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1
Introduction

This paper discusses general aspects on how to handle RRC Inactive mode in NG RAN.

This paper also assumes similar concepts for E-UTRA and NR, when applied in NG RAN, so the term “RRC_INACTIVE”, which suggests a separate RRC state, is used as a short form of the functions behind, in NR and E-UTRA.
2
Discussion

Support of the RRC_INACTIVE state in NG RAN is based on the following principles:

-
At transition from RRC_CONNECTED to RRC_INACTIVE the UE AS Context is kept in the NG RAN and in the UE.

-
While in RRC_INACTIVE keeping the UE-associated NG-C signalling connection is kept as well as the NG-U resources for the affected PDU Sessions.

-
The UE CM state in the UE and in the AMF is CM-CONNECTED

-
The approach to store AS UE Context data in NG RAN aims at quick and efficient resumption of the  RRC connection and to enter RRC_CONNECTED state.

-
Further, as NG RAN supports E-UTRA and NR access, like for intra-system handover, intra-RAT and inter-RAT mobility is possible, i.e. a UE that was suspended in NR may resume in E-UTRA etc.

The above principles are aligned with concepts developed in the course of the discussions on Light Connection.

Those consist of 

-
RRC protocol functions: Suspend and Resume

-
X2 protocol functions: UE Context Fetch and RAN Paging

-
S1 protocol functions: support of CN assistance for UE Context Fetch and RAN Paging (it was debated, whether CN assistance should be introduced in Rel-14)

-
Mechanisms for User Data and NAS data forwarding

Proposal 1 Take concepts from light connected discussions as a baseline for developing protocol functions for NG RAN.

Further, discussions with SA2 on light connection have resulted in an uneasiness from a CN perspective to be unaware of the UE RRC state. In order to overcome this situation, it is proposed to foresee a possibility to inform the CN about the UE’s RRC state, i.e. there will be a protocol function defined that allows the CN to be always in-sync with the current UE RRC state.

Proposal 2 Introduce a protocol function on NG to allow the 5G CN to be aware of the current UE’s RRC state.

One big discussions in RAN3 and with SA2 was the question on how serious 3GPP standardisation work should take the fact that Xn-connectivity cannot be ensured within an assumed RAN paging area. Given the possibility of having as much as 128 cells being contained in a RAN paging area, or the possibility that the RAN paging area is equivalent to the whole NAS registration area, it is quite likely, that the UE may move out of such a Paging Area and therefore the system loses the possibility to page or retrieve UE contexts by Xn means. The consequence of losing Xn connectivity is that the UE would need to perform a complete NAS recovery, which is, from a UE point of view, contradicting the original motivation to introduce UP CIoT optimisation or light connection in the first place. The respective protocol functions would provide means to “bridge” the lack of Xn connectivity, the new gNB would behave towards the CN as if Xn connectivity would have been in place.
Proposal 3 Introduce protocol functions on NG-C to enable RAN paging and UE Context Retrieval in case of lack of Xn connectivity.

As mentioned above, RRC_INACTIVE mobility might result in inter-RAT mobility. It should be possible to align NG and Xn protocol functions in a way that enables inter-RAT RRC_INACTIVE mobility and aligns the protocol functions in way, that differences are only seen on detailed Information Element level. See also discussions on NB Node Identification and its relation to Resume ID in another paper.

Proposal 4 Xn and NG protocol functions shall support inter-RAT RRC_INACTIVE mobility and those functions should be equally applicable for all intra-RAT and inter-RAT use cases.

Discussions in light connection have resulted in protocol functions for user data forwarding, applied in all possible scenarios, even in case of unsuccessful UE Context retrieval. It is proposed to introduce such functions for NG RAN as well.

Proposal 5 It is proposed to support user data forwarding, even in case of unsuccessful UE Context Retrieval.

Further, handling of NAS data have been discussed in LC. It is proposed to keep the agreements for handling in NG RAN as well.

Proposal 6 NAS PDUs which are not able to be transmitted to the UE as it has moved to another gNB will be sent back to the CN that may further decide whether to provide it to the new gNB, i.e. forwarding of NAS PDUs is based on NG protocol functions.

