	

	In October 1995, the Telecommunications Industry Association's (TIA) Working Group TR48.8.1 published the Telecommunications Systems Bulleting entitled "Transmission Performance Specifications for Field testing of Unshielded Twisted-Pair Cabling Systems" (TSB-67) for Cat 5 cabling. 
Today, the TIA TR41.8.1 UTP Systems Task Group is developing the performance definition for "Enhanced" Category 5 (Cat 5e), including specifications for cable, connecting hardware and installed links. Cat 5e may be described as the recommended twisted-pair cabling type to support the Gigabit Ethernet standard (1000BASE-T). The group's goal is to define "Gigabit Ethernet over twisted-pair system" so that Cat 5 installations support 1000BASE-T. The specifications for Cat 5e will be published in an addendum to the TIA-568-A standards document. The addendum will specify performance of Cat 5e over the frequency range from 1 through 100 MHz. Today the ISO/IEC Working Group is working on new performance specifications for New Class D, Class E and Class F.
Additionally, when the Cat 5e definition has been approved sometime before the end of this year, it will include requirements for Level IIe field testers. Interestingly, the proposed Accuracy Level IIe requirement for Near-End Crosstalk (NEXT) in the Channel Link at 100 MHz is 2.8 dB, which is less stringent than the Accuracy Level II requirement of 1.6 dB. With a less stringent NEXT accuracy specification, some cable test manufacturers that were unable to meet Accuracy Level II requirements may now be able to meet Accuracy Level IIe. 
Critical Test Parameters for 1000BASE-T
Equal Level Far-End Crosstalk (ELFEXT), delay skew and return loss have been identified by the TIA group as critical test parameters when evaluating whether or not 1000BASE-T will run over Cat 5 installations. 
The 1000BASE-T transmission mechanism achieves high networking speeds by using all four wire-pairs in parallel. With 1000BASE-T, each "message" is divided over four bit streams. Each of the data streams travels across a separate wire pair and is reconstructed at the receiver end. The parallel transmission technique changes the crosstalk disturbance between wire pairs. This new crosstalk disturbance is measured by ELFEXT.
In addition to sending data simultaneously over all four wire-pairs in the cabling, 1000BASE-T also supports full duplex transmission on each wire pair. Since signals travel in both directions at the same time, another source of signal disturbance is created. This disturbance needs to be characterized and measured to assure the link is suitable for 1000BASE-T transmissions. The performance is characterized by a return loss measurement. Return loss is to be measured in both directions.
Another critical test for 1000BASE-T is delay skew. Delay skew is the difference in propagation delay (travel time) between wire pairs. This measurement assure the data streams on the different wire pairs arrive approximately in the same time relation in which they were launched onto the link.
Table 1 summarizes a comparison of the proposed performance parameters for the Channel Link (workstation to hub) at a frequency of 100 MHz as per August '98. 
 

Standard
Transmission
Parameter
Channel
Performance
Change from
Lower level Category
Highest
frequency
Cat 5
NEXT @100MHz
PSNEXT@Cat 5
NEXT @ 100 MHz
PSNEXT @ 100 MHz
Attenuation @ 100 MHz
ELFEXT @ 100 MHz
PSELFEXT @ 100 MHz
Return Loss @ 100 MHz
Propagation Delay @ 10 MHz
Delay Skew
ACR
27.1 dB
NA
24.0 dB
17.0 dB
14.4 dB
8.0 dB
555 ns
50 ns
3.1 dB
Recommendations for 1000BASE-T
100 MHz
Enhanced
Cat 5
(proposed)
NEXT @ 100 MHz
PSNEXT @ 100 MHz
Attenuation @ 100 MHz
ELFEXT @ 100 MHz
PSELFEXT @ 100 MHz
Return Loss @ 100 MHz
Propagation Delay @ 10 MHz
Delay Skew
ACR
PSACR
30.1 dB
27.1 dB
24.0 dB
17.4 dB
14.4 dB
10.0 dB
555 ns
50 ns
6.1 dB
3.1 dB
3.0 dB
New
Same
0.4 dB
Same
2.0 dB
Same
Same
100 MHz
Cat 6
(proposed)
NEXT @ 100 MHz
PSNEXT @ 100 MHz
Attenuation @ 100 MHz
ELFEXT @ 100 MHz
PSELFEXT @ 100 MHz
Return Loss @ 100 MHz
Propagation Delay @ 10 MHz
Delay Skew
ACR
PSACR
39.9 dB
37.1 dB
21.2 dB
23.2 dB
20.2 dB
12.0 dB
555 ns
50 ns
18.7 dB
15.9 dB
9.8 dB
10.0 dB
2.8 dB
5.8 dB
5.8 dB
2.0 dB
Same
Same
250 MHz
250 MHz
Table 1. Comparison of Standards
Proposed New Class D and Class E performance standards as per August ’98
Standard
Transmission
Parameter
Channel
Performance
Change from
Lower level Category
Highest
frequency
Cat 5
NEXT @ 100 MHz
PSNEXT @ 100 MHz
Insertion Loss
ELFEXT @ 100 MHz
PSELFEXT @ 100 MHz
Return Loss @ 100 MHz
Propagation Delay @ 10 MHz
Delay Skew
ACR
PS ACR
27.1 dB
24.1 dB
24.0 dB
17.0 dB
14.4 dB
10.0 dB
555 ns
50 ns
3.1 dB
0.1 dB
  

