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0. Introduction
The recent discussions concerning “alien crosstalk” within IEEE, TIA and ISO/IEC indicated some ambiguities requiring clarification:
1.) the definition of “alien crosstalk”.  

2.) the close relation of “alien crosstalk” to inter-unit crosstalk of multi-unit cables.

3.) the assumption that a “directivity” can be attributed to the “alien crosstalk”.  However for “alien crosstalk” any kind of directivity does not exist in the context of bi-directional traffic on the same pairs [1].  As to directivity we have to distinguish between geometrical and electrical directivity. The first results out of the physical installation with an implied “directivity” of the signal transmission in the disturbing transmit-pair relative to the disturbed pair (near-end and far-end).  The second out of the momentary direction of the traffic, which is, using bi-directional traffic on the same pairs in the case of “alien crosstalk interference” totally undefined.
It is the objective of this contribution to clarify and discuss some of these ambiguities, to highlight direct similarities between historic cable designs and the problems encountered with inter cable crosstalk, and finally to indicate a possible field measurement method for alien intra family crosstalk, which is the “conditio sine qua non” for the setting of any specification limits.

1.

General
The terms used in this paper follow the definitions outlined in the latest ASTM 4166-20XX draft are used [2].
Under “alien crosstalk” will be understood in the following exclusively the intra family crosstalk.   That is the alien crosstalk generated by coupling from cables in the vicinity which are running under the same protocol.  Though the term alien crosstalk comprises much more noise interferences types from cables in the vicinity, it is estimated in the IEEE 802.3an Task Force that only the intra-family alien crosstalk impacts detrimentally on the performance [3].

2. The crosstalk between wire lines
For the crosstalk calculations between parallel transmission lines (not necessarily parallel conductor transmission lines !) we generally assume a condition implying the direction of the signal.  Hence in these cases the directivity is determined which allows the precise definition of NEXT and FEXT (see Fig. 1), also under assumption of stochastic coupling coefficients longitudinally distributed along the transmission line.
It is common to use four pairs in modern data grade cables.  The conditions in these cables are somewhat more complicated due to tertiary crosstalk, i.e. a second order crosstalk coupling over adjacent “tertiary” pairs.  However these effects may be neglected for specification limit setting purposes.
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Figure 1:  Coupling between two transmission lines.

For bi-directional traffic within the same “channel” (a channel consists according to IS 11801-2002 of four pairs, hence it is not a transmission channel following Shannon’s definition) this directivity is absolutely maintained if the transmit and receive signal are running on different pairs.  In these cases (10Base-T and 100Base-T) “alien crosstalk” is generally not a problem as there is sufficient signal to noise ratio margin to cope with it. 

If the transmit and receive signals are running on each pair of the cable simultaneously we maintain also the directivity, within the channel, but in this case we are loosing for the “alien crosstalk” the directivity.   Furthermore we have to take in this case also the Self-NEXT into account, i.e. the NEXT generated on a pair by its own transmit signal.  Self-NEXT results from a coupling to the adjacent pairs and a back-coupling into the same pair.  Hence it runs back to the receiver or transceiver over the hybrid.  This tertiary crosstalk is amplified due to the proximity of all three adjacent pairs.  Therefore it cannot be neglected.  But it can be compensated for in the DSP.
3.
Multi-unit cables
In multi-unit cables the conditions remain principally identical to parallel transmission lines.  But, while NEXT and ACR-F have a frequency dependence of very close to 15 and 20 dB/decade for the inner-unit crosstalk, the inter-unit crosstalk, both NEXT and ACR-F, behaves differently.  In fact, depending upon the design, the inter-unit crosstalk may vary over frequency with slopes lower than indicated above.  This depends essentially on twist lay scheme and strand lay.  
A reminder:  the units of multi-unit cables have generally the same twist lay scheme, but all pairs are generally oscillated over multiple rotating lay plates prior to entering the strander.  Hence the strand lay is varied.  This improves the inter-unit crosstalk, as we have in the final cable units with slightly different strand lays side by side, and this distributed longitudinally over the entire length of the cable.
Thus the intra unit crosstalk has in general at lower frequencies a sloping of 15 and 20 dB/decade, while at higher frequencies this slope may decrease to a plateau.  A reduction of the slope of “alien NEXT” has been measured, in between many others, see also Vanderlaan [4], and partially demonstrated by Koeman [5].  
Note:
The second reference in [5], i.e. the same article under the reference to the IEEE 802.3an 10GBase-T task group, could not be found on the web site of the IEEE 802.3an 10GBase-T task group.  What can be found is the contribution [9], which seems to reflect parts of the same contribution.  But amazingly the previously cited 10 dB/decade slope formula has been ignored consecutively and a slope of 15 dB/decade slope formula has been mandated.  However, there are no explanations given nor is given any substantiation justifying this switch. Thus the validity of these statements, especially in [9] will have to be seriously questioned.
These phenomena are due to the pseudo-shielding effect of the surrounding pairs.  This effect should not to be confused with the proximity effect of the surrounding pairs.  A model for this phenomenon has been given by Martin [6], though for lower frequencies, but it is straight forward to extend this model to higher frequencies.

