
FUTURE UCS OBJECTIVES IN COMMUNICATION NETWORK 
TIMING AND SYNCHRONI%ArI'ION 

,J. R.  Mensch 
Defensc Communications Agency 

AESTRACT 

The Defense Conll~lunication System will bc moving rapidly toward providing 
switchcd digital service to i t ' s  users within the next tcn years. The principal 
driving forcc in the transition to a digital system i s  the recluiremcnt for  high 
performance secure voice scrvicc. Additionally, the ,mticipatcd data require- 
ments in this time frame c:Ln bc handled most effectively by a digital network. 
The characteristics of ;I switched digital network which imposc timing and syn- 
chronization requirements on the systcnl dcsign will be presented. 

Scvcr:il alternative approaches to implcmcnting :t timing sulxystem suitable for 
n switchcd digjtal communications system liavc becn considerecl. These include 
pulse stuffing, indepcndcnt stnblc clocks, and cloclc correction tccbnicyucs. The 
adv:tntages and disadvantages of each approach will be djscussed relative to both 
the strategic and tactical comrnunjc:ition system requirements. 

An jnter-agency committee workccl through mjd-1973 to develop recommended 
parameters for interopcr:ibility bctwccn the v:~rious DoD communications sys- 
tems, allied systems, and thc commercial networlis. 

BACKGROUND 

Syschronjzation in a communications system c:in be consitleretl on a t  least three 
different levels-tcrminal-to-tcr~ninal , l ink,  and network. Terrninl~l-to-terminal 
synchronizatjon i s  widely used today for digital comm~micntions between data 
terminals using modems connected by circuit-switclncd or dcdicatcd analog chan- 
nels. The terminal device, or  tlic transmit portion of the rnodcm, providcs 
trlmsmit clock. The receive motlem tlevelops timing from the incoming data 
stream (transmitted a s  quasi-analog signnls through the analog ch:inncl), and 
tletects and regcncr:ttes t l ~ c  digital data. E'rnnze synchrnniz~~tion is developed 
by the terminal equipment as  requirecl. Thus the terminals, consjstjng of digi- 
tal dcviccs and motlcms, :ire designed to operate over half-duplex or full-duplcx 
circuits, and dcvclop timing and synchronizntion between the calling- ant1 called 
terminals independent of the nctworl<. 



Link synchronization is  used in digital multiplexing, such a s  in the commercial 
T-type P C M  carrier equipment. In the primary channel bank a group of analog 
channcls (24) a re  digitized and combined into a single digital stream. Timing i s  
supplied by a clock internal to the ch'mnel bank. The digital stream i s  either 
transmitted to the distant link terminal via cable or  radio, or  i s  combined with 
several other similar streams in a second level time division multiplexer (TDM). 
Since each channel bank has an independently derived time base, the TDM must 
asynchronously combine the various inputs to obtain a single higher rate output. 
The pulse-stuffing technique is  used, whereby pulses are  added to each input as  
nceded, to bring all inputs to a single common higher rate. These added, or  
"stuff", bits are deletcd at the receive terminal using information carried on a 
control channel associated with the second lcvcl multiplexer. In this case, a s  
in the terminal-to-terminal case, timing and synchronization is provided between 
transmit and receive channel banks. Thc nctwork has no synchronization re- 
quirements. The individual channels need not be synchronized with one another 
because the digitized multiplexed channels a re  returned to thcir analog form 
(whichdoes not require timing) at  each switch. A circuit may be digitized a 
second timc at  the output of a switch, but it will bc to a new time base established 
by another PCM channel bank. 

Network timing and synchronization must be considered when digital multiplexed 
channels a r e  to bc switched. This follows from the requirement for many dif- 
fcrent digital channels originating at  various points in the nctwork to be simul- 
taneously passing through the switch with varying connectivity. If the switch uses 
time division switching, all these channels must be operating on the same time 
base as  thc switch. Even if a space division switch i s  used, where common 
timing i s  not rcquircd in the switch, common timing will nevertheless be required 
at the multiplexing point. That is, i1 the channel carrying digital signals from 
device "Att i s  to be multiplexed with the channel servicing device "B", these 
channcls must be synchronous. 