 

  

 

Class E
NEXT @ 100 MHz
PSNEXT @ 100 MHz
Insertion Loss
ELFEXT @ 100 MHz
PSELFEXT @ 100 MHz
Return Loss @ 100 MHz
Propagation Delay @ 10 MHz
Delay Skew
ACR
PS ACR
39.9 dB
37.1 dB
21.7 dB
23.2 dB
20.2 dB
12.0 dB
555 ns
50 ns
18.2 dB
15.4 dB
  

 

  

 

Table 2. ISO/IEC JTC1/SC 25/WG 3 Recommendations
 

Table 1 shows the significant differences between Cat 5 and Cat 5e for the critical test parameters. First, the Cat 5e requirement for pair-to-pair NEXT is approximately 3 dB better than Cat 5 for all frequencies in the range. This pair-to-pair performance yields Power Sum NEXT results with equal values (dB) to the existing pass/fail limits for Cat 5 NEXT. Second, in order to support 1000-BASE-T, ELFEXT for Cat 5e is specified to be 0.4 dB better than Cat 5. Finally, return loss must be 2 dB better for Cat 5e than the minimum values recommended for Cat 5.
The differences between Cat 5e and the anticipated Cat 6 requirements are also significant. For example, the Power Sum NEXT parameter at 100 MHz adds 10 dB over the Cat 5e standard and Power Sum ELFEXT adds 5.8 dB. Like the Richter scale for measuring the strength of earthquakes, the dB scale is logarithmic, not linear scale. In fact, since Cat 6 demands such an increase in performance over Cat 5 and 5e, it is likely that matching connectors (jack and plug) from the same manufacturer will need to be used in a Cat 6 installation.
Quantity and quality of connectors impacts link performance 
Both the quantity and quality of 8-pin modular connectors in a link impact link performance. Most Cat 5 links with just two 8-pin modular connections will meet the proposed ELFEXT requirements. 
However, the Channel model allows for four 8-pin modular connections. The Channel Link may contain a cross-connect in the wiring closet with typically two 8-pin modular connections, in addition to the wall outlet in the work area that may contain an under-carpet or modular furniture connection. A Channel Link with four 8-pin modular connections will not pass the ELFEXT requirements unless each connector meets the FEXT connector specification for Cat 5e or Cat 6. 
Are new testers needed for Cat 5 and Cat 5e installations?
The current generation of field testers cannot reliably measure ELFEXT loss of links. Reliability is important in order to measure ELFEXT loss, small amplitude Far-End Cross Talk (FEXT) signals. FEXT signals are much smaller than the commonly measured NEXT signals in Cat 5 applications. These signals require field testers with a wider dynamic range and a lower internal noise floor than was necessary with Cat 5 testing.
In addition to a wider dynamic range, cable and connecting hardware manufacturers advertise product performance beyond the Cat 5 frequency of 100 MHz. When evaluating these claims, the following issues should be considered:
Claims may be based on parameters such as impedance or structural return loss, which specify the manufacturing integrity of cable. These parameters do not equate to transmission bandwidth. The transmission performance of an installed link depends on complex interactions between the components. Transmission parameters such as NEXT or Attenuation to Crosstalk Ratio (ACR) that are specified for the cable or the connector do not directly translate into link specifications. 
Furthermore, the performance of the installed link is also a result of quality installation practices and workmanship.
With these considerations in mind, it may not be necessary to purchase a new field tester to verify installed Cat 5e links. The measurement capability of the ELFEXT loss parameter is very likely the only exception. In some cases, cabling professionals can predict the ELFEXT performance of a link that passes all other Cat 5 or Cat 5e requirements using a standard Cat 5 tester. Again, the Basic Link test is not a reliable indicator of the Channel ELFEXT performance unless the FEXT performance of the connector type used has been verified. 
The Godzilla of Test Requirements - Cat 6 
Like Godzilla, we hear it coming, we feel the ground shake and we await its impending arrival. The key is to get ready for Cat 6. Some Cat 6-quality cable available today is rated to 250 MHz and higher. Although the Cat 6 standard will not be complete until late 1999, you may also see cabling and component manufacturers claiming Cat 6 compliance. 
The following is a list of the things to look for in a cable tester for the anticipated Cat 6 standard. 
1. Meets anticipated Cat 6 performance requirements. Leading-edge cable and connector manufacturers already offer high-performance products they claim are Cat 6-ready. The links that are built from these components need to be tested. 
2. Couples with manufacturers-specific Cat 6 connectors, not just the standard modular 8-pin connector. 
3. Measures the Channel Link with superior accuracy. For a 1000BASE-T network, everything impacts networking performance -- from the patch cord to the computer and cross connects to the hub or switch. ELFEXT, in particular, requires the ability to test the entire channel link accurately. 
4. Offers excellent diagnostics. The margin of error between the component specifications and the link specifications is rapidly shrinking, as the installed links need to provide better transmission characteristics. Superior diagnostic capabilities in a cable tester will be mandatory to precisely locate defects or marginally performing components in a link. 
5. Tests both copper and fiber. High-speed networking will first find application in the backbone using optical fiber. The 1000BASE-T specification for fiber (IEEE 802.3z) has been completed and ratified, and equipment is available today. High-speed networking installations will likely be comprised of fiber in the backbone and copper to the desktop. 
6. Delivers quick measurement time. The number of link measurements is increasing with the added test parameters and new frequency ranges. Economics require testers to provide high measurement accuracy and excellent diagnostics in the shortest possible time. 

