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Packet Loss Testing of PSE Ports with PoE Loading

Perhaps second to IEEE 802.3 conformance testing, evaluating PSE ports with high traffic loading combined with maximum PoE
power loading has become industry standard practice among PSE system designers and QA organizations. This mode of testing
assures that the PSE, while under heavy power supply loading and high DC currents on each port, can properly move data traffic
across Ethernet ports and through the switching fabric.

This mode of testing can be further “stressed” by the inclusion of “worst case” cabling impairments that adds physical
impairment to the LAN data signaling carrying the packet traffic. Typically, when testing 1000Base-T ports, a spool of 100
meters of Cat 5e cabling would be added to the test setup. When testing 10GBase-T or 5GBase-T ports, Cat 6A cabling would
be part of the desired test setup.

In order to produce and control the PoE load, some sort of programmable PD emulator must be introduced in order to get the
PSE port(s) to apply power and deliver DC load currents.

. K . R X Packet Analyzer per Port
This requires a mid-span device capable of emulating the

PD while de-coupling the DC voltage and forwarding the Packet
data traffic to a packet generator / counter. Generator/ Cabling PD Emulator Cabling PSE
Counter PoE Load Under

Test
There are two basic topologies for this type of testing. I
One option is to implement a packet analyzer per PSE port
as shown in Figure 1. This configuration allows for simple Figure 1: Packet Analyzer per Port Topology

resolution of problem PSE ports but is expensive when considering packet generator/analyzer resources required.

Snaked Data Path Setup

A popular alternative to the configuration of Figure 1 is the Snaked
zaecr‘k::am/ = | Cabling ESEEE:::;Dr Data Path Setup of Figure 2. In this setup, traffic is inserted into the
Counter Zﬁer Loopback  PSE, then flows through pairs of PD Emulator ports that are each
Test providing programmable PoE loads to pairs of PSE ports. This may
require that the PSE under test be configured to isolate traffic in port-
pairs using VLAN’s.

;

T

Cabling PoE Load 2

Cabling PoE Load 3

Loopback

+

Cabling

L g

- PoE Load 4

The benefit of this approach is that all ports are tested simultaneously
Figure 2: Snaked Data Path Configuration and that only one Packet Generator and one Packet Counter

instrument is required. The obvious drawback is that any packet loss
encountered may be difficult to pinpoint to a specific PSE port.

Physical Impairment Considerations

A 100M spool of Cat5e or Catba represents an obvious physical impairment and ideally represents the “worst case”
environment that the PSE will experience. However, there are several important considerations when configuring this type of
testing using 100 meter “spools” of cable:

1. Aspool of cable from a particular vendor may or may not represent worst case cabling impairment in a LAN link. Cable
spools are not calibrated impairments. Worst case cabling impairments are described by a number of parameter
equations in IEEE 802.3 specifications covering insertion loss, return loss, and pair-to-pair isolation (crosstalk). How any
particular spool of cable fits into those requirements depends on factors such as wire gauge (e.g. 24AWG, 26AWG) and RJ-
45 connection characteristics within the test setup.

2. Inorder to activate PoE power and draw DC currents from the PSE ports, a PD Emulator must de-couple the DC voltage
(50 to 57 VDC) from the differential LAN signaling seen by the Packet Generator / Counter. This isolation will require
components that impair LAN signaling to some degree much like a length of cable would.

3. If the DC currents carrying PoE power are conducted over long lengths (e.g. 100 meters) of cable, then it is possible that DC
Unbalance will develop where more current is conducted in one of the conductors of a wire pair that in the other
conductor of that wire pair. DC Unbalance results from imperfect magnetics (transformers), non-symmetrical cable
structures, and variable RJ-45 connection contacts. With higher DC currents, that DC Unbalance can disturb the operation
of isolation transformers resulting in signal distortion. A second consequence of larger PoE currents is cable heating.
Significant temperature increase can increase DC resistance and resulting insertion loss. Packet loss that results only with
high PoE currents would be indicative of either or both of these problems.
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De-Coupling PoE from the Data Link Adds Impairment

As mentioned in item 2) above, the PD Emulator must isolate the PoE DC voltage from the LAN data link. In the topology of

Figure 1, the Packet Generator/Counter instrument cannot be exposed to that DC voltage.

load circuits connected to two different PSE ports must be fully isolated.

There are several methods utilized to achieve the PoE DC de-coupling. One
commonly used method is to utilize a transformer much like a PSE or PD does within
each LAN port. Figure 3 depicts this setup with a powered Alt-A pairset (LAN pairs 2
and 3). The same configuration would be replicated for the Alt-B pairset (LAN pairs 1
and 4) in the case of Alt-B powering or 4-pair powering. Within the Sifos PowerSync
Analyzer family, the PSL-3424M load-multiplexer utilizes the scheme of Figure 3.

