[image: image1.jpg]CRR



  
APPLICATION NOTES
Test Equipment Products
Composite Clock Timing Problems- How to troubleshoot DDS

Digital data (DDS/ADN) and SS7 facilities require extremely accurate and stable network timing synchronization. As a result, most telephone companies have made large investments in timing synchronization distribution systems. Several operating companies refer to the BITS system (Building Integrated Timing Supply) which distributes T1 (1.544MHz) and Composite (64KHz) clocks to office equipment including digital switches, channel banks, and digital cross connects. 

Since most telephone companies carry digital data and SS7 traffic over DDS (Digital Data Services) type facilities, this article will refer to DDS and D4 channel banks generically, though there are several manufacturers who may use different terms for the same facilities (Northern Telecom, Siemens, ITT, etc..). 

In a DDS network, the data transmitted must be byte locked as well as bit locked. A Composite Clock (CC) containing both 8 kHz and 64 kHz components required for byte and bit locking, respectively, is distributed to all the DDS channel banks in the office. 

BITS Functions 
The CC is generated by the Building Integrated Timing Supply (BITS). Most local exchange carriers have deployed BITS systems in their central offices to generate the CC timing signals. The primary source of the BITS timing is a (Cesium, Loran C) "Stratum 1" clock. This clock is used to generate a framed T1 signal (1.544 MHz) which is distributed throughout the network. One function of the BITS system is to derive the 64 and 8 kHz signals used in the CC. This is accomplished by dividing the 1.544 MHz signal by 193 to generate the 64 kHz component and then extracting the framing bit to generate the 8 kHz component. Another important function of the BITS supply is to accommodate instantaneous phase differences in the 1.544 MHz signals by using a buffer to smooth out any variations. Should either of these functions be impaired, the resulting CC signal can be disrupted and cause DDS data errors. The CC is distributed to the channel banks via shielded pair cable to rear panel clock inputs. 


Each channel bank has an Office Interface Unit (OIU) function (or plug-in card) that use the composite clock to accurately multiplex data and time in and out of channels 1 to 24. In a sense, the OIU is the heartbeat of a channel bank. If the OIU receives a bad Composite Clock, then DDS/SS7 traffic will be corrupted. The OIU also provides external, in-service test access to the unbalanced composite clock it receives from the BITS. Some manufacturers (Northern Telecom) provide a balanced 64kHz & 8kHz bit & byte test access via a bay mounted, five pin jack while others (ITT, Tellabs) provide dual bantam jack access for balanced Bit & Byte clock. 


Option 30 
The 440B's Option 30 provides direct test access to DS0 Data at the DS0-DP and OCU-DP channel bank cards, thereby eliminating the need for a separate DDS test set. This option also provides dual clock inputs in order to compare a composite clock to either a T1 (1.544MHz) or another composite clock. In other words, the 440B can compare the output of the BITS to the output of a channel bank's OIU, or even compare two channel banks composite clocks to one another. 

Option 30 is mounted on the 440B's rear panel. It provides primary clock inputs for Composite and balanced bit & byte clocks. The bantam composite clock input can be set to Bridging or Terminated in the units SYSTEM menu. These "primary" clock inputs are used by the test set to synchronize data inputs and outputs for DDS testing. This option also provides "Reference" inputs for T1 (1.544) and Composite clocks -- used for timing slip testing. 

Note: it is not necessary to patch into the data in/out when monitoring clock sources. Therefore it is possible to perform clock checks while a system is in- service. 

Monitor DDS clock slippage by displaying the slip screen (use DS1 STATS key), scroll to the desired comparison, and press RESTART. For example, comparing the output of the OIU to an External Reference clock requires scrolling to the screen labeled < EXT - DS0 DATA > (see Fig 4). Note: the unit provides several comparisons including which display the standard comparison of two T1 circuits patched into the front of the 440B. It is important to press RESTART each time after scrolling to the desired comparison in order to clear out previous results. 


The display provides two indications of slippage: 

1. A line marker moves horizontally across the screen from the center to left or right. Whenever this marker moves completely off to one side and returns to the center, a full slip count will register, corresponding to 193 bits (or a complete T1 frame slip). Press RESTART to bring line to center and start test. 

2. The box on the left-hand side will increment one line at a time to indicate bit slippage. Each vertical jump (up or down) represents a single bit slip. This marker is very useful for isolating extremely slow clock slips or jitter. Note: Jitter is the presence of rapid back and forth deviations in clocks, so jitter will cause the bit marker to jump up and down rapidly. Press RESTART to empty the box and start marker at the bottom. 

Since CC timing problems can be transient, they often go undetected. The resultant data errors (or "hits") may also go unnoticed to telephone company technicians, though the customer will be forced to retransmit the data. Option 30 therefore offers the unique ability to simultaneously monitor data and clocking. 


Possible Causes of Composite Clock Problems 
Composite Clock problems generally fall into three major categories: 

1) cabling 

2) optioning 

3) main clock source


Cabling 

CC problems can be caused if shield grounding is not proper, or if the CC is routed over long distances in cable racks (making the CC susceptible to transient interference and cross talk from other cables carrying high level signals). 

Improper clock distribution can introduce small, but devastating phase delays. For example, an office with multiple channel banks will require a corresponding number of CC feeds from the BITS. If, instead, the CC feed is brought to one channel bank, and then "daisy chained" from one bank to another, then each bank may introduce some delay.in turn causing phase shift in the CC. Even a minor phase shift can cause data to be clocked improperly and therefore transmitted incorrectly. 



Equipment Optioning 
Improperly optioned equipment is a very common cause of DDS clock problems. Multiplexers, and Digital Cross Connects all provide settings for clocking. In the case of D4 channel banks, the OIU (plug-in) can be strapped for Local Timing, External Timing, and Loop Timing. If a channel bank receives its timing from the BITS via rear panel wiring, then the OIU should be set for External Timing. In some cases, there is no direct feed available from the BITS, and instead a T1 circuit patched into the bank is used as a clock source. In this case the OIU should be set for Loop Timing. In other words, the OIU will generate a clock phase-locked to an incoming T1 circuit. 


Main Clock Source 
BITS and other highly stable clock distribution systems were introduced to eliminate the problems caused by "generic" internally clocked systems. Of course, even a BITS system can experience problems, whether caused by line drivers, phase lock loop circuitry, or improper clock/frame recovery. For example, during a "protection" switch from one stratum feed to another, there may be a temporary interruption in the T1 and CC clocks. 

Historically, clocking problems have been handled by maintenance engineers, using dual trace oscilloscopes. An oscilloscope is not only more complex to set-up, but trapping a transient clock condition is difficult if not impossible. Using a test set, the set is easily done by technicians or craftspeople, and the clock comparisons can be made without engineering support. 
