'N—
FTENTVBED, L—RTREBLFN—FUIETNTVBCEZRRELTERELF
EE

class-map voice
match ip precedence 5

=/l =S

class-map voice
match ip dscp ef

X 10SUU—R1222TLUAE T, VoIPA A VIILET RLLQEMEDRIICEERT S 2T F
DINTY NEX—F U TEET, ChiZkV), LLQA® DSCP J—R{EZNL T
VOIPNTY RODR—F VT EREBETHDIEVD AT =S T IBHFENTREICEY ET,
NoOIP2TFVUTRADOZARY 7= ERL, BEREZERZLET (A>3 ),
DEXZTSICE, AROON REFEHLULET,

class-map voice-signaling
match access-group 103
1

access-list 103 permit tcp any eq 1720 any
access-list 103 permit tcp any any eq 1720

3 : VolPOd—JLIk, H.323, SIP, MGCP, F7=I&Skinny ( Cisco Call ManagerCfER&E 1%
MEOZORNIN ) ZEALTHEILITEERY, LROHITIEF H.323 Fast Connect Z28E L
TWET, RODUAKRE, VolPTF U2 J/EBEF ¥ RILTERENDZR— OVT 7L
JAELTH#EEL E T, H.323/H.225 = TCP 1720H.323/H.245 = TCP 11xxx ( Standard
Connect ) H.323/H.245 = TCP 1720 ( Fast Connect ) H.323/H.225 RAS = TCP 1719ICCP =
TCP 8001 ~8002 ( CM Encore ) ICCP = TCP 8001 ~ 8002 ( CM Encore ) MGCP = UDP
2427, TCP 2428 ( CM Encore ) SIP= UDP 5060, TCP 5060 ( 52 AL )
RV —=XYTEMEKL, VoIP UZARYTICHERITET. RUZ— I VYT OEMNE
VIO VI —ANEDLSICHBEND D, FLBEEIYT IZALCEDLSICEN)
HTONBHPEERTDCETT, COEXZTICE, XOONY RZFEALET,
maui - voi p- sj (confi g) #policy-map VOICE-POLICY
!-- Choose a descriptive policy map_name. Maui-voi p-sj (config- pnap)#class voice-traffic
maui - voi p- sj (confi g- pmap- c) #priority ?
<8-2000000> Kilo Bits per second

!-- Configure the voice-traffic class to the strict priority !-- Queue (priority command)
and assign the bandwidth. maui-voi p-sj (confi g- pmap)#class voi ce-signaling
maui - voi p- sj (confi g- pmap- c) #bandwidth 8
!-- Assign 8 Kbps to the voice-signaling class maui -voi p-sj (confi g- pmap)#class class-
default
maui - voi p- sj (confi g- pmap- c) #fair-queue
!-- The remaining data traffic is treated as Weighted Fair Queue

X EETEBEHOVTIINEZAALNT 74V I%ZPQICF1—A2TTHERTRETT
H, BERST7AVIETEPQILERD CELZBBOLET. EFABEOUTILZA LN
74V 0T, BEIZEBANELU D AREMENH V) F£T(PQIEFIFO - First In First



Out (FIFO ; EANEHL ) F1—T9F)e RAARNZTAVITR, DZVRERITILED
(DBEZ—EICTRIHENHY)ET, F : priorityS EbandwidthX DIEDEFHE. VI
HIED75 BT THEIHLEN HYWET, ChEBAXDE, service-policy 21 TICE|V) X
TRCENTERBLKBYERT (IZ— XV E—2KRRAITDICE, AVY=ILTIOEAD
/& (2 1& logging console A", telnet 7 U £ AMFEIZ(F terminal monitor A EARIEETH
CEEBRLTLKEEN ), E:64Kbps )V LTC2ONFEI-NEYR—RNTEILSIC
VoIPERETDHAR. BE. UL 7%HIBENT5 %48 Kbps) sl L ZPQICEI) HTES, =
N &S H%F/E,. Y Rmax-reserved-bandwidth 80% fiEFH L T fif F 7 88 75 % 15iiE % 80 %(51
Kbps)Iic X F o L A TEE T, bandwidth 1Y > R& priority IV > ROFMIE. FQOS
H—ERZ RS —0 bandwidth X > R & priority ANV ROLE. 2SR L TS EE L,
4. LLQEAZ—TIICLET, RUS—IVTEREWAN A RX—T I/ AICBALEY
o COEEZEMTSIZE, ROOXY RZEFEALET,

maui - voi p- sj (confi g) #interface multilink 1
maui - voi p-sj (confi g-if)#service-policy output VOICE-POLICY
!-- In this scenario (MLPPP LFI), the service policy is applied to !-- the Multilink

