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Introduction
At RAN3 #99 meeting, the UE inactivity monitoring was discussed. It was stated that “Both CU and DU may monitor UE inactivity (implementation)”. Namely, different implementations may choose to monitor inactivity in different nodes. To support these implementations, it is necessary to introduce signalling over the F1 interface. This contribution elaborates further on this topic. 
Discussion
At the previous RAN3 meeting, the UE inactivity monitoring was discussed based on the contributions R3-174460 [1] and R3-174788 [2]. Specifically, two different solutions for monitoring UE inactivity in the disaggregated architecture where identified and analysed: 
1. gNB-CU monitors the UE inactivity and takes actions directly; 
2. gNB-DU monitors the UE inactivity and reports to the gNB-CU over the F1 interface. 
Observation 1:	Two solutions for monitoring inactivity are possible: (1) gNB-CU monitors inactivity; (2) gNB-DU monitors inactivity. 
The first solution has the clear advantage that signalling over the F1 interface is not necessary. When the gNB-CU identifies that the UE has been inactive for a given amount of time it can immediately take actions, such as removing inactive DRBs or changing the UE state. 
However, at the last RAN plenary a new WI on the separation of the gNB-CU into CU-CP (control plane) and CU-UP (user plane) was agreed [3]. In such architecture, the inactivity monitoring is performed by the CU-UP that owns the user plane part of the PDCP protocol. The CU-UP should then inform the CU-CP over the E1 interface about the UE inactivity, to allow for decisions such as change of UE state or removal of given DRBs. Therefore, signalling of inactivity over a network interface is still necessary and the signalling advantage of inactivity monitoring at gNB-CU does not always persists.    
Observation 2:	The first solution does not require signalling over the F1 interface. However, if the gNB-CU is separated into CU-CP and CU-UP, it requires signalling over the E1.
The second solution requires signalling over the F1 interface. On the other hand, in case that the gNB-CU is separated into CU-CP and CU-UP, the signalling on the E1 interface is not necessary. In addition, monitoring in the gNB-DU (lower-layers) allows for measurements with finer granularity, as the lower-layers have detailed knowledge of the UE activity over the air interface (i.e., on a per-TTI basis). This may allow for taking better decisions on when to take actions, such as removing inactive DRBs or changing the UE state.  
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.
Observation 3:	The second solution does not require signalling over the E1 interface and it allows for more accurate measurements. However, it requires signalling over the F1.
When comparing the two solutions, it seems that from a specification point-of-view they have the same impact. In terms of signalling, the first solution is beneficial, but only in the case where the gNB-CU is monolithic (i.e., it is not separated into CU-CP and CU-UP). On the other hand, the second solution has the advantage that the gNB-DU has more detailed knowledge of the UE activity over the air interface and allows for more accurate monitoring and reporting. For example, in case transmission of data requires several retransmission processes, spanning over many TTIs, the gNB-DU would be able to start the inactivity monitoring from the time when UE is truly not involved in any data transmission activity.
From an implementation point of view, it is believed that the gNB-DU will anyhow need to monitor data traffic for generating L2 measurements (e.g., of the kind described in TS 36.314). For this reason, it is believed that from an implementation point of view, monitoring of inactivity in the gNB-DU would be rather straightforward. It seems therefore sensible to allow monitoring at the gNB-DU to ease implementation effort.
Observation 4:	The first solution is beneficial when the gNB-CU is monolithic. The second solution enhances inactivity monitoring accuracy, reduces implementation effort, and seems to be beneficial when the gNB-CU is separated into CU-CP and CU-UP. 
Based on the above observations, we believe that both solutions could be supported by allowing only one method for inactivity signalling. The signalling method suggested is over the F1 interface. 
According to this approach the first solution can be implemented in a deployment where the gNB-CU is monolithic. Here, the gNB-CU monitors the UE inactivity and takes actions accordingly, such as removing DRBs and changing the UE state. In this case signalling of inactivity reports over F1 should not be activated. Support of this solution does not introduce any impact to the RAN3 specifications.  
Observation 5:	The first solution can be adopted in case that the gNB-CU is monolithic without any impact on the RAN3 specifications.   
The second solution instead can be implemented in case that the gNB-CU is separated into CU-CP and CU-UP. The gNB-DU monitors the UE inactivity and reports to the gNB-CU over the F1 interface. In this case there is an impact on the RAN3 specifications, as the inactivity reporting mechanism should be added to the F1 interface. Firstly, we propose to add an activation mechanism for the inactivity reporting. Specifically, we propose to add an Inactivity Reporting IE in the F1AP UE Context Setup Request Message. Note that a monolithic gNB-CU implementation that does not require inactivity reporting from the gNB-DU may simply decide to not activate it.    
Proposal 1:	Introduce an Acitvity Reporting IE in the F1AP UE Context Setup Request message to request the gNB-DU to monitor and report inactivty for this UE.  
Secondly, it is needed to define a mechanism to allow the gNB-DU to report inactivity for a UE when needed. To achieve this, two options are possible:
· define a new Class 2, gNB-DU initiated and UE-associated F1AP procedure to report UE inactivity;
· introduce a new IE in the F1AP UE Context Modification (gNB-DU initiated) procedure.
We analysed the two options in details R3-174788 [2] where we concluded that the former is the most efficient. 
Proposal 2:	Introduce a new Class 2, gNB-DU initiated, and UE-associated F1AP procedure to report UE inactivity from gNB-DU to gNB-CU.  
Proposal 3:	RAN3 is kindly asked to agree on the text proposal in Annex I. 
Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution, we discussed the monitoring of inactivity. The observations and proposals are summarized in the following. 
Observation 1:	Two solutions for monitoring inactivity are possible: (1) gNB-CU monitors inactivity; (2) gNB-DU monitors inactivity.
Observation 2:	The first solution does not require signalling over the F1 interface. However, if the gNB-CU is separated into CU-CP and CU-UP, it requires signalling over the E1.
Observation 3:	The second solution does not require signalling over the E1 interface and it allows for more accurate measurements. However, it requires signalling over the F1.
Observation 4:	The first solution is beneficial when the gNB-CU is monolithic. The second solution enhances inactivity monitoring accuracy, reduces implementation effort, and seems to be beneficial when the gNB-CU is separated into CU-CP and CU-UP.
Observation 5:	The first solution can be adopted in case that the gNB-CU is monolithic without any impact on the RAN3 specifications.   
Proposal 1:	Introduce an Acitvity Reporting IE in the F1AP UE Context Setup Request message to request the gNB-DU to monitor and report inactivty for this UE.  
Proposal 2:	Introduce a new Class 2, gNB-DU initiated, and UE-associated F1AP procedure to report UE inactivity from gNB-DU to gNB-CU.  
Proposal 3:	RAN3 is kindly asked to agree on the text proposal in Annex I.
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Annex 1: TP for the BL CR to TS 38.473
[bookmark: _Toc296692904][bookmark: _Toc480193905]Start of Text Proposal 1 for TS 38.473
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



