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BMS <2 , HRURMERERERAF T RENRRVEEPPPEE , K AEMMIAINAE :

1. BRELEEFIRE
2. B EI M SE(LFI)

EEERN EEEEIEF (IP RTPESIEFRLLA )
B Cisco IOSEBEIRA12.212 , EMEEEHZTRBT REREBENHELIET :

. IP RTPE %)EF (tb T8 APQ/WFQ: 8 5t B FF Bk 51/ 0 #E 2 SF Bk 51))
- AREEE (T 5 (L FE APQ/CBWFQ: 8 5 I Bk 51/ B 1A SE 19 hn#E 2 SE B B1))

IP RTP{E & B

IP RTPELIEFABREAEERSIHEUDP)B FEEHEN —HRTPER S RE MY BIRHE LIE
PRSI, MABREANERERIRKENNE ZBEERHEN , BATECisco VolPE m# £ 18
EIRYUDPIR#5[E(16384-32767), MEHZRALIVOIPRER  ERHERBENEEIEFEKIIF. B
BEIEFTIAZR , HtfriEeRBREENELTI(WEFQEE, IPRTPEEIEFIAEEATE
BRE , ERMTEHREE, LERBIP RTPEXIRFHNEFELTR

: Router Exhaustive
Voice w .
(Highest) .M!L!!“H“hﬁhh Queuing

Data (High, J—— v v
e.g. IP Prec 4) _..QEIE \\1 Slz0 1 E AN
Data (Medium, | N e oo S
e.g. IP Prec: 2) E Elm_l_EI EH— 7 Circut

Data (Low, e.g.
IP Prec: 0) [ L

Obsoletes/Replaces the use of IP RTP Reserve

XX : IP RTPEEIEF AFFEERBII(WFQ) LB AT AR R T2 &8 EIEFBI(PQ) , BEME L
HREERBEERELIEFBERIAR.

813 il

LLQR — B A B AL PR BICBWFQREBEPQI . LLQIERBSIRACBWFQRME
EEBMEPQ. EALLQR  ERGBER (EPQTF ) BRHIILME. ERALLQKVOIPEES
 EERBHERNBAEHPQT,

HPQETEFIUERAFEIITRDER, BEEPQE , UKbpsBEMIEEPQAANGZAEREE
o ENHHEER K SAPQRMERE  EINAHEINEXIRFEITERENKopsE. EE , RiRg
BRZHBNRE , LEEENEREXIEFEFHANRE (REBBREELIEFTY ) HREBE,


//www.cisco.com/warp/customer/732/Tech/wfq/
//www.cisco.com/en/US/docs/ios/12_0t/12_0t5/feature/guide/cbwfq.html

VolP KIEN  Router

sNA FIE —&
//.f

¥

DataF1EF1 FIEL

Layer 3 Glueuing Subsystem
Low Latency Queuing

PQ VYoice

PQ Video
Conf

Class= X
Class =Y | CBWFO
Default

Layer 2 Qlueuing Subsystem

Fragment

annkbk

Link Fragmentation &
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. R ERIBUDPELUSNIZ (B INDiffServ
PHBYEEBREZEZRE , AIXEFEALLQ,

—H7B (EHR) , AIPRTPEXL

BESBTENERBENEENFRES , F2REZEELHRL

LLOE RIS

BRERUT ARERELLQ:

1. RAVoIPRER M EHMI ERICEMRFAT R T N TREAET

maui - voi p- sj (confi g) #class-map ?
WORD cl ass-map name
match-al |l Logical -AND all matching statenents under this classmap
mat ch-any Logical -OR all matching statenents under this classnmap
nmaui - voi p-sj (confi g) #class-map match-all voice-traffic
!-— Choose a descriptive class_name. maui-voi p-sj (config-cmap)#match ?