IPRTP Z5AF VT A REDHA RSAL>

IPRTP7'ZAF VT A ZRETDICE. ROHARZAZFERALET,

Rout er(config-if)#ip rtp priority starting-rtp-port-#port-#-rangebandwidth

REH :

interface Multilinkl

!--- Some output omitted bandwi dth 64 ip address 172.22.130.2 255.255.255.252 ip tcp header-
conpression fair-queue no cdp enable ppp nultilink ppp nultilink fragnment-delay 10 ppp
multilink interleave nmultilink-group 1 ip rtp header-conpression iphc-format ip rtp priority
16384 16383 45

V2D 750X T7=232 PR 4A22—)—E>J (LFl) : IILFV
~ % PPP

T—2NTYRNOBEOKEZWE 1500 /N1 M TIA . —MWE VolP/ NTY N (G729 BF 7
L—LAZWETRDED ) F. W66 /NI B (RAO—RIC20/ N1 b, LAV 2AYHIZ6 /81 b
. RTPERVPUDPAYR—IZ 20/ NI B, IPAYH—IZ20 N1 8 ) TY,

CCT, BERNS 74V D0ETF—RRNZ T4V IONHEBZFELTVWS 56Kbps DERAERR > U %18
BLTHTLKEEY, F=ENTY RN I O EADEEENBOEBEITEE/NT Y RHS)
TIMbtehkS5ETDE, BENELFT, BEOXEEZEZTRITVEERE/NTY MNE, EEETh
BDETC2UAZI R ERFEIDZIMLENH V) £ (56Kbps!) > ZT150081 b /NTY R&E2SUTIL
LT BICE214ZYDEETB),

COEDI, REBF—RXNTY MPNEBEBENTY NOBREZEBEESE, 2FO0OREZEKT
THET, COLKSIBREBRT—INTYRNEPESBEDICTZITIXNL, COBICEE/NYT
YREBA(AR—)—EVT)ThiF, DVYERPEEZRSTENTEET, CiscolOS

DIVD TZIXRT—=2a2 TFTUORAE=)—=E>Y (LFl) #eElEk. VolP DU TILRA
Aﬁﬂ NDEHZ/BEIDICKRIEET, XOREF, LFIOBEZRLTVET,
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BEEZETDE, DUTFIMLICKDEE (EYNEARA—TIAALICERICEYHTEDHIC
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;g s, |320% [640% [1.28]256 51275
o e 120 100 |sulsu|su sy
il A £ ® » BB (P

X BEF7VT—>32TR, #EEIhD D UTIGEE (KY 7TEMN ) F10ZUBTHY),
202VUREHEADCERRTEREA,

DO DT ST X~ B4 Xk, ppp multilink fragment-delay X > R&EFERALTI VR
(msec ) DEEEMNTERETEET, LFI Tk, ppp multilink Z, ppp multilink interleave A" &%
ICBBDEROSBRETDCENBRETT, LFIOFREDFHICOVWTRE, CORFIXNDEIZT 3
CERZSZBRLTLSEEY,

S ERO/\— 7 T1ER(768 Kbps) 2 B B BAR. 759X T— a3 MERKESHY £
Ao (L, LLQRIPRTPZ'ZAF VT ABEDQSAN_ALRFHETT ), /N\—7 T1T
., EENTYROFI1—AOHULANE, BEZRES T ICTADETO+2ETEHIEH M
BENET, £k, N\—7 T1 O —ATIlE. Compression for Real-time Protocol ( cRTP; FE#&
DF7ILNEALZ7ORIL) (PRTPAYA—ZEML THEIIBZHNITIHEE ) ETENEE
FHYET,

E#VFILNE2A4L Z7O83)L (cRTP)

¥ BHBEFREEZRRIDEDICCRTPRIZES V) EFRA, ChiFHEHEOFEREZHIRETS
FHDOHBEETT, cRTP &, MORHEHFIXTHEENATVT, SERENfREFEBEICEREL
TLEEV, 25 ThIE, AEEEDOSH S cRTP ORBEEN Y BE D, NI 1—F4
VIO BEESHNTEERTD,

