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Abstract 

This standard specifies the limitations on the maximum number of 32 kbit/s Adaptive Differential 
Pulse-Code Modulation (ADPCM) encodings. as described in ANSI T1 .301·1987, allowable in 4·kHz 
voice grade network connections. This allows for the realization of the possible economic advantages 
of ADPCM use while retaining quality transmission performance capability. The applicable limiu are 
specified as a function of the category of signal transported. Performance impact information and 
functional usage guidelines are provided to give guidance on achieving compliance with the limits in 
the standard, but these are not a part of the standard. 



Foreword (This F'ortword IS DOL I'u~o( AIII~u. SaLlMa! Studud TI SOl-IOU J 

The s~16c.tlon of 32·k.blt:, Adapli,·e Dlffenolla.l Pulse-Code Modulation 
(ADPCM) tandem eneodios IimlLS was millated undcr tbe auspices of the 
Acc redited Standards Commllttt on Telerommunlullons, Tt ADPCt.., one of a 
group of tmersio! tKhnolos:i~. tuh of whieh provides the capabllit.y fot more 
dficient usage of dlgll.a1 fklhty cap&tlly throush the use of prcx~n! techniques 
There i.s an Industry desire to talte adVaIlt.aSt of the potential bfontfiu or the 
Int roduction of new ttchnolosr without otSauvely .lft("(InS pt'tformancf' ThiS 
standard examines performan ce relallve to the ADPC\l .I~orlthm peelfitd In 

Amencan =,auonaJ landard fot Tel~ommunlC:atlons- D111taJ Procesalng of 
Voice-Band ignals-AJl!!:ornhm and Line Formal for 32 khlt:, Adaptive 
Differential Pu~CodeModulation (ADPOt). AN J TI 301 - 19117 It is inttnd~d 
to provid~ ror the orderly management or the introduction or thIS tec=hnolosr so as 
to med the performanc=e needs or end-users 

Traditional analog t ransmission parameters do not adequately c=haract~rne t he 
effect or ADPCM on perrormanc~ M a result. perrormance is aaured by 
establishing a hmlt on the number or tandem encocilnp ror twO Cundamental 
categories of !lIgnab that. encompass the sllJnal types transported by both public­
and ptlyat~network CODDe<tlOn.s The U$t or thLS ttandard "'111 help ensure that the 
perrormance as seen by the end-ustr Will be satisfactory ThIS standard alloW's ror 
the realitation or th~ posstble KOnomlC advantases or ADPC~I UM: whil~ rewnlns 
quality transmission performance capablhty 

Susgestlons ror improvement. or thIS atandard Will ~ welcom~ They "hould be Sf-nt 
to the Exc=hange Carriers tandards Asaoclauon , 'Ulte~, 5430 CrOlyenor Lane. 
Betb~a, MD 208"'-2122 

This standard was proct'55oed and approved ror aubmltLai to A..'=SI by Accrtdltl'd 
Standards CommlUet 00 TelKOmmunJcauons, TI Commltt«: approval or thIS 
!landard does not necesurdy Imply that all committee mern~n voted ror II,S 

approval At the time It approved thIS st&ndard , Commlu« TI had the !ollowlng 
members: 

Ian M Lirchus. Chan 
Ivor N Knigh t , Vic~ChaJr 
o J. Gusella, Jr, Secretary 
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American National Standard 
for Telecommunications -

Network Performance 
Tandem Encoding Limits for 
32 kbitls Adaptive Differential 
Pulse-Code Modulation (ADPCM) 

1. Scope, Purpose, and Application 

1.1 Sc.ope. The standard conI'S the use or 32· 
kbitjs Adaptive Differentiai Pulse-Code 
Modulation (TI .301 ADPo.l)1 in 4·kHl 
voicegrade network conn~tion.s and Iimll4 the 
number or TI 301 ADPC\f links allowed. It, 
relat~ to the transport or 5ignals processed by the 
32·kbit./s n.101 ADPC\1 algorithm AS specififfl 
in Ameman ~alional Standard (or 
Teleeommunications- -Dilfit.a.1 Processing or 
Voice-Band Signals-Algorithm and Line Format 
rOt 32 kbit./s Adaptive Differential Pulse--Code 
Modulation (ADPCM). A.~SI TI.301 1987 Thill 
standard does not purport to describe the sen"ice 
offerings or any particular carrier 

1.2 P urpose. This ~landard stipulates 
appropriate limit.! on the us/' or TI.301 ADPC~1 
while retaining, (or aU tamers, tbe capability to 
provide quality transmission performance to end­
users. 

1.3 Application . The standard applies to end. 
to-end voicegrade connections established on 
either public-switched telephone networlu 
(PSTNs) or private-networks. The tandem 
encoding limits or this standard apply to exchange 
c~riers (ECs), interexchange earriers {lCs), and 
prlvaLe-network providers. 

I. III Lhis ... ndud, Lh ahLreyiwolI. TI.301 ADPCM ... 11 
reter: uph~tJ, LQ t/le 32-kbit/a ADPC\f tJlotlUIII U 
speaJ'ltd " Ameman National Swdvd ror 
Teleeommuhicalio_Dilitai PrOCts5iol 01 VoiCt-&ad 
Silnall-Alloritbm &lid Wile Format lot 32 kbiL/s 
Ad'ptht DiB'uthtitJ Pulu-Code ModulauoD IADPCM) 
ANSI T1.30 I. I1187. • 
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2. Referenced 'Standards and 
Publication! 

