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Abstract: This paper discusses whether and how many new 5QI(s) can support AIML-based services efficiently. 
1. Introductions
Background information 
In Rel-18, according to SA1 requirements documented in TS 22.261, the 5G system can at least support three types of AIML operations: 
-	AIML operation splitting between AIML endpoints
-	AIML model/data distribution and sharing over 5G system
-	Distributed/Federated Learning over 5G system
For different use cases, different KPIs are identified in Clause 7.10 of TS 22.261. The use cases include but are not limited to split AIML inference between UE and Network Server, model downloading, and Federated Learning between UE and Network Server. In order to support AIML traffic transmission, the 5GS should satisfy the KPIs for different services.
In SA2 154AHE, SA2 sent an LS to SA1 in S2-2301578 to ask SA1 to check whether the KPI for Split AI/ML image recognition in Table 7.10-1 of TS 22.261 is reasonable and also asked SA1 to confirm whether the PDB (Packet Delay Budget) = 10ms for AI/ML inference between UE and Application Function and PDB = 100ms for AI/ML model downloading/Federated learning could fulfil the SA1 requirement. 
SA1 replied to SA2 in S1-230324. SA1 changed the Max allowed UL end-to-end latency for Split AI/ML image recognition from 2 ms to 15 ms in S1-230741 CR0675 of TS 22.261, the change as shown in Table 7.10-1. And SA1 also confirmed that the PDB = 10ms for AI/ML inference between UE and Application Function and PDB = 100ms for AI/ML model downloading/Federated learning could fulfil the SA1 requirement. The above PDBs were proposed by referring to other existing services similar to AIML use cases, e.g. VR motion-to-photon latency. More details can be found in the email discussion [SA2#154AHE, AI#9.9.2, S2-2300750] in SA2 154AHE.
Table 7.10-1 KPI Table of split AI/ML inference between UE and Network Server/Application function in TS 22.261
	Uplink KPI
	Downlink KPI
	Remarks

	Max allowed UL end-to-end latency
	Experienced data rate
	Payload size
	Communication service availability
	Reliability
	Max allowed DL end-to-end latency
	Experienced data rate
	Payload size
	Reliability
	

	2 15 ms
	1.08 Gbit/s
	0.27 MByte
	99.999 %
	99.9 %
	
	
	
	99.999 %
	Split AI/ML image recognition



The 154AHE, OPPO also clarified the definition of E2E latency in SA1 TS 26.221:
Definition of E2E latency is "the time that it takes to transfer a given piece of information from a source to a destination, measured at the communication interface, from the moment it is transmitted by the source to the moment it is successfully received at the destination." Which means the PDB in SA2 is not equal to the E2E latency in SA1. Therefore, in my understanding, we do not need to simply copy the value of latency defined in SA1 for PDB value of 5QI.
As it is defined in clause 5.7.3.4 of TS 23.501:
The Packet Delay Budget (PDB) defines an upper bound for the time that a packet may be delayed between the UE and the N6 termination point at the UPF. 
Therefore, based on the definition of the PDB and OPPO's clarification of the Max. allowed E2E latency, the PDB should be shorter than or equal to the Max. allowed E2E latency; or, in other words, the PBD could be a composition of the E2E latency. 
Observation 1. The PDB should be equal to or shorter than the Max. allowed E2E latency.
Considering the above observation, the PDB of the Split AI/ML image recognition use case in Table 7.10-1 of TS 22.261 should be less than 15 ms. Considering the PDBs of the standardized 5QIs in Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping of TS 23.501, the min. PDB is 5 ms which is standardized for some of the URLLC services. For the Split AI/ML image recognition use case, we do not observe the requirements of treating the AIML at the same latency level as the ultra low latency services. Therefore, the PDB of split AI/ML inference between UE and Network Server/Application function was determined as 10 ms. 
The Packet Error Rate of 5QIs could refer to the Reliability defined in SA1 KPIs. For example, the Reliability of the Split AI/ML image recognition DL traffic is 99.999%, and the Packet Error Rate of this service will be 10-5. Here are some examples of the calculation: 
10e-3 = 0.001 (0.1% PER), 1 - 10e-3 = 1 – 0.001 = 0.999 = 99.9% Reliability
10e-5 = 0.00001 (0.001% PER), 1 - 10e-5 = 1 – 0.00001 = 0.99999 = 99.999% Reliability
Observation 2. The PER of 5QIs of the AIML services can be mapped from the Reliability of corresponding services defined in SA1 KPIs.
Based on the above analysis, the KPIs of the different types of AIML traffic defined in clause 7.10 of TS 22.261 could be mapped to the QoS requirements of the standardized 5QIs, the QoS parameters, including Packet Delay Budget and Packet Error Rate. 
The Default Maximum Data Burst Volume only applies to delay critical GBR. The corresponding value of different services could refer to the payload or model size specified in SA1 KPIs. For non-delay critical GBR, the Default Maximum Data Burst Volume is N/A. 
Regarding the Default Averaging Window in Table 5.7.4-1 of TS 23.501, the default window length for GBR and delay critical GBR is always 2000ms; for non-GBR, it is N/A. Therefore, whether the Default Averaging Window is required or not for the AIML related 5QIs will be determined by the resource type.
Discussion on 5QIs for AIML services 
For the 5QIs to support the KPIs of Split AI/ML inference between UE and Network Server/Application function in Table 7.10-1 of TS 22.261: 
Table 7.10-1 KPI Table of split AI/ML inference between UE and Network Server/Application function in TS 22.261
	Uplink KPI
	Downlink KPI
	Remarks

	Max allowed UL end-to-end latency
	Experienced data rate
	Payload size
	Communication service availability
	Reliability
	Max allowed DL end-to-end latency
	Experienced data rate
	Payload size
	Reliability
	

	15 ms
	1.08 Gbit/s
	0.27 MByte
	99.999 %
	99.9 %
	
	
	
	99.999 %
	Split AI/ML image recognition

	100 ms
	1.5 Mbit/s
	
	
	
	100 ms
	150 Mbit/s
	1.5 MByte/‌frame
	
	Enhanced media recognition

	
	4.7 Mbit/s
	
	
	
	12 ms
	320 Mbit/s
	40 kByte
	
	Split control for robotics

	NOTE 1:	Communication service availability relates to the service interfaces, and Reliability relates to a given system entity. One or more retransmissions of network layer packets can take place in order to satisfy the reliability requirement.



