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Abstract of the contribution: This contribution proposes a new solution to enhance mIoT terminals and its services by the NWDAF analysis for MICO mode. 
1. Discussion
This contribution proposes a new solution for key issue #8, performance improvement and supervision of mIoT terminals. 
5GC have introduced MICO (Mobile Initiated Connection Only) mode for CM-IDLE state. By entering MICO mode, a UE can save battery by stopping all communication related capabilities until next wake-up.  According to TS 23.501[x], the UEs in MICO mode is regarded as unreachable, and there is no way to deliver data or paging. Consequently, it is beneficial to let UEs in MICO mode as much as possible in terms of power saving.  
A UE in MICO mode need not listen to paging while in CM-IDLE. A UE in MICO mode may stop any access stratum procedures in CM-IDLE, until the UE initiates transition from CM-IDLE to CM-CONNECTED due to one of the following triggers:
-	A change in the UE (e.g. change in configuration) requires an update of its registration with the network.
-	Periodic registration timer expires.
-	MO data pending.
-	MO signalling pending (e.g. SM procedure initiated).
After entering MICO mode, however, 5GC and RAN cannot deliver any data until there is data to be delivered in the near future such as response messages. Therefore, it is important to manage MICO mode devices to enhance service quality and device battery life at the same time. In this paper, three MICO mode related configuration parameters are considered by assisting of the NWDAF, 1) periodic registration timer, 2) minimal reachability time, and 3) the buffer size and duration for downlink traffic. Periodic registration timer is an only way to control when the UE is wake up by 5GC. The minimal reachability time is originated from Solution #8 (Connected time value) and Solution #9 (Active timer) of TR 23.724 [x]. The common concept of these timers is to delay the time to enter MICO mode when MT traffic is scheduled or estimated by 5GC.  Currently, TR23.724 concluded use both solutions to enhance MICO feature. The buffer size and duration is parameters related with extended buffering for high latency MT communication.
Currently, these MICO related parameters are highly dependent on 1) local policies, 2) UE provided information, and 3) AF provided external parameters. However, it is likely to have inconsistency of them or hard to make consensus between them. Also, they may be suffered from the lack of enough knowledge to drive the optimal parameters. To find optimal values of MICO configuration parameters, the NWDAF need to consider various sources of data such as 1) service data from AF, 2) subscription data and external provisioned parameters from UDM/UDR, 3) policy data from PCF, 3) traffic and behavioural data from UDM/UDR/AF/UE, 4) 5GC and RAN capability and current status from OAM, and 5) UE analytics from UE. By analysing multiple data, the NWDAF may provide analysis data for MICO mode based on the calculation of optimal parameters or model. The algorithms to derive MICO mode related model or parameters is out of scope. Also, the calculated model can be notified to UDM/UDR or AFs to help them to understand the characteristic of the service. 
Estimating the missing external provisioned parameter is the role of the internal NWDAF algorithm whether it implements regression algorithms, and/or deep learning algorithms. The input of required inputs could be differ, but, the fundamental inputs of the NWDAF are 1) the inputs for identification of the specific target, 2) the inputs to extract the estimation from the similar past situations or the similar group of targets. Based on these inputs, the NWADF may construct internal model for estimating the requested parameters. After receiving the results of the NWDAF, an AMF will coordinate other related entities such as UE, RAN, SMF to support the efficient operation for MICO mode terminals. 
2.	Proposal
It is proposed to include the added text into the TS 23.791. This contribution proposes solutions for Key Issue 8: performance improvement and supervision of mIoT terminals. 
* * * * First Change * * * *
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Editor's note:	Describe the solutions. Sub-clause(s) may be added to capture details, procedural flow, etc.
This is a solution to Key Issue #8: performance improvement and supervision of mIoT terminals.
To enhance the mIoT terminal’s battery life, the proper configuration of MICO related parameters are required. The AMF decides configuration parameters for MICO mode such as 1) Allow/disallow MICO mode,  2) periodic registration timer, 3) minimal reachable time before entering MICO mode, 4) the buffering duration and size for DL packets. The NWDAF may provide analytic information to AMF by collecting and analyse network, service, management, and user data from multiple entities. 