access-group
any

cl ass- map

cos

desti nati on- addr ess
input-interface

ip

npl s

Access group

Any packets

Cl ass nap

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

Sel ect an input interface to match

| P specific val ues

Mul ti Protocol Label Switching specific val ues
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not Negate this match result

pr ot ocol Pr ot ocol

gos- gr oup 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-list) maui-voi p-sj (config-cnmap)#match access-group ?
<1-2699> Access list index nane Nanmed Access Li st
maui - voi p- sj (confi g- cnap) #match access-group 102

!-- Now, create the access-list to match the class-map access-group: Mmaui-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 is the port
range Cisco IOS H.323 products utilize to transmit !-- VoIP packets.

iE L 17 BUE B b 7] Al A 55 Flmatch access-groupfs TSRS REG Y -

access-list 102 permit udp any any precedence critical

1-- 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-- sane 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

1-- For nore information on DSCP refer to:

!-- Inplenenting Quality of Service Policies with DSCP !-- Note: |f endpoints are not
trusted on their packet marking, you can nark

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

1-- 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
I-— This access-1ist can be used in cases where the VoIP devices cannot !-- do precedence
or dscp marking and you cannot determine the !-- VoIP UDP port range.

LT RAAREREIMEENEMERSE | #£Cisco IOSHRA12.1.2.THIE , ALLQEMEIP
RTPEEIEF IR, LURTCEELIEFENAST  BREENUDPE ¥ ZRMEKPQF
RYRR AR S

class-map voice
match ip rtp 16384 16383

EMERZEZNEITHRRE T RERERBRVoIPERE , ERAHMLLQIREZ AR H 2R
PETEERENRER.

class-map voice
match ip precedence 5

C1%

class-map voice
match ip dscp ef

AR : (EIOSHRA12.2.2TRI%A , VolPREFEH SR ALELLQREZIEBEZZAHENESER
B. EAFFEBLLQRDSCPRBERZERMIEVolPER TR ATRE S X,
2. AVOIPETEMEH IR EHRICE R (7R ) LT SHRA T AR ETR

class-map voice-signaling
match access-group 103
1
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access-list 103 permit tcp any eq 1720 any
access-list 103 permit tcp any any eq 1720

EE ; ALMEAH.323, SIP, MGCPEiSkinny ( Cisco Call Managerf A EEHE ) B
VolPR LY, ERROIMRERH.323RIEELR, LB EAE A Vol PRASRE/AZE HIEE i 62 A AV EARIERY
E % : H.323/H.225 = TCP 1720H.323/H.245 = TCP 11xxx ( #£2E##% ) H.323/H.245 = TCP
1720 ( PRIEER ) H.323/H.225 RAS = TCP 17195 &= TCP 2000-2002 ( CM#& 1 ) ICCP =
TCP 8001-8002 ( CM#» ) MGCP = UDP 2427, TCP 2428 ( CM#» ) SIP= UDP 5060.
TCP 5060 ( AJELE )
3. BV RIS EEVolPEHMBEH KRB MR BN R ER NI AERKERIAEH I EETE

HYSIRRIE, LUT @ maReR 7 AfASE BT -
maui - voi p- sj (confi g) #policy-map VOICE-POLICY
!-- Choose a descriptive policy map_name. Maui-Vvoi p-sj (confi g- 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

AR MATLSSERNERREFKIIPQ , ERREERLESEIREERNT T, A
RRE (¥ F ) TREEFREENE\ (PQRFIFO — £#EE — 5l ), BEREEXR
BRI LUER BB, X : priorityFbandwidthFE AN EZ MA A PRREFRABEARN
75%. B8l , #EE#service-policyn BLin B (ZERFIERER , FRAAERSIESBEMA
T logging console , it B Atelnetzh B RLA T terminal monitor). ¥ : EliE64 KbpsiEig EHY
VolPA X EMEEZHWE  BEE2SEBIB75%(48Kbps) W ERIEE 2 BHEPQ, EEERBR
T, #&70] LU F o5 5 max-reserved-bandwidth 80/ A FA$EE 125 £80%(51 Kbps). EEE
bandwidth# priorityds S M E A , FSELBQoSHRE KM EENELIEF BT,

4. BRALLQAS K Y R ERA R HIEWANNE A T SR 7 I TR TR

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

interface.