Precisc network synchronization i s  funclamental to maintaining hit integrity in a 
digital switched system. Even when high error  rates a re  expcricnced on the 
transmission mcdi a,  or when the multiplex equipment loses framing and generates 
an error  burst, if the time base is accurately established between thc two nodes 
the system can maintain synchronization through the link interruption. This 
justifies a prccise synchronization specification. 

NETWORIT SYNCHRONIZATION CONSIDERATlONS 

There a r e  two principal :ipproachcs to achieving network synchronism-(1.) oper- 
ate all terminals independently and use the pulse stuffing technique to align the 
channels at  thc switches and multiplex, cznd (2) develop a form of synchronous 
network such that all equipment is  operating at a constant frequency or  time base. 



1 .  Although the channel pulse-stuffing technique is technically sound, and offers 

I the possible advantage of avoiding network synchronization problems, the tre- 
mendous proliferation of swf-destuff devices and attendLane cost, reliability and 
maintenance problems, ctc.,  act to negate this advantage. Thcse devices would 
he required a t  every digital channel terminal, a t  every channel termination on 
a digital switch, and a t  every channel input to n multiplexer. No digital nctwork 
now in the planning stages is known to he haserl on individual channel pluse- 
stuffing, Thus only thc alternative of :t synchronous nctworli i s  considcrcd fur- 
ther  in this paper. 

The definition of 77synchronous nctwork" can bccome highly complex and unen- 
lightening. From a practical viewpoint, the principal parameter i s  the pcriod of 
time over which synchronism i s  maintained. F o r  example, a pair  of intcrcon- 
nccted Tcletype mtichines are  synchronous for thc period of one character.  Sim- 
ilarly, an independent clock technique is dcscrihed Iztter which provides network 
synchronism for periods on thc order of one day. The objective for the Defense 
Communications Systcm (DCS) is network synchronism for  an unbounded period 
of timc, which requires the sarnc nveragc frequency :it all nodes of the networli 
over some specified period of time o r  equivnlcntly, the maintenance of a time 
coherence with some fixed, specified tolerance between all nodes of the network. 

In addition to the nctwork timing systcm which j)rovides the time and/or frequency 
base throughout the system, 7'clastic77 buffers a r c  reyuirccl at the termination of 
each transmission linlc a t  :I network node. Tllc purpose of this buffcr i s  twofold: 
(1) to provide a reservoir  of hits to adjust for  instantaneous differences in the  
transmitting receiving rates at the two ends of the link, and (2) to adjust for 
variatjons in thc ahsolutc time delay through the link. Thc size of thc buffer 
will dcpend on the magnitude 01 thesc two factors, and on thc digital rxtc of the 
link. Thus clock tnlerancc :inti buffer size, adjusted by path delay variations, 
can be traded to obtain the most effective systcm design. 

A numbcr of network synchronization techniques a r e  capable of satisfying the 
basic communications requirement for lcecping hits in thc proper serluence at 
time division multiplexers and/or switches. Thcsc include such concepts as: 
(1) timing derived from external sources such a s  thc Idoran-C navigation sys- 
tem, (2) an independent clock system in whjch precise cloclrs a r e  p1:tced a t  
each node, (3) discretc control correction (a form of frequency nveragjng) in 
which a weighted averagc of the contcnts of the storage buffers a t  each node a r e  
uscd to correct  the frequency of the nodal clock : ~ t  discrete intervals of tjme to 
prevent buffer overflow, and (4) time reference distribution in which timc re- 
ference information i s  distributed over evcry transmission link of the network 
to a s su re  that all  nodal clocks of the network have the sarnc time. 