2.1 Rerereneed Amerir:an Nat.ional 
Standard. ThiS land&fd LS intend@(j t.o be used 
With AmeflC.a.n :'\;atlcmaJ Standard rOf 
Td~mmumeallon_ DitilltaJ PrCXf!S'SlDg or 
VOlc~Band "llnaJ \i,!;orllbm and Line Format 
ror 32 leblt , Adaptlv!" Dlff .. n·ntlal Pul!>,....Codf' 
\lodulalloD (ADPC\f A:'\;SI TI.301 19157 

2.2 Other ReJe.renced Standard. This 
~tandard is al'lO intended t.o be u~d With CCITT 
Recommendation G 113. Tra.n'lm~ .. ion 
fmplUrments. RMI Book, Vol III. Fascicle flll 2 

2.9 Re.re.renced Publicat.ions 

I Cavanausb, J R. A model rOt lhe subjecLive 
effects or quantlllDI di~tortion In digital 
tran~mi$5ion or speech In ' InternatIOnal 
Conrl'rl'nce on Communications. Suttle, 
WMhinl\:ton June 8 · 12 , 19MO pp. 20_5 1 20 5 5_ 

2' P!liml'naLOs •. ,Gruber J'J (tOddard, G 
\-londor.O_ Thl' applicallDn or 32 thIS ADPC.\I 
sy .. l.@ms in ulecommumcauons nl'tworb. In 
IEEE Clob«om 198t Conference Record. ~ew 
Yorle IEEE 198-4 ~o ... embet pp. ;96--802 

3. Definitions 

adaptive differential pulae-r:ode modulat.ion 
(ADPCM). A digitaltranseoding tecbnique lD 

Z. An.J].bt, rtora t.be Amerieaa Nutonl Studarcb llIStituLt, 
1430 Oroa.d_a,. Nt_ York. NY 10018_ 
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which the difference between the actual and 
estimated value of the sample is encoded and 
tra.n!mltted to the decoder, where it is 
tecoll5tructed into a peM signal. In addition, it 
employs an adaptive quantiler and an adaptive 
predictor to follow changes in signal power and to 
respond to changes tn the short-term spectrum of 
Malog signals. 

ADPCM link. Any transmission system, o r par t 
of a transmission system, which performs one 
unique PCM-ADPCM ttanscoding and a 
corresponding ADP~I-PCM transcoding. 

bit error ratio (SER). The ratio of "he number 
of bit errors to !.he t.otal number of bits 
transmitted in a given time int.erval 

block errol' ratio (BLER). The ratio of the 
number of blocks that contain at. least one bit in 
error to Lhe'!.Ow number of b10cka transmitted in 
a given time interval 

network interlace (NI). The poinL of 
demarcation bet-ween the carrier's tacilities and 
the customer installation, which establishes the 
technical interfa.ce and division ot operational 
respon!!ibility In thi!! definition. as it applies in 
this document., Lhe term "customer" reters to the 
end·user_ 

poiot of ter m ination (POT). The point of 
demarcation beLween carriers, which establishes 
the technical iOLetface and division of operational 
responsibility. 

apeeeh· to-apeeeh-eor relat.ed-noise r&t.io (Q). 
The ratio ot the speech power to the power of 
speech·correlaLed noise in a digital t ransm ission 
system. 

4. Specification or Limits 

4.1 General. Traditional analog transmission 
parameters used in characterizing the 
performance ot the various segments of end·to­
end connections are not adequate to retain quality 
transmission performance if Tl.301 ADPCM 
equipment is deployed freely in the various 
segments. Currently no standard !.est procedure 
is available to quantify the effect or Tl.301 
ADPCM links in a connection o r part thereof. 
Therefore, the only method available to control 
the transmi55ion per fo rmance impact of T I .301 
ADPCM is 1.0 limit the number of Tl.301 

ADP CM links in connections. Information 
regarding the technical basis fo r the limits 
specified in this standard is included in Appendix 
A, ADP~ Performance Effects. 

4.2 C ategories of Signals . The limitation on 
T1.301 ADPCM links in public or private 
networks depends upon the /ngnaJ type being 
transmitted over network connections. Appendix 
A provides information describing the effects of 
TI.301 ADPCM transcoding on several common 
signal types. The various signal types conveyed 
by voicegrade networks fit into one of the 
following two categories: 

Category 1. Voiceband (4· kHz) signals that can 
be transmitted with satisfactory performance over 
connections containing TI.301 ADPC'M Jinks. 

Category t. Voiceband (4--kHz) signals that 
cannot be transmitted With satisfactory 
performance over connections containing T1.301 
ADPCM links, 

These two categories apply to both PSTN and 
private--network connections. Criteria for 
satisfactory performance are application 
dependent and ultimately determined by the end· 
user, In deriving the T1.301 ADPCM tandem 
encoding limits set forth in this standard, the 
following criteria were used: 

( I ) Voice. The criterion is based on a measure 
called Q that captu res the effect of quantizing 
noise on quality/ IJ,' The criterion of Q ~ 20 dB 
was used. 

