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Applications Note

Test Equipment Products

Testing DS3 Systems 
A.  GENERAL 

DS3 systems can be tested both out-of-service and in-service. Out-of-service testing of DS3 systems during system turn-up usually involves the testing and verification of the performance of digital radios; multiplexers, DACS switches, and associated test access DSX jackfields. In-service testing is used to troubleshoot problems occurring after a system has been turned-up for traffic or to monitor older systems to determine if performance is still adequate or to uncover precursors of future equipment problems. 


B.  FRAMING FORMATS 

Two basic types of DS3 formats or framing exist: M1-3 and C-bit. Most systems use the M1-3 format, but occasionally the C-bit format is used, especially when end-to-end in-service performance monitoring of the DS3 signal is required. C- bit systems provide additional maintenance features beyond the M1-3 format. These features include new definitions for the X-bits and C-bits. In C-bit systems, the X-bits are used to send "degraded seconds" events (caused by detection an out-of-frame or alarm indication signal) which occur at the far-end of the system to the near-end. The actual C-bits contain overhead information, which provides:

       a.    Identification of the DS3.
       b.    Far-end alarm and control (loopback) channel.
       c.    Maintenance data link.
       d.    Path-parity (C-bit parity) error detection.
       e.    Far-end-block error (FEBE).


The 160A+ is compatible with both M1-3 and C-bit framing formats. 



C.  OUT-OF-SERVICE TESTING 

The simplest test that can be run on a DS3 system is a bit error rate test (BERT) on a full duplex DS3 circuit, if the far end of the circuit is looped back on itself so that the same signal being transmitted is also being received. If another test set is available, the BERT may be run in one direction at a time, provided that the test pattern in the other test set is compatible. 

A BERT may be run to verify the performance of a new circuit or to troubleshoot a circuit suspected of being faulty. The main restriction of such testing is that the DS3 circuit must retain end to end bit integrity at the DS3 level. Since back to back M13 multiplexers and certain DACS machines destroy the bit integrity of the signal by stripping off framing format bits, it is not possible to include them in the circuit when running this type of test. 

Generally, most DS3 circuits are monitored for errors and alarms by the terminal equipment. Therefore, one reason to BERT a working DS3 circuit is when the terminal monitoring system reports trouble. If the circuit is carrying traffic, it is necessary to switch the traffic over to another circuit prior to performing the BERT on the circuit in trouble. 

Any pattern, or series of patterns, can be used in the DS3 BERT, since DS3 circuits are not usually pattern sensitive like DS1 circuits. If automated programmable testing is equipped, such as in Options 05 & 07 of the 160A+, a multi-pattern BERT can be run automatically. A 223-1 pattern is one of the most commonly used in a DS3 BERT. For best results, the test time should be at least 24 hours, to ensure that the transmission equipment is subjected to the normal day-night temperature variation. Results will depend on the media used (fiber or radio) and the design criteria for the circuit. 


D.  MULTIPLEXER TURN-UP TESTING 

A test set can also be used to check a multiplexer installation prior to turn-up. It can automatically check each DS1 equipped and isolate bad plug-in cards or wiring mistakes. Normally, installers have to "daisy-chain" the DS1s in order to perform this check, so there is no easy way to locate a break in the circuit. It is like trying to find the bad bulb in a serial string of Christmas tree lights. 


The test set can perform this check more quickly. On a fully equipped multiplexer, each DS1 is first looped back on itself at the DSX-1. Next, the test set is then connected to the DSX-3 jacks. A DS3 test signal is then generated by the test set which consists of 28 framed DS1 test patterns, 27 of one pattern, with one unique pattern. The test set then sequentially runs a loop back BERT on each DS1 for a minimum of 15 seconds. Should any DS1 fail the test, the 160A+ indicates which one is at fault, thus facilitating the trouble isolation. On a multiplexer that is only partially equipped, the DS1s that are not equipped can be automatically bypassed, thus shortening the total test time. 


E.  IN-SERVICE TESTING 

In-service monitoring for DS3 errors at the DSX-3 may be insufficient to detect precursors of future equipment failures in a DS3 system. When carrying live traffic, the only M1-3 format errors that can be detected by monitoring at the T3 signal rate are frame bit errors and parity errors. Frame bit errors require that the impairment occur at the precise moment of transmission of the frame bit --- an improbable event at best. Single parity errors are detectable only within each section of a facility because they are corrected by the multiplexer at the end of a section as they occur. Multiple parity errors have only a 50% chance of being detected or corrected, since only odd numbers of bit errors will trigger a parity error. Equipment such as digital radios and older fiber optic multiplexers tend to generate errors in even numbered bursts. To accurately detect such bursts generally requires that the DS3 system be monitored at the DS3, DS2, and DS1 rates. Full time monitoring at the DS3 rate, coupled with simultaneous monitoring of the DS1 and DS2 signals, can sometimes find an equipment problem before it becomes service affecting. 


F.  DS3-DS1 DROP & INSERT 

When equipped with Option 05, the 160A+ can be used to comprehensively verify one of the DS1s in a working DS3 system by drop & insert and round-robin loopback (stress) testing. The test set is first placed in the THRU mode and connected to the DSX-3 jacks so that it is in series with the DS3. Then, one of the DS1s is removed from service and dropped while a framed DS1 test signal is inserted. Finally, the DS1 is looped back on itself at the DSX-1 at both ends of the system and a round-robin stress test is performed. If done correctly, this test can be performed without interrupting service on the other 27 DS1s. 