Onc presently planned communicntion systcm (TRI-TAC) will usc the independent 
clock system with a tolerance on frecluency rathcr than time. The principal ad- 
vantage of this technique i s  that the timing of each node is  self sufficient and inde- 
pendent of the rest  of the network, which i s  a highly desirable property for a 
tactical, mobile system. Atomic standards will be employed at  each node to 
provide a frequency accuracy on the order of one part in 10  ' '  . This accuracy 
permits the use of rcasonablc size buffers to cqualizc the frequency difference 
between nodes for  periods up to 24 hours. The buffers a rc  reset, with attcnded 
link interruption, whcn required. The impact of link interruption lor buffer re- 
set  is considered undcsirable, and it is not acccptable for a strategic world-wide 
communication system. 

A different techniquc, which avoids the buffer reset  rcquiremcnt, obtains the 
time reference for the nodal clocks from a source external to thc communications 
system. Several sources could be used such as  Loran or navigation/timing satcl- 
lites. The use of Loran-C to provide the referencc imposcs the least technical 
risk of all the different techniques. It can be made compatible with other systems 
if satisfactory standards and buffers a re  provided. Its accurate time can bc 
used for the resynchronization of switches, multiplex, ,and cryptographjc equip- 
ment. It i s  an existing techniquc for which considerable experience has been ac- 
cumulated. Tt could be implemented with a high degree of confidencc. However, 
the survivability of a communication system based on an external reference sys- 
tem must be considered, since the required use of an external reference systcm 
for the DCS would make that timing system a lTdesiredT1 target. Also Loran-C 
presently docs not provide world-wide availability, thereby limiting its application. 

The discrete control correction system uses the weighted average of the contents 
of all of the buffers at  cach node to make frequency corrections to that nodal 
clock at  discrete instants of time. The timing a t  the nodes is independent except 
at these discrete corrcction times. Studies have shown that this technique pro- 
vides a stable network and frequency base, ,md that its frequency can be locked 
to that of an cxternal network by sclecting the proper weighting factors. Its ma- 
jor advantages a r e  simplicity of implementation and thc lack of :my requirement 
for resetting of the data storage buffers. 

The time reference distribution system might bc considcred to be an upgrading 
of the TRI-TAC independent clock technique, wherein the clock time nt each 
node is  corrected instead of resetting the buffers. In this concept the communi- 
cations path is  used for the distribution of a time refcrence. This referencc is  
based on the master clock in the system; e. g., the Naval Observatory. All nodes 
have their time traceable back to this master. If the master is  lost, provision i s  
made to pass this function to another  qualified" node in the system. When con- 
sidered from an overall system point of view, including system monitoring, 
maintenance, troublc shooting, and the application of future technology, i t  has a 
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many aclvnntagcs. Since a time referencc is availnblc from every incoming link 
at  a node, each node will always have a time reference if it is connected to the 
network. Thus the technique is highly survivable. Its major disadvant:tge is 
that i t  is somcwhat morc complex t11:tn other alternatives m d  has not been proven 
in prncticc. Howevcr, jts concepts a r e  closely enough related to systems which 
havc been o r  a r c  being- implcmcnted so that i t  can 1)e approached on an cvolution- 
a ry  basis with a high degree of confitlence. Refer to "A Timc Reference Distri- 
butjon Concept for  a Timc Iljvision Communication Nctwork" for a more detailed 
discussion of this tcchnique. 

I DOD IN'liEROPERAB1LITY COMMITT KT;: RECOMMENDArrIOT\TS 

Interoperability among thc DCS, tactical systems, forcign allies, and domestic 
and loreign commercial systems is dccmed an esscntinl recyuiremcnt in the de- 
sign of futurc systems. Common, o r  intcroperahle timing rind synchronization 
between these systems i s  :I b:isic parameter in achieving this reyuiremcnt. To 
address this, nntl the mnny othcr parameters involved in intcroperability, a joint 
committce was formed operating under the co-chairmanship of DCA, TRI-TAC, 
and NSA. Also participating were the representatives of thc military serviccs 
,and thc OJCS. The rcport of this committee, "Final Rcport of Committee on 
Interoperability of L)oD Telecommumjcations", dntcd 20 September 1973, contains 
recommenclntions for common or  compatible vnlucs, methods, and procedures 
for the system par:~mcters considcrcd to h:we an impact on the ability to provide 
end-to-end encryption of DoL) telecoinmunjcations systems. Specific recommen- 
dations a re  made for network timing and synchronization. 