Start of Text Proposal 2 for TS 38.473
[bookmark: _Toc502837191][bookmark: _Toc502835510]8.3.1	UE Context Setup 
[bookmark: _Toc502835511][bookmark: _Toc502837192]8.3.1.1	General
The purpose of the UE Context Setup procedure is to establish the UE Context including among others SRB, and DRB data. The procedure uses UE-associated signalling.
[bookmark: _Toc502835512][bookmark: _Toc502837193]8.3.1.2	Successful Operation
[image: ]
Figure 8.3.1.2-1: UE Context Setup Request procedure: Successful Operation
The gNB-CU initiates the procedure by sending UE CONTEXT SETUP REQUEST message to the gNB-DU. If the gNB-DU succeeds to establish the UE context, it replies to the gNB-CU with UE CONTEXT SETUP RESPONSE.
If the SpCell ID IE and the SCell To Be Setup List IE is included in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4].
If the DRX Cycle IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall use the provided value from the gNB-CU.
If the SRB To Be Setup List IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4].
The gNB-DU shall report to the gNB-CU, in the UE CONTEXT SETUP RESPONSE message, the result for all the requested DRBs and SRBs in the following way:
-	A list of DRBs which are successfully established shall be included in the DRB Setup List IE;
-	A list of DRBs which failed to be established shall be included in the DRB Failed to Setup List IE;
-	A list of SRBs which are successfully established shall be included in the SRB Setup List IE;
-	A list of SRBs which failed to be established shall be included in the SRB Failed to Setup List IE.
When the gNB-DU reports the unsuccessful establishment of a DRB or SRB, the cause value should be precise enough to enable the gNB-CU to know the reason for the unsuccessful establishment.
For EN-DC operation, the gNB-CU shall include the E-UTRAN QoS IE. The allocation of resources according to the values of the Allocation and Retention Priority IE included in the E-UTRAN QoS IE shall follow the principles described for the E-RAB Setup procedure in TS 36.413 [15].
If the gNB-CU received the MeNB Resource Coordination Information as defined in TS 36.423 [9], it shall transparently transfer it to the gNB-DU via the Resource Coordination Transfer Container IE in the UE CONTEXT SETUP REQUEST message. The gNB-DU shall use the information received in the Resource Coordination Transfer Container IE as described in TS 36.423 [9] for reception of MeNB Resource Coordination Information at the gNB acting as secondary node.
If the Resource Coordination Transfer Container IE is included in the UE CONTEXT SETUP RESPONSE, the gNB-CU shall transparently transfer this information for the purpose of resource coordination as described in TS 36.423 [9].
If the Activity Reporting IE in the UE CONTEXT SETUP REQUEST message is set to Report, the gNB-DU shall monitor the UE activity and report to the gNB-CU via the UE Activity Indication procedure.