3
Conclusion
We have discussed basic principles to be applied for handling of RRC_INACTIVE in NG RAN for NR and E-UTRA access. The following is proposed:
Proposal 1
Take concepts from light connected discussions as a baseline for developing protocol functions for NG RAN.
Proposal 2
Introduce a protocol function on NG to allow the 5G CN to be aware of the current UE’s RRC state.
Proposal 3
Introduce protocol functions on NG-C to enable RAN paging and UE Context Retrieval in case of lack of Xn connectivity.
Proposal 4
Xn and NG protocol functions shall support inter-RAT RRC_INACTIVE mobility and those functions should be equally applicable for all intra-RAT and inter-RAT use cases.
Proposal 5
It is proposed to support user data forwarding, even in case of unsuccessful UE Context Retrieval.
Proposal 6
NAS PDUs which are not able to be transmitted to the UE as it has moved to another gNB will be sent back to the CN that may further decide whether to provide it to the new gNB, i.e. forwarding of NAS PDUs is based on NG protocol functions.

It is further proposed to agree on the text proposals for stage 2 and stage 3 normative work, as provided in the Annex of this paper.
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Annex A
Text Proposal for TS 38.300
<<<<<<<<<<<<<<<<<<<< Begin Text Proposal  >>>>>>>>>>>>>>>>>>>>
x.y
Mobility Management in ECM-CONNECTED
Editor’s Note: Details to be added
x.y.z
Support of RRC_INACTIVE
Editor’s Note: Details to be added
x.y.z.1
Transition from RRC_ACTIVE to RRC_INACTIVE 
or
Suspension of an RRC Connection
Editor’s Note: some general text to be provided
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Figure x.y.z.1-1: Transition from RRC_ACTIVE to RRC_INACTIVE

1.
The serving gNB decides to send the UE into RRC_INACTIVE state.

2.
The serving gNB notifies the AMF that the UE is in RRC_INACTIVE.

x.y.z.2
Transition from RRC_INACTIVE to RRC_ACTIVE 
or
Resuming from RRC_INACTIVE – intra-gNB
Editor’s Note: some general text to be provided
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Figure x.y.z.2-1: Transition from RRC_ACTIVE to RRC_INACTIVE

1.
The serving gNB decides to send the UE into RRC_ACTIVE state.

2.
The serving gNB notifies the AMF that the UE is in RRC_ACTIVE.

x.y.z.3
UE triggered transition from RRC_INACTIVE to RRC_ACTIVE 
or
Resuming from RRC_INACTIVE – inter-gNB, via Xn
Editor’s Note: some general text to be provided, mainly from RAN3

[image: image3.emf]New gNB Old gNB

AMF

6.PATH SWITCH REQUEST

8. UE CONTEXT RELEASE

3. RETRIEVE UE CONTEXT RESPONSE

2. RETRIEVE UE CONTEXT REQUEST

7.PATH SWITCH REQUEST RESPONSE

UE

4. RRCConnectionResume

UE in RRC_INACTIVE / 

CM-CONNECTED

1. RRCConnectionResumeRequest

UE in RRC_ACTIVE / CM-

CONNECTED

5. DATA FORWARDING ADDRESS 

INDICATION


Figure x.y.z.3-1: Retrieve UE Context procedure (highlighted in blue). Successful case
1.
The UE resumes from RRC_INACTIVE, providing the Resume ID, allocated by the old gNB.

2.
The new gNB, if able to resolve the gNB identity contained in the Resume ID, requests the old gNB to provide UE Context data.
3.
The old gNB provides UE context data

4.
The new gNB completes the resumption of the RRC connection

5.
If loss of DL user data buffered in the old serving gNB shall be prevented, the new gNB provides forwarding addresses.
6./7. The new gNB performs path switch

8. The new gNB triggers the release of the UE resources at the old gNB.
Editor’s Note: more details to be added.

x.y.z.4
UE triggered transition from RRC_INACTIVE to RRC_ACTIVE 
or
Resuming from RRC_INACTIVE – inter-gNB, with CN assistance
Editor’s Note: some general text to be provided, mainly from RAN3
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Figure x.y.z.4-1: Resuming from RRC_INACTIVE – inter-gNB, with CN assistance 

1.
The new gNB node realises that it has no Xn connection to a RAN node with the identity indicated in the Resume ID and decides to perform the Context Retrieval via Core Network procedure.

2.
The new gNB sends Retrieve UE Context Request (Old RAN ID (contained in the Resume ID),
Resume ID, new RAN ID).
The RAN requests an AMF within a pool to which it is connected, to resolve the RAN node identity. This AMF node doesn’t necessarily need to be the AMF serving the UE. Respective signalling is performed in a connection-less and the AMF stateless manner.

If the AMF is able to resolve the address of the indicated Old RAN ID, it forwards the request to that node.

3.
The AMF sends to the old gNB the Retrieve UE Context Request (Old RAN ID, New RAN ID, Resume ID).

4.
The old gNB replies to the AMF with Retrieve UE Context Response (Old RAN ID, New RAN ID, Resume ID, UE Context), providing UE Context Data. 

