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Introduction
RAN3 is currently working on the F1 Application Protocol (F1AP). The F1AP procedures that are needed for option 3 are expected to be finalized for the early drop of Release 15. In this contribution, we discuss a functionality that is currently missing in the F1AP specifications and that we believe is needed for option 3, as well as for other connectivity options, namely the monitoring of inactivity.   
Discussion 
In LTE, the eNB constantly monitors the UE activity on a per-bearer basis. The UE activity monitoring is typically performed by the lower-layers using dedicated counters. The reason for monitoring in the lower-layers is that it allows for measurements with very fine granularity, as the lower-layers have detailed knowledge of the UE activity over the air interface (i.e., on a per-TTI basis). The lower-layers measurements can also be used for UE observability. The lower-layers inform the higher-layers whenever a bearer has been inactive for a given amount of time. The higher-layers can then take actions accordingly. For example, the higher-layers could decide to remove a bearer that has been inactive for a given amount of time or it can decide to change the UE state to RRC_IDLE (or suspend the UE connection) in case that all the corresponding bearers have been inactive for a given amount of time. 
A similar functionality is needed also for NR radio, where according to the information from the lower-layers, the higher-layers can decide to remove data radio bearers (DRBs) and in NG-RAN the corresponding QoS-flows, or it can decide to change the UE state to RRC_IDLE or RRC_INACTIVE.   
Observation 1	Similar as in LTE, it is expected that in NR the lower-layers will monitor the UE activity on a per-bearer basis and report to the higher layers. This allows the higher-layers to take actions toward the UE e.g., removing bearers or changing UE state.

In the disaggregated gNB architecture, the (en-)gNB is separated into gNB-DU and gNB-CU. The lower-layers reside in the gNB-DU and the higher-layers reside in the gNB-CU. Therefore, it is expected that the gNB-DU monitors the UE activity on a per-bearer basis and reports to the gNB-CU either when a bearer or a UE (i.e., all the bearers for the UE) have been inactive for a given amount of time. Accordingly, the gNB-CU can take actions, such as removing unused bearers or changing the UE state.
Observation 2	In the disaggregated gNB architecture, the gNB-DU monitors the UE activity and reports to the gNB-CU whenever a bearer or a UE has been inactive for a certain time. The gNB-CU can decide to remove bearers or change the UE state accordingly. 

Currently, in the F1AP specifications a mechanism that allows the gNB-DU to report UE activity to the gNB-CU is missing. We believe that such mechanism should be introduced as part of the early drop of F1AP specifications. There are two possible options for introducing this mechanism.
1. Introduce a new F1AP procedure: This involves defining a new UE-associated and gNB-DU initiated procedure. The procedure could be class 2. The gNB-DU executes the procedure by sending a message to the gNB-CU including information on whether the UE is active or not-active. For example, the gNB-DU could declare that the UE is not-active when all its bearer have not been used for data transmission for a given amount of time. The message can also include information about activity per-bearer. The coding of the message could be as shown in Table 1. 
Note: we use the term “Not-Active” to clearly differentiate with respect to the RRC_INACTIVE state.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M 
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID 
	M
	
	9.3.1.5
	
	YES
	reject

	UE Activity 
	
	
	ENUMERATED (Active, Not-active)
	The UE is considered Not-active if all its bearers have not been used for data transmission for a predefined amount of time. 
	
	

	DRB Activity List 
	
	0.. 1
	
	
	YES
	reject

	>DRB Activity List Item 
	
	1 .. <maxnoofDRBs> 
	
	
	EACH
	ignore

	   >>DRB ID
	M
	
	9.3.1.8
	
	-
	

	   >>DRB Activity
	M
	
	ENUMERATED (Active, Not-active)
	The DRB is considered Not-active it has not been used for data transmission for a predefined amount of time.
	
	


Table 1: Example of a new F1AP message to report inactivity from gNB-DU to gNB-CU.
Observation 3	One method to allow the gNB-DU to report the UE activity to the gNB-CU is to introduce a new UE-associated and gNB-DU initiated class 2 F1AP procedure.  

2. Employ the F1AP UE Context Modification Required procedure: Another option is to rely on the existing F1AP UE Context Modification Required procedure, which is a UE-associated and gNB-DU initiated procedure [1]. The UE Context Modification Required procedure is class 1. The gNB-DU initiates the procedure by sending the F1AP UE Context Modification Required messages, and the gNB-CU reports the successful update of the UE Context in the F1AP UE Context Modification Confirm message. The F1AP UE Context Modification Required message could be enhanced with a new IE that carries information about UE activity and optionally also information about DRBs activity (the structure can be similar as shown in Table 1). 
Observation 4	Another method to allow the gNB-DU to report the UE activity to the gNB-CU is to introduce a new IE in the F1AP UE Context Modification Required message including information about UE and DRB activity.
  
