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SIGNAL LEAKAGE

Q: In HFC-based cable TV networks, how do upstream
ingress and downstream egress (signal leakage) impact
RF spectrum integrity, MER/BER performance, and
DOCSIS channel stabilityand what engineering controls
can be deployed to detect, quantify, and mitigate leakage at
scale?

Bharat Reddy, Telangana

Ans.: In HFC networks, downstream egress (signal leakage) and
upstream ingress (external noise entering the return path) are
intrinsically linked and degrade overall RF performance. Leakage
typically arises from compromised shielding effectiveness (SE)
in coaxial cables, poorly crimped F-connectors, corroded taps,
faulty amplifiers, and unterminated ports. This results in
unintended radiation of RF energy, particularly in the acronautical
bands (108—137 MHz), while simultaneously allowing ingress of
impulsive noise, LTE/5G interference, and industrial RF signals
into the upstream spectrum (5-42 MHz / 5-65 MHz split).

From a performance standpoint, ingress raises the noise
floor, reducing Carrier-to-Noise Ratio (CNR) and Modulation
Error Ratio (MER), which directly increases Bit Error Rate (BER).
In DOCSIS environments, this leads to modulation fallback (e.g.,
64-QAM to QPSK in upstream), reduced throughput, and channel
instability. Downstream leakage also reflects poor plant balance
and impedance mismatches, causing micro-reflections and group
delay distortions.

Mitigation requires a rigorous, measurement-driven
approach. Operators should deploy leakage detection systems
such as CLI (Cumulative Leakage Index) monitoring, drive-out
testing with calibrated antennas, and portable spectrum analysers.
Network sweep and alignment must be periodically conducted to
ensure proper tilt and gain structure across the cascade.

Engineering controls include upgrading to quad-shield or
higher SE coaxial cables (>90 dB shielding), compression
connectors, and properly terminated taps. Active devices must
be regularly calibrated, and return path segmentation should be
implemented to isolate ingress zones. Advanced node segmentation
and fibre deep architectures further reduce cascade lengths,
minimizing leakage points.

Additionally, continuous monitoring through DOCSIS
PNM (Proactive Network Maintenance) tools—such as pre-
equalization analysis,enables early detection of impairments. A
disciplined combination of plant hardening, spectrum monitoring,
and predictive maintenance is essential to sustain RF integrity in
modern Indian cable networks.H
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