RFC 2508 THEE N TV RTP AY X —FEME#EERE. IP/JUDP/RTP XTY ROAY X —%& 40
NARDS2FEREANANIERL, BREFTHEOEAZHSLET, ChiFKRy TEUD
EMAXTT, (passive 772 IaVHFRENATVEVRY ) RTPRUZVOMIKTHRET S
BENFHYET, cRTPERETDICE, AVEZ—TIAALRILTROONY R2FEALEXT

o

Router(config-if)#ip rtp header-compression [ passive]
EM7OtAE CPUICEBVERZDN TS, RTPAY A —FEMHIE, 10SJJ—Z12.0(7)T H
SERERERDAANYVFUVIBRVCEF RAMYTF T NAILREENETT, ChSORENFEFEATY
PHENDHY), TOBRTH—DOFENAMYFROUBEIhET, AT, IL—F D CPU &
AERNMEVEZEEBRE, 768 Kbps &V ERED) I TCRTP 2EATHIEEHELTVET
o IL—B M CPU FERAXZERL, FHAEN 75% Z2BALBAE CRTP ZEMICL TS EE L,

& : O~ > Rip rtp header-compressionZfBETD &, L—RWETF7#J)L M TN Riptep
header-compressionZ R EICEMLET. <k, AVYHA—OTCP/IPNTY NZEMITB=HIC
FHENET. AVI—EME, Z8O Telnet EHRZHR—NLTVRRE, NEBNTY RN
REBLERZEHDRYNT—ITHICEMNTT, TCPAY A —EMEMIE. RFC 1144 TES
(BTN THY, HDLC F£/ld PPP A7 It ZEAL T, JUTLERETHR—R ENT
W&7,

CRTPEBEMICEFICTCPAY A —EEMITAICE, XOIAXN REFEALET,

Router(config-if)#ip tcp header-compression [ passive]



FHME. "VolPOFNY Y ANV R, ZZRLTIKEEVY, EBUTINEZA LEEZ O

ZOiO%BELIRICETBE

VolPO—)LLYJTREY RL—FO—X/7OA—X (A—Fv YV ) ZEALET, G.7298
Kops) ' #HERENhET, (ZhR@E VolPAAVYILE7ZTOF7A)NNODA—FYITY ), &
BB 1—7TY URKRETSIZIE. router(config-dial-peer)#codec AN > R &voipA 1 VILET
DTTEALET,

LGN DESBFEEYNL—MNOBFFEIA—FY U ZFEATHE. BE dual tone
multifrequency ( DTMF ) R ERICEEEhETH, BREY RL—FOO—FY D (G729 &
KU G7231 ) BEENEX—VICEEICKRE{LEN, DTMF h—2ZFXE2HEEHFHY F
T TOR®H, COFTO—F=ZFEHT S & Interactive Voice Response ( IVR; WERFFH
BIEE)ATANOT IV LARFICEABEN EL2B TN HY ET, dimfrelay AN R&EfE
AdhiE. DTMF =27 THi8 . TEREEhD D, FLEEFSEENEEFAN)—LA
hotflEEhTEiEEndid, DTMF OEXOBBERERLET, BEY NL—KI—
FYU(G.729, G.723)&FERAT BB A, VolPA A VI)LET Tdtmfrelayz 74> ICLE T,

- BENBZLFEICIE 35~50% OFEFEDA H V) ET . Voice Activity Detection ( VAD ) & fEF
ITHE, BENTY MEHENET, VolPFHEHIEFTE T, VADIZ K 2 THIHIEA35 %H|
BMENDERELET. VOPAALVILET7 TR VAD AT 7 I NTREETNTVET,
VADZBRMELFEMIZTSICE. BBWOVoIPH 1 ¥ ILE T ® T Trouter(config-dial-
peer)#vad# & Crouter(config-dial-peer)# novaddY > RZEAL £ 9,

XY ND—IK

172.22.130.1 1?2,22-‘133112

x 5000 L x 6000

&3 &= Z s 0/0

maui-voip-sj ] EEEE maui-voip-austin
ps

E

maui-voip-sj ( Cisco 3640 )

gﬂg

version 12.2service tinestanps debug datetime nsec

!-- < Some output omitted > ! hostname maui-voip-sj

!

i p subnet-zero

!

no i p domai n-| ookup

!

!-- Definition of the voice signaling and traffic class
maps !-- "voice-traffic" class uses access-1ist 102 for
its matching criteria. !-- "voice-signaling" class uses
access-1ist 103 for its matching criteria. Class-map
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match-all voice-signaling

match access-group 103

class-map match-all voice-traffic
match access-group 102

1

!-- The policy-map defines how the link resources are

assigned !-- to the different map classes. In this
configuration, strict priority !-- queue is assigned to
"voice-traffic" class with (based on ACL in !-- class

voice) with max bandwidth = 45 Kbps. policy-map VOICE-
POLICY

class voice-traffic

priority 48

class voice-signaling

bandwidth 8
!-- Assigns a queue for "voice-signaling" traffic that
ensures 8 Kbps. !-- Note that this is optional and has
nothing to do with good voice !-- quality, but rather a
way to secure signaling. class cl ass-default fair-queue
!-- The class-default class is used to classify traffic
that does !-- not fall into one of the defined classes.
!-- The fair-queue command associ ates the default class
WFQ queuei ng.

call rsvp-sync
!

