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Abstract:
The potential new requirements for the use case on real time media editing with on-board AI inference is reviewed and updated.
All Editor’s Notes are considered and potential KPIs are included. For the potential KPIs, two cases are considered, “independent” (single) user and “crowd”.
Proposal
It is proposed to include the below improvements to clause 6.2.6 for the use case on real time media editing with on-board AI inference in 3GPP TR 22.874 version 0.1.0.

* * * *   First Change   * * * *

[bookmark: _Toc50050653][bookmark: _Toc50050652]6.2.6	Potential New Requirements needed to support the use case
Editor’s Note:	New Requirements are FFS, but the following aspects are candidates for new requirements:
support of bitrates to download large ML models;
support of bitrates to download ML models in area with high user density;
support of prioritization of the transfer of ML models based on the application/service; and
support of latency to update ML models – delay between UE download request and ML model downloaded.
Potential new requirements needed to support the use case result of the following parameters:
a) ML model size.
b) latency constraint of the application or service.
c) number of concurrent downloads, i.e. number of UEs requesting ML model downloads within same time window.
The number of concurrent downloads further depends on the density of UE in the covered area and the covered area size.
The tables 6.2.6-1, 6.2.6-2 and 6.2.6-3 contain KPI for different aspects of the real-time media editing use case.
Editor’s note: For table 6.2.6-1, typical models’ sizes are extracted from tables 6.2.1-1, 6.2.1-2 and 6.2.1-3.
Table 6.2.6-1. Typical sizes of models for the UC
	Model
	Number of parameters (Million) 
	Size of the model (MByte)
	Comments

	MobileNet
	3.2
	3.2
	8-bit parameters

	MobileNet
	3.2
	12.8
	32-bit parameters

	RCAN
	15.44
	15.44
	8-bit parameters

	DarkNet
	20
	20
	8-bit parameters

	Inception v4
	41
	41
	8-bit parameters

	RCAN
	15.44
	61.78
	32-bit parameters

	YOLONet
	64
	64
	8-bit parameters

	DarkNet
	20
	80
	32-bit parameters

	VGGNet
	134
	134
	8-bit parameters

	Inception v4
	41
	164
	32-bit parameters

	YOLONet
	64
	256
	32-bit parameters

	VGGNet
	134
	536
	32-bit parameters



From Table 6.2.6-1, AI/ML models currently available to elaborate the use case have sizes that vary from 3.2 MB to 536 MB.
As indicated in the use case in clause 6.1, it can be noted that the size of AI/ML models can be reduced prior to transmission with dedicated model compression techniques. On the contrary, AI/ML models with more neural network layers and more complex architectures arise to solve more complex tasks and to improve accuracy. This trend is expected to continue in the coming years. Typical model sizes in the range of 3 MB to 500 MB appear to be a reasonable compromise to consider for this use case.
In the following, two categories are considered for AI/ML model sizes:
a) AI/ML model sizes below 64 MB, which can be associated to models optimized for fast transmission,
b) AI/ML model sizes below 500 MB, which can be associated to models optimized for higher accuracy.
Latency requirements in function of application or service:
a) Videocall service requires an end-to-end latency below 200 ms,
b) Video recording, video streaming, and object recognition applications require a latency below 1 s.
DL bitrate requirements resulting from above AI/ML models’ sizes and latency requirements are summarized in the following table:
Table 6.2.6-2. UC model download – single UE – KPIs
	UC model download
	ML model size
	Latency
	User experienced DL data rate
	Supported