6.x.1.1	MICO mode configuration by AMF
In the current 5GC, AMF may utilize the external parameters provisioned by external AFs such as the behavioural pattern and communication pattern. Table 6.x.1.1.1-1 shows the communication pattern parameters from TS23.682 [x] , and Table 6.x.1.1-2 shows the behavioural parameters from TR 23.724 [x]. 
Table 6.x.1.1-1. Communication Pattern Parameters
	CP parameter
	Description

	1)	Periodic communication indicator
	Identifies whether the UE communicates periodically or not, e.g. only on demand. [optional]

	2)	Communication duration time
	Duration interval time of periodic communication [optional, may be used together with 1)]
Example: 5 minutes

	3)	Periodic time
	Interval Time of periodic communication [optional, may be used together with 1)]
Example: every hour

	4)	Scheduled communication time
	Time zone and Day of the week when the UE is available for communication [optional]
Example: Time: 13:00-20:00, Day: Monday

	5)	Stationary indication
	Identifies whether the UE is stationary or mobile [optional]

	6)	Battery indication
	Identifies power consumption criticality for the UE: if the UE is battery powered with not rechargeable/not replaceable battery, battery powered with rechargeable/replaceable battery, or not battery powered.
[optional]

	X)	Traffic Profile
	Identifies the type of data transmission: single packet transmission (UL or DL), dual packet transmission (UL with subsequent DL or DL with subsequent UL), multiple packets transmission.
[optional]



Table 6.x.1.1-1 The expected UE behavioural parameters
	Expected UE Behaviour parameter
	Description

	Expected UE Moving Trajectory 
	Identifies the UE's expected geographical movement.
Example: A planned path of movement.
[optional]

	Stationary Indication (see TS 23.682 [6] clause 5.10.1)
	Identifies whether the UE is stationary or mobile [optional]

	Communication Duration Time (see TS 23.682 [6] clause 5.10.1)
	Indicates for how long the UE will normally stay in CM-Connected for data transmission.
Example: 5 minutes.
[optional]

	Periodic Time (see TS 23.682 [6] clause 5.10.1)
	Interval Time of periodic communication
Example: every hour.
[optional]

	Scheduled Communication Time (see TS 23.682 [6] clause 5.10.1)
	Time and day of the week when the UE is available for communication.
Example: Time: 13:00-20:00, Day: Monday.
[optional]

	Battery Indication (see TS 23.682 [6] clause 5.10.1)
	Identifies power consumption criticality for the UE: if the UE is battery powered with not rechargeable/not replaceable battery, battery powered with rechargeable/replaceable battery, or not battery powered.
[optional]

	Scheduled Communication Type
	Indicates that the Scheduled Communication Time is Downlink only or Uplink only or Bi-directional [To be used together with Scheduled Communication Time]
Example: <Scheduled Communication Time>, DL only.
[optional] 


These parameters may be highly coupled with the decision making algorithms of AMF for MICO mode. The absence of these parameters could cause poor management of MICO mode, and also, not correctly provisioned parameters can lead not desired MICO mode behaviour for mIoT terminals. 

6.x.1.2	NWDAF assisted MICO mode configuration by AMF
The NWDAF may provide the parameters, not provisioned by AFs, by analysing data collected from various sources such as NFs, OAM, AFs, and UEs. 
6.x.1.2.1 Input Information for external parameter estimation
The information to be collected for the NWDAF to estimate external parameters, not provisioned by AFs. The data sources can be divided into three groups, 1) network data from the NFs, 2) service data from the AF, and 3) management data from the OAM. The network data from 5GC to collect is defined in Table 6.x.1.1.1-1. Estimating the missing external provisioned parameter is the NWDAF implementation whether it implements regression algorithms, and/or deep learning algorithms. The input of required inputs could be categorized into two groups 1) the inputs for identification of the specific target, 2) the inputs to extract the estimation from the similar past situations or the similar group of targets.

Table 6.x.1.2.1-1: Network Data Collection for the analysis 
	Information
	Source
	Description

	Location Info
	AMF or SMF
	The location information of the UE.