!-- Note that MLPPP is strictly an LFI mechanism. It

does not !-- bundle multiple serial interfaces to the
same virtual interface as !-- the name stands (This
bundling is done for data and NOT recommended !-- for

voice). The end result may manifest itself as jitter and
no audio. interface Multilinkl

i p address 172.22.130.1 255. 255. 255. 252

ip tcp header-compression iphc-format

service-policy output VOICE-POLICY

!-- LLQ is an outbound operation and applied to the
outbound WAN !-- interface. no cdp enable ppp multilink
ppp multilink fragment-delay 10

!-- The configured value of 10 sets the fragment size
such that !-- all fragments have a 10 ms maximum
serialization delay. ppp multilink interleave
multilink-group 1
ip rtp header-compression iphc-format

1

interface Ethernet0/0

i p address 172.22.113.3 255.255.255.0

no keepalive

hal f - dupl ex

!

interface Serial0/0

bandwidth 128

!-- the bandwidth conmand needs to be set correctly for
the !-- right fragnent size to be cal cul ated

no i p address

encapsulation ppp

clockrate 128000

ppp multilink

multilink-group 1

!-- This command links the multilink interface to the
physical !-- serial interface. ! router eigrp 69 network
172.22.0.0 auto-sumuary no ei grp | og-nei ghbor-changes !
!-- access-1list 102 matches VoIP traffic based on the




UDP port range. !-- Both odd and even ports are put into
the PQ. !-- access-1list 103 is used to match VoIP
signaling protocol. In this !-- case, H.323 V2 with fast
start feature is used. access-list 102 permit udp any
any range 16384 32767 access-list 103 pernmit tcp any eq
1720 any access-list 103 pernmit tcp any any eq 1720 !

voi ce-port 1/0/0 ! voice-port 1/0/1 ! voice-port 1/1/0 !
voi ce-port 1/1/1 ! dial-peer cor custom! dial-peer

voi ce 1 pots destination-pattern 5000 port 1/0/0 ! dial-
peer voice 2 voip destination-pattern 6000 session
target ipv4:172.22.130.2

maui-voip-austin ( Cisco 3640 )

version 12.2
service tinmestanps debug dateti ne nsec
1
hostname maui-voip-austin
1
boot system flash slot1:c3640-is-ne.122-6a. bin
1
i p subnet-zero
1
class-map match-all voice-signaling
match access-group 103
class-map match-all voice-traffic
match access-group 102
1
policy-map voice-policy
class voice-signaling
bandwidth 8
class voice-traffic
priority 48
class class-default
fair-queue
1
interface Multilinkl
bandwidth 128
i p address 172.22.130.2 255. 255. 255. 252
ip tcp header-compression iphc-format
service-policy output voice-policy
no cdp enabl e
ppp multilink
ppp multilink fragment-delay 10
ppp multilink interleave
multilink-group 1
ip rtp header-compression iphc-format
!-- Configure cRTP after you have a working
configuration. !-- This helps isolate potential cRTP
issues. ! Interface EthernetO0/0 ip address 172.22.112.3
255. 255. 255. 0 no keepalive hal f-duplex ! interface
Serial0/0
bandwidth 128
no ip address
encapsulation ppp
no i p nroute-cache
ppp multilink
multilink-group 1
1
router eigrp 69
network 172.22.0.0
aut o- sunmary
no ei grp | og-nei ghbor-changes




!
access-list 102 permit udp any any range 16384 32767
access-list 103 permit tcp any eq 1720 any
access-list 103 permit tcp any any eq 1720

!
voi ce-port 1/0/0
!
voi ce-port 1/0/1
!
voi ce-port 1/1/0
!
voi ce-port 1/1/1
!
di al - peer cor custom
!
di al - peer voice 1 pots
destination-pattern 6000
port 1/0/0

!
di al - peer voice 2 voip
destination-pattern 5000

session target ipv4:172.22.130.1

BEEE RS TN aAa—F142JCETHITI R

debug N> REFERATHEIC, Tdebug NV ROEBEERER. #SBLTLEEV, Z2IZ
ARENTVBRION ROFHICOVWTIRE, CORFIXD MO Tshowd & Udebug® H 41 |
DU avESBLTLIEETY,