(2) Voiceb an d Data. T wo criteria were used: 
Block Error Ratio (BLER) ~ 10.2 (with a block 
size of 10,3 bits) and Bit Error Ratio (BER) ~ 
10,6. Whether BLER or BER is more meaningful 
depends upon the application. For t ransfers of 
large a mou nts of data with retransmittal 
protocols, BLER is approp riate. For facsimi le 
applications and a:.ynchronous cha racter t ransfer . 
BER is more meaningful. The BER is usually the 
more stringent Criterion. 

(3) Dual· To ne Mult lfrequency (DTMF) &ignal&. 
The cr iterion of digi t error ratio < lO,3 was 

""od·121 
4 .3 Tandem Connecting Arrangements. 
T wo ADPCM links in tandem are said to be 
synchronously con netted if the connect.ing 
t ransmission syste m is tbe equivalent of a 64-­
Hit/s P CM bit. stream. Li kewise. two ADPCM 

3. Nijmbers in b"ekets eorrt:!lpood to Dijmb~ rs in 2.3, 
Refer~ n ~ed Pijbli~,~ioll!l. 
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links are SAid to be asynchronously conne<ted if 
they are connected by any other type o~ 
transmission system; in general, one which 
converLS the signal to analog (ormat at some 
point. The performance of two 5ynchr~nou$ly 
connected T1.301 ADPCM links is equl\·alent 
(except for delay) to one link if ( I) the 
transmission of tbe 32-kbit/s Tl.301 ADfCM 
linb and the intermediate 6<1-kbit/s PCM links is 
error free~ and (2) the 32-kbit/s T1 301 ADPCM 
and intermediate 6+kblt/s PCM bit streams are 
not disturbed by dlgltaislgnal processing. Any 
tandem connecting arrangement that employs 
PC:o.1-modifying digital signal processing on the 
connecting hnk(sJ, such 3.$ that performed by 
digital eeho cancellers or dIgital loss pads, will nOI 
!i8tisfy the above conSlrainLS. If two Tl.301 
ADPCM links are conneettd by a 64-kblt/s 
transmission system that does not preserve bit 
Integrity (i.e, It uses digital signal processing or 
bit-robbing, etc), the net effect on performance 
will be bounded by the performance of one TI 301 
ADPCM link and tbe performance of two 
asynch ronously conneeted Tl.301 ADPC~ hnb. 
This effec t , however, has not b«n well quantifitd; 
It IS a subJe<t for further study. Therefore, for 
purp056 of this standard, tbis arrangement 
should be counted &5 equivalent to t ..... o 
asynchronously conneeted TI.301 ADPCM links. 

"." Ta.odem Encoding Limit3. The total 
number of T1.301 ADPCM links in conneetiOn5 
shall be limited In order to provide the capability 
of quality transmission performance between 
end-users. These "miLS apply to PSTNs, private 
networks, and combinations thereof The total 
effective number of &synchronously connected 
Tl.30t ADPCM links in these nttwork 
conn ections shall be limited as follows: 

(I) Cal~,o,., J 51·,nol,. The limit is three 
asynchronously conntcted T1.301 ADP~ links_ 

(2) Cale,o,., t 5i,ntJi,. Tbe limit is zero 
T1.301 ADPCM links. 

In some private-network applications It may be 
poMible to customile tbe network to m«t the 
end-user's specific application need5. In tbis case, 

4. Il is lihl! tlu.t bit mor n .tie. :5 I X 10.8 '*Ill IIOC. 

perctru.bl! dttrade tht s!aeb,ollou lLadtmlll1 proput! 
01 ADPCM links Howe'"'' additIonal work is required t.o 
eoa8r m tbls. 
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greater flulbility IS possible, in terms or the 
number of T1301 ADPCM linb In tandem, while 
still satisfying the end-user 's needs. An example 
of gUldellDt:S that may be ustd in such c&.SeS 15 

contlLl ned ID Appendix A 

4.6 Allocation of End-to-End Limits. The 
allocation or the end-to-end limlLS presented In 

this standard IS based on the assumption that 
Tl 301 ADPC~11S not deployed on the end-user's 
Side of the network Interrace (~ I ). If TLJOI 
ADPCM IS deployed on the end-user's side or the 
NI, the overaJllimlu shou ld be obser\·ed In order 
to provide saltsfactory perrormance 

".6.1 National Connections. When a "ingle 
Cllrtler providts an end-to-end P T:-.l or pnvate­
network connection , the carner !lhall implement 
the hmlLS In <I 4 ror conntcllons With both EC­
and IC-provlded portions, the Category I !lIgna! 
limit of thr« LS allocated, one each ror the EC. 
IC, and EC portions 

Eacb or the EC portions !Deludes all 
componenLS from the (1;1 to the Ie point of 
termination (POT) The Category 2 signal limit 
or lero requires tbat each proVider's portion bas 
no TI301 ADPCM hnks See Appendix B, 
FunctIonal Usage Cuidelints ror Implementation 
Inrormation. 

