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1
Introduction

At RAN3#97bis an LS from SA2 was received in R3-173590/S2176158 on coexistence between RRC inactive and dual connectivity.

SA2 stated their preference that dual connectivity configuration is maintained while the UE is in RRC inactive in order to potentially avoid unnecessary signalling between the RAN and CN, and within the CN, whenever the UE moves between RRC connected and RRC inactive states. 

RAN2 and RAN3 are requested to study this case.

At RAN3#99 a LS was sent back to SA2 in R3-181557 confirming the feasibility, from RAN3 point of view, of keeping SDAP/PDCP network resource configuration on both MN and SN for UEs in RRC_INACTIVE, while removing Lower Layer resources.
RAN3#100 receives S2-184489 [1], where SA2 reports to have agreed stage 2 content for TS 23.501 in §5.3.3.2.5:

The state and "endpoints" (in case of Dual Connectivity configuration) of the N2 and N3 reference points are not changed by the UE entering CM-CONNECTED with RRC Inactive state. A UE in RRC inactive state is aware of the RAN Notification area. 
...
If the UE resumes the connection in a different NG-RAN node within the same PLMN, the UE AS context is retrieved from the old NG-RAN node and a procedure is triggered towards the CN (see TS 23.502 [3]).
NOTE 1: With Dual Connectivity configuration if the UE resumes the RRC connection in the Master RAN node, the Secondary RAN node configuration is defined in TS 38.300 [27].
This document resumes the discussion suspended 2 meetings ago and tries to get back into memory what was discussed there by retrieving material from the cerebral storage place, even if a direct access is not possible in a lossless way.

2
Discussion

It can be confirmed that especially in case of SN terminated DRBs, i.e. DRBs where the NG-U bearer terminates at the Secondary Node (which hosts the SDAP/PDCP entity for the PDU Session / DRB), removing the DC configuration when the UE goes to RRC_INACTIVE, would require removing bearer and signalling contexts from the Secondary Node by means of Xn-C and NG-C signalling:

-
The NG-U PDU Session tunnel would need to be switched to the Master Node

-
SCG resources would need to be removed

-
User Plane contexts in the 5GC would need to be de-activated, requiring interaction between CP and UP 5GC entities (AMF, SMF; UPF).

As the feature RRC_INACTIVE is intended to be used to effectively support UE RRC state changes also in case of relatively frequent data transmission with transmission gaps in between, that cause the network to send the UE to RRC_INACTIVE, this would cause unnecessary signalling on network interfaces.

Observation 1 Up to now, utilising RRC_INACTIVE in between relatively frequent transmission of data bursts, would not allow utilising Dual Connectivity with SN terminate DRBs, as the related network signalling would rather discourage such bearer configuration.

While it can be expected that Lower Layers (RLC/MAC/PHY) are not kept established at RRC_INACTIVE, keeping NG-U PDU Session tunnels active and SDAP/PDCP established, would be feasible. It allows to hide RRC_INACTIVE activities form the Core Network – minimising signalling at RRC state transition has been always a basic design guideline for RRC_INACTIVE.

A graph how network resources would be configured for SN terminated (split) bearers at RRC_CONNECTED (Figure 1) and RRC_INACTIVE (Figure 2) is shown below:
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Figure 1: Example network resource configuration for a UE in DC at RRC_CONNECTED
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Figure 2: Example network resource configuration for a UE in DC at RRC_INACTIVE

Transition from RRC_CONNECTED to RRC_INACTIVE configuration requires NG RAN internal signalling:
1)
The MN needs information provided from the SN to decide whether to send the UE to RRC_INACTIVE, i.e. an SN triggered inactivity indication for SN terminated bearers.

2)
There is also an Xn trigger needed in case the UE was kept in RRC_CONNECTED and traffic re-appears at the SN after the trigger described in 1).

3)
The MN, once the decision for RRC_INCACTIVE was made need to task the SN to remove Lower Layer resources while sending the UE to RRC_INACTIVE and removing MCG resources.