	
	
	

	
	
	

	
	
	

	DNN
	SMF or PCF
	To identify the DNN 

	S-NSSAI
	SMF or AMF
	To identify the S-NSSAI for the PDU Session which contains the QoS flow

	UE ID
	AMF or SMF
	To identify UE

	Internal Group ID
	SMF
	To identify UE group if available

	Traffic usage report
	UPF or SMF
	To extract traffic characteristics such as flow length, size, and inter packet arrival time.

	
	
	

	
	
	

	
	
	

	Subscription data
	UDR/UDM
	To extract the specific UE related information. To extract UE’s service contract, UE context, application data, UE specific policy data, and etc.

	External provisioned parameters
	UDR/UDM
	To extract the provisioned external parameters such as network configuration parameters, provisioned communication and behavioural patterns.

	NF resource status
	OAM/NRF
	The status of assigned resources such as CPU and memory.

	NF load
	OAM/NRF
	The load of specific NFs. 

	Service experience
	AF
	User or service provide feedback on service experience such as MOS.



	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	 

	
	
	
	 

	
	
	
	

	
	
	
	



NOTE 1: 	The correlation of analysed traffic information per DNN, per Slice, per service, per group of UE is dependent on usage of the information. Timestamp can be used to correlate the collected data from different entities.


6.x.1.1.2 Output Information to AMF
When the AMF not have enough parameters for MICO mode configuration, it may request to the NWDAF with event ID and event filter to obtain the necessary parameters. The NWDAF may response to the AMF request with the estimated external parameter. Optionally, the accuracy and confidence interval can be contained on the response. It provides that the confidence on the results of the NWDAF compared to the past observed data. The examples of parameters are described in Table 6.x.1.1-1 and Table 6.x.1.1-2. After receiving the output from the NWDAF, the AMF can use them for the calculation of MICO mode parameters such as 1) Allow/disallow MICO mode,  2) periodic registration timer, 3) minimal reachable time before entering MICO mode, 4) the buffering duration and size for DL packets.

6.x.1.1.3 Procedure



Figure 6.x.1.1.3-1: Procedure to support NWDAF assisted MICO mode configuration
0. The NWDAF may collect and analysed data from various sources described on the clause 6.x.1.1.1.
1. A UE sends registration request with MICO preference. 
2. The AMF fetches UE related data from PCF and UDM/UDR according to the registration process according to TS 23.502 [x]
3. The AMF detects the missing external provisioned parameters necessary for deciding MICO mode configuration parameters such as allow/disallow MICO mode, periodic registration timer, minimal reachable time, and the size and duration of the buffer.
4. The AMF sends Nnwdaf_analtic_request with the event ID and event filters for the UE. 
5. The NWDAF responses to the AMF with the estimated external parameter values with the accuracy or the confidence interval. 
(Optional) The accuracy and confidence interval can be provided to indicate the confidence on the results of the NWDAF compared to the past observed data.


6. The AMF calculates the MICO mode related configuration parameters. 
7. The AMF response to the UE with the registration accept message that contains the MICO mode indication, the periodic registration timer value. Optionally, the minimum reachable time value can be delivered to the UE and/or the RAN via N2 interface. The minimum reachable timer value may be transformed into the active timer or connected timer value according to the TR 23.724[x].
8. Before entering MICO mode, the UE (or RAN) may wait a certain amount of time during the minimum reachable time value. The detailed mechanism are described in TR 23.724[x].
9. UPF and SMF notify DL packets to the AMF.
10. The AMF detects that the UE is not reachable due to MICO mode. 
11. The AMF request SMF (or UPF) for the extended buffering with the buffering size and duration according to TR 23.724[x].
 
[bookmark: _Toc515866792][bookmark: _Toc515950712][bookmark: _Toc516127777][bookmark: _Toc516128319]6.x.2	Impacts on Existing Nodes and Functionality
NWDAF: The NWDAF should be able collect data from NFs, AFs, and OAM, and should implement internal logic to analyse/estimate the missing external parameters. 
AMF: The AMF should have an interface to interact with the NWDAF to obtain the analytic information. Internally, the AMF may implements decision mechanism for MICO mode configuration based on the output of the NWDAF. 
[bookmark: _Toc515866793][bookmark: _Toc515950713][bookmark: _Toc516127778][bookmark: _Toc516128320]6.x.3	Solution Evaluation
Editor's note:	Use this section for evaluation at solution level.
* * * * End of change * * * *
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