The KPIs of the AIML services in Table 7.10-1 could be mapped to the QoS requirements, as shown in Table 1. For the split AI/ML image recognition, the Reliability of DL is 99.999 %; therefore, the required PER is 10-5. The 10 ms PDB was also confirmed by SA1 in the reply LS. 
The 5QI related parameters of Split control for robotics, Split AI/ML image recognition, Enhanced media recognition  could refer to the Example Services of Interactive Service - Motion tracking data in Table 5.7.4-1 of TS 23.501. therefore, 5QI#88 could be resued to support split AI/ML inference. 
[bookmark: _Ref131543312]Table 1 QoS requirements of split AI/ML inference
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
(NOTE 3)
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services
	Note 

	88
	
	25
	10 ms (NOTE 4)
	10-3
	1125 bytes
	2000 ms
	Split AI/ML inference (see TS 22.261 [2])
	Refer to Interactive Service - Motion tracking data, 
Reuse 5QI # 88. 



Observation 1. 5QI#88 could be reused for Split AI/ML inference.

For AIML model downloading and federated learning, SA2 has agreed on different mechanisms to support both the GBR and non-GBR resource types. For example, in clause 8.5 of TR 23700-80, we have concluded in the SI stage: The Application traffic could be the non-GBR or GBR type. The AF can provide Alternative QoS profile(s) for GBR flows only.
Considering the diverse use cases defined in Table 7.10-2 KPI Table of AI/ML model downloading and Table 7.10-3: KPI Table of Federated Learning between UE and Network Server/Application function (some example shown below), SA2 may define the 5QIs for both GBR and non-GBR to support the AIML operation more flexibly; and therefore, provide the AF and the operator to handle the AIML with deploying various requirements. 
Table 7.10-2 KPI Table of AI/ML model downloading in TS 22.261
	Max allowed DL end-to-end latency
	Experienced data rate
(DL)
	Model size
	Communication service availability
	Reliability
	User density
	# of downloaded AI/ML models
	Remarks

	1s
	1.1Gbit/s
	138MByte
	99.999 %
	99.9% for data transmission of model weight factors; 99.999% for data transmission of model topology
	
	
	AI/ML model distribution for image recognition



A similar methodology to determine the 5QI parameters in Table 1 also applies to those in Table 2. SA1 has confirmed that the 100 ms PDB of model downloading and federated learning fulfil the SA1 requirements. And the reliabiit required in TS 22.261 is 99.999%, the PER should be 10e-5. Currently, there is no standardized non-GBR 5QI can represent this requirement. therefore, a new 5QI is needed to support the AIML model and federated learning. 
[bookmark: _Ref131582266]Table 2 QoS requirements of Federated Learning and model downloading
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
(NOTE 3)
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services in TS 26.221
	Note 

	New
TBD
	Non- GBR
	90
	100 ms
	10-5 
	N/A
	N/A
	e.g. AI/ML model distribution for image recognition Split AI/ML image recognition
	Priority Level refers to Video (Buffered Streaming)
TCP-based in Table 5.7.4-1 of TS 23.501.

A new 5QI is needed.  




Observation 2. No existing 5QI can represent the requirement for AIML model downloadn and FL with PDB = 100ms and PER = 10e-5.
Considering the impacts of the new 5QIs on the entire system, SA2 should limit the number of new 5QIs to support the AIML services. As commented by Nokia during the SA156 AIML pre-meeting CC, there is a possibility of applying the slightly higher requirement to the traffic transmission. However, the operation of model downloading and federated learning will generate considerable traffic between the UE and AF; especially for federated learning, multiple rounds of iterations between the AF and a group of UEs are typically required. Deploying the higher QoS parameters than required will introduce significant negative impacts on the 5GC and RAN, as the network has to handle the traffic in a more restricted manner that is unnecessary. Therefore, we assume it will be beneficial to introduce a new 5QI that represents the requirements of model downloading and federated learning. Using the new 5QI, the 5GC and RAN can handle the traffic in the most resource-efficient way. The new 5QI in Table 2 is needed to support AIML model downloading and federated learning. 
Proposal 1. To reduce the impacts on the system, only a new 5QI is introduced to support AIML model downloading and federated learning. And Reuse 5QI#88 for Split AI/ML inference. 
	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
(NOTE 3)
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services in TS 26.221
	Note 

	New
TBD
	Non- GBR
	90
	100 ms
	10-5 
	N/A
	N/A
	e.g. AI/ML model distribution for image recognition Split AI/ML image recognition
	Priority Level refers to Video (Buffered Streaming)
TCP-based in Table 5.7.4-1 of TS 23.501.

A new 5QI is needed.  




2. Conclusion and proposal(s)
Observation 1.	5QI#88 could be reused for Split AI/ML inference.
Observation 2.	No existing 5QI can represent the requirement for AIML model downloadn and FL with PDB = 100ms and PER = 10e-5.
[bookmark: _GoBack]Proposal 1.	To reduce the impacts on the system, only a new 5QI is introduced to support AIML model downloading and federated learning. And Reuse 5QI#88 for Split AI/ML inference.
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