A23—=TITAAIIVKR

. show interface [serial | multilink] : U7 A2 EZ—T I A ADAT—RAZHERELET, &
DFILBELOINFIIODAVE—TIAAN, FYTEROCAF -T2 ORETHBI L
ZHERELTLSEEY,

D TFILEBREEORNS TN a—F12 T

LFION> K :

. show ppp multilink : COIX > RiE, YILFUIPPPNY RILONY RIVEHRZERTLUE
E
- debug ppp multilink fragments : Z Mdebug AN > RiE, BLXOIINFVIOTSITX NS
KA BA—)—EVTARNIATRIRHRERRLET, cOOAN ROEITE. /N
TYRNDY—TVRABEETZIA N BAXESGHUET,
LLQ/IP RTPZ A4 A VT4 II K :

- show policy-map interface multilink interface# : 11X > Ri&, LLQOBEEZERL 1=V,
PQTOROY 7 ZBRELEYTEIDOICEEICERNTIT, cOONVROEERETERET1—)
RoOFEMEE. Tshow policy-map interface HARDNTY N AT RIZDOWVWTy ZSZRLT
<EEL,

- show policy-map policy_map_name : COIX > RiF, RV —I v T OHREICET IR
ZRRLET,

- show queue interface-type interface-number : O 1Y > RiE, BEDA 2 Z—T I 4 AN
EF1—AIBRELHRIAERZVANLET,

. Debug priority : < ®debugd~X > Rk, 724 FVFTAF1—A2TARVNERRL, &
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NDEI—TEENFNRELTVIDLESHZRTLET, 754 FVTFA4F1—A2TIC&LD
HHAROVYZORTS TN A—FAOTESBLTLKEEL,
. show class-map class_ name : CHOIX >V Rk, V5AIX Y TREICEHITHEHRERRLE
9,
. show call active voice : CNDIY > Rik, DSPLARILTEENTY N ZEFIVITEDIZER
T9,
TOMOIAIRIVTIFPLUA:

- show ip rtp header-compression : C DY > RiF, RTPAY A —EBORTEHRERTLE
P
NOIPO=)LDOKRZTNA—F AV TEFNYTOER
-VolP NNy Y OX R
BRAI OB :

. CSCds43465: "LLQ, KUY —, I —/N—HFCRTPE#HE 7 1 — RNV O S THZDULEN
H%, V)—A/—rZ2ZS8BTS(CIE. Bug TooKit(BHEI—HERZSBL TSLEETL,
HARSA>:
PPPUONTY TIRETERITENERBOEERNENZ I 1—FT 42U F)E (MLPPP, 735
IAF—=2a>y, A2 —)—E>Y ) EBRICRLET,

1. show call active voice:DSPL R TEEANTY NEFIVIITBRLEHICFEALET,

2. show interface : —fRMIBE D P IIEBRELGFE A EZ—T I/ AOBEEEZERELET, 0
AVB—=TIAATONTY NOREZERF, YFLEBMBEIHDERFSAETFEAN,. NTY b
NEEERE, BRWTSAFVTAOF1—HNFAE—TIAAFI1—ICEETHENITDA
PHFELVESAET,

3. show policy-map interface:LLQROY & F 1—A VT DR EEZHRIT D LHICEALET
o MRVI—ICERTIEEZEIRETIHENf HYEEBA,

4. show ip rtp header-compression:cRTPEE N EZ R T A LHICEAL T,

show & & T debug @ i 15l

————————————————————————————————————————— I---- To
capture sections of this output, the LLQ PQ bandwidth !-
--- was lowered and large data traffic was placed !----
on the link to force some packets drops. !--------------

-------------------------- I ---- Packet Drop
Verification (During an Active Call) !--- Assumi ng your
ppp link is up and running, the first step of voice !---
quality problens verification is to check for |ost
packets !--- at the DSP. Note: Use the show call active
voice conmand !--- NOT show call active voice brief

Maui - voi p- aust i n#show call active voice
Total call-legs: 2
!--- Indicates that the connection is established and

both legs exist
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GENERI C:
Set upTi me=155218260 ns
I ndex=1
PeerAddress=5000
Peer SubAddr ess=
Peer | d=2
Peer | f I ndex=13
Logi cal | f I ndex=0
Connect Ti ne=155218364
Cal | Dur ati on=00: 00: 27
CallState=4
!--- indicates that it is the active call !--- (#define
D_callActiveCallState_active 4). Call Origin=2
ChargedUnits=0 | nfoType=2 TransmitPackets=365
TransmitBytes=7300
ReceivePackets=229
ReceiveBytes=4580

