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1 Introduction
Since SA4 has initiated the FS_ULBC study [1], many targeted technical discussions took place and the view from the group on them were slowly converging. However, one of the main goals of the ULBC project is to develop a voice codec to enable voice communication over GEO satellite access. To this end, the source would like to emphasize the importance of evaluating the impact of computational complexity and memory footprint on ULBC codec.
For designers of voice compression algorithms, it is well known that higher computational complexity and memory footprint typically lead to better performing solutions, and this is especially true for AI based approaches. It is therefore important to define the limits on computational complexity and memory footprint before sensible discussions/goal settings can take place.
2 Discussion
Setting the computational complexity and memory footprint requirements for ULBC should consider two aspects – the diversity of hardware platforms on which ULBC is targeted to be deployed and the power consumption of the UE devices. 
2.1 On diversity of hardware platforms
A list of UEs of different types which may support ULBC is shown below:
· Handheld mobile phones
· Smart watches
· Smart glasses/head mounted devices
· T-box (Telematics BOX)
· CPE (Customer Premises Equipment)
· Other possible IoT devices
On that a variety of UE application scenarios, ways of usage or wearing, UE shapes and weights, range of UE cost exist and a variety of processing units are being used – DSP, CPU, NPU etc. taking advantage of their specific characteristics. For example, DSP is cheaper in terms of silicon real estate, less power hungry, and is typically single threaded so that it can operate at very low overhead to guarantee synchronized real time execution, this is especially suited for speech codec since real time operation is crucial. On the other hand, CPU offers easier access to bigger memory space, running at higher clock-rate but consumes more power, and requires special care to guarantee real time operation. As for the NPU, it is typically offered by chipset vendors with certain optimizations suitable for their own AI algorithms, making it difficult to deliver consistent performance with other algorithms. Based on available input on various products, we may summarize that:
· DSP: delivering from several hundred to over a thousand MIPS, very power efficient, and it is typically used as single thread computing unit therefore guarantees real time operation. Another advantage of DSP is its cost: it is much smaller in size on a chipset than other processing logics for a comparable processing power.
· CPU/ARM: delivering a few GHz of computing power, general purpose computing, supports multi thread tasks, but need special care or overhead to guarantee real time operation, for example, the processing load typically should not exceed 80% in order to guarantee real time operation.
· NPU: delivering tens of TOPS or more, but is typically AI algorithm specific, i.e., processing units might not be easily adapted to different types of AI algorithms with consistent performances.
It should be understood that vendors may choose any form of DSP, CPU or NPU to implement ULBC fulfilling their business need or product constraints (product performance, design constraints, price etc.). Compared to CPU and NPU, DSP typically consume less power and has limited storage. Therefore, ULBC’s computational complexity and memory footprint should be capped at some limits in order to guarantee its deployment on low end products enabled by DSP.
2.2 On power consumption
Needless to emphasize the importance of low power for wearable class of UEs, not only the battery life is always a concern to users, but also the associated heat dissipation can impact users’ perception on service quality. 
In addition, SA1 has identified satellite enabled service as an invaluable emergency communication capability for worldwide market in TR 22.887 [2], ULBC enabled service must consume the lowest power possible.
Below is an extract from the TR 22.887.
[bookmark: _Toc27760562][bookmark: _Toc154164917][bookmark: _Toc48052897][bookmark: _Toc175580413][bookmark: _Toc199863536]5.11.1	Description
The necessity of satellite-enabled emergency communication cannot be overstated, especially in remote and inaccessible areas. In scenarios such as natural disasters, where traditional communication networks are disrupted, satellite access provides a crucial lifeline for victims in distress. It allows for rapid response and coordination of rescue efforts, ensuring that help reaches those in need as quickly as possible.
Moreover, satellite-supported emergency communication is invaluable for individuals venturing into remote locations, whether for work or exploration. In the event of an accident or unexpected emergency, a satellite-enabled emergency communication can swiftly trigger rescue operations, significantly improving the chances of survival.
The significance of this function enhancement lies in its ability to bridge the gap between vulnerable individuals and emergency services, ensuring that help is always available, regardless of location. As technology advances, the reliability and accessibility of satellite-enabled emergency communication will continue to grow, becoming an increasingly important safety network for our modern world.