In the reverse direction, RRC_INACTIVE to RRC_CONNECTED to the following NG RAN internal signalling is necessary:

4)
The MN needs a trigger for transition to RRC_CONNECTED if user data appears at the SN, which could be the performed with the same signalling mechanism as the trigger described in 2).

Observation 2 Keeping SDAP/PDCP resources in the SN for UEs in RRC_INACTIVE needs additional signalling on Xn: triggers from the SN to report inactivity/activity and triggers to add/remove Lower Layer resources (only).

Observation 3 Support of maintaining dual connectivity configuration while the UE is in RRC_INACTIVE is feasible.

If the UE resumes in a new NG-RAN node where the configuration in the old SN and MN cannot be used anymore, UE Context Retrieval, setup of a new configuration, probably with DC, data forwarding (for MT traffic) will take place, as usual, when SN Change or MN Handover is triggered. Note, that the UE Context Retrieval builds very much on Handover signalling, so functionality should be in place to cater for all the cases. However, given that such scenario typically only happens after a relatively long period of inactivity, it is not very likely that the serving node decides to keep DC HL resources.

Observation 4 Resuming in a different MN/SN serving area as the one where the UE was supsended while keeping HL DC resource configuration is possible, but not seen as a very likely scenario.

3
Conclusion
We have re-captured where the discussion resumed at RAN3#99 based on the feedback received from SA2 in S2-184489.

It is proposed to agree on the TP for 38.423 provided in the Annex below , which covers a new class 2 procedure to indicate activity (on a per UE and a per DRB level) and additions to the MN initiated S-NG-RAN node Modification procedure. Further TPs are provided for 37.340 and 38.420.
4
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Annex: Text Proposal for XnAP TS 38.423 v0.8.0
<<<<<<<<<<<<<<<<<<<< Begin Text Proposal >>>>>>>>>>>>>>>>>>>>
8.3.3
M-NG-RAN node initiated S-NG-RAN node Modification Preparation

Editor’s Note: All the text below is FFS.
8.3.3.1
General

This procedure is used to enable an M-NG-RAN node to request an S-NG-RAN node to modify the UE context at the S-NG-RAN node or to query the current SCG configuration for supporting delta signalling in M-NG-RAN node initiated S-NG-RAN node change.

The procedure uses UE-associated signalling.

8.3.3.2
Successful Operation
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Figure 8.3.3.2-1: M-NG-RAN node initiated S-NG-RAN node Modification Preparation, successful operation
The M-NG-RAN node initiates the procedure by sending the S-NODE MODIFICATION REQUEST message to the S-NG-RAN node.

When the M-NG-RAN node sends the S-NODE MODIFICATION REQUEST message, it shall start the timer TXnDCprep.

The S-NODE MODIFICATION REQUEST message may contain

-
within the UE Context Information IE;

-
PDU session resources to be added within the PDU Session Resources To Be Added Item IE;

-
PDU session resources to be modified within the PDU Session Resources To Be Modified Item IE;

-
PDU session resources to be released within the PDU Session Resources To Be Released Item IE;

-
the S-NG-RAN node UE Aggregate Maximum Bit Rate IE;

-
the M-NG-RAN node to S-NG-RAN node Container IE;

-
the SCG Change Indication IE;

-
the SCG Configuration Query IE.

If the S-NODE MODIFICATION REQUEST message contains the Selected PLMN IE, the S-NG-RAN node may use it for RRM purposes.

If the S-NODE MODIFICATION REQUEST message contains the Handover Restriction List IE, the S-NG-RAN node shall 
-
replace the previously provided Handover Restriction List by the received Handover Restriction List in the UE context;

-
use this information to select an appropriate SCG.

If the S-NG-RAN node UE Aggregate Maximum Bit Rate IE is included in the S-NODE MODIFICATION REQUEST message, the S-NG-RAN node shall:

-
replace the previously provided S-NG-RAN node UE Aggregate Maximum Bit Rate by the received S-NG-RAN node UE Aggregate Maximum Bit Rate in the UE context;

-
use the received S-NG-RAN node UE Aggregate Maximum Bit Rate for non-GBR Bearers for the concerned UE as defined in TS 37.340 [8].

