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1. Introduction

The support of a spatial audio format by means of N channels + spatial metadata (typically also referred to as MASA or Metadata-Assisted Spatial Audio) is being considered for the IVAS codec [1]. In [2], Fraunhofer IIS proposed clarifications for the metadata structure and parameters particularly related to time-frequency resolution and a newly proposed diffuseness parameter.

In this input document, the time-frequency (TF) resolution is discussed.

2. Some aspects relating to the choice of TF resolution
It is understood there can be many factors affecting the optimal choice of the TF resolution. These factors relate at least to human hearing, required data rate, practical experiences based, e.g., on deployed solutions, and technical constraints and/or availability of existing technical solutions. The outcome should be a high-quality representation that is also practical for implementation.
As outlined in [3] and further proposed in [2], approximating the Bark scale seems one reasonable choice for the TF resolution. This choice reflects the properties of human hearing. A similar approach is to utilize the equivalent rectangular bandwidth (ERB).
On the other hand, it can be pointed out that the IVAS codec is an immersive extension of the EVS codec. Therefore, it seems very useful to consider the properties of the EVS codec and, e.g., allow for straightforward reuse of existing code and tools to as large degree as possible. This can be relevant at least for the attractiveness of deployment, where additional code footprint and memory requirements may be controlled by smart design choices. So far, there have been some concerns indicated in SA4 w.r.t. codec complexity when the IVAS Design Constraints have been discussed. Reuse of the existing functionalities may help to address that issue.
Specifically, the EVS codec, as specified in TS 26.445, implements a complex low-delay filter bank (CLDFB), which generates a time-frequency matrix of 16 time-slots (1.25 ms each) and, for a 48-kHz sampled input, 60 sub-bands where the width of each sub-band is 400 Hz. It is noted that for 8-kHz, 16-kHz, and 32-kHz sampled inputs the corresponding numbers of sub-bands are conveniently 10, 20, and 40.
The source notes that the Bark scale has a higher frequency resolution towards the lower frequencies than what is provided by the CLDFB of the EVS codec. Starting at around 2.5 kHz, the resolution of the CLDFB is however roughly similar as or higher than the Bark scale resolution. 
3. TF resolution for MASA
The source presents for discussion two alternatives for MASA spatial metadata TF resolution. Both of these alternatives support the simultaneous high time resolution (5-ms update rate) and high frequency resolution (24 bands) as considered preferable in [2]. The difference in this case is limited to a choice of the bandwidths, where Table 1 presents a stricter approximation of the Bark scale and Table 2 presents an CLDFB-based approximation of the Bark scale. The higher bands in Table 2 are furthermore selected such that NB, WB, and SWB content can be easily processed by, e.g., skipping/dropping a required number of higher bands.
Table 1. Approximation of Bark scale
	Band
	LF (Hz)
	HF (Hz)
	BW (Hz)
	Band
	LF (Hz)
	HF (Hz)
	BW (Hz)

	1
	0
	100
	100
	13
	1720
	2000
	280

	2
	100
	200
	100
	14
	2000
	2320
	320

	3
	200
	300
	100
	15
	2320
	2700
	380

	4
	300
	400
	100
	16
	2700
	3150
	450

	5
	400
	510
	110
	17
	3150
	3700
	550

	6
	510
	630
	120
	18
	3700
	4400
	700

	7
	630
	770
	140
	19
	4400
	5300
	900

	8
	770
	920
	150
	20
	5300
	6400
	1100

	9
	920
	1080
	160
	21
	6400
	7700
	1300

	10
	1080
	1270
	190
	22
	7700
	9500
	1800

	11
	1270
	1480
	210
	23
	9500
	12000
	2500

	12
	1480
	1720
	240
	24
	12000
	24000
	12000


Table 2. Approximation of Bark scale corresponding to CLDFB
	Band
	LF (Hz)
	HF (Hz)
	BW (Hz)
	Band
	LF (Hz)
	HF (Hz)
	BW (Hz)

	1
	0
	400
	400
	13
	4800
	5200
	400

	2
	400
	800
	400
	14
	5200
	5600
	400

	3
	800
	1200
	400
	15
	5600
	6000
	400

	4
	1200
	1600
	400
	16
	6000
	6400
	400

	5
	1600
	2000
	400
	17
	6400
	6800
	400

	6
	2000
	2400
	400
	18
	6800
	7200
	400

	7
	2400
	2800
	400
	19
	7200
	7600
	400

	8
	2800
	3200
	400
	20
	7600
	8000
	400

	9
	3200
	3600
	400
	21
	8000
	10000
	2000

	10
	3600
	4000
	400
	22
	10000
	12000
	2000

	11
	4000
	4400
	400
	23
	12000
	16000
	4000

	12
	4400
	4800
	400
	24
	16000
	24000
	8000


4. Conclusion
In this input document, the source discussed MASA spatial metadata time-frequency resolution. Two potential approaches, based on Bark scale and EVS codec’s CLDFB implementation, were identified as practical alternatives for implementing spatial metadata TF bands that simultaneously provide high time and frequency resolution. The source kindly asks to consider this input in defining the MASA format further, however further input on the TF resolution is still invited.
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