5.
The AMF provides the retrieved UE context data to the new gNB in Retrieve UE Context Response (Resume ID, UE Context).

6.
Path Switch (no Xn indicator, DL forwarding address)

The New Serving RAN node triggers the path switch procedure as if it would have received UE context data via Xn interface and indicates to the AMF that no Xn connection is available towards the Old Serving RAN node. The message also contains the DL forwarding addresses.

7.
The UE context is released at the old gNB. 

8.
Data forwarding may take place.

Editor’s Note: more details to be added.

x.y.z.5
Network triggered transition from RRC_INACTIVE to RRC_ACTIVE 
or
RAN Paging – inter-gNB, via Xn
Editor’s Note: some general text to be provided, mainly from RAN3
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Figure x.y.z.3-1: Retrieve UE Context procedure (highlighted in blue). Successful case
1.
A RAN paging trigger event occurs (incoming DL user plane, DL signalling from the 5G CN, etc.)

2.
RAN paging is triggered; either only in the cells controlled by the serving gNB or also by means of Xn RAN Paging, in other gNBs, being member of the RAN Paging area the UE is registered with.

3.
The UE is paged with an NG RAN allocated UE identity.

4.
If the UE has been successfully reached, it attempts to resume from RRC_INACTIVE, as described in other sections.
Editor’s Note: more details to be added.

x.y.z.6
Network triggered transition from RRC_INACTIVE to RRC_ACTIVE 
or
RAN Paging – inter-gNB, with CN assistance
Editor’s Note: some general text to be provided, mainly from RAN3
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Figure x.y.z.6-1: RAN Paging with CN assistance 

1.
The serving gNB node decides to relay the paging via the 5GC.

2.
The serving gNB requests the serving AMF to relay the paging message to the RAN nodes in UE’s Registration Area.

3.
The AMF, based on received UE’s Registration Area, selects the RAN nodes to which the paging message will be relayed. The AMF will not trigger paging repetition on its own.

4.
The AMF relays Paging to the RAN nodes in UE’s Registration Area.


Editor’s Note:
more details to be added.

<<<<<<<<<<<<<<<<<<<< End of Text Proposal  >>>>>>>>>>>>>>>>>>>>

Annex B
Text Proposal for TS 38.413
<<<<<<<<<<<<<<<<<<<< Begin Text Proposal  >>>>>>>>>>>>>>>>>>>>
X
NGAP Procedures

X.1
List of NGAP Elementary procedures

In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause v.w for explanation of the different classes):

Table 1: Class 1 procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	
	
	
	

	UE Context Release
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	

	
	
	
	


Table 2: Class 2 procedures

	Elementary Procedure
	Message

	
	

	Paging Assistance Request
	PAGING ASSISSTANCE REQUEST

	
	

	Inactive Indication
	INACTIVE INDICATION

	Active Indication
	ACTIVE INDICATION

	Paging Assistance Request
	PAGING ASSISTANCE REQUEST

	Retrieve UE Context Request
	RETRIEVE UE CONTEXT REQUEST

	Retrieve UE Context Response
	RETRIEVE UE CONTEXT RESPONSE

	Retrieve UE Context Failure
	RETRIEVE UE CONTEXT FAILURE

	
	


Editor’s Note: Core network assisted RAN paging needs to be further discussed.
<<<<<<<<<<<<<<<<<<<< Next Text Proposal  >>>>>>>>>>>>>>>>>>>>
X.Y.Z1
Inactive Indication

X.Y.Z1.1
General

The purpose of the Inactive Indication procedure is to notify the AMF that the UE transited into the RRC_INACTIVE state. The procedure uses UE-associated signalling.

Editor’s Note:
Details are FFS.

X.Y.Z1.2
Successful operation
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Figure X.Y.Z1.28.2.3.2.2-1: E-RAB Release INDICATION procedure. Successful operation.

The gNB initiates the procedure by sending an INACTIVE INDICATION message to the AMF.

Editor’s Note:
Details are FFS.

X.Y.Z1.3
Unsuccessful operation
Editor’s Note:
Details are FFS.

X.Y.Z1.4
Abnormal Conditions
Editor’s Note:
Details are FFS.

X.Y.Z2
Active Indication

X.Y.Z2.1
General

The purpose of the Active Indication procedure is to notify the AMF that the UE transited from RRC_INACTIVE into the RRC_ACTIVE state. The procedure uses UE-associated signalling.

Editor’s Note:
Details are FFS.