If the S-NODE MODIFICATION REQUEST message contains the Index to RAT/Frequency Selection Priority IE, the S-NG-RAN node may use it for RRM purposes.

The allocation of resources according to the values of the Allocation and Retention Priority IE included in the PDU Session Level QoS Parameters IE shall follow the principles described for the PDU Session Resource Setup procedure in TS 38.413 [5].
If at least one of the requested modifications is admitted by the S-NG-RAN node, the S-NG-RAN node shall modify the related part of the UE context accordingly and send the S-NODE MODIFICATION REQUEST ACKNOWLEDGE message back to the M-NG-RAN node. 

The S-NG-RAN node shall include the PDU sessions for which resources have been either added or modified or released at the S-NG-RAN node either in the PDU Session Resources Admitted To Be Added List IE or the PDU Session Resources Admitted To Be Modified List IE or the PDU Session Resources Admitted To Be Released List IE. The S-NG-RAN node shall include the PDU sessions that have not been admitted in the PDU Session Resources Not Admitted List IE with an appropriate cause value.

If the PDU Session level QoS parameter IE is included in the S-NODE MODIFICATION REQUEST message for an PDU session resource to be modified the S-NG-RAN node shall allocate respective resources and provide corresponding radio configuration information within the S-NG-RAN node to M-NG-RAN node Container IE as described in TS 37.340 [8].

If the S-NODE MODIFICATION REQUEST message contains for an PDU session resource to be modified which is configured with the SCG bearer option the NG UL UP Address IE the S-NG-RAN node shall use it as the new UL NG-U address.

If the S-NODE MODIFICATION REQUEST message contains for an PDU session resource to be modified which is configured with the split bearer option the M-NG-RAN node UP Address IE the S-NG-RAN node shall use it as the new UL Xn-U address.

For an PDU session resource to be modified which is configured with the SCG bearer option the S-NG-RAN node may include in the S-NODE MODIFICATION REQUEST ACKNOWLEDGE message the NG DL UP Address IE.

For an PDU session resource to be modified which is configured with the split bearer option the S-NG-RAN node may include in the S-NODE MODIFICATION REQUEST ACKNOWLEDGE message the S-NG-RAN node UP Address IE.

If the SCG Change Indication IE is included in the S-NODE MODIFICATION REQUEST message, the S-NG-RAN node shall act as specified in TS 37.340 [8].

Upon reception of the S-NODE MODIFICATION REQUEST ACKNOWLEDGE message the M-NG-RAN node shall stop the timer TXnDCprep. If the S-NODE MODIFICATION REQUEST ACKNOWLEDGE message has included the S-NG-RAN node to M-NG-RAN node Container IE the M-NG-RAN node is then defined to have a Prepared S-NG-RAN node Modification for that Xn UE-associated signalling. 

If the SCG Configuration Query IE is included in the S-NODE MODIFICATION REQUEST message, the S-NG-RAN node shall provide corresponding radio configuration information within the SgNB to MeNB Container IE as described in TS 37.340 [8].
If the Lower Layer presence status change IE set "release lower layers" is included in the S-NODE MODIFICATION REQUEST message, the S-NG-RAN node shall act as specified in 37.340 [8].
If the Lower Layer presence status change IE set "re-establish lower layers" is included in the S-NODE MODIFICATION REQUEST message, the S-NG-RAN node shall act as specified in 37.340 [8].
Interactions with the S-NG-RAN node Reconfiguration Completion procedure:

If the S-NG-RAN node admits a modification of the UE context requiring the M-NG-RAN node to report about the success of the RRC connection reconfiguration procedure, the S-NG-RAN node shall start the timer TXnDCoverall when sending the S-NODE MODIFICATION REQUEST ACKNOWLEDGE message to the M-NG-RAN node. The reception of the S-NG-RAN node RECONFIGURATION COMPLETE message shall stop the timer TXnDCoverall.

<<<<<<<<<<<<<<<<<<<< Next Text Proposal >>>>>>>>>>>>>>>>>>>>
8.3.X
Activity Notification
8.3.X.1
General

The purpose of the Activity Notification procedure is to allow an NG-RAN node to send notification to another NG-RAN node concerning user data traffic activity of already established QoS flow(s) or PDU session(s). The procedure uses UE-associated signalling.