Transformers add impairment to any LAN link. That impairment can be in the form of
wideband insertion loss, frequency-varying insertion loss, and crosstalk. Wide
bandwidth signals such as 5GBase-T and 10GBaseT may see more frequency
dependent insertion loss and are also more susceptible to crosstalk. Further, if DC
current is not perfectly balanced
between both conductors of wire
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Figure 4: Port-to-Port Loopback however, other factors such as

transformer-to-transformer connection topology may mitigate some of that effect.
Within the Sifos PowerSync Analyzer family, the PSL-3424A and PSL-3424L
programmable loads utilize the internal loopback scheme of Figure 4.

Another alternative to DC de-coupling is the use of capacitors as shown in Figure 5.
So long as the capacitors are large enough to pass the full bandwidth of the LAN
signaling, insertion loss and frequency response may be less impairing that with
transformers. However, this method may be more prone to high frequency
crosstalk and return loss impairment with more pronounced impact at 5GBase-T and
10GBase-T. Within the Sifos PowerSync Analyzer family, the PSA-3000, PSA-3402,
PSL-3000, and PSL-3424L instruments utilize the capacitive de-coupling of Figure 5.

In the topology of Figure 2, the PoE
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Figure 3: Transformer PoE DC Isolation

pair, transformers will develop bias currents that can cause signal distortion

The setup in Figure 3 would apply to test cases where PoE and Data
incoming from a PSE port are DC decoupled and the Data signaling moves on
to a packet analyzer as described in Figure 1 above.

Figure 4 represents the type of impairment that develops in snaked data
path test setups shown in Figure 2 above. Here, the data lines must pass
through two transformers in order to fully isolate the PoE loading on each
PSE port. Conceivably this doubles the possible impairment of Figure 3,
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Figure 5: Capacitive PoE DC Isolation

The DC de-coupling schemes of Figure 3 and Figure 5 may be utilized in snaked data path test configurations (Figure 2) by
simply running short patch cables between the Data Out (or “THRU”) ports of adjacent PD emulator ports. This typically will

have the effect of doubling the individual port impairment.

Characterizing the Impairment of DC De-Coupling with 10GBase-T

Generally, adding one or more DC de-coupling circuits in line with 100M of Cat6A cable will likely result in problems to
10GBase-T link-ups and subsequent packet loss. 10GBase-T is very sensitive to physical impairments and typically, 100M of
Cat6A is at the extreme limit of what those links can tolerate. Of course factors such as PHY transceiver manufacturer and

model and Cat6A cabling characteristics are important to link-up performance.

One logical way to characterize the impairment introduced by DC de-coupling in a PD emulator is to connect PD emulator ports
in series with each other and with 210ft (~64 meters) of Cat6A cabling. As described in Figure 6, Test Ports each with DC de-
coupling are sequentially patched together until 10GBase-T link-ups are significantly impaired. From that, the maximum
number of Test Ports that support the 10GBase-T link-up with negligible packet loss is determined.
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Using an example, it is determined that four Test Ports in series with the 64 meters of cabling offer the same link integrity and
packet loss performance of 100 meters of

cabling with no Test Ports, i.e. no DC de- Cat6A Equivalent Length Test Setup

coupling elements. We can then equate PHY Converter Programmable Load PHY Converter
the four test ports with (100 — 64 =) 36 (1000Base-T 210 ft (1000Base-T
meters of Cat6A cabling. That means each To 10GBase-T) [ | Cat6A = To 10GBase-T)
test port equates to 36 / 4 = 9 meters of Cable é na_ 5 t

Cat6A cabling. So when testing I 2|l = ; ; |
10GBase-T packet performance under PoE I @

load, cabling should be restricted to 91 1F)OOBase-T 1000Base-T
meters maximum. Important! This does Line Rate N Loopbackor THRU Packet

not accou nF for PoE effects over a.Iong Zzikee:ator Decco)zzli:; C(;i;nnels Counter
cable described above under Physical

Impairment Considerations.

Figure 6: CatbA Equivalent Length Determination

Sifos has utilized this technique to characterize equivalent Cat6A cable length of the DC de-coupling circuits in a variety of
programmable load products.

