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Abstract: This contribution introduces a solution of benefits of UE consuming analytics/predictions from NWDAF. 
1. Discussion
In TS 23.288[x], several of analytics are defined in NWDAF. In this paper, it mainly discuss the benefits of UE consuming the analytics from NWDAF, as listed below: 
-
UL/DL communication control
-
Access type selection
-
Application server selection
2. Proposal
It is proposed to agree the following changes to 3GPP TR 23.700-80.
* * * * First change, all new texts* * * *

6.0
Mapping of Solutions to Key Issues

Table 6.0-1: Mapping of Solutions to Key Issues
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6.X
Solution to Key Issue 2: UE Optimizes AI/ML operations by analytics from NWDAF
6.X.1
Description
There are plenty of Analytics have defined in NWDAF. In this solution, some of the analytics can be consumed by UE to enhance AI/ML operations. 

6.X.2
UL/DL communication control
As indicated in TR 22.874[x], some of the AI/ML scenarios require UE to upload the intermediate results or AI model to application server. But, the intermediate results or model uploading have the requirements on UL data rate or latency. For example, as indicated in Table 5.1.6.1-1 of TR 22.874[x], the requirements of data uploading in image recognition are listed: 
Table 6.X.1-1: Image recognition latency and UL data rate for intermediate data uploading
	User application
	Latency: maximum
	User experienced UL data rate

	
	End-to-end latency
	Image recognition latency
	Intermediate data uploading latency
	AlexNet
(Fig. 5.1.1-1, see note 4)
	VGG-16

(Fig. 5.1.1-2, see note 4)

	One-shot object recognition at smartphone
	Several seconds
	~1s
	~100ms
	1.6~21.6Mbit/s
	8~240Mbit/s

	Person identification in security surveillance system
	Several seconds
	~1s
	~100ms
	1.6~21.6Mbit/s
	8~240Mbit/s


Another example is, for some of the scenarios in AI/ML, the AI model needs to be delivered to UE side for the local training or reference via DL communication, but this model downloading also has requirement on DL data rate or latency. Some of the details as listed below, that according to clause 6.1.6 of TR 22.874[x]: 
Table 6.1.6.1-1: Image recognition model downloading latency analysis for example applications (8-bit parameters for the DNN)
	User application
	Latency: maximum
	User experienced DL data rate for model downloading

	
	Image recognition latency
	Model downloading latency
	

	One-shot object recognition at smartphone
	~1s
	1s (Note 1)
	33.6Mbit/s~1.1Gbit/s

	Person identification in security surveillance system
	~1s
	1s (Note 2)
	 33.6Mbit/s~1.1Gbit/s


So, the AI/ML model and data download/uploading has the requirement on UL/DL data rate and latency. If the current UE communication performance in the UE location (for example, the QoS status or latency) doesn’t satisfy the requirements of download/uploading in AI/ML, the download or upload should be stopped or postponed. 
In the current NWDAF analytics, some of the analytics can be provided to UEs for UL/DL communication control: 
-
For Analytic ID = UE communication or Service experience or WLAN performance or Network performance, the NWDAF provides the UL/DL data rate statistic or prediction to UE in specific UE location, including both 3GPP access or non-3GPP access type. According to the statistic or prediction, if the QoS condition is satisfied for uploading/downloading, the UE can decide to upload AI/ML model or Federated Learning interim results to application server, or, the UE can give the indication to application server to trigger model download. If not, the UE can stop or postpone the upload/download until the QoS communication status are satisfied. 
-
For Analytic ID = QoS Sustainability, the NWDAF provides the QoS change statistics for an Analytics target period in the past in a certain area or the likelihood of a QoS change for an Analytics target period in the future in a certain area. According to the QoS Sustainability, the UE can decide to control UL/DL communication. If the QoS status that is satisfied for the UL/DL communication can’t be continued for some time, the UE can choose to stop or postpone the AI/ML operations.
-
For Analytic ID = User Data Congestion, the NWDAF can provide user data congestion related analytics to UE in certain UE location. According to the Throughput UL/DL, Throughput UL/DL (peak) or some other parameters, the NWDAF provides the congestion level. The UE can decide the UL/DL communication control according to the congestion level. 
The potential QoS performance indicator from NWDAF analytics can be: UL/DL data rate, RTT, latency, DL/UL user experience data rate, packet delay and etc.
6.X.3
Access type selection
The same as the requirements that described in 6.X.2, the AI/ML model and data download/uploading operations have the requirement on UL/DL data rate and latency. If the current UE communication performance in the UE location (for example, the QoS status or latency) doesn’t satisfy the requirements of download/uploading in AI/ML, the download or upload should be stopped or postponed. 