IP RTPEENEFEBIERE
ERBIPRTPEELIERS , EEAUTHA

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

TOIEE :

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 nmultilink ppp nultilink fragnment-delay 10 ppp
multilink interleave nmultilink-group 1 ip rtp header-conpression iphc-format ip rtp priority
16384 16383 45

BEESBMZHELF): S EHEEPPP
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1500 TR ERHBWE R K/ |, E—EHREHNVOIPHE ( AEG.720FZAE ) AleE AN A
661 TTHE (201 MBS A, 6 TAE2BEE. 20/ THERTPHUDPAZE LK 201 ST IPE
52 ),

R1E , BR—T56KbpsHIHAEHENR K EZNERNRERRBEE. NREBETERNSEFEHERE
R ERE  RAUETFYILE , AIRAERE, EERRNEITERBSLESEH 214V T HEE
B (1£56Kbps$EiE F F 51t 1500 TAAN E R B EE214EW),

BAULER , KERSUTREH N EFTERNENEZELETILE MR EFETRE, BELK
HEHNETTRARINERE , Y EEEFReBARBETENT AU BB MR, Cisco
|OSE#E 2 ERF A (LF) W RER B W B VoIPHY BN RN ER, ILERALFIRVIRMAE :

Link Fragmentation and
Interleaving (LFI)
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W i et
FMultiple PPP Por Flow
with LFI ©n Classification
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(ERSUREENELAAFENRRE ) ATEREEAR. (ITU-T G.M4REEE R AE @2 ik E &
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2 15.5 =FRh =Fh =Fh =% =% 32%
kb | 12X 2B 4B |8ER |16EW %
ps
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8 |[10f% (640 |[1.28 [2.56 [5.12 [10.24 |15%
kb |# wY |BEY |ER |E¥ |BE¥ |¥
ps
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36 5D 320 |640%% |1.28 [2.56 |[5.12% |7.5=
kb 7w |® ZY |BR |® )
ps

AR BRFITEAERR  EBHNFILEE (Z39E ) R10EW , TEEBB20EY,

{ Fppp multilink fragment-delay}s < , B#EF B K/NAIREAZER (msec) i FERIEE, LFIERE
B Bppp multilink interleavey /1 & L & & ppp multilink, BEEELFINEHAENR , BF2EAESD
Elg_ﬁko

AE  MREEEB - EERAFXTIHER(T68 Kbps) , AITEEST BRI, (BR , BNAFE
QoS#wH , MLLQEKIP RTPEEIERF ) . FWRTIRMHEZHNER K AFETHEEL L MAEHL
EBRIE, A, BURAFERKHECRTP)NEE , EXTINERT , BBEHEIP RTPHREEE
REEHER,

IR 48 B b5 3 2R 13 X2 (CRTP)

AE  CRTPAREBRRFZFTMENLTFER, LIETREEREE, TREmAEbFRGEES
mE RIFREECRTP, LiBTE 7] iEiB iR B £ R cRTP R B R ETE R FEHE R o

BIERFC 2508, RTPZEE BRI EEASIP/UDP/RTPEZE 40 st B A2 o4 o |, fEm
BAOTVENEE R, ER—EEREBHEAR ; At , X AEHEEMIKAEECRTP(FRIFERE T
passiveiZ18), EEECRTP , FENEMBRBIERAUTHS

Router(config-if)#ip rtp header-compression [ passive]
HRBAEBE TG A AEBCPU , HILRTPIREBRMEIE12.0.(7) TRRA K IOSH AVIRIE X MCEF XX
BREREHhER. Bk, ELERGTE A ARH-—NEESNBETRI, BRIFKAR[MNCPULERA
RRIK , BRERMERZR LA HERENT768 KbpstIcRTP, EiRIRHIRMNCPURIAR | Z1RCRTPE
R75% , Bl HZEHR,

