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Abstract


Digital Subscriber Line (DSL) systems continue to be the dominant broadband access
 technology for providing high-speed data transmissions over existing twisted pairs.


However, the use of high frequencies for this purpose on multiple twisted pairs within
 a cable binder, implies that the performance of very high-speed DSL (VDSL) system
 is significantly degraded due to severe self and alien crosstalk, which are the dominant
 sources of performance degradation in VDSL systems. Co-operative vectoring of the
 twisted pairs of the users at the central office (CO) at each tone can assist in mitigation
 of most of the crosstalk in upstream transmissions. While much work has been reported
 in the literature in this regard, there remain several important issues which need to be
 explored for a deeper understanding. In the present work, we are concerned with the
 following three main issues:


• What are the limits of performance attainable in the computationally efficient,
 linear vectored VDSL framework, under various conditions of self and alien
 crosstalk interference environments?


• How can the common-mode signals, when available, be best deployed in the
 vectored VDSL framework to yield significant improvement in self and alien
 crosstalk mitigation, while keeping the complexity in control?


• Is it possible to obtain low-complexity, near-ML solutions to the crosstalk
 mitigation problem, by a judicious exploitation of the special DSL channel
 characteristics?


Using the tools of algebraic analysis of the mean square error, the Cramer-Rao
bounds, achievable signal-to-noise ratios and channel capacities etc., we study these



(6)issues for various situations of interest here. The major contributions are summarized
 as follows.


Zero forcing (ZF) crosstalk cancellation is a popular and simple technique used
 in most vectored VDSL systems. We derive new performance bounds for the linear
 ZF self-crosstalk canceler that are significantly better for larger number of users and
 higher frequencies. To avoid the need for offline computation of the channel inverse
 at each tone as required by the ZF canceler, we investigate the performance of a linear
 iterative technique based on the Krylov subspace method. This iterative receiver is
 seen to perform well with low complexity. For the case in which alien crosstalk is
 present in addition to self crosstalk, use of a minimum output energy (MOE) receiver
 is considered, and its performance is analyzed. It is shown to perform well for the
 mitigation of alien crosstalk in some practically relevant scenarios. While the MOE
 receiver has several implementation advantages, its performance is seen to deteriorate
 when the alien crosstalk has high spatial correlation.


One approach to improve the performance of receivers in the presence of alien
 crosstalk is to use the common mode (CM) signals along with the differential mode
 (DM) signals to increase the degrees of freedom for self and alien crosstalk mitigation.


Use of a vectored system consisting of both CM and DM signals is proposed to enable
 the effective cancellation of self and alien crosstalk, and to enhance the data-rate
 performance of the VDSL system substantially. In order to realize a system with
 lower complexity while still enjoying the benefits of the additional signals, the CM
 and DM signals on each twisted-pair are linearly combined, and the resultant signals
 are coordinated to obtain a new CM-DM vectored system with dimensions equivalent to
 that of the vectored system using only the DM signals. This kind of CM-DM processing
 is shown to approach the best possible performance with much lower complexity,
 and perform significantly better than the vectored DM model, especially with alien
 crosstalk. To facilitate numerical and theoretical analysis, a channel model for the
 vectored CM system is also proposed whose characteristics are validated with published
 experimental results and found to be helpful for development of efficient algorithms for
 crosstalk cancellation.


Finally, a non-linear iterative solution based on the space alternating generalized


iv



(7)expectation maximization (SAGE) algorithm is shown to be very effective in mitigating
 self and alien crosstalk. The proposed receiver makes it possible to approach the
 performance of the maximum-likelihood (ML) receiver with very low complexity.


Performance bounds are derived to demonstrate that the number of iterations required
for convergence is very small because of the special, diagonally dominant characteristic
of the crosstalk channel. Moreover, the proposed iterative method does not require
channel inversion in order to mitigate the crosstalk.
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