For multi-unit cables, i.e. backbone or riser cables, used in bi-directional protocol applications on different pairs (10-Base-T and 100Base-T), the use of the effective power sum crosstalk has been proposed already in 1994 [7], where the effective power sum is a combination of power sum NEXT and power sum FEXT.
So far the “alien crosstalk” has been assessed using the principal of multi-unit cables.  However, this is only correct for backbone cables, loomed cables or for adjacent cables laid up in ducts such that their relative position to each other does not vary longitudinally.  This is definitely not the case for real installations for data grade cables.  In fact due to the cross-connects and the personnel transfer from office to office in any larger office environment (~ 30 % mobility annually can be realistically assumed) the cables in the EQ may run even in opposite directions up to the equipment itself.  

Those, participating in the last meeting of ISO/IEC JTC1 25C WG3 in Bordeaux, France, may have gotten a glimpse of the complexity of real installations and the there out resulting impact on “alien crosstalk”.
The approach, using the similarity of multi-unit cables is a sound basis for the evaluation of cables with respect to their “alien crosstalk” performance.  

It should be noted however, that the connectors in the CPs and cross-connect in the EQ are not following the same principal of densest packing (hexagonal cell configuration).  Hence an assessment of the “connectivity” has to be done on a different basis as well, but still assuming a suitable “highest density packing” configuration of the connectors.
4.
Bi-directional traffic on the same pairs

The 1000Base-T and the evolving 10GBase-T protocol are based upon bi-directional signals on the same pairs and use all four pairs simultaneously.
Here is a major problem, which will have to be taken into account.  Within a cable there is no problem, as the directivity of the crosstalk can be taken into account from the power up time over a suitable negotiation cycle.  However, this is not the case of any adjacent cable.  Thus the clock-rates of the disturbing cable pairs or channels will be different due to different lengths’, different origins and termination points.  A clock correlation can be established only for those channels, emanating from the same hub [8].  This could be used as a “mitigation” technique.  But the use of this principle for mitigation purposes is counterproductive to the flexibility required in real applications, and it requires a negotiation cycle between all powered channels emanating from the same hub each time an additional station is powered up.  Obviously this is not a realistic possibility.

Hence we have to face the fact that the disturbing cable pairs create an uncorrelated (stochastic) crosstalk (combined NEXT & FEXT) with respect to the directivity of the signal transmitted in the disturbed cable pairs.
5.
Proposed solution

We will have to deal with a statistical crosstalk model, without being able to attribute any directivity to the disturbing signals.  This model should be based upon the worst case effective alien power sum crosstalk of the cable and the connectivity and should take statistic modeling of the geometric channel configurations into account.  

To do this for cables is relatively easy.  We will have to specify for 7 bundled cables under worst case conditions the “alien NEXT” and “alien FEXT” and calculate the worst case effective power sum “alien crosstalk” from it (see Fig. 2).  Such a worst case condition can be for instance a cable of 100 m surrounded by six cables of 17-20 m each such that they are concentrically arranged around one end of the 100 m long cable.  We can then measure for the four pairs of the 100 m long cable the NEXT and FEXT on commercially available equipment designed for 25 pairs.  We can then determine the effective worst case power sum alien crosstalk.  
Note: The dimension of 100 m is evident.  The dimension of 17-20 m has to be determined and nailed down.  So far there are nowhere in the standards specified minimum values for the length of the equipment cords and the cross-connect cables.  The only minimum length specified is the length from the CP to the cross-connect.  This length is in IS 11801-2002 specified to be 15 m.
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Figure 2:  Arrangement of the 6 disturbing four pair cables of 17-20 m length around a cable of 100 m length.
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Figure 3: Measurement arrangement for “alien NEXT and FEXT” using worst case virtual channel conditions for the cables.
For the connectivity we will have to also establish, define and measure the worst case conditions and the resultant effective power sum “alien crosstalk”. 

Obviously the obtained results preclude the direct transposition of the over-simplistic component-up approach for channel modeling also to the “alien crosstalk”, as proposed in a presentation by Koeman [9].  Hence the channel model for alien crosstalk has to be refined and experimentally verified.  This is also mentioned clearly by Koeman.
A statistical model for the geometries of channels needs to be developed such that we may simulate channels close to reality conditions.  

A first and encouraging step in this direction has been described by Hayes [10]. In fact his approach has been used in the past in a similar fashion for multi-pair, multi-unit telephone cables. But his proposition does not take yet any geometrical channel variations in a statistical manner into account.
6.
Measurement of alien crosstalk

Due to the lack of directivity even in real life installations, where the cables may run in opposing directions for certain distances if we consider the path way from the TO to the EQ, the measurement method I proposed originally for alien crosstalk [11],[12] may have to be revised and refined.

Thus it would be easier and faster to directly measure the combined alien power sum crosstalk in one step. 
This can be done with random noise sources, amplifiers, power splitters and hybrids, which are at their receiver output terminated in 100 Ohms.

The simplified schematics of such noise sources which will have to be connected to both ends of any disturbing channel are shown in Fig. 4.
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Figure 4: Schematics of white noise source for measuring “alien crosstalk”

Here the noise diode (to the knowledge of the author only NoiseCom supplies burnt-in Zener diodes, acting as random white noise sources) is connected over a power amplifier into a power splitter and from there to four hybrids.  The receive port of the hybrids has to be terminated in 100 Ohms.
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