Several forcing factors drive the selection of the timc/frequency nodal tolerances 
fo r  the Don communications systcms. These include the considerations for tac- 
tical applicatjons, performance suitablc for the long-hnul DCS, and the need to 
maintain bit-count integrity for satisfactory ovcrnll digital system performance. 
Tactical applications involve optimizing parameters for simplicity, survivability, 
flexibility, casc of movement, and reconstitution of nc-tworlr operations. In the 
iight of these requircmcnts, an independent clock system with frequency tolerances 
was spccified as best meeting these tactical requirements. IIowcvcr, buffers 
must be reset  on occasion, cn.using traffic intcrruptions. Since intcrruptions to 
the DCS ca r ry  a much greatcr imp:& such n systcrn in unscccptable for thc UCS 
unless other approaches cannot bc proven or  aye substnntially more costly, 

Recognizing the ncar-term need for digital systems, tllc committee rccommended 
that cquipment under current development continue to utilize the inclependcnt clock 
approach designed to mcct the specific:ltion tolerances of TRl-TAC (Tablc 1). 
This frequency tolerancc (one part in 1 0  ' l  per clay), combined with properly sized 
buffers, will limit buffer rese t  to a t  most oncc per day when frequcncg standards 



Table 1 

TRI-TAC Timing Specifications 

Frequency Tolerances 

Pr imary  STD I--- Secondary STD Backup 

1 x 1 0 - l v d a y  1 x 10 -' l/day 1 x l oT9  /day 

1 x 10-"/~i mos. 1 x lo-"' /Ci mos. 

Sctting Accuracy Repeatibility 

Pr imary  STD ---- Secondary STD Secondary STD 

1 x 10-l1 1 x l o - "  3 x 10-I' 

a t  adjacent nodes a r e  far  f rom their nominal v:tlues in opposite directions. Such 
current development must not preclude the future inclusion of some form of net- 
work cloclc correction technique to  provide the future capability for long-term 
network synchronization, fail-safe operation in the equipment failure mode (that 
i s ,  utilization of the independent clock systcm in a fall-back mode). ,and avoid- 
ahce of the need t o  r e se t  buffers. 

As an objective for the ultimate Don, a t ime tolerance 01 *2 microseconds be- 
tween any two major nodes was recommended. Minor nodes, such as PABXt s, 
could be slavcd to  major nodes and must provide independent timing to their sub- 
scr ibers  whenever such minor nodes become isolated from the network. 

The TRI-TAC timing requirements will be  met through the use of atomic fre-  
quency stnndards. Tactical atomic frequency standards a r e  proven and their 
costs ,  including the required buffers, a r e  a small fraction of the nodal costs. 
Their performance i s  two orders  of magnitude better than currcntly planned 
commercial standards. Therefore, no difficulty with commercial interfaces is 
expected in this respect. As techniques a r e  proven and implemented to attain 
the ?2 microsecond t ime tolerance objective for thc  ultimate system, both fre- 
quency standard and the time standard can coexist in the network without diffi- 
culty o r  constraint. 

CONCLUSIONS 

The adoption of the recommended frequency standard for the implementation of 
near-term DoD systcms will result in garbling a relatively small amount of 



traffic when buffers a r e  reset. While this standard is in  use, care should be 
taken jn network operation to minimize this effect. Such carc  includes: reset- 
ting whenever traffic is interruptcd for other purposcs such a s  crypto key change 
on thc link; prep1,anncd resetting at  low traffic periods; and off-loading of switchcd 
traffic prior  to resetting. 