For both pnvate and public sWlkbtd 
connections, If an EC provld~ a TI 301 
ADPCM-encoded SlgnaJ at the EC-IC interface as 
a service option at tbe requtst of the IC, It Will be 
considered as the IC's Tt 301 ADPCM link 

4.6.2 lnt.ernailonal Connectiona. Typical 
inurnational connections would contain a 
combined EC and IC network in tbe national 
extension (Nl-to-gatewayl Based on the 
implementauon of this standard there would be 
zero, one, or two &synchronously conneeted 
TI 301 ADPCM hnks in the nlllional utenSlon 
The allocation specl6ed In the provisional 
planning rule , as dt"cnbed 10 CCITT 
Recommendation C.1I3, allows at most one 
Tl.301 ADPCM link In tbe national extensiOn_ 
However, an uceptlon LS Doted thar. would aJlow 
at most two TI 301 ADPCM hnks with a clear 
indication that this is undtsltable. Although tht: 
allocation or this standard allows up to a 
maximum or two hnks on the national exten!llon 
or IOtetnational conne<tions, the rrequency or 
occu rrence or this maximum ill expected to be low 

tl 
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Appendixes (ThtSe AllllendilCe:! a.re DOL pa.rL of Ameri~n Nation~ Standatd TI .501-1988, bu~ ate included for 
information onl,.J 

Appendix A 
ADPCM Performance Effects 

AI. General 

The impau of T1.301 ADPCM on the 
performance of a voicegrade coonection depends 
on the signal types transmitted (Category 1 or 
Category 2), the level and distribution of other 
analog impairments, the specific design of the 
terminal equipment, and the number of 
asynchronously connected 1'1.301 ADPCM links 
in the connection . This Appendix is provided 8!1 

an aid to the reader in understanding the limits in 
the standard . The information in this Appendix 
was derived from evaluations of specific modems 
and DTMF receivers of stVeral manufacturers and 
may not describe performance of all available 
similar hardware. 

A2. References 

The following documents are referenced in this 
j\ppendix : 

IAl l CCITT Recommendation G.7 11 , Pulse Code 
Modulation (PCM) of Voice Frequencies. Red 
Book, Volume III· Fascicle m.3. Geneva, 1972.2 

[A2] CCITT Recommendation G.721 , 32 kbit / s 
Adaptive Differential Pulse Code Modulation 
(ADPCM) Red Book, Volume III • Fascicle 111.3. 
Malaga.Torremolinos, 198,1.:! 

,A3i CCITT Recommendation G.721, 32 kbitJs 
Adaptive Differential Pulse Code Modulation 
(ADPCM) (revised) Geneva, 1986.2 

~A4 . Daumer, W . R.; SparTeJl, D. "FSK 
Enhancement5 ror the Proposed TIYI ADPCM 
Algorithm ," Document TIYI .2/ 86-006. January 
1986.' 

!AS] SG XVUI • Report R26, Source: CCITT 
Secretariat, "Report of the Meeting of Working 
Party XVlIJ/ 8 (Speech Processing}," July 1986. 

6. A"llablt rrom Excban&e Carriers Sla.adulb A$SOciadon, 
&430 OroHsnor Ll.ne, Be~besda, MD 2081~·2122. 

lAB] CelTT Recommendation, 0.113, 
Transmission ImpairmenLS. Red Book, Vol. III -
Fascicle m.L Malaga.-Torremolinos, 1984. 2 

[A71 T IQ lj85-025RI, "Response to TI XI A on 
64 kb/s Clear Chan nel Capability ," November 
1985. 

[AS] Carey, M. B. ; Chen, H-T; Descloux . A. ; 
Ingle, J. r.; Park , K. I. "1982/83 end office 
connec tion study : analog voice and voiceband 
data characterization of tne public-switched 
network." AT&T Bell Laborat.ories Technical 
Journal, 63: 1984 November. 

[A9] Kalb, M. ADPCM performance impact on 
voiceband daLa. In: IEEE Globecom 1985 
Conference Record. New York: IEEE: December 
1985. pp. 1133-11 31. 

[A 101 COITT Recommendation V.32, A Family 
of 2-Wire, Duplex Modems Operating at Dat.a 
Signalling Rates of Up to 9600 bitls for Use on 
the General Switched Telephone Network and 00 

Leased Telephone-Type Circuits. Red Book, 
Volume VITI ~ Fascicle VI II . I. Malaga~ 
Torremolinos, 1984.2 

[A ll ] CCITT Recommendation V.29, 9600 Bits 
Per Second Modem Standardized for Use on 
Point--to-Point 4~Wire Leased Telephone-T ype 
Circuits. Red Book, Volume Vl II • Fascicle 
V1 11 .1. Malaga..Torremol inos, 1984.2 

A3. Definitions 

quantizing distor tion . The distortion 
introduced when an analog signal is encoded to 
digital format, then decoded to analog format . 
The qua.ntizing diSLortion is the difference between 
the original analog signal and the analog signal 
resulting (rom the decoding process. 

quantizing distortion unit (qdu). T he 
disLortion that is subjectively equivalent to t he 
quantizing dist.ortion introduced by an average 

II 
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8-bil code<: I",ir (NO and O/A conversion, A-lay, or 
v-law) that complies with CCITT 
Recommendation C.711 Al,.· 