It is therefore obvious that ULBC needs to be implementable on power efficient hardware platforms, i,e, DSP. 
2.3 On specific complexity and memory requirements
It is recommended to consider ULBC solutions that are implementable on DSP/CPU/NPU enabled UE devices. For DSP enabled UE devices, they could be either devices with DSP only or devices with multiple computing units including DSP. For latter case, although CPU or NPU maybe available besides DSP, considering factors like power consumption, heat generation, battery life etc, there will still be a preference for deploying ULBC codecs on DSPs due to its advantage of less power hungry, such as some vehicle-mounted devices, glasses, mobile phones with low computational capability etc. Here the DSP means audio processing DSPs available in mobile phones or other devices for voice communication.
Considering the specifications of DSP whose computational power is typically ran ging from several hundred to over a thousand MIPS and possible concurrent processing (for example AEC, ANS, AGC, processing of protocol etc.) on the same DSP during ULBC call, the computational budget left for ULBC Codec could be a few hundred MIPS. Also, the recently standardized IVAS has its entry level profile (Level 1) complexity at around 387 WMOPS that is about 3 times of that of EVS [4], which draws a roadmap of future DSP specification plan for voice communication.  However, AI-based codecs which may be used by ULBC system differ significantly from traditional codecs in terms of complexity and storage. The specific complexity and memory constraints for ULBC can be for further study.
2.4 Reference code and complexity measurement
Since DSP is foreseen as one of a target hardware platform for ULBC deployment, the traditional and well established rule as what we did with AMR [5], EVS [6] and IVAS [4] – the fixed point C reference code can be maintained and therefore complexity measurement being WMOPS, While floating point C reference code and python reference code can also be provided to facilitate deployment over CPU and NPU. Interoperability between reference codes of different types should be guaranteed by conformance test.
3 Proposal
It is proposed to agree the following changes for the Permanent Document.

[bookmark: _Hlk212223624]* * * First Change * * * *
6.1	General
The following clauses present the design constraints (DC) for an Ultra Low Bitrate Codec for the use in application scenarios as given in clause 4. Clause 6.2 outlines the DC parameter and clause 6.3 outlines objective verification methods of some DC parameter. 
6.1.1 Complexity and Memory demands
A list of devices of different type which may support ULBC is shown below:
· Handheld mobile phones
· Smart watches
· Smart glasses/head mounted devices
· TCU (Telematics Control Unit)
· CPE (Customer Premises Equipment)
· Vehicles
· Other possible IoT devices
[It is recommended to consider ULBC solutions that are implementable on DSP/CPU/NPU enabled UE devices. 
Since some of the low-end UEs might be based on DSP processors only, ULBC solutions should be implementable on DSP/CPU/NPU enabled UE devices, where DSP enabled devices mean e.g. either devices with DSP only or devices with multiple computing units including DSP. For latter case, although CPU or NPU maybe available besides DSP, considering factors like power consumption, heat generation, battery life etc., there will still be a preference for deploying ULBC codecs on DSPs due to its advantage of less power hungry, such as some vehicle-mounted devices, glasses, mobile phones with low computational capability etc. Here the DSP means audio processing DSPs available in mobile phones or other devices for voice communication., audio processing DSPs available in mobile phones for voice communication with complexity figure less than 500WMOPS measured on a C reference code and the ROM memory space less than 20MB assuming 32bit/parameter (or 5M model parameters).
Since DSP is foreseen as one of a target hardware platform for ULBC deployment, the traditional and well-established complexity measurement [7] in terms of WMOPS performed on floating-point C reference code should be maintained. While other types of reference code e.g. fixed-point C reference code or python reference code can also be provided to facilitate deployment over different hardware. Interoperability between reference codes of different types should be guaranteed by conformance test.
Editor’s note: What is meant by DSP enabled UE devices needs to be defined. 
]
Editor’s note: The metric for complexity estimation and the exact limits are TBD.
The exact limits of complexity and memory are TBD.
* * * End of Change * * * *
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