	Single Model / Single UE
	[3 MB – 64 MB]
	<1 s
	[24 Mb/s ~ 512 Mb/s]
	Yes

	Single Model / Single UE
	[3 MB – 64 MB]
	<200 ms 
	[120 Mb/s ~ 2.56 Gb/s]
	Yes

	Single Model / Single UE
	[64 MB – 500 MB]
	<1 s
	[512 Mb/s ~ 4 Gb/s]
	Yes

	Single Model / Single UE
	[64 MB – 500 MB]
	<200 ms
	[2.56 Gb/s ~ 20 Gb/s]
	No



As indicated above, the number of concurrent downloads is a third parameter to determine potential new requirements. This corresponds to the maximum number of UEs requesting a ML model download in a same time window and same covered area/cell.
The case of a concert hall is an illustration of the scenario, “Broadband access in a crowd” from 3GPP TS 22.261 [4]. This scenario evoques an overall user density of 500 000 UE / km2  (i.e. 0.5 UE / m2) and an activity factor of 30 %.
In the concert hall case, it is also assumed that only a part of the UEs intends to request AI/ML model downloads. Moreover, only a subpart will request ML model download during the same time window in the same cell. The activity factor is finally estimated to 1 % (i.e. % of UE requesting a ML download within same time window).
Typical number of UEs in a concert hall vary from ~1000 seats to ~ 5000 seats. 
Based on these figures and UE activity assumption, the number of concurrent downloads is estimated as follows.
Table 6.2.6-3. Estimated number of concurrent downloads
	Number of UEs
	Estimated area 
(density of 
0.5 UE / m2 )
	Activity Factor

	Number of concurrent downloads in the same cell

	1000
	2000 m2
	1 %
	10

	5000
	10000 m2
	1 %
	50



From Table 6.2.6-2 and Table 6.2.6-3, requirements on the covered area are estimated as follows:
Table 6.2.6-4. Estimated covered area DL bitrate requirements
	Number of UEs
	Activity Factor

	Number of concurrent downloads
	ML model size
	Latency
	User experienced DL data rate
	Covered area DL data rate requirement

	1000
	1 %
	10
	[3 MB – 64 MB]
	<1 s
	[24 Mb/s ~ 512 Mb/s]
	[240 Mb/s ~ 5.12 Gb/s]

	
	
	
	[3 MB – 64 MB]
	<200 ms
	[120 Mb/s ~ 2.56 Gb/s]
	[1.2 Gb/s ~ 25.6 Gb/s]

	
	
	
	[64 MB – 500 MB]
	<1 s
	[512 Mb/s ~ 4 Gb/s]
	[5.12 Gb/s ~ 40 Gb/s]

	5000
	1 %
	50
	[3 MB – 64 MB]
	<1 s
	[24 Mb/s ~ 512 Mb/s]
	[1.2 Gb/s ~ 25.6 Gb/s]

	
	
	
	[3 MB – 64 MB]
	<200 ms
	[120 Mb/s ~ 2.56 Gb/s]
	[6 Gb/s ~ 128 Gb/s]

	
	
	
	[64 MB – 500 MB]
	<1 s
	[512 Mb/s ~ 4 Gb/s]
	[25.6 Gb/s ~ 200 Gb/s]



Another approach to estimate the number of concurrent downloads is to estimate the number of different AI/ML models requested by UEs instead of the number of UEs requesting AI/ML models. The AI/ML models can then be transmitted simultaneously to multiple UEs. The number of different AI/ML models depends on the accuracy expectations of the AI/ML models, the execution environments and the hardware characteristics of end devices. When the number of UE requesting AI/ML models is very high, the number of different AI/ML models can remain smaller. This approach is well suited for very large crowd.
The number of concurrent downloads when simultaneously transmitted to many UEs can be estimated between 1 (i.e. all UEs request the same AI/ML model) and 50 (i.e. all UEs request different AI/ML models). From table 6.2.6-5, requirements on the covered area are estimated as follows:
Table 6.2.6-5. Estimated covered area DL bitrate requirements with simultaneous AI/ML model download
	Number of different models
	ML model size
	Latency
	Covered area DL data rate requirement

	1
	[3 MB – 64 MB]
	<1 s
	[24 Mb/s ~ 512 Mb/s]

	
	
	<200 ms
	[120 Mb/s ~ 2.56 Gb/s]

	
	[64 MB – 500 MB]
	<1 s
	[512 Mb/s ~ 4 Gb/s]

	10
	[3 MB – 64 MB]
	<1 s
	[240 Mb/s ~ 5.12 Gb/s]

	
	
	<200 ms
	[1.2 Gb/s ~ 25.6 Gb/s]

	
	[64 MB – 500 MB]
	<1 s
	[5.12 Gb/s ~ 40 Gb/s]