A4. End-to-End Performance 
Criteria 

In determining the tandem encoding limiLS. it was 
first necessary too tstablish a set or criteria for 
Judging the acceptability or end-to-end 
performance. The voice criterion is based on a 
measure called Q Various standard CCITT 
recommendations ha\·e M.'ugned values or Q to 
different processing techniquts, including 
ADPCM, and have determined laws or addition 
for tandem devicts and tor combining with idle 
cirCUit nOise. The CCITT studits are bas!d on 
the earlier CCITT algorithm .A2' rather than the 
current CCITT a1goflthm lA3: (which is Identi~a1 
to A..'lSI Tl301- IQS7). However, it has been 
shown that, except for the Improved performance 
or the current algorithm with rtspe-ct. to 

frequency-shift keYing modems. the perrormance 
ot the current algorithm IS essentially identical 1.0 

that ot the old algorithm IA4.-4.5 The celn In 

Recommendation C 113 .AS has tstablished a 
provISional end-to-end plannlOg value or 14 
quanmmg distortion UOlts (qdu). which 
corresponds 1.0 Q=20 dB A level of Q:W dB 
corresponds to the quantiZing distortion (not 
idle-circuit noise) of 14 asynchronously tandemed 
PCM lA/ D. DIAl pau's. Studies have sbown tbat 
in a typical network connection, a Q of 20 dB 
corresponds to a modest degradaLlon in voice 
transmission qualLty. However, as Q decreases 
below 20 dB, there IS a rapid and marked d~rease 
10 quality On this basis. Q=20 dB is a reasonable 
planOlng hml~ and IS the voice ctlterion for thIS 
standard 

Delay also has an effect on overall transmission 
performance. Consider an end-t.o-end connection 
with up to three TI 301 ADPCM links 10 tandem. 
The additional round-trip delay consisLS or up to 
SIX TI301 ADPC~ encoding-decooing stages, As 
a general guide, If there are no attive ~ho cont.rol 
devices 10 the connection, the additional round 
trip delay shou ld be less than 5 ms tA7 

For VOiceband data, two cril.eria are used: 
Block Error Ratio (BtER) equal to or less than 

II. N'lmb-rs ill br .. cktLt correspond to a~mber5 In Sect.oa "2 
Re(ettIlCts. ' 
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10.2 (tor a block size o( 10.3 blt.s) a.nd Bit Error 
RatiO (BER) equaJ to or less than 10·$ Whether 
BLER or BER l! more meanlOgful depends upon 
the application For transrers ot large amounts or 
data With retfansmlual protocols, BLER is 

approprlate_ For (aesimile applications and 
asynchronous character transfer. BER is more 
meaningful. The BER is usuaJly the more 
strlOsent ctlterion "ote that tYPIC:a1 switched 
network perrormance is an order of magnitude 
better than the above limiting cflteria lAS: 

AS. Performance Criteria versus 
Asynchronously Connected T1.301 
ADPCM Link. 

A summary of test results that shows the 
maximum number or M),nchronously connected 
Tl.301 ADP~ links in tandem that enable the 
end·to-end pu(ormanee c.n'etla to be met is given 
ID Table Al Information r~MdlDg this data IS 

provided in AS I through AS.3 and turther det&lls 
may be found In the rererences given In 

Appendix C. 

AS.I Voice. For voice. four ILSynchronous.ly 
connected TI.301 ADP~1 hnks In tandem 
correspond 1.0 a value or Q=20 dB However, 
rerogn11.lng that there are other sources of 
disl.ortlon 10 a connection, such as additional 

Table Al 
Summary or Teat Results 

Number or T1.301 ADPCM Links in Tandem 

:\'umb~r of Tl 30 
ADPC~( Links R"fertnce 
(Apphcatlon DI5c.lU:olon 
Dependent) "!C:tlon 

Voice 3-<' Aa,l 
DTMF 2·, Aa 2 
VOiceband Data 

S. 2" kbit /s , -\5 ,3 
48 kblt,:s 2·, A5_3 
g,S kblt, 's 0 AS 3 

V 32 98 kblt!s ()'2 A5.3 

• Total addItional round-trip delay, if there 
are no «bo control deVICes in the connection. 
should be below S InS. 

• 

( 
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PCM convtr3ions, and to allow some margin for 
this eventuality, the st&ndard provides a limit. of 
at mo.st thret: links for voice applications. Thl! 
limit of fOUf Tl 301 ADPCM linb is reasonable if 
there are no other !IOurces oC significant distortion 
In the conneCtion , and particularly If lhe 
connection contains echo cont-rol devices. 

AS.2 DTMF and Grapbics. The range of 
encodlngs specified for DTMF IS due to receiver 
sensltlvit.y . In general, end-t.o-end network 
applications should employ receivers providing 
satisfactory performance through four 
asynchronously connected T1.301 ADPCM links. 
Some older receivers embedded In the public 
network may only perform satis(act.orlly through 
two TI.30 1 ADPCM links. However, thtse 
receivers shou ld Lend to encounter fewer 
T1.301 ADPCM links in actual connections. The 
Category I signal allocation of one for the EC, 
IC, and EC portions, respectively, combined with 
the typical uses of DTMF. will allow DTMF to 
typically be treated as a Category I signal. 
Results for graphiC applications are not shown an 
Table Ai. The cnteria in this case is of necessity 
subJective. Results an reference ,A4J indicate that 
Groups I and II facsimile can generally be treated 
as Category 1 Signals. Croup III facsimiJe will 
genera.lly be coruidered as a Category 2 signa.l. 