Va P:
!--- For this call, this was the terminating gateway. !-
-- At this gateway, the call started at the VoIP leg.
Connect i onl d[ 0x18872BEB 0x1A8911CC 0x808CBE60
0x6D946FC6] | ncom ngConnecti onl d[ 0x18872BEB 0x1A8911CC
0x808CBE60 0x6D946FC6]
RemoteIPAddress=172.22.130.1
!--- Indicates from which IP address the RTP stream is
originating. RemoteUDPPort=18778
RemoteSignallingIPAddress=172.22.130.1
!--—- Indicates from which IP address signaling messages
are coming. RenoteSignallingPort=11010
Renot eMedi al PAddress=172. 22. 130. 1 Renot eMedi aPort =18778
RoundTripDelay=50 ms
Sel ect edQoS=best -effort
t x_Dt nf Rel ay=i nband- voi ce
Fast Connect =TRUE

Separ at e H245 Connecti on=FALSE
H245 Tunnel i ng=FALSE

Sessi onPr ot ocol =ci sco

Sessi onTar get =

OnTi meRvPl ayout =4570
GapFillwithSilence=20 ms
GapFillwWwithPrediction=1840 ms
GapFillwWwithInterpolation=0 ms
GapFillWithRedundancy=0 ms
HiWaterPlayoutDelay=70 ms
LoWaterPlayoutDelay=51 ms
ReceiveDelay=51 ms

LostPackets=90

EarlyPackets=1

LatePackets=0

!--- Indicates the precense of jitter, lost packets, or
!--- corrupted packets. VAD = enabl ed
CoderTypeRate=g729r8

CodecByt es=20

GENERI C:
Set upTi ne=155218260 ns
| ndex=2
Peer Addr ess=6000
Peer SubAddr ess=




Peer | d=1

Peer | f I ndex=12

Logi cal I f I ndex=6

Connect Ti ne=155218364

Cal | Dur ati on=00: 00: 34

Cal | St ate=4

Call Origin=1

Char gedUni t s=0

I nf oType=2

Transm t Packet s=229

Transmni t Byt es=4580

Recei vePacket s=365

Recei veByt es=7300
TELE

Connect i onl d=[ 0x18872BEB 0x1A8911CC 0x808CBE60
0x6D946FCB]

I ncom ngConnecti onl d=[ 0x18872BEB 0x1A8911CC
0x808CBE60 0x6D946FC6]

TxDur ati on=35360 ns

Voi ceTxDur ati on=730 ns

FaxTxDurati on=0 ns

Coder TypeRat e=g729r 8

Noi seLevel =- 46

ACOVLevel =2

CQut Si gnal Level =-58

I nSi gnal Level =-42

I nfoActi vity=2

ERLLevel =7

Sessi onTar get =

| mgPages=0Total call-legs: 2

--—- !-—- Interface Verification !--- Make sure you see
this: !--- LCP Open, multilink Open: Link control
protocol (LCP) open statement !--- indicates that the
connection is establish. !--- Open:IPCP. Indicates that
IP traffic can be transmitted via the PPP link. maui -
VOi p- Sj #show interface multilink 1

Multilinkl is up, line protocol is up
Hardware is multilink group interface
Internet address is 172.22.130.1/30
MIU 1500 bytes, BW 128 Kbit, DLY 100000 usec,
reliability 255/255, txload 1/255, rxload 1/255
Encapsulation PPP, | oopback not set
Keepal i ve set (10 sec)
DTR i s pul sed for 2 seconds on reset
LCP Open, multilink Open
Open: IPCP
Last input 00:00: 01, output never, output hang never
Last clearing of "show interface" counters 00:25:20
| nput queue: 0/75/0/0 (sizel/ max/drops/flushes); Tota
out put drops: 91
Queuei ng strategy: weighted fair
Qut put queue: 0/1000/64/37/ 383 (sizel max
total /threshol d/ drops/interl eaves)
Conversations 0/3/32 (active/ max acti ve/ max
total)
Reserved Conversations 1/1 (all ocated/ max
al | ocat ed)
Avai | abl e Bandwi dth 38 kil obits/sec
5 mnute input rate 0 bits/sec, 0 packets/sec
5 mnute output rate 0 bits/sec, 0 packets/sec




8217 packets input, 967680 bytes, 0 no buffer

Recei ved 0 broadcasts, O runts, O giants, O
throttles

O input errors, 0 CRC, 0 frame, O overrun, O
i gnored, 0 abort

13091 packets output, 1254194 bytes, 0 underruns

0 output errors, O collisions, O interface resets

0 output buffer failures, 0 output buffers swapped

O carrier transitions

!-- Note: There are no drops at the interface level. !-
- Al traffic that is dropped due to policing, is !--
dropped before it gets to the interface queue.