EXE : BiE W Tip rtp header-compressionk , 3% H 82 &% /iip tcp header-compressions 4 il Z|
BEH., EARBHERENTCP/IPERE, REBRBEEESAENENGNWRELELAEER , il
L EF S TelnetERIVMAEE ., FHAHDLCHPPPHEMN LRI X ERFC 1144 ¥R TCPEREE
BRAEH T

EETBACRTPHIER TBAETCPIHRE , FEAUTHT

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

WEFMET - BIEE S EHEH HhE
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HAnAWE DR T

- FEVolPR Y B ki AR T RimiR =R/ MR 52 (mAFR=R ) ; EBMEAG.729(8 Kbps), (ER
VolPHEEHER FNTEREFRNSS ) . ERETENHEHERS  FEMENVopRRHZRT
{8 Frouter(config-dial-peer)#codecin -

- HAEFEAROGTZENSUARESHERBSRN , €S SHE(DTMF)EE 7] AER th{EiH

, (B REM TRFHRIGES (HIANG.729MG.723.1 ) $HHEIHERET TESEHE(L , L EIER
REHDTMFER. EEAZUHERFHESNESTES(IVR)RAKKFLREE, dtmf relayds
TEBEDTMFERER "HFi/ . JEFEBESI RO BMRMADTMFAERE, MRERAKMLT
LimAETEES(G.729. G.723) , FETEVOIPE IR ¥ L T B Rdtmf relay,

- MAVWHFE T REE 235-50% M . FEAZZ EBRA(VAD) , THFIHEERE. R
VoIPSEE B , BRERVADSIEER D 735%. VADFERE B VoIPEIEHEHE T, ERARE
FAVAD , FBEFTE M voip# ik ¥ % 88 T F Arouter(config-dial-peer)#vad#router(config-dial-
peer)# no vadii &

8% W 3=

% 5000 1;2,22-‘13111 1?2,22-‘1%112 % 6000

PPP

maui-voip-austin
128 Kbps

maui-voip-sj

LU

maui-voip-sj(Cisco 3640)

version 12.2service tinestanps debug datetine nsec
I-- < Some output omitted > ! hostname maui-voip-sj
!
i p subnet-zero
!
no i p donmi n-| ookup
!
!-- Definition of the voice signaling and traffic class
maps !-- "voice-traffic" class uses access-list 102 for
its matching criteria. !-- "voice-signaling" class uses
access-1ist 103 for its matching criteria. Class-map
match-all voice-signaling

match access-group 103
class-map match-all voice-traffic

match access-group 102
!
!-- 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 conmand 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-summary no eigrp | og-nei ghbor-changes !
!I-- access-1ist 102 matches VoIP traffic based on the

UDP port range. !-- Both odd and even ports are put into
the PQO. !-- 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 pernmt 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
!
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
1
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
1
voi ce-port 1/0/0
1

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

RENEEIRRET

ESEfIdebugiE w28l , FFZ Eﬁﬁl@ﬁDebuq? THEEEH. BRALEFIIGTHNESER ,
BB A R B A0 58 S5t TR 4B R o

NEDBT :

3

- show interface [serial | multilink] — At SRESRIINEME, BEBINENZERNE
B A B RUIREE,
- R DI AR BX M P BERR
LFIS$ :

- show ppp multilink — Mt SR~ Z#HEREPPPHE A TRV BABEF
- debug ppp multilink fragments — ttdebugir SRR EBE/ZEE BN XBEHNER. 1t
WO HEERER TN ISR RN,
LLQ/IP RTP Priorityfg 5 :

. show policy-map interface multilink interface# — Lt © ¥ R R LLQIR EF MR PQH Y F4
ERFEEH. NEHTSEEMUNFMER , 752 Eshow policy-map interface®ii i FH) T
BT EER.