A6.S Voiceb.nd Data. The: lowe:r voiceband 
data encoding limits in Table AI tend to 
correspond to the more stringent BER criteria. 
The results In Table AI are based on the 
characteristics of speCific modems as referenced in 
the Cited documenta.tlon , In particular references 
lA4 and (A91. More stringent requirement..s may 
apply to other types of modems, particularly if 
secondary or tertiary channels are used. The 
evaluation in rderence [A .. ) showed that one 4.8-
kbit/ s modem failed the: criterion of BLER < 10-2 

through four Tl.301 ADPCM links (the test~ 
BLER was 1.03 x 10-2)_ The.same modem was 
not evaluated in lAg), but the results in IA91 
consistently showed that the: BER criterion 
allowed one fewer encoding tban tbe BLER 
criterion. Therdore. It was coocluded that the 
same modem, at best, could only marginally mtet 
the BER criterion through three asynchronously 
connected TI.30t ADPCM links. On this basis 
some modems for specific applications may only 
tolerate two TI.301 ADPC~ linlc..s at 4.8 kbit/ s. 
The V.32-type 9.6-kbitJs modems can tolerate 

APPENDIX 

two TI.301 ADPCM links using the BLER 
criteria but cannot tolerate any T1.301 ADPCM 
links with acceptable BER performance [AWl. 
V.29-type 9.6-kbit/ s modems. or similar modems, 
do not meet either of the BER or BLER criteria 
at 9.6 kbit/ s through any Tl.301 ADPCM links, 
even with no analog impairment..s in tbe 
connection -Alli. There is evidence that 
additional Tl.301 ADPCM links in a connection 
may increase the error ratio experienced. The 
magnitude of the increase, which may be 
appreciable, depends on the particular modem. 
the rate or transmission, and the number of 
TI .30 l ADPCM links a.lready in the connection. 

Voiceband data signa.ls that satisfactorily 
function through three or more T1.301 ADPC~1 
links should be treated as Category 1 signals. 
Data in Table Al indicate tbat common modems 
suc h as those described above, operating at rates 
below 4.8 kbit / s, may generally be considered to 
be in Category I ; common modems operating at 
rates higher than 4.8 kbit/ s may genera.lly be 
considered to be in Category 2. Based on the test 
results and the BER and BLER criteria, common 
modems operating at 4.8 kbitJs may generally be 
considered to be in Category 1. In practice, there 
will be cases in which these signals will require 
consideration as being in Category 2, based on 
modem type, application, and end-user 
expectations of satisfactory performance. 

In general, the voiceband data results are based 
on an evaluation of several documents contained 
in the bibliography (Appendix C). All of this 
information leads to a consistent conclusion if 
both the BER and BLER criteria are used. The 
studies contained in references IA41 and IA9] are 
of particular interest since they are based on a 
clearly defined reference connection derived from 
a characteritation of a PSTN. The level or 
analog impairment.! in tbe total reference 
connection was derived from the 1982/ 83 End 
Office Connection Study (EOCS) IA81. An 8S% 
impairment level W&5 lI.SSumed for each analog 
parameter. This implies that .some percentage of 
conne<:tions (less that 15%) would have poorer 
ana.log impairment levels and tbus provide poorer 
end-~end performance. ThLs Ls consistent with 
predivestiture Bell System use of the BER and 
BLER criteria in that the error limit..s ror 4.8 
kbit/s maximum were supported 00 85% of the 
completed connectioM with modems and circuit 
facilities provided by the Btll System. 
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Appendix B 
Functional Usage Guidelines 

81. General 

Thi, appendix i.s providi!d as &n aid in managing 
the use of TI _30 1 ADPC~ technology to achieve 
the tandem encoding limiLS specified In the 
standard for either Category I or Category 2 
signals. 

Both PSTN and private-network applications 
are addressed. It is assumed thaI. the only 
T1.301 ADPCM links in the connection occur in 
the EO and 10 networks and no allocation i5 
made tOt the USt of T1.30L ADPCM on the end­
user's side of the network interface (Nt). If 
T1.301 ADPCM i.s used on the end-user', side of 
the NI, the overalilimiu should be observed in 
order to achieve sati.sJaetory performance. 

B2. Private-Network Connections 

Figure 81 illustrates the component. portions of a 
tYPiCal private-network connection. For Cat.qory 
1 signals, each of the three portions (the first EC 
portion, the Ie portion, and the st<Ond EC 
portion) should conwn at most. one 
TI.301 ADPCM link. Each EC portion extends 
from the NI to the IC's point or termination 
(POT) and, in gl!neral, thl! two EC portions may 
bl! provided by diffl!fl!nt EC,. In I!ach EC 
portion, thl! EC respons ible ror providing .service 
shou ld limit the number of T1.301 ADPC~ links 
to onl!. It is the IC's responsibili ty to I!nsure that 
the total IC portion contains no mOfe than ont 
TI.301 ADPCM link. When more than ont IC is 
providing tht Ie portion, the IC overall service 
provider ha.s the responsibility ror meellng the 
overalllC portion T1.301 ADPCM tandem 
encoding limit. 

For .services supporting signals in Category 2. 
each of the three portions mu.s;t have lero 
T1.30l ADPCM links. 

For Category 1 siz:nals, ECs should provide 
voicegrade sJ)fi'iai access services that include no 
more than ooe T1.301 ADPCM link. 
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Special voicegrade access st.rvices that would 
support signals 10 Catqory 2 should have no 
TI.301 ADPCM links EC.s and ICs should 
coopt-rate In idenlirYlng service offenngs that. 
support Signals In Category 2 

B3. Public Switched Telephone 
Network Connections 

The applicauon of the TI.301 ADPCM tandem 
encodinslimlts to PSTN arrangements is similar 
to that for private network.s but. with additional 
conSiderations for the EC portioDs. The 
gUldehnes gIVen In 82 for both Category 1 and 
Category 2 signal cases are applicable to the IC', 
PSTN portion. 

