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Introduction
[bookmark: _Hlk150217585][bookmark: _Hlk150217958]Echo control is one of the key factors that affects the audio service performance in real-time audio communication scenarios. Therefore, echo cancellation processing is an essential part for these scenarios. Acoustic Echo Cancellation (AEC) algorithms for mono audio cases have already maturely used for now, however for immersive audio cases, research is still needed for generating suitable corresponding AEC algorithms. 
Discussion on AEC
[bookmark: OLE_LINK2]Principle of mono audio AEC
[bookmark: _Hlk150218281][bookmark: _Hlk150223194]The aim of AEC is to minimize or eliminate the acoustic echo that occurs during a full-duplex communication from the other side. A case is described as in Figure 1, a speaker uses a sending device with voice communication capability to play an audio clip (red colour waveform signal), the audio clip is sent through the acoustic environment and received by the device's own microphone which generates the echo signal (blue colour waveform signal) for the sending audio clip. If an adaptive filter can be designed so that its output signal is just the opposite of the echo signal, like the green colour waveform signal, then the following step is to superimpose the blue colour waveform signal with the green colour waveform signal, thus the echo signal is eliminated depending on the performance of the adaptative filter.
 [image: ]
Figure 1: diagram of AEC
AEC uses adaptive filters to counteract the impact of echoes and reverberations in the input signal, with the goal of a minimizing error. The general algorithm equations are as follows:






Where,  is the input signal,  is the desired signal,  is the estimated echo signal,  is the error signal,  is the coefficient of the adaptive filter,  is the step size parameter, and M is the length of the adaptive filter.
By minimizing the error and continuously updating the adaptive filter coefficients in an interactive way, the estimated echo signal becomes closer and closer to the desired signal, and finally making the error signal in an acceptable range.
Challenges for immersive audio AEC
[bookmark: _Int_X3xE36uF]For immersive audio services, the sound is reproduced through multiple speakers while simultaneously using several microphones. When the UE consists of N speakers and M microphones, the number of echo paths generated is the number of speakers multiplied by the number of microphones, i.e., N×M, which is several times the number of echo paths generated by a mono audio communication system. Taking stereo audio as an example, if a stereo audio device uses two speakers and two microphones to create a two-way audio service. In this case, Stereophonic Acoustic Echo Cancellation setup needs to estimate four echo paths. The significant increment in the number of echo paths poses a challenge to the computational complexity of adaptive algorithms. If the mono audio echo cancellation algorithm is directly extended to multi-channel, the algorithm is difficult to converge due to different people, different moments, and different positions of speech, and the adaptive filtering algorithm for mono audio case is not suitable for this situation. Obviously, extending mono audio echo cancellation algorithm directly to multi-channel will result in poor acoustic echo cancellation performance.
[bookmark: _Int_D3P55aT0]The current status of the research 
[bookmark: _Int_aOicpyyC]The core of multi-channel acoustic echo cancellation algorithm is the same as that of single-channel echo cancellation algorithm - adaptive filtering algorithm. However, multi-channel acoustic echo cancellation faces more difficulties than single-channel AEC, the key point is the non-uniqueness of the solution. The strong correlation of multi-channel input signals will result in non-unique solutions when solving for the optimal filter coefficients, and the echo canceller cannot provide a unique echo path solution. The adaptive filter needs to fit a long impulse response to handle the same length of echo, and this larger filter order requires more historical data, leading to increased algorithm complexity and reduced convergence performance. Therefore, researchers currently address the problem of multi-channel acoustic echo cancellation mainly from two aspects: firstly, removing the correlation of input signals without affecting spatial sound perception, solving non-uniqueness; secondly, improving the adaptive algorithm, allowing the adaptive algorithm to have faster convergence speed and lower computational complexity to form multi-channel situations.

1. Conclusion
This proposal aims to include section 2 -2.3 into TR 26.933 Chapter 7, and initiated as Chapter 7.1, Acoustic Echo
 Cancellation, marking the beginning of the study on acoustic echo cancellation.

References
[1] S4-231496: [FS_DaCED] TR 26.933 v0.2.0

	
	
	



image1.jpeg
Output r Speaker}‘

& Adaptive Filter ——— Inverter





image2.wmf
()()()

endnyn

=-


oleObject1.bin

image3.wmf
1

0

()()()

M

i

ynwixni

-

=

=-

å


oleObject2.bin

image4.wmf
(1)()()()

wnwnenxn

m

+=+


oleObject3.bin