maui - voi p- aust i n#show interface
serial 0/0Serial0/0 is up, line protocol is up
Hardware is QU CC Seri al
MIU 1500 bytes, BW 128 Kbit, DLY 20000 usec,
reliability 255/255, txload 49/255, rxload 47/255
Encapsulation PPP, | oopback not set
Keepal i ve set (10 sec)
LCP Open, multilink Open
Last input 00:00: 00, output 00:00:00, output hang
never
Last clearing of "show interface" counters 00:22:08
I nput queue: 0/75/0/0 (sizel/ max/drops/flushes); Total
output drops: 0
Queueing strategy: weighted fair [suspended, using
FI FO
FI FO out put queue 0/40, O drops
5 mnute input rate 24000 bits/sec, 20 packets/sec
5 minute output rate 25000 bits/sec, 20 packets/sec
4851 packets input, 668983 bytes, 0 no buffer
Recei ved 0 broadcasts, 0 runts, 0 giants, O
throttles
O input errors, 0 CRC, O frane, 0 overrun, O
i gnored, 0 abort
4586 packets output, 657902 bytes, 0 underruns
0 output errors, 0 collisions, 0 interface resets
0 output buffer failures, 0 output buffers swapped

out

O carrier transitions

DCD=up DSR=up DTR=up RTS=up CTS=up
R e T T | --- LLQ
Verification

maui - voi p- aust i n#show policy-map int multilink 1
Mul tilinkl
Service-policy output: voice-policy

Class-map: voice-signaling (match-all)
!--- This is the class for the voice signaling traffic.
10 packets, 744 bytes 5 minute offered rate O BPS, drop
rate 0 BPS Match: access-group 103
Weighted Fair Queueing
Qut put Queue: Conversation 42
Bandwi dth 8 (kbps) Max Threshol d 64 (packets)
(pkts matched/bytes matched) 10/744
(depth/total drops/no-buffer drops) 0/0/0




Class-map: voice-traffic (match-all)
!--- This is PQ class for the voice traffic. 458
packets, 32064 bytes 5 minute offered rate 0 BPS, drop
rate 0 BPS Match: access-group 102

Wei ghted Fair Queuei ng

Strict Priority

Qut put Queue: Conversation 40

Bandwidth 15 (kbps) Burst 375 (Bytes)
l--- Notice that the PQ bandwi dth was | owered to force
packet drops.

(pkts nat ched/ byt es nmat ched) 458/ 29647

(total drops/bytes drops) 91/5890
I--- Sone packets were dropped. In a well designed |ink
I--- there should be no (or few) drops of the PQ cl ass.

Class-map: class-default (match-any)

814 packets, 731341 bytes

5 mnute offered rate 27000 BPS, drop rate 0O
BPSMat ch: any

Weighted Fair Queueing

Fl ow Based Fair Queueing

Maxi mum Nunber of Hashed Queues 32

(total queued/total drops/no-buffer drops)

S | JRS—

Verify the class-map configuration Mmaui -Vvoi p-austi n#show

class-map

Class Map match-all voice-signaling (id 2)

Mat ch access-group 103

Class Map match-any class-default (id 0)
Mat ch any

Class Map match-all voice-traffic(id 3)
Mat ch access-group 102

!--- Verify the access-1lists of the class-maps maui -
VOi p- aust i n#¥show access-lists
Extended | P access list 102
pernit udp any any range 16384 32767 (34947 matches)
Extended | P access list 103
pernmit tcp any eq 1720 any (187 matches)
pernmit tcp any any eq 1720 (86 natches)

!--- Verify the policy-pap configuration Mmaui -Vvoi p-
aust i n#show policy-map voice-policy
Pol icy Map voi ce-policy
Cl ass voi ce-signaling
Wei ghted Fair Queuei ng
Bandwi dth 8 (kbps) Max Threshol d 64
(packet s)
Class voice-traffic
Weighted Fair Queueing
Strict Priority
Bandwidth 50 (kbps) Burst 1250 (Bytes)
Cl ass cl ass-defaul t
Wei ghted Fair Queuei ng
FIl ow based Fair Queueing Max Threshol d 64
(packet s)
!--- Debug priority command provi des i medi ate feedback
in case !--- of VolP packet drops. !--- The output bel ow
shows the error nmessage when Vol P packets !--- are being
dropped fromthe strict priority queue




maui - voi p- Sj #debug priority

priority output queueing debugging is on
maui - voi p- sj #

Mar 17 19:47:09.947: WQ dropping a packet fromthe
priority queue O

Mar 17 19:47:09.967: WQ dropping a packet fromthe
priority queue O

Mar 17 19:47:09.987: WQ dropping a packet fromthe
priority queue O

1--- Link Fragmentation and Interleaving (LFI)
Verification

maui - voi p- Sj #show ppp multilink
!--- Verify the fragmentation size and multilink
Multilinkl, bundle name is maui-voip-austin