Fiz:ure 82 illustrates a typical PST~ 
conn«tion Each EC portion has twO separate 
components 

(I) The end-user', strvice connectang to the 
end office (EO), which LS frequently basiC 
residential or business vcchange suvlce. but could 
be any servlee provldmg PST:"' connectloM at an 
EO 

{2} The ~runk-termlnated 5wltched-aceess 
arrangement trom the POT to the EO 

For Catez:ory 1 Signals. the EC ponlon, (rom 
NI to POT, should contain at most one TI .301 
ADPCM lank 

F'or services supporting slsnals In Category 2 to 
have 'ero TI lOt AOPCM links In the EC 
portion. bot.h the end-user 's service to the EO and 
the SWitched aceess service must have lero 
TI .lOl ADPCM links. ECs should prOVide 
conn«tlons With zero Tl 301 ADPC~f links from 
the Ie POT lO eac:h EO requested by the Ie. In 
addition. ECs should coopt-rate With end-user! 
and their a.&ents in idenu(Ylns the service options 
aVailable to obtain a path with nro TI 301 
ADPCM links between the 1\1 and the EO Many 
end-user servICes may be accommodated by the 
EC's prOViding a type of data option on the end­
user's service 

'J 

t 
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EC Portion -I- Ie Portion ·1· EC Portion 

END-
USER NI POT POT 'II , , , 

n , 
, 

I LQQe e 
, , 

, 
e LOOP, , 

NOTES: Ie . ID~euxch.nle curier; EC. Excban&, ca.rriu: POT· Point of LumiuLion: NI - NeL .... ork inLtrfact . 

Figure Bl 
Private Network. CODDeetion 

END­
USER 

I· EC Portion 

\l l 
L.e: EU ,. II! Ie ~wllched 
I Svc acct5S serVice , , 
: Note I EO , 

·1· Ie Portion 

POT , 

NOTES : II) AnI str.,iu ptondins PSTN rol'lbtctiollS to tad-users at 1.11 EO. 

·1· EC Portion 

POT Nt 
~ • .-JI"C,-,-,w,,"i '",.b.'d"--~ .... : ii\!:.j;E"UL,.~: 
I ac(t55 service : Svc I . ' 

' LOOP' 
EO Note t: 

END-
USER 

n 

END· 
USER 

(3) EO. End.User; Ie _IIILetuchanl' , .. tritr ; EC'"' u ehanl! cart ier; POT" Poi nt of tumilu,UolI; PSTN = P ublic 

SW,I.Chtd ttl~pbone neLwork; I'l l " Network iMufut . 

Figure 82 
Typical Public: Switched Telephone Network Connect.ion 

15 



Appendix C 
Bibliography 

The following documents contain information 
relevant to 32-kbit/ s ADPCM performance. 
AJlhough this list is by no means complete, it 
should serve Il!I a useful bibliography (or 
additional information on ADPCM performance 

• CLOBECO~I 1985 Conference Record , rEEE, 
December 1985. 

11] Matsumara" T.; Cambe, H.i Murano. K.; 
Ohhata, M. Implementation of CelTT 
standard 32 kbps ADPCM codee. 37.1. p. 
1118-1122. 

12] Charbonnitr, A.; Bonnet, J .M.; Picel, Z. 
Performance evaluation of the CCITT 32 
kbit/s ADPCM algorithm test sequences_ 
372. pp. 1123-1127. 

131 Ade, C.N.; .I\prille, T .J.; Crandell, J H" 
Kramer , E,J.; Vera, A J.; Warren , P _C 32-
KB/s ADPCM 10 the WesLern Elettrlc 04 
digital channel bank 37.3 pp. 1128-1132. 

141 Kalb, M ADPCM performance Imp&tt on 
voiceband data. 314. PP 1133-1137 

151 Sakaguchi, H.i ~1orimura , Y ; Haraka .... a , 
K; ~1aruta, R. .A"n Automated 32 !cbp!i 
ADPC~f Tran!icoder 375 pp 1138-11-12. 

[61 BanerJee , S, Feder, H. ; Kilm , T .• SparreU, 
o 32-kblt!!i ADPCM algorithm and hne 
format standard for U.s. networlu. 31 .6 pp 
11-13- 11·11 

• CLOBECO~ 1984 Conference Record, IEEE, 
Kovember 1984 

16 

11[ Daumer , W R.; Mermelstein, P .; Maitre, 
X.; Tokltawa , 1. Overview of the ADPCM 
coding algorithm. 23.1. pp. 114-111. 

j2[ Williams C , Suyderhoud, H. Subjective 
performance evaluation of the 32-kblt/s 
ADPC~ algofltbm. 23.2. pp. 778-785. 

13[ Rauho. J .M.; Belfield, W .R.; Nishitani, T . 
Objective test results for the 32 Icb/s ADPCM 
coder. 233 pp. 786-790. 

[-I[ Taka, ~f , ~faruta, R., LeCuya.der , A. 
Synchronous tandem a1goritbm ror 32 !cbit,ls 
ADPC~. 23.4 . pp. 191-195. 