The recommended objective for future I3oD systems rcquires time cohcrcnce to 
a specified tolernnce throughout the network. Although time coordination among 
the many nodes of a large communjcations network has not been accomplished, 
the basic concepts involved have been exercised in the coordination of such Navi- 
gation networks as Omega ancl Idoran-C, and through the DSCS time transfer 
program. Thus, it is belicvcd that a long-term coherence betwccn nodes of a 
network i s  a feasible and useful objective for  communications pui-poses, and will 
provide a prccise source of timc to other users a s  well. 



CJUESTION AND ANSWER llERIOD 

DR. REDER: 

Did I undcrstand you right that you said the 'I'RITAC commjttee recommcntlcd the 
use of the atomic standards with the provisiol~s that they a r e  not supposed to be 
rcsc t  to the standard in frequency more oftcn than once a month-once in six 
months ? 

MR. MENSCH: 

As 1 understand it, if rubidium standa.rds were used, they would have to be rese t  
in Irecjucncy occasionally. If they were used-thcrc i s  a contractor option. Thc 
contractor chose to go cesium, thcre i s  no resc t  requirement in that type of 
clock, a s  1 understand it. 

DR. REDER: 

This is my question. 1s there no requircmcnt? I think there is .  If you do not 
allow for  resetting the crystal,  for  instance, in the SOGl, you may be i n  trouble, 
if  the requirement i s  1 par t  in 10 to thc I l t h .  

MR. MENSCH: 

Will that cesium clock stay within absolute center accuracy, to within 1 part  in  
10 to the l l t h ?  

DR. REDER: 

J have my doubts. 

DR. WIN'ICLER: 

I think therc i s  a misunderstanding here. 

So far a s  I undcrstand your rccluirements, Mr. Mensch, the emphasis i s  on ex- 
ternal reference. In other words, this, what you a r e  referr ing to, would have 
to be incorporated in the maintenance instructions for that cesium stantlard. It 
i s  t rue that the cesium standard if left all  by itself for  one-half year  would not 
nccessarily stay within 1 part  in 1 0  to the l l t h ,  but that can be taken ca re  of 
following the instruction manuals in reference to the cesium standard itself. 

That is, in my opinion, fundamentally different from the situation with the rubid- 
ium standard where you will have to make even larger  adjustments, with respect 
to an external reference. 



MR. MENSCH: 

T h i s  is m y  understand in^ also,  D r .  Winlcler, that in the casc  of rubidium, sorne- 
thing, lilie the traveling clock, o r  some ~ x t e r n a l  means would have to be  brought 
in  to that terminal in orcler- to bring that wjthin the tolernnce window that would 
be :11Iowed. 

Apparently I took too li terally whnt you said .  Tf you permit  maintenance, which 
means you watch the meter ,  and if the e r r o r  lncter  shows a deviation morc  than 
a certain amount, that you a r e  permitted to r e se t  i t ,  finc. 

T thought m:iybo there was son~ehody standing with a fly swatter  and you know, 
I<nocl< you on thc hnntl o r  sonietlling if you touch it. 

(Laughter. ) 

May 1 perhaps add to this cliscussion 13y saying that the cur ren t  view is in my 
country now, my own and some of n?y colleag-ues, about the use  of ruhidium 
versus  ces ium? Wc intend to usc n ~ b i d i u n ~  on the relatively low lcvel,  low rank 
cxchangc-not thc lowest, hut low rank eschangcs, and wc will  s l :~vc them to 
cesium st:lndards in the country. 

You just have to look :it the resul ts  in the U. S. Naval Observatory-they kept a 
par t  in 1 0  to the 12th ovcrb six months. 

MR. MENSCH: 

This would be in more  of a synchroni7erl network. Now, in 111c 'L'RITAC thing T 
a m  referr ing to, l e t ' s  assurnc that thcy implement the equipment that i s  uscd at  
a node with a rubidium standartl. Thcsc would be sprinliletl throughout a ne t -  
work. Thcrc would be  no synchronization o r  adjustmcnts between them. There 
would just be huffers between thcm, and those buffers a r e  large cnough to soak 
up that frequency difference over  some period of t ime,  like 24 hours. 

