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1 Introduction 
Synchronization is a critical function for any telecommunications network. A failure of the 
synchronization supply can have severe consequences. Therefore synchronization networks 
must survive those failure conditions that may occur with a non-negligible probability. There 
are several means, by which the robustness of synchronization supply can be improved: 

 Multiple Primary Reference Sources (PRS) and multiple synchronization routes from the PRS 
to sites and equipment; these routes should be geographically independent, so that link 
failures affect only one of the synchronization links, leaving secondary links intact. 

 The capability of clocks to autonomously generate a sufficiently accurate synchronization 
signal  when all incoming synchronization links have failed. This is called the holdover mode. 
Timing Supply Generators (TSG) are designed to provide highly accurate holdover 
synchronization which guarantees normal or nearly normal operation of the network for 
some time. 
 

This Application Note deals with the following question: "For how long may a TSG stay in 
holdover mode while guaranteeing normal operation of equipment and systems it 
synchronizes?" The answer to this question gives important indications on how fast 
synchronization failures should be repaired.  

2 Network Performance 

The performance of a synchronization network is usually expressed as a wander level measured 
at specific synchronization interfaces in the network. Synchronization interface performance is 
specified in ANSI T1.101, chapter 7. ANSI T1.101 specifies different wander limits for two 
different reference interface types, i.e. for DS-1 and OC-N reference interfaces. Figure 1 shows 
the MTIE limits for normal operating conditions. The figure shows that the MTIE limits for the 
two interface types are equal for observation times above 280 seconds.  ANSI T1.101 also 
specifies TVEV limits. And there are different specifications for normal operating conditions and 
degraded operating conditions. However, it is the MTIE limit for normal operating conditions 
which is used for calculating the so-called Holdover Autonomy. 
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Figure 1: MTIE limits for DS-1 and OC-N reference interfaces under normal operating 
conditions 
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3 Definition: PRS Holdover Autonomy 
Normally a TSG is locked to an input reference signal. If all input reference signals fail, the 
TSG enters holdover mode. In this operating mode the TSG's internal oscillator becomes 
the autonomous reference source. Oscillators used in TSGs are usually either quartz 
crystal oscillators or Rubidium oscillators. Their output frequency changes with time and is 
dependent on environmental temperature. As long as the resulting wander stays below 
the limits of Figure 1, the synchronized equipment and systems continue to operate 
normally. The interesting question is: "For what maximum holdover period is this the 
case?"  This time period is called the 'PRS Holdover Autonomy Period'. Since the holdover 
performance of an oscillator depends on temperature conditions, the PRS Holdover 
Autonomy Period does also. 

4 Holdover Autonomy of Oscilloquartz Products 
The purpose of this Application Note is to describe the Holdover Autonomy of Oscilloquartz 
products under all kinds of temperature conditions. Figure 2 to 6 illustrate how Holdover 
Autonomy is derived from the MTIE limits and from the holdover performance of two 
oscillator types commonly used in Oscilloquartz products. The Rb RMO is a rubidium 
oscillator used in Stratum 2 TSGs. Figure 2 to 6 show the holdover behavior (expressed as 
an MTIE curve) of the two oscillators for different temperature conditions. Figure 2 is for 
constant temperature. The other 4 figures assume that temperature has changed by 2, 5, 
10 or 20 °C since the instant in time when the TSG entered holdover mode1. The PRS 
Holdover Autonomy Period is equal to the Observation Time (horizontal axis) where the 
holdover curve crosses the T1.101 limit. In all five figures, the intersection occurs within 
that Observation Time range where the two limits for DS-1 and OC-N reference interfaces 
are equal. Hence the PRS Holdover Autonomy Period is the same for both reference 
interface types. 
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Figure 2: Holdover performance under constant temperature conditions 

1 For simplicity the calculations assume an abrupt temperature change occurring immediately after entry into 
holdover; this theoretical case is more severe than any other realistic scenario.



 

 

 

 
  

 

Holdover Autonomy of Timing Supply Generators and BITS Clocks page 4  

 

 

1.0E-9

1.0E-8

1.0E-7

1.0E-6

1.0E-5

1.0E-4

1.0E-3

1E-2 1E+0 1E+2 1E+4 1E+6 1E+8

Observation Time [s]

MTIE [s]

T1.101 Limit  for OC-N Reference Interfaces

Holdover with OCXO 8663

Holdover with Rb RMO

 

Figure 3: Holdover performance with 2 °C temperature variation 
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Figure 4: Holdover performance with 5 °C temperature variation 
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Figure 5: Holdover performance with 10 °C temperature variation 
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Figure 6: Holdover performance with 20 °C temperature variation 
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In is important to note that the holdover curves depicted in the figures are calculated from the 
manufacturer's guaranteed holdover performance specifications1. Measured holdover 
performance is always better than the specified performance. It follows, that the Holdover 
Autonomy values derived from the figures are not just typical, but implicitly guaranteed2 
values.  Table 1 gives a summary of the PRS Holdover Autonomy Periods. When comparing 
with values published elsewhere, one should remember that typical Holdover Autonomy Periods 
can be 100 % to 200 % better than the calculated values of Table 1. 

Table 1:  Guaranteed PRS Holdover Autonomy Periods for oscillators used in Oscilloquartz 
products, as a function of the magnitude of temperature variations3 

Oscillator type OCXO 8663 Rb RMO 

Const. temp. 12 hours 12 days 

2 °C 7.5 hours 5.3 days 

5 °C 5 hours 1.4 days 

10 °C 2.8 hours 11 hours 

20  °C 1.6 hours 4.7 hours 

 

 

5 Oscilloquartz Products 
The oscillators OCXO 8663 and Rb RMO are used in many Oscilloquartz synchronization 
products. Table 2 shows which oscillators are available in which product. 

Table 2:  Oscilloquartz product types containing the OCXO 8663 and Rb RMO oscillators 

Oscillator product OCXO 8663 Rb RMO 

OSA 5548B SASE X X 

OSA 5581C GPS-SR X X 

OSA 5240 GPS X X 

OSA 453x GPS X  

 

 

 

 

1 Assumption: before entering holdover mode, the TSG was locked for at least 8 hours to a reference which is 
itself within T1.101 performance limits for DS-1 interfaces 

2 Under the above assumptions 
3 For simplicity the calculations assume an abrupt temperature change occurring immediately after entry into 

holdover; this theoretical case is more severe than any other realistic scenario. 
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6 Conclusion 
The PRS Holdover Autonomy Periods given in this Application Note are important for the 
design and for the operation & maintenance of any synchronization network. During the 
design phase Holdover Autonomy is a crucial factor for deciding where to deploy what 
kind of TSG or BITS clock. Visibly Stratum 2 clocks provide the best holdover protection. 
They should be installed in sites where the amount of traffic affected by synchronization 
link failures is high, or where repair times are long (e.g. remote sites), or where there is 
only one incoming synchronization reference available. On the other hand, knowing the 
Holdover Autonomy helps in planning operation & maintenance procedures which best fit 
the autonomy provided by the deployed TSGs or BITS clocks. 
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8 Abbreviations 

Table 3: Abbreviations used in this Application Note 

ANSI American National Standards institute 

BITS Building Integrated Timing Supply 

DS-1 Digital Signal level 1 

OC-N Optical Carrier level n 

OCXO Oven Crystal Quartz Oscillator 

Rib Rubidium 

SSU Synchronization Supply Unit 

TSG Timing Supply Generator 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [150 150]
  /PageSize [595.276 793.701]
>> setpagedevice