X.Y.Z2.2
Successful operation
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Figure X.Y.Z2.2-1: E-RAB Release INDICATION procedure. Successful operation.

The gNB initiates the procedure by sending an ACTIVE INDICATION message to the AMF.

Editor’s Note:
Details are FFS.

X.Y.Z2.3
Unsuccessful operation
Editor’s Note:
Details are FFS.

X.Y.Z2.4
Abnormal Conditions
Editor’s Note:
Details are FFS.

X.Y.Z3
Retrieve UE Context Request
X.Y.Z3.1 General
The purpose of the Retrieve UE Context Request procedure is to request the AMF to retrieve the UE Context from another gNB. The procedure uses non UE-associated signalling.
Editor’s Note:
Details are FFS.

X.Y.Z3.2
Successful Operation
X.Y.Z3.2.1
Retrieve UE Context Request – gNB initiated
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Figure X.Y.Z2.2.1-1: Retrieve UE Context Request procedure (gNB initiated)
The gNB initiates the Retrieve UE Context Request procedure by sending the RETRIEVE UE CONTEXT REQUEST message to the AMF.

Editor’s Note:
Details are FFS.

X.Y.Z2.2.2
Retrieve UE Context Request – AMF initiated
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Figure X.Y.Z2.2.2-1: Retrieve UE Context Request procedure (AMF initiated)
The AMF initiates the Retrieve UE Context Request procedure by sending the RETRIEVE UE CONTEXT REQUEST message to the gNB.

Editor’s Note:
Details are FFS.

X.Z.Y2.3
Unsuccessful Operation
Editor’s Note:
Details are FFS.

X.Y.Z2.4
Abnormal Conditions

Editor’s Note:
Details are FFS.

X.Y.Z3
Retrieve UE Context Response
X.Y.Z3.1 General
The purpose of the Retrieve UE Context Response procedure is to request the AMF to provide the UE Context to the gNB that has requested for it. The procedure uses non UE-associated signalling.
Editor’s Note:
Details are FFS.

X.Y.Z3.2
Successful Operation

X.Y.Z3.2.1
Retrieve UE Context Response – gNB initiated
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Figure X.Y.Z3.2.1-1: Retrieve UE Context Response procedure (gNB initiated)
The gNB initiates the Retrieve UE Context Response procedure by sending the RETRIEVE UE CONTEXT RESPONSE message to the AMF.

X.Y.Z3.2.2
Retrieve UE Context Response – AMF initiated
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Figure X.Y.Z3.2.2-1: Retrieve UE Context Response procedure (AMF initiated)
The AMF initiates the Retrieve UE Context Response procedure by sending the RETRIEVE UE CONTEXT RESPONSE message to the gNB.

X.Y.Z3.3
Unsuccessful Operation
Editor’s Note:
Details are FFS.

X.Y.Z3.4
Abnormal Conditions

Editor’s Note:
Details are FFS.

X.Y.Z4
Retrieve UE Context Failure
X.Y.Z4.1 General
The purpose of the Retrieve UE Context Failure procedure is to indicate that the retrieval of the UE Context has failed. The procedure uses non UE-associated signalling.
Editor’s Note:
Details are FFS.

X.Y.Z4.2
Successful Operation

X.Y.Z4.2.1
Retrieve UE Context Failure – gNB initiated
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Figure X.Y.Z4.2.1-1: Retrieve UE Context Failure procedure (gNB initiated)
The gNB initiates the Retrieve UE Context Failure procedure by sending the RETRIEVE UE CONTEXT FAILURE message to the AMF.

Editor’s Note:
Details are FFS.

X.Y.Z4.2.2
Retrieve UE Context Failure – AMF initiated
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Figure X.Y.Z4.2.2-1: Retrieve UE Context Failure procedure (AMF initiated)
The AMF initiates the Retrieve UE Context Failure procedure by sending the RETRIEVE UE CONTEXT FAILURE message to the gNB.

X.Y.Z4.3
Unsuccessful Operation
Editor’s Note:
Details are FFS.

X.Y.Z4.4
Abnormal Conditions

Editor’s Note:
Details are FFS.

<<<<<<<<<<<<<<<<<<<< Next Text Proposal  >>>>>>>>>>>>>>>>>>>>
X.Y2
Paging Assistance Request

X.Y2.1 General
The purpose of the Paging Assistance Request procedure is to enable the gNB to request the AMF to page the UE in other gNBs. The procedure uses UE-associated signalling.
Editor’s Note:
Details are FFS.