If your cable tester meets these criteria, you will be prepared to test both twisted-pair cabling and optical fiber networking standards of today and next year. 
Cat 6 digital testing solution from Fluke
The new Fluke DSP-4000 Digital CableAnalyzer( test tool is Cat 5e and Cat 6-ready, fully satisfying both the copper and fiber test requirements per the proposed standards. Using the Fluke DSP-4000, cabling professionals can certify with confidence both installed and new cable to the new Cat 5/Class D, Cat 5e, and verify performance to the anticipated Cat 6/Class E standards and beyond. 
The following explains how the Fluke DSP-4000 meets the ideal cable test requirements: 
1. Meets anticipated Cat 6 performance requirements. With a high bandwidth test capability up to 350 MHz, the Fluke DSP-4000 permits testing of high-performance cable. This test bandwidth far surpasses the 250 MHz specified in the Cat 6 draft. Not only will the Fluke DSP-4000 fully comply with standards of the foreseeable future, but will also be able to test beyond the standards to performance levels specified by the leading-edge component manufacturers. 
2. Couples with manufacturers-specific Cat 6 connectors. The Fluke DSP-4000 offers a new approach to interconnectivity with optional manufacturer-specific "Link Interface Adapters." These adapters allow cabling professionals to tailor the tester for the specific Cat 6 installation at hand. 
3. Measures the Channel Link with superior accuracy. Fluke demonstrates its commitment to accuracy by securing verification of its accuracy specifications from an independent test lab. Today, Fluke remains the only organization to achieve UL (Underwriters Laboratories) classification for its DSP-100 and DSP-2000 digital cable testers, verifying compliance with the Accuracy Level II specified by the Telecommunications Industry Association (TIA) test standard TSB-67. When Accuracy Level IIe is specified by the TIA, Fluke will secure verification of its accuracy claims. 
4. Offers excellent diagnostics. Utilizing digital technology, the Fluke DSP-4000 tests to stringent specifications for the Channel Link including ELFEXT, return loss and delay skew. Additionally, the tester's digital platform with patented TDX( (Time Domain Crosstalk) analysis pinpoints the location of faults. 
5. Tests both copper and fiber. The fiber test adapter for the Fluke DSP-4000 adds flexibility with optical power, insertion loss, length and propagation delay. The optional DSP-FTA410S Fiber Test Adapter allows testing of dual multi-mode fiber links at 850 nm and 1300 nm. Pass/fail test results are provided based on common fiber test standards 
6. Delivers quick measurement time. The DSP-4000 provides productivity beyond what was previously possible with Cat 5 testing. In addition to pass/fail results, the AutoTest includes fault isolation. 
Summary
Just as it makes sense to install the best cable you can afford, it makes sense to use the best cable tester available. 
While Cat 5 or Cat 5e installations may not present a sufficient reason to buy a new field tester, Cat 6 demands such an increase in performance over Cat 5 and 5e that a new tester is required. When evaluating Cat 6 field testers, find out whether or not the tester meets anticipated Cat 6 performance standards, its ability to couple with manufacturer-specific Cat 6 connectors, diagnostics, accuracy in measuring the Channel Link, fiber test capability and quick measurement time. These cable tester attributes are not only important today, but will be critical as for the requirements coming over the next year. If your tester meets these criteria, you will be prepared to test both twisted-pair cabling and optical fiber in the world of Cat 6 and beyond.