. show policy-map policy_map_name — Lt SRR E BRI L RE BN E A

- show queue interface-type mterface-number— oI EHBFENEN A FHRE EMRTE
o

- Debug priority — thdebugin TR RE LIEF B S S W RIS P REZEMR, ZESE
£ A B S B 7 {7 DU HE il o HH 3R 32 10 SR S HER .

- show class-map class_name — Wi TR EBEEHMREENEH.

. show call active voice — Lt S EDSPBIMEE XN ERSTIIFEEER.
Rt /8% .

- show ip rtp header-compression — Lt ir B RRTPEEBAEHKTENR.
- Vol PR I it f& Bk R A0 58 50
- VoIP Debugg ¥

S AR .

. CSCds43465: "LLQ, E#lZs. EFSFERACRTPERHERE, WIARITRA ,
S(EREMEF).
58 :
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LU RiEpppiE Bt BN IEITR ( MLPPP, 2B, XiF ) W—EEXNHIEH RS R .

1. show call active voice — FIAEDSP#E IR EE RN ER T,
2. show interface — AR E—RBIERINEEE, ENEHLEETSERBE , ERFHE

BEROIENERS 2B EREKE K IEFBS AR,

3. show policy-map interface — ARBELLQEZMBKIEE, TERETMERKENEE,
4. show ip rtp header-compression — AR ECRTP4SERE,

T MRS R A

————————————————————————————————————————— 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) !--- Assum ng your
ppp link is up and running, the first step of voice !---
quality problenms 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
!1--- Indicates that the connection is established and

both legs exist

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 | f1 ndex=0
Connect Ti ne=155218364
Cal | Dur ati on=00: 00: 27
CallState=4
!--- indicates that it 1s the active call !--- (#define
D _callActiveCallState_active 4). Call Origin=2
Char gedUni ts=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

Renpt eMedi al PAddr ess=172. 22. 130. 1 Renpt 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
GapFillWwithPrediction=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,
!--- corrupted packets. VAD = enabl ed
CoderTypeRate=g729r8
CodecByt es=20

GENERI C:
Set upTi mre=155218260 s
| ndex=2
Peer Addr ess=6000
Peer SubAddr ess=
Peer | d=1
Peer | f |l 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
Transmi t Byt es=4580
Recei vePacket s=365
Recei veByt es=7300
TELE

lost packets, or

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

0x6D946FC6]

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
ACOWLevel =2
Qut Si gnal Level =-58
I nSi gnal Level =-42
I nf oActi 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)
DIR is 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 active/ max
total)
Reserved Conversations 1/1 (all ocated/ max
al | ocat ed)
Avai | abl e Bandw 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, 0O
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, 0 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 minute 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, O runts, 0 giants, O
throttles
0 input errors, 0 CRC, 0 frane, 0 overrun, O
i gnored, 0O abort
4586 packets output, 657902 bytes, 0 underruns
O output errors, O collisions, O interface resets
0 output buffer failures, 0 output buffers swapped

out

O carrier transitions

DCD=up DSR=up DTR=up RTS=up CTS=up
L et ittt ! --- 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 0 BPS, drop
rate 0 BPS Match: access-group 103
Weighted Fair Queueing
Qut put Queue: Conversation 42
Bandwi dt h 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

Wi 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 mat ched/ bytes mat ched) 458/29647

(total drops/bytes drops) 91/5890
I--- Sone packets were dropped. In a well designed Iink
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 O
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)

| ———

Verify the class-map configuration maui -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 maui -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 dt h 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 message 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 fragnments, 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 I P (0021) size 64 direct
1w3d: Se0/0 MLP: | frag 800004EO size 160 direct
1w3d: Se0/0 MP: frag O00004El size 160 direct
1w3d: Se0/0 MP: ppp | P (0021) size 64 direct

l--- 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 nmax

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

maui - voi p- Sj #show dial-peer voice 2
Voi ceOver | pPeer 2
i nformati on 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 Di sconnect Text is "normal 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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