In case that a UE is served by multiple gNB-DUs at the same time, each gNB-DU should monitor the UE activity on its own resources and report to the gNB-CU accordingly. For example, in case of split bearer each gNB-DU monitor only its own leg and reports inactivity to the gNB-CU about it. The gNB-CU can combine the reports from multiple gNB-DUs to take actions. For example, the gNB-CU can decide to change the UE state to RRC_IDLE only in case that all the gNB-DUs serving the UE report that the UE is not transmitting data for a given amount of time. 
Observation 5	In case that a UE is served by multiple gNB-DUs, each gNB-DU report the UE activity only its own resources. The gNB-CU can combine the reports received by all the gNB-DUs serving the UE to take actions. 

When comparing the two solutions above, solution 2 has the disadvantage that the gNB-CU always needs to send the F1AP UE Context Modification Confirm message in response to a UE activity indication from the gNB-DU. Even in case that the gNB-CU decides to take an action (e.g., removing a bearer) it should first send F1AP UE Context Modification Confirm message to the gNB-DU. This seems inefficient and consequently we prefer to rely on solution 1, i.e., introduce a new F1AP procedure to report UE activity from gNB-DU to gNB-CU.
Proposal 1	Introduce a new gNB-DU initiated, UE-associated, class 2 F1AP procedure to report UE activity from gNB-DU to gNB-CU.  
Proposal 2	RAN3 is kindly asked to agree on the text proposal for TS 38.473 in Annex I.
Conclusion
In this contribution, we discussed the monitoring of inactivity. 
[bookmark: _In-sequence_SDU_delivery]Proposal 1	Introduce a new gNB-DU initiated, UE-associated, class 2 F1AP procedure to report UE activity from gNB-DU to gNB-CU.  
Proposal 2	RAN3 is kindly asked to agree on the text proposal for TS 38.473 in Annex I.
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Annex 1: TP for TS 38.473
[bookmark: _Toc296692904][bookmark: _Toc480193905]Start of Text Proposal for TS 38.473
[bookmark: _Toc493604379][bookmark: _Toc494264757]Table 2: Class 2 procedures
	Elementary Procedure
	Message

	Error Indication
	ERROR INDICATION

	UE Context Release Request (gNB-DU initiated)
	UE CONTEXT RELEASE REQUEST

	Initial UL RRC Message Transfer
	INITIAL UL RRC MESSAGE TRANSFER

	DL RRC Message Transfer
	DL RRC MESSAGE TRANSFER

	UL RRC Message Transfer
	UL RRC MESSAGE TRANSFER

	System Information Delivery
	SYSTEM INFORMATION DELIVERY COMMAND

	Paging
	PAGING

	UE Activity Indication 
	UE ACTIVITY INDICATION



***************Skip Unchanged Text***************

8.3.X	UE Activity Indication 
[bookmark: _Toc493604380][bookmark: _Toc494264758]8.3.X.1	General
The purpose of the UE Activity Indication procedure is to enable the gNB-DU to send indication about the UE activity to the gNB-CU. The procedure uses UE-associated signalling.
[bookmark: _Toc493604381][bookmark: _Toc494264759]8.3.5.2	Successful Operation
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Figure 8.3.X.2-1: UE Activity Indication procedure.
The gNB-DU executes the procedure by sending the UE ACTVITIY INDICATION message to the gNB-CU. The gNB-CU may use this indication to perform reconfigurations. 
In case that an UE is served by multiple gNB-DUs at the same time, the gNB-CU may combine the indications received by all the gNB-DUs serving the UE to perform reconfigurations. 
[bookmark: _Toc496272479]If the DRB Activity List Item IE is contained in the UE ACTVITIY INDICATION message, the gNB-CU may use this information to decide whether to perform reconfigurations, such as removing bearers. 
8.3.X.3	Abnormal Conditions
Not applicable.

***************Skip Unchanged Text***************

[bookmark: _Toc494264798]9.2.2.X	UE ACTIVITY INDICATION
This message is sent by the gNB-DU to provide information about the UE activity to the gNB-CU.
Direction: gNB-DU  gNB-CU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M 
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID 
	M
	
	9.3.1.5
	
	YES
	reject

	UE Activity 
	
	
	ENUMERATED (Active, Not-active)
	The UE is considered Not-active if all its bearers have not been used for data transmission for a predefined amount of time. 
	
	

	DRB Activity List 
	
	0.. 1
	
	
	YES
	reject

	>DRB Activity List Item 
	
	1 .. <maxnoofDRBs> 
	
	
	EACH
	ignore

	   >>DRB ID
	M
	
	9.3.1.8
	
	-
	

	   >>DRB Activity
	M
	
	ENUMERATED (Active, Not-active)
	The DRB is considered Not-active it has not been used for data transmission for a predefined amount of time.
	
	


End of Text Proposal for TS 38.473
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