But, if in the current UE location, both the WLAN access and 5GS access are available, which kinds of the access should be selected for UL/DL AI/ML operations should be decide. 
-
For Analytic ID = UE communication or Service experience, the NWDAF provides the UL/DL data rate statistic or prediction to UE in specific UE location of 3GPP access. Also, the NWDAF provides the RSRP, RSRQ, Signal-to-noise and interference ratio under 5GS access to indicate the performance. 
-
For Analytic ID = WLAN performance, the NWDAF provides Analytics per SSID of the RTT, RSSI and traffic information (UL/DL data rate) to UE.

The NWDAF can provide both the 5GS access performance or WLAN performance, the UE can have a comparation of them and decide to select the better access type if in the UE location, both of the accesses are available. 
6.X.4
Application IP address selection for AI/ML operation
For the 3rd service provider, usually that there are several application server IP addresses to provide service. One of the examples, when the UE sends DNS query the FQDN of ABC.com, sometimes the DNS server may reply plenty of the application server IP address to UE. Each of the IP address can be used for UL/DL AI/ML operation. For example, plenty of centralized application servers or local edge application server. But which one of these IP addresses should be selected for the AI/ML operations is FFS. 
The NWDAF provides the Analytic ID = “DN performance” to indicate the DN performance of a specific Application Server Instance Address. For example, the NWDAF can provide the performance data towards a specific application server instance address such as Average Traffic rate, Maximum Traffic rate, Average Packet Delay, Maximum Packet Delay and Average Packet Loss Rate. 

From UE side, the UE can compare the DN performance of each application server instance of the same 3rd service provider, and select the better one to use for AI/ML operation. 
6.X.5
Procedures for UE consuming analytic from NWDAF
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Figure 6.X.4-1: Procedures for UE consuming analytic from NWDAF
1.
The UE subscribes the analytic in NWDAF. The details of the procedures are not discussed in this paper. 
2.
The NWDAF notifies the analytic to UE according to the Analytic ID that UE subscribes. The details of the procedures are not discussed in this paper. 
3.
The UE has the optimization for AI/ML operations according to the analytic. The optimizations of AI/ML operations are listed below: 
-
UL/DL communication control: According to the Analytics ID = UE communication or Service experience or WLAN performance or Network performance or QoS Sustainability or User Data Congestion, if the QoS condition in UL or DL is satisfied for uploading/downloading, the UE can decide to upload AI/ML model or Federated Learning interim results to application server, or, the UE can give the indication to application server to trigger the model downloading. If not, the UE can stop or postpone the upload/download until the QoS communication status are satisfied.
-
Access type selection: For Analytic ID = UE communication or Service experience or WLAN performance, the NWDAF can provide both the 5GS access performance or WLAN performance, the UE can have a comparation of them and decide to select the better access type if in the UE location, both of the accesses are available.
-
Application server instance IP address determination: For Analytic ID = DN performance, the UE can compare the DN performance of each application server instance from the same 3rd service provider, and selects the better one with better performance to use for AI/ML operation.
6.X.6
Impacts on services, entities and interfaces

Editor's note:
This clause lists impacts to services and interfaces.
NWDAF:
-
Provides the analytics to UE, according to the Analytic ID that UE subscribes.

UE:
-
Optimize the AI/ML operations according to the analytic subscribed from NWDAF
-
UL/DL communication control: According to the Analytics from NWDAF, if the QoS condition in UL or DL is satisfied for uploading/downloading, the UE can decide to upload AI/ML model or Federated Learning interim results to application server, or, the UE can give the indication to application server to trigger the model downloading. If not, the UE can stop or postpone the upload/download until the QoS communication status are satisfied.
-
Access type selection: According to the Analytics ID = UE communication or Service experience or WLAN performance from NWDAF, the UE can have a comparation of them and decide to select the better access type if in the UE location, both of the accesses are available.
-
Application server instance IP address determination: According to the Analytics ID = DN performance from NWDAF, the UE can compare the DN performance of each application server instance from the same 3rd service provider, and selects the better one with better performance to use for AI/ML operation.
* * * * End of changes * * * *[image: image2.png]
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