151 Psimenatos, N.; Cruber, J.; Goddard, C., 
Mondor, D. The application of 32 kb/s 

ADPCM systems in telecommunicalloDS 
networks 23 5 pp. 196-802 

61 Kilm T ., parren,D Introducllon of 32 
Kb/s ADPC~I ~ulpm~nt IOlO the north 
ameflcan ott ..... ork 23 6 pp 803 -80; 

• CCITT Ref~rences 

III CelTT Recommendation G ;21, 32 kbit,'s 
Adaptive dilJutntial pulse code modulation 
(AOPCM). Rtd Book, Volume 111 - Fascicle 
111 .3, Malaga--Torremolinos, 1984 

12[ CCITT Recommendalion 0.721, 32 !cbll/s 
Adaptive differentLaI pulse code modulation 
(ADPCM) revised Geneva, 1986 

13[ CCITT Recommendation G 113. 
Transmission Impairments, Connections and 
Circuits, Red Book, Volume Ul - FMClde m I, 
Malaga-Torremohnos, 1984 

I-I[ G XVlU - Report R28 Source CCITT 
Sttretatlat , Report of the meeuns of worklOg 
party XVlU/2 (spe«h processing). 1983 
December 

(51 C XVlII - Report R24 Source CCITT 
Sttretaflat, Report of the meellns of workin, 
party XVlII :2 (speech processing) 1983 June 

161 G XVlII - Report R26 Source CCITT 
Sec retaflat, Rtport of the meeting of work 109 
party XVlll/8 (speec h proctsSlOgJ. 1986 July . 

• t\umerou5 TIYI contributions, 19S5-I!)i6 
Some examples are 

III Daumer. W R., Sparrell , D, FSK 
enhancements for the proposed TI VI ADPC~I 
a1gortthm. Document TIY\ 2/86-006. 1986 
January 5 

'2' Banerjee, S , Schweiler , R. ADPC~I 
performance ISSUes. T1YI 2 '85-083 1985 
July ,S 

131 Song, M , Venkatat.aman, S., :--larasimba, 
M P~rfotmance evaluation of modified 
algomhms. TIY12'86-007 1986 February S 

-I Rondeau . 0 Comparison of IS and 16 
level ADPC~f quantillng TIYI.2 f85-060 
1985 May .,!, 



• 

• 

• 

Ready Access to the 
World's Standards through ANSI 

Are you seeking a standard vital to your interests? Turn to the American National 
Standards Institute, which performs a unique function as America's clearinghouse 
and information center for national, international, regional, and foreign standards. 

ANSI is the sole source of all approved American National Standards. In addition, 
the Institute is the U.S. source for all international standards and drafts of the 
International Organization for Standardization (ISO), International Electrotechni· 
cal Commission (lEC). and of the publications of ISO member bodies. And that's 

not all ... 

Here 's a capsule summary of the wealth of materials available from ANSI -

STANDARDS 

.AII approved American National Standards in print. A standing order service 
is available to standards users who wish to receive new and revised standards 

automatically . 
• ISO and IEC International Standards 
. ISO Draft International Standards 
. IEC Six Months' Rule Drafts 
. CEN Proposals _ Draft European Standards developed and issued for preliminary 

vote by the European Committee for Standardization tCEN). 
• CENELEC/CECC Proposals _ Draft specifications issued by CECC, the Electronic 

Components Committee of the European Committee for Electrotechnical Stan· 

dardization tCENELEC) 
. Standards of 75 national standards organizations that belong to ISO 
• English translations of thousands of foreign standards 

CATALOGS 

. Annual Catalog of American National Standards. Supplements are published 

several times a year . 
• Latest catalogs issued by ISO, IEC, and 65 members of ISO 
• Foreign catalogs in English translation 
. Specialized listings of American National Standards in fields ranging from infor-

mation processing to safety and health 

Available in Microform 
American National Standards are available in microform from Information Han­
dling SeN tees II HSI. I nverness Business Park, 15 Inverness Way East, P,O. Box 
1154, Englewood, Colorado 80150; lei 1303) 790-0600. All ISO and IEC stan­
dards may also be obtained in microform from IHS. 



American National Standards 

The standard in this booklet is one of 8000 standards approved to date by 
the American National Standards Institute. 

The Standards Institute provides the machinery for creating voluntary stan­
dards. It serves to eliminate duplication of standards activities and to weld 
conflicting standards into single. nationally accepted standards under the 
designation" American National Standards," 

Each stctndard represents general agreement among maker, seller, and user 
groups as to the best current practice with regard to some specific problem. 
Thus the completed standards cut across the whole fabric of production, 
distribution, and consumption of goods and services. American National 
Standards, by reason of Institute procedures, reflect a national consensus 
of manufacturers, consumers. and scientific, technical , and professional orga­
nizations. and governmental agencies. The completed standards are used 
widely by industry and commerce and often by municipal , state, and federal 
governments_ 

The Standards Institute. under whose auspices this work is being done, is the 
United States clearinghouse and coordinating body for voluntary standards 
activity on the national level. It is a federation of trade associations, techni ­
cal SOCieties, professional groups, and consumer organizations. Some 1000 
companies are affiJiated with the Institute as company members. 

The American National Standards Institute is the United States member of 
the International Organization for Standardization (ISO) and the Interna­
tional Electrotechnical Commission (I Eel. Through these channels U.S. stan­
dards interests make their positions felt on the internationalleve/. American 
National Standards are on file in the libraries of the national standards bodies 
of more than 60 countries. 

American National Standards Institute. Inc 
1430 Broadway 

New York, N.Y. 10018 
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