Bundl e up for 00:08: 04

0 lost fragnents, O reordered, O unassigned

0 discarded, 0 |lost received, 1/255 |oad

0x6D recei ved sequence, Ox6E sent sequence

Member links: 1 active, 0 inactive (nax not
set, mn not set)

Serial0/0, since 00:08:09, |ast rcvd seq 00006C
160 wei ght
!--- Notice the fragmentation size is 160 Bytes. The
link is configured with a !--- bandwi dth of 128 kbps and
a serialization delay of 10 msec. !--- Fragnment Size (in
bits) = bandwidth * serialization delay. !--- Note
There are 8 bits in one byte.

1--- Link Fragmentation and Interleaving (LFI)
Verification !--- Testing Multilink PPP Link LFI !---
Thi s output displays fragnentation and interleaving
information !--- when the the 128kbps PPP link is | oaded
with big data and Vol P packets.

maui - voi p- Sj #debug ppp multilink fragments
Mul tilink fragnents debugging is on

1w3d: Se0/0 MLP: O frag 800004CF size 160
1w3d: Se0/0 MLP: O frag 000004D0 size 160
1w3d: Se0/0 MLP: | ppp IP (0021) size 64 direct
iw3d: Mul MLP: Packet interleaved from queue 40
1w3d: Se0/0 MLP: O ppp | P (0021) size 64
1w3d: Se0/0 MLP: | ppp IP (0021) size 64 direct
1w3d: Se0/0 MLP: O frag 400004D1 size 106
1w3d: Se0/0 MLP: O ppp | P (0021) size 64
1w3d: Se0/0 MLP: | ppp IP (0021) size 64 direct
1w3d: Se0/0 MLP: O ppp | P (0021) size 64 direct
1w3d: Se0/0 M.P: | frag 800004EO size 160 direct
1w3d: Se0/0 MP: frag O00004El size 160 direct
1w3d: Se0/0 MP: ppp | P (0021) size 64 direct

I--- Sample output of show ip rtp header-compression
comuand




maui - voi p- sj #show ip tcp header-compression

TCP/ I P header conpression statistics: Interface
Mul tilinkl:
Revd: 10 total, 6 conpressed, O errors
0 dropped, O buffer copies, 0 buffer
failures
Sent : 10 total, 7 conpressed,

230 bytes saved, 99 bytes sent
3.32 efficiency inprovenent factor
Connect: 16 rx slots, 16 tx slots,
2 long searches, 1 nmisses 0 collisions, O
negati ve cache hits
90% hit ratio, five mnute nmss rate 0
nm sses/sec, 0 max

!--- This command displays information of the voip dial-
peers conmand.

maui - voi p- Sj #show dial-peer voice 2
Voi ceOver | pPeer 2

i nformation type = voice,

tag = 2, destination-pattern = 6000,

answer -address = ', preference=0,

group = 2, Adnin state is up, Operation state is
up,

i ncom ng cal |l ed-nunber = "', connections/ maxi num
= 0/unlimted,

application associ at ed:

type = voip, Ssession-tMarget =
“ipv4: 172.22.130. 2",

technol ogy prefix:

i p precedence = 0, UDP checksum = di sabl ed,

sessi on-protocol = cisco, reg-qos = best-effort,
acc-qos = best-effort,
fax-rate = voi ce, payl oad size = 20 bytes
codec = g729r8, payl oad size = 20 bytes,
Expect factor = 10, lcpif = 30,signaling-type =
cas,
VAD = enabled, Poor QOV Trap = disabl ed,
Connect Tine = 283, Charged Units = 0,
Successful Calls =1, Failed Calls = 0,
Accepted Calls = 1, Refused Calls = 0,
Last Di sconnect Cause is "10 ",
Last Disconnect Text is "nornmal call clearing.",
Last Setup Time = 93793451.
!---The CPU utilization of the router should not exceed
the 50-60 percent !--- during any five-nminute interval.

Maui - voi p- aust i n#show processes cpu
CPU utilization for five seconds: 12% 8% one m nute:
11% five mnutes: 9%

PI D Runti me( ns) | nvoked uSecs 5Sec IMn
5Mn TTY Process
1 148 310794 0 0.00% 0.00%
0.00% O Load Meter
2 76 23 3304 0.81% 0.07%

0.01% O Exec
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