8.3.X.2
Successful Operation
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Figure 8.3.X.2-1: Activity Notification
NG-RAN node1 initiates the procedure by sending an ACTIVITY NOTIFICATION message to NG-RAN node2. 

The ACTIVITY NOTIFICATION message may contain notification for UE context level user plane activity in the UE Context level user plane activity report IE.
The NOTIFY message may contain notification for the already established PDU sessions or QoS flows within the PDU Session Resource Notify Item List IE.

Editor’s Note:
Further details are FFS.

8.3.X.3
Abnormal Conditions

Editor’s Note:
Further details are FFS.
<<<<<<<<<<<<<<<<<<<< Next Text Proposal >>>>>>>>>>>>>>>>>>>>
9.1.2.5
S-NODE MODIFICATION REQUEST

This message is sent by the M-NG-RAN node to the S-NG-RAN node to request the preparation to modify S-NG-RAN node resources for a specific UE.

Direction: M-NG-RAN node ( S-NG-RAN node.

Editor’s Note: The tabular below is FFS.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.2.21
	
	YES
	reject

	M-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID 9.2.2.33
	Allocated at the M-NG-RAN node
	YES
	reject

	S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID

9.2.2.33
	Allocated at the S-NG-RAN node
	YES
	reject

	Cause
	M
	
	9.2.2.26
	
	YES
	ignore

	SCG Change Indication
	O
	
	<reference>
	
	YES
	ignore

	Selected PLMN
	O
	
	PLMN Identity

9.2.2.25
	The selected PLMN of the SCG in the S-NG-RAN node.
	YES
	ignore

	Handover Restriction List
	O
	
	<reference>
	
	YES
	ignore

	SCG Configuration Query
	O
	
	9.2.2.11
	
	YES
	ignore

	UE Context Information
	
	0..1
	
	
	YES
	reject

	>UE Security Capabilities
	O
	
	<reference>
	
	–
	

	>SgNB Security Key
	O
	
	<reference>
	Editor’s Note: terminology “S-KgNB” to be fixed with SA3 and RAN2
	–
	

	>S-NG-RAN node UE Aggregate Maximum Bit Rate
	O
	
	UE Aggregate Maximum Bit Rate

9.2.2.36
	
	–
	

	>Index to RAT/Frequency Selection Priority
	O
	
	9.2.2.38
	
	–
	

	>Lower Layer presence status change
	O
	
	9.2.2.Z
	
	–
	

	>PDU Session Resources To Be Added List
	
	0..1
	
	
	–
	

	>>PDU Session Resources To Be Added Item
	
	1 .. <maxnoofPDUsessions>
	
	
	EACH
	ignore

	>>>PDU Session ID
	M
	
	9.2.2.35
	
	–
	

	>>>S-NSSAI
	M
	
	9.2.2.18
	
	–
	

	>>>Bearer Configurations To Be Added
	
	1 .. <maxnoofBearerConfigs>
	
	
	EACH
	reject

	>>>>CHOICE Bearer Configuration
	M
	
	
	
	–
	

	>>>>>SN terminated Bearer
	
	
	
	
	–
	

	>>>>>PDU Session Resource Setup Info – SN terminated
	M
	
	9.2.1.6
	
	–
	

	>>>>>MN terminated Bearer
	
	
	
	
	–
	

	>>>>>>PDU Session Resource Setup Info – MN terminated
	
	
	9.2.1.8
	
	–
	

	>PDU Session Resources To Be Modified List
	
	0..1
	
	
	–
	

	>>PDU Session Resources To Be Modified Item
	
	1 .. <maxnoofPDUsessions>
	
	
	EACH
	ignore

	>>>PDU Session ID
	M
	
	9.2.2.35
	
	–
	

	>>>Bearer Configurations To Be Modified
	
	1 .. <maxnoofBearerConfigs>
	
	
	EACH
	reject

	>>>>CHOICE Bearer Configuration
	M
	
	
	