If that buffer fills in that period of t ime, you thcn push the button, throw some 
bits away, and s t a r t  over.  'I'hey will also automatic:~lly push that button if the 
link fails between them, if you have a fade. There i s  another aspect of this,  
that this link will bc incrypted, and prriodically we hnve to comc in and chnnge 
the variable in that crypto equipment, a t  which t ime again we drop sync. 



So, it js not just due to frequency e r ro rs .  Will we have an opportunity to, lets 
say, not just to buffcr fill o r  cmpty, will wc havc :I situ:~tjnn where we have a 
loss of sync and get to reset the buffer. 

But the point is  that each of these nodes in the network is free-running, but thcy 
a r c  synchronous for a finite period of time. 

Now, we in the long haul business, let's say, of the Defense Communications 
System, do not want to design a system that requires us to drop sync on purposc, 
so we :ire staying on top of that now, let us correct those cloclis by somc means, 
either through external timing systcm, o r  by distributing time through our net- 
work, and a s  long a s  we keep those clocks corrected ~verybody i s  happy. If we 
do lose that system, we will thcn fall back in a fxil safc rnodc to running inde- 
pendently over :t short perjod of timc, as short as 24 hours. 

Now, thc interesting aspect, if we look at  the impact of the satellite systems in 
such a communications network, since satellites will be-arc becoming, if we 
ever get some satellites up that work, a very important modc of communicntions. 
Thc potential variation in that path, depending on the stability of the orbjt itself, 
but wc could cnd up with hundreds of thousancls of bit buffers tn soak up the abso- 
lute path delay variations of n satellite link, if we a r e  working on the order of, 
let 's  say, a megabit o r  two, of our communicntions link. And we do have somc 
orbital perturbations jn that bird. 

We a r c  talking about fairly sizeable buffers, and a r c  acccpting the fact that in a 
synchronous network this  must be. Now that will be a special box jn the satel- 
lite link, as  opposed to the land situation. 

May I make another comment here, not a question but a comment. 

It is  in regard to the frequent reference to a mnstcr rcference standard-pre- 
sumably they use the U. S. Naval Obscrvatory's master clock. 

In view, however, of any of these systems really being totally worldwide, the 
cluestjon of possible interfricc with NATO o r  other allies incvitttbly arises.  And 
here, I would like to inform you that, for  those who do not follow the time scale 
bulletins regularly, that we have demonstrated the capability durjng the last 
seven months o r  so, to stay within one-tenth of a microsecond of the interna- 
tional time reference. 



It is our. hclicf th:tt even with very small varjntions in I A T ,  the intcrnntjon:il 
rcferencc time, that ~ v c  can sufficiently well in advnncc predict these changes 
to stny snfcly within one microsccontl. Actually, we havc done ten t imes better.  

So, gjving you a numhcr of two n~icroscconds ,  to which you want to Icccp a l l  thesc 
clocks, I think that you h:lvc already a system avniIahle jn which you have ncccss 
to any nf the national rc f r renccs  in the international systcm, :~nd  for  which cor- 
rections to 0.7 ~ ~ i i c r o s c c o n d s  :I re lcnown. 

MR. MENSCII: 

You a r e  saying you n rc  demonstr*ating the feasibility of hcing able to achjevc this. 

YES, l 'hese nunlbers are  published in advnncc, in fact ,  We extrapolate thc dif- 
ference betwccn the mas t e r  clock nnd the jntcr.nationa1 BlII t jmc, and if you 1001; 
a t  the B1IJ bullptin Scrips n, which wc tlistributr upon recluest, jfyoulookthrough 
thcse you will fjntl that wc only h;~vc random fluctuations ;irouncl zero,  minus 
one-tenth, plus one-tcntli :]round zero. It can be donc. I a m  quite confident that 
wc will continue to (lo so in the f ~ ~ t u r c .  

MR. MENSCH: 

Dr. Winkler, you m:tde one point thnt T had a note that 1 rlidn't mention, and j t  

cornes up this way, that are will also have :I recpirement to interfncc o u r  rligitttl 
network with commercial peopl(1. 

