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Bluetooth® low energy channel sounding in a 
compact and energy-effi cient radio transceiver 

N. Scolari

Abstract
Bluetooth® Low Energy (LE) Channel Sounding (CS) is a new physical-layer capability that enables accurate characterization of the 
radio channel for distance estimation. CS uses structured packets exchanged between two devices to extract phase and timing 
information. These measurements support two complementary techniques: Phase-Based Ranging (PBR), which derives distance 
from multi-frequency phase observations, and Round-Trip Time (RTT) estimation, which infers propagation delay from precisely 
timestamped packet exchanges. Both approaches require tight control of RF timing, antenna switching, sampling, and calibration.

We implemented the CS feature set on a 22 nm Bluetooth® LE radio, integrating the required waveform generation, sampling pipelines, 
and protocol scheduling into the existing baseband architecture. The implementation exposes the extensive programmability 
defi ned by the specifi cation, including confi gurable parameters, such as data-rates, antenna switching patterns, processing delays, 
etc. This fl exibility enables detailed experimentation with ranging algorithms and channel-estimation techniques while highlighting 
the complexity of coordinating physical-layer operations at microsecond-scale precision. The resulting platform provides a robust 
foundation for evaluating CS performance and exploring advanced localization and sensing applications.

Implementation of the Channel 
Sounding procedure
The Bluetooth® LE CS procedure follows a hierarchical execution 
model structured around events, subevents, and steps executed 
between two nodes, referred to as the Initiator and the Refl ector. 
Events are scheduled to run within a standard connection interval, 
ensuring that the underlying Bluetooth® LE link remains active. 
Inside each CS event, CS subevents defi ne the ordered sequence 
of CS steps. CS steps provide microsecond-level control and 
consist of a single back-and-forth packet exchange between 
the initiator and the refl ector. The CS step can be confi gured 
to support different modes for synchronization, RTT, PBR, or 
combined measurements. This layered organization ensures the 
strict determinism necessary for reliable phase- and time-based 
measurements.

A key requirement of CS is the use of a Deterministic Random Bit 
Generator (DRBG), introduced for security and unpredictability 
while maintaining reproducibility across compliant devices. The 
DRBG drives several critical elements of the procedure, including 
channel selection, step-mode confi guration, access-address 
generation, and antenna-switching patterns, as well as 

other randomized timing and sequencing parameters. In our 
implementation, the DRBG is executed by the microcontroller as 
a hardware-accelerated function, reusing the existing AES core 
to meet the timing constraints tight specifi cation. Integrating 
the DRBG into the event–subevent–step pipeline ensures that 
randomness is applied consistently without compromising the 
strict determinism required by the physical layer.

Challenges in RTT measurement
Accurate RTT estimation in Bluetooth® LE CS is inherently 
challenging due to timing constraints. A reliable measurement 
requires nanosecond-level precision, as propagation delays over 
short distances are extremely small. However, our system clock 
operates with a period on the order of tens of nanoseconds, 
which is signifi cantly coarser than the desired resolution. This 
mismatch means that direct timestamping cannot achieve the 
required accuracy.

To overcome this, RTT estimation typically relies on processing 
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Figure 1: architecture of the CS implementation.
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the sounding sequence rather than raw clock ticks; the sounding 
sequence is a sequence of modulated 0s and 1s. Even so, the 
most demanding aspect in our implementation was ensuring 
consistent timing across all stages: activating the transmitter 
and receiver, aligning their operations, and capturing timestamps 
without drift or jitter. Any inconsistency introduces errors that 
accumulate over multiple exchanges, degrading the measurement. 
Achieving this requires careful precise scheduling, and robust 
handling of asynchronous events within the radio system.

Challenges in PBR measurement
Performing PBR in Bluetooth® LE CS introduces several technical 
hurdles. First, when our device acts as the initiator, it must align 
its RF frequency with that of the refl ector. This requires estimating 
the refl ector frequency with sub-ppm accuracy and replicating 
that precision in the ADPLL confi guration—a demanding task 
given the tight tolerances involved.

Second, PBR depends on maintaining phase coherence between 
the local oscillator during reception and transmission. In a low-IF 
architecture, the receiver operates at a different frequency, which 
complicates this requirement. To address this, we implemented 
a solution that tracks the receiver’s phase through the fi nal 
down-conversion stage, enabling an artifi cial phase continuity 
for subsequent transmission.

Finally, PBR is not limited to a single tone; it is evaluated over 
the entire sounding sequence. Although the algorithm itself is 
well established and conceptually simple, the amount of data 
and the strict timing constraints make it necessary to implement 
the processing directly in hardware.

Implementation
All these CS features—precise RTT estimation and robust PBR—
have been fully integrated into our custom radio IP platform, 
icyTRX-LE, implemented in GlobalFoundries 22  nm FDSOI 
technology. We have successfully completed the tape-out of 
the test chip, marking a signifi cant step toward demonstrating 
high-accuracy ranging within Bluetooth® LE constraints. This 
achievement underscores the maturity of our solution, paving 
the way for next-generation positioning capabilities in low-power 
wireless systems.
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Figure 2: Example of BLE Channel Sounding packets containing a sounding sequence. The sequence is positioned after the 
preamble and access address and includes specifi c markers to ensure security.
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