Product De-Couple Method Equivalent Cable Length / Port | Snaked Data Path Eqv Length

PSA-3000, PSL-3000, Figure 5 15 Meters (typical) 30 Meters (typical)
PSA-3424, PSL-3224

PSL-3424A, PSL-3424L Figure 4 7 Meters (typical) 7 Meters (typical)
PSL-3424M Figure 3 7 Meters (typical) 14 Meters (typical)
Reach Technology POE5 Figure 4 10 Meters (typical) 10 Meters (typical)

A second means utilized to assess Cat6A equivalent impairment length is based primarily on the measurement of channel
insertion loss in the 0.1 to 100MHz band. These measurements are performed with the Sifos PhyView Analyzer (PVA) using link
rates of 100Base-T and 1000Base-T. As shown in Figure 7, measurements are performed through a number, for example five
or six, test ports connected in series. The measured insertion loss at various frequency points can then be compared to
corresponding insertion losses of
100M of CatbA cable at those same
frequency points and then

4 Loopbackor THRU  |Programmable Load
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apportioned on a per-test-port basis P T ———

to estimate equivalent Cat6A cable |/
length of each test port. Because the . { L E———
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PVA measures up to 100MHz,
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and 100MHz are utilized.

Test Port

.
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The following table shows these Figure 7: Test Port Measurements with PhyView Analyzer

results:
Product De-Couple Method Equivalent Cable Length / Port ‘ Snaked Data Path Eqv Length
PSA-3000, PSL-3000, Figure 5 2.5 Meters (typical) N/A
PSA-3424, PSL-3224
PSL-3424A, PSL-3424L Figure 4 8.5 Meters (typical) 8.5 Meters (typical)
PSL-3424M Figure 3 5.1 Meters (typical) 10.2 Meters (typical)
Reach Technology POE5 Figure 4 11.9 Meters (typical) 11.9 Meters (typical)

Because this method only considers insertion loss, the PSA-3000 and PSL-3000 appear to be the least impairing instruments.
However, as the method of Figure 6 determined, the PSA-3000/PSL-3000 was the highest impairing instrument. This means
that the dominant mechanism of impairment for the PSA-3000/PSL-3000 is not insertion loss — more likely it is crosstalk and
perhaps return loss. PVA measurements of crosstalk confirmed observable degradation in the 1-100MHz band.

The other three instrument categories show roughly equivalent Cat6A cable lengths using the methods of Figure 7 and of Figure
6. This suggests that insertion loss is probably the more dominant form of impairment to 10GBase-T signaling in those ports.

Testing with 5GBase-T and 2.5GBase-T link partners tolerated the full 100M of Cat6A cabling in series with at least one test port
and/or one loopback channel in all 4 instrument platforms.
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Characterizing the Impairment of DC De-Coupling with 1000Base-T

A brief set of experiments were performed using 100M of Cat5e cabling and 1000Base-T link-ups. As 1000Base-T easily
tolerates the 100M of Cat5e, the only analysis performed was to determine the maximum number of Data Thru or Loopback
ports would be tolerated in series with the long cable. The results are summarized as follows:

Product De-Couple Method Maximum Ports with
No Packet Loss

PSA-3000, PSL-3000, Figure 5 8+ Ports
PSA-3424, PSL-3224

PSL-3424A, PSL-3424L Figure 4 4 Loopback Ports
PSL-3424M Figure 3 8+ Ports

Reach Technology POE5 Figure 4 5 Loopback Ports

Testing was limited to a maximum of 8 test ports or loopback channels as performance beyond that is not meaningful for the
purpose of this application note. In general, there should be no problem with 1000Base-T packet loss in test setups as
diagrammed both in Figure 1 and Figure 2 that utilize a typical 100 meter spool of Cat5e cable. As noted above, these
measurements do not consider any negative impact from PoE DC currents running on the cable.

Summary

10GBase-T represents the biggest challenge to performing combined PoE and Packet Loss testing with PSE ports. When
running this type of testing, any cabling impairment selected as part of that test setup needs to take into consideration the
signal impairments introduced by the emulated Powered Device loading instruments as those instruments separate the PoE DC
voltage and current from the LAN data signaling. In many cases, 10GBase-T link-ups will not tolerate 100M of Cat6A cabling to
each PSE port.

Data rates 5GBase-T and 2.5GBase-T should fare much better given Cat6A cabling in similar test setups. 1000Base-T should
also do much better even when Cat5e cable is substituted for Cat6A cable.

Test engineers must be aware that adding large PoE DC currents into this testing may have detrimental effects that are very
hard to predict as there are too many variables involved. If observations indicated that PoE DC currents are degrading packet
loss, it is a good idea to reduce the power load and the corresponding DC currents to see if the packet loss abates or diminishes
entirely. If so, larger gauge cabling and careful cable layout avoiding any compression may be beneficial.
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