X.Y2.2
Successful Operation
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Figure X.Y2.2-1: Paging Assistance Request procedure
The gNB initiates the Paging Assistance Request procedure by sending the PAGING ASSISTANCE REQUEST message to the AMF.

Editor’s Note:
Details are FFS.

X.Y2.3
Unsuccessful Operation
Editor’s Note:
Details are FFS.

X.Y2.4
Abnormal Conditions

Editor’s Note:
Details are FFS.

<<<<<<<<<<<<<<<<<<<< End of Text Proposal  >>>>>>>>>>>>>>>>>>>>

Annex C
Text Proposal for TS 38.423
<<<<<<<<<<<<<<<<<<<< Begin Text Proposal  >>>>>>>>>>>>>>>>>>>>
X
XnAP procedures

X.1
Elementary procedures

In the following tables, all EPs are divided into Class 1 and Class 2 EPs.

Table 8.1-1: Class 1 Elementary Procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	
	
	
	

	Retrieve UE Context
	RETRIEVE UE CONTEXT REQUEST
	RETRIEVE UE CONTEXT RESPONSE
	RETRIEVE UE CONTEXT FAILURE

	
	
	
	


Table 8.1-2: Class 2 Elementary Procedures

	Elementary Procedure
	Initiating Message

	
	

	RAN Paging
	RAN PAGING

	Data Forwarding Address Indication
	DATA FORWARDING ADDRESS INDICATION

	
	


<<<<<<<<<<<<<<<<<<<< Next Text Proposal  >>>>>>>>>>>>>>>>>>>>
X.Y1.Z1
Retrieve UE Context

X.Y1.Z1.1
General

The purpose of the Retrieve UE Context procedure is to retrieve the UE context from the gNB where the UE has been sent to RRC_INACTIVE (old gNB) and transfer it to the gNB where the UE RRC Connection has been requested to be established from RRC_INACTIVE (new gNB).

The procedure uses UE-associated signalling.

Editor’s Note:
Details are FFS.

X.Y1.Z1.2
Successful Operation
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Figure X.Y1.Z1.2-1: Retrieve UE Context, successful operation

The new gNB initiates the procedure by sending the RETRIEVE UE CONTEXT REQUEST message to the old gNB. 

Editor’s Note:
Details are FFS.

X.Y1.Z1.3
Unsuccessful Operation
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Figure X.Y1.Z1.3-1: Retrieve UE Context, unsuccessful operation

Editor’s Note:
Details are FFS.

X.Y1.Z1.4
Abnormal Conditions

Editor’s Note:
Details are FFS.

<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

X.Y2
RAN Paging
X.Y2.1
General
The purpose of the RAN Paging procedure is to enable the gNB1 to request paging of a UE in gNB2.

The procedure uses non UE-associated signalling.

Editor’s Note:
Details are FFS.

X.Y2.2
Successful operation
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Figure X.Y2.2-1: RAN Paging: successful operation

The RAN Paging procedure is triggered by gNB1 by sending the PAGING message to gNB2.

Editor’s Note:
Details are FFS.

X.Y2.3
Unsuccessful Operation

Editor’s Note:
Details are FFS.

X.Y2.4
Abnormal Condition

Editor’s Note:
Details are FFS.

<<<<<<<<<<<<<<<<<<<< Next Text Proposal  >>>>>>>>>>>>>>>>>>>>
X.Y3.Z3
Data Forwarding Address Indication
X.Y3.Z3.1
General

For the retrieval of a UE context, the Data Forwarding Address Indication procedure is used to provide forwarding addresses from the new gNB to the old gNB for all PDU Session Resources successfully established at the new gNB.
The procedure uses UE-associated signalling.

Editor’s Note:
Details are FFS.

X.Y3.Z3.2
Successful Operation
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Figure X.Y3.Z3.2-1: Data Forwarding Address Indication, successful operation
The Data Forwarding Address Indication procedure is initiated by the new gNB. Sending the DATA FORWARDING ADDRESS INDICATION message, the new gNB informs the old gNB of successfully established PDU Session Resource contexts to which DL user data pending at the old gNB can be forwarded. 

Upon reception of the DATA FORWARDING ADDRESS INDICATION message, the old gNB should forward pending DL user data to the indicated TNL addresses.

Editor’s Note:
Details are FFS.

X.Y3.Z3.3
Unsuccessful Operation

Editor’s Note:
Details are FFS.

X.Y3.Z3.4
Abnormal Conditions

Editor’s Note:
Details are FFS.

<<<<<<<<<<<<<<<<<<<< End of Text Proposal  >>>>>>>>>>>>>>>>>>>>
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