	–
	

	>>>>>SN terminated Bearer
	
	
	
	
	–
	

	>>>>>>PDU Session Resource Modification Info – SN terminated
	
	
	9.2.1.10
	
	–
	

	>>>>>MN terminated Bearer
	
	
	
	
	–
	

	>>>>>>PDU Session Resource Modification Info – MN terminated
	
	
	9.2.1.12
	
	–
	

	> PDU Session Resources To Be Released List
	
	0..1
	
	
	–
	

	>>PDU Session Resources To Be Released List – SN terminated
	O
	
	PDU Session List

<reference>
	A value for PDU Session ID shall only be present once in PDU Session Resources Admitted List IE and in PDU Session Resources Not Admitted List IE.
	–
	

	>>PDU Session Resources to Be Released List  – MN terminated
	O
	
	PDU Session List

<reference>
	A value for PDU Session ID shall only be present once in PDU Session Resources Admitted List IE and in PDU Session Resources Not Admitted List IE.
	–
	

	M-NG-RAN node to S-NG-RAN node Container
	O
	
	OCTET STRING
	Includes the CG-ConfigInfo message as defined in subclause 11.2.2. of TS 38.331 [10]
	YES
	ignore


	Range bound
	Explanation

	maxnoofPDUsessions
	Maximum no. of PDU sessions. Value is 256

	maxnoofBearerConfigs
	Maximum no. of BearerConfigurations Value is FFS.
Editor’s Note: So far, only MN- and SN-terminated bearer configurations are considered.


<<<<<<<<<<<<<<<<<<<< Next Text Proposal >>>>>>>>>>>>>>>>>>>>
9.1.X
ACTIVITY NOTIFICATION
Editor’s Note:
Message structure and IEs need further checking and completion. Further details FFS.
This message is sent by a NG-RAN node to send notification to another NG-RAN node for the already established QoS flow(s) or PDU session(s) for a given UE 

Direction: NG-RAN node ( NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.2.21
	
	YES
	ignore

	M-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID 9.2.2.33
	Allocated at the M-NG-RAN node
	YES
	ignore

	S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID

9.2.2.33
	Allocated at the S-NG-RAN node
	YES
	ignore

	UE Context level user plane activity report
	O
	
	User plane traffic activity report
9.2.2.Y
	
	YES
	ignore

	PDU Session Resource Notify Item List
	
	0..<maxnoofPDUSessions>
	
	
	EACH
	ignore

	>PDU Session ID
	M
	
	9.2.2.31
	
	–
	

	>PDU Session level user plane activity report
	O
	
	User plane traffic activity report
9.2.2.Y
	
	–
	

	>QoS Flows Activity Notify List
	O
	0..<maxnoofQoSflows>
	
	
	–
	

	>>QoS Flow Indicator
	M
	
	9.2.2.34
	
	–
	

	>> User plane traffic activity report
	M
	
	9.2.2.Y
	
	–
	


	Range bound
	Explanation

	maxnoofPDUsessions
	Maximum no. of PDU sessions. Value is 256

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.


<<<<<<<<<<<<<<<<<<<< Next Text Proposal >>>>>>>>>>>>>>>>>>>>
9.2.2.Y
User plane traffic activity report

This IE is used to indicate user plane traffic activity.
Editor’s Note: 
Further details FFS.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	User plane traffic activity report
	M
	
	ENUMERATED(inactive, re-activated, …)
	"re-activated" shall be only set after "inactive" has been reported for the concerned reporting object


9.2.2.Z
Lower Layer presence status change
This IE is used to indicate that lower layer resources’ presence status shall be changed. If the presence status is set to "release lower layers", SDAP entities, PDCP entities, Xn-U bearer resources, NG-U bearer resources and UE context information shall be kept.
Editor’s Note: 
Further details FFS.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Lower Layer presence status change
	M
	
	ENUMERATED (release lower layers, re-establish lower layers…)
	"re-establish lower layers" shall be only set after "release lower layers" have been indicated.


<<<<<<<<<<<<<<<<<<<< End of Text Proposals  >>>>>>>>>>>>>>>>>>>>
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