Start of Text Proposal 3 for TS 38.473
8.x		UE Activity Indication 
[bookmark: _Toc493604380][bookmark: _Toc494264758]8.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.x.2	Successful Operation
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Figure 8.x.2-1: UE Activity Indication procedure. Successful operation.
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 reconfigure the connection toward the UE. 
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 connection reconfigurations. 
[bookmark: _Toc496272479]If the DRB Activity List 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.x.3	Abnormal Conditions
Not applicable.

Start of Text Proposal 4 for TS 38.473
[bookmark: _Toc502835560][bookmark: _Toc502837241][bookmark: _Ref469454216][bookmark: _Toc367183031][bookmark: _Toc488218727][bookmark: _Toc494264789][bookmark: _Toc500327651]9.2.2.1	UE CONTEXT SETUP REQUEST
This message is sent by the gNB-CU to request the setup of a UE context.
Direction: gNB-CU  gNB-DU. 
	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 
	O
	
	9.3.1.5
	
	YES
	ignore

	SpCell ID
	M
	
	NCGI
9.3.1.12
	Special Cell as defined in TS 38.321 [16]
	YES
	reject

	CU to DU RRC Information
	M
	
	9.3.1.25
	
	YES
	reject

	DRX Cycle 
	O
	
	DRX Cycle 
9.3.1.24
	
	YES
	ignore

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the MeNB Resource Coordination Information IE as defined in subclause 9.2.116 of TS 36.423 [9].
	YES
	ignore

	SCell To Be Setup List
	
	0..1
	
	
	YES
	ignore

	>SCell to Be Setup Item IEs
	
	0 .. <maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NCGI
9.3.1.12
	SCell Identifier in gNB
	-
	-

	>>SCell Index
	M
	
	INTEGER (0..63)
	
	
	

	SRB to Be Setup List
	
	0..1
	
	
	
	

	>SRB to Be Setup Item IEs
	
	1 .. <maxnoofSRBs>]
	
	
	
	

	>SRB ID
	M
	
	9.3.1.7
	
	
	

	DRB to Be Setup List
	
	1
	
	
	YES
	reject

	>DRB to Be Setup Item IEs
	
	1 .. <maxnoofDRBs> 
	
	
	EACH
	reject

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>E-UTRAN QoS
	O
	
	9.3.1.19
	Shall be used for EN-DC case to convey E-RAB Level QoS Parameters
	
	

	>> Tunnels to be setup List
	
	1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	1 .. <maxnoofULTunnels>
	
	
	
	

	>>>>UL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint
9.3.2.1
	gNB-CU endpoint of the F1 transport bearer. For delivery of UL PDUs.
	-
	-

	>> RLC Mode
	M
	
	9.3.1.27
	
	-
	

	Activity Reporting 
	M
	
	9.3.1.x
	
	YES
	reject




Start of Text Proposal 5 for TS 38.473

[bookmark: _Toc494264798]9.2.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 
	M
	
	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. 
	YES
	reject

	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)
	[bookmark: _GoBack]The DRB is considered Not-active if it has not been used for data transmission for a predefined amount of time.
	-
	-



Start of Text Proposal 6 for TS 38.473
[bookmark: _Toc500500943]9.3.1.x	Activity Reporting 
The Activity Reporting IE indicates whether the gNB-CU requests the gNB-DU to report activity for a given UE.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Activity Reporting 
	M
	
	ENUMERATED(Report, Do Not Report, …)
	



End of Text Proposal for TS 38.473
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