	50
	[3 MB – 64 MB]
	<1 s
	[1.2 Gb/s ~ 25.6 Gb/s]

	
	
	<200 ms
	[6 Gb/s ~ 128 Gb/s]

	
	[64 MB – 500 MB]
	<1 s
	[25.6 Gb/s ~ 200 Gb/s]



From table 6.2.6-1, typical models’ sizes vary from 3, 12.8, 15.44, 20, 41, 64, 80, 134, 164, 256, 536 Mbytes.
Typical models’ sizes of: 3, 15, 40, 60, 120 and 240 MBytes are retained for DL bitrate with regards to latency potential requirements. 
Editor’s Note:	Further typical sizes definition is FFS.
Editor’s note: 	For table 6.2.6-2, It is FFS if coverage/density of users / number of concurrent downloads should be added to the table.
Table 6.2.6-2. UC model download – single UE – KPIs
	UC model download
	ML model size
	Latency requirement
	DL bitrate requirement
	Comments

	Single Model / Single UE
	3 MB
	1 s
	24 Mb/s
	

	Single Model / Single UE
	3 MB
	200 ms
	120 Mb/s
	

	Single Model / Single UE
	15 MB
	1 s
	120 Mb/s
	

	Single Model / Single UE
	15 MB
	200 ms
	600 Mb/s
	

	Single Model / Single UE
	40 MB
	1 s
	320 Mb/s
	

	Single Model / Single UE
	40 MB
	200 ms
	1600 Mb/s
	

	Single Model / Single UE
	60 MB
	1 s
	480 Mb/s
	

	Single Model / Single UE
	60 MB
	200 ms
	2400 Mb/s
	

	Single Model / Single UE
	120 MB
	1 s
	960 Mb/s
	

	Single Model / Single UE
	120 MB
	200 ms
	4800 Mb/s
	

	Single Model / Single UE
	240 MB
	1 s
	1920 Mb/s
	

	Single Model / Single UE
	240 MB
	200 ms
	9600 Mb/s
	

	Multiple Models / single UE
	120 MB + 60 MB + 30 MB + 30 MB
	1 s
	1920 Mb/s
	size of download is the sum of 4 models’ sizes

	Multiple Models / single UE
	120 MB + 60 MB + 30 MB + 30 MB
	200 ms
	9600 Mb/s
	size of download is the sum of 4 models’ sizes



Editor’s note: For table 6.2.6-3, It is FFS if coverage/density of users / number of concurrent downloads should be added to the table.
Table 6.2.6-3. UC model download – multiple UEs – KPIs
	UC model download
	ML model size
	Latency requirement
	DL bitrate requirement
	Comments

	Multiple Models / Multiple UEs
	(30*500) MB
	1 s
	120 000 Mb/s
	Assumption: 500 UEs download a model concurrently, average model size is 30 MB

	Multiple Models / Multiple UEs
	(30*500) MB
	200 ms
	600 000 Mb/s
	Assumption: 500 UEs download a model concurrently, average model size is 30 MB


Editor’s Note:	Content of the Tables 6.2.6-1, 6.2.6-2 and 6.2.6-3 must be further discussed and verified.
6.2.6.1	Potential KPI Requirements
Independent user:
[P.R.6.2-I-001] The 5G system shall support the download of AI/ML models with a size below 64 MB within a latency range [200 ms ~ 1 s] and a data rate of 2.56 Gb/s.
[P.R.6.2-I-002] The 5G system shall support the download of AI/ML models with a size in [64 MB – 500 MB] with a latency below 1 s and a data rate of 4 Gb/s.
Crowd:
[P.R.6.2-C-001] The 5G system shall support the download of up to 50 AI/ML models with a size below 64 MB with a latency in [200 ms ~ 1 s].
[P.R.6.2-C-002] The 5G system shall support the download of up to 50 AI/ML models with a size in [64 MB – 500 MB] with a latency below 1 s.
[P.R.6.2-C-003] The 5G system should support the functionality to transmit simultaneously a same AI/ML model to many UEs within a latency range [200 ms ~ 1 s].
* * * *   End of Changes   * * * *