We a r e  cncournging, and plcacl with anybody that i s  hcrc ,  thnt the commercial 
systems also considcr operating off thc same mas te r  clocl;, for  international 
t ime, to case  the problcm of whcn we hook our  channels to them, if they a r c  run- 
ning on :i separate  t ime h:isc, we ~ I ' C  going to h a v ~  to hnvc an awfully big buffer, 
o r  rese t ,  and this becomes a p ~ n h l c m ,  hec:iuse the ~na jo r i t y  of the Defense 
Communications Systems is lcasecl ch:] n n ~ l s  to thc common ca r r i e r s .  We do not 
own the majority of ou r  circui ts ,  

We a r e  hoping these common c a r r i e r s ,  such 3s the Hell 1)igital Dat :~  system, 
DATItAC, NCI, c t  ce te ra ,  will go toward not only llaving mas te r  slnvcs,  but that 
their  mas t e r  clock becomes time cohcrcnt with thnt of ou r  mas t e r  refcrcnce. 



Yes. There i s  yet another problem which h a s  to be addressed, o r  not forgotten, 
and that is the establishment of a wcll-dcfined hierarchy jn the interest of sur- 
vivability. 

MR. MENSCH: 

This i s  a point that I think was made in Stover's papcr-. Thesc rules provide 
exactly this, that there i s  built into that type of a system, o r  a master  slave 
system, n procedure that il you lose your master  clncli, you have a graceful 
passing down of the master  responsibility. 

DK. WINKLER: 

And that is ex:ictly why we want to use precision clocks, and that is whcrc the 
diffcrencc between a synchronizcd system and a coordinated system is most 
striking. 

A synchronizcd system does not operate with :my inertia. However, a coorcli- 
natcd systcrn, once you have all your clocks j11 operation for  a couple of wecks, 
you can actually completely cut your communications, :is we have donc in other 
systems already, and you will stil l  stay within a microsecond for  a considerablc 
p e ~ i o d  of time, 

We havc time for  one more question? 

MR. CH1: 

In view of your stated requirement of a par t  in the 11th per  day, a.nd plus o r  
minus two microseconds, and especially if you use a hierarchy does it  not mean 
also that almost any kind of standard with reasonable stability, such a s  a crystal,  
shoulcl also he consiclcrcd. Tt i s  just a matter of tradeoff, with the frequency of 
correction a s  well a s  the costs. 

MR. MENSCH: 

And the size of the buffers that a r c  to be used. It i s  a tradeoff. 

So, the tactical people a r e  going to this atomic clock version such that they can 
havc their little node, o r  their communicntjons node, and put them and move 



them several t imes 3 (lay, and not have thc networli synchronization problem. 
They just turn i t  on :tntl thcy a r e  311 set. 

This js the tactical doctrine. 

In the IICS, whew we do not h;rvc the mobility recluircmcnt, we can see  a sprink- 
ling of precisc cloclts, I)e they atomic o r  disciplined, o r  howcvcr we achieve it. 
But thnt it i s  coorrlinatecl, :IS Dr .  Winliler says, thnt they may very well be. The 

majority of our nodes may be disciplined rluartz oscillntors, for cxnmple, from 
the cost effective standpoint. Ccrtainly with seven hundred nodcs scattered 
around the world wc do not want to h:ivc triplc redundancy cesium beam stand- 
a rds  every plncc, just fro111 :I m:lintcn:incc st:tntlpoint. 

Hut certainly a t  o u r  major switching nodes it would be a goorl idea, since these 
would be the nest step in the evolution of hierarchy. 

So, the big cost gain is yet to be done. Wc havc not done this, although this then 
i s  going to hc part  of the choosing of what conccpt i s  used to ar r ive  a t  tlljs tirnc 
coorclination, and this i s  our  ncst stcp of study to select and recomrncnd t h c  
appropriate conccpt for a luisulle system. 

MR. EASTON: 

Thank you very much, M r. Menscll. 




