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1
Introduction

This contribution discusses the current status on intra-5G-system mobility for UEs in RRC_CONNECTED state, i.e. intra-5G-system handover.

Current status of discussions in RAN3 is captured in TR 38.801 [1] in chapter 10.2.1.
2
Discussion

2.1
General

There are 4 types of Handover possible within a NG RAN:

-
Source NR cell ( target NR cell

-
Source E-UTRA cell ( target E-UTRA cell
-
Source NR cell ( target E-UTRA cell

-
Source E-UTRA cell ( target NR cell

Any of those 4 handover types are of concern for signalling on the NG-C and Xn-C interface only, if the source and target cell are not hosted by the same NG RAN node.

As due to absence of an Xn interface or due to other reasons, handover signalling may also take place via the 5G CN, the following signalling schemes are possible for the 4 types of handovers listed above:
-
Xn based intra-system handover

-
NG based intra-system handover

Note:
There are for sure further sub-categories of intra-5G-system handover possible to be listed, if one thinks of variant with dual connectivity or aspects of slicing, to name some. But those aspects are discussed in other papers.

Along basic results from the NR Study, all types of handovers and signalling schemes are expected to be very much aligned with principles established in EPS. Different phases of handover can be distinguished:

-
Handover preparation (mobility measurements, target side resource allocation)
-
Handover Execution (trigger towards the UE, UE attaching to target side, path switch, data forwarding)
-
Completion of Handover (path switch, release of old side resources)
2.2
Xn based Handover

A message flow diagram, very much in line with the one depicted in TS 36.300, but less detailed, is given below:
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Figure 1: Intra-5G-System Xn based handover – basic message flow
So far, we assume that the basic principles of the message flow diagram can be applied for all kinds of Xn-based intra-system handovers, i.e. all kinds of intra-RAT and inter-RAT handover types as listed in the general section.
Support of Xn based intra-5G-System handover requires the following basic protocol functions:

Xn-C:

-
Xn Handover Resource Allocation (Handover Request, Handover Request Acknowledge)

-
Xn Indication of User Data Delivery Status at Source Side Handover Decision (SN Status Transfer)

-
Xn Trigger to Release Source Side Resources (UE Context Release)

NG-C:

-
NG User Plane Path Switch (Path Switch Request, Path Switch Request Acknowledge)

Xn-U, NG-U

-
Indication that the last packets was sent from the 5G CN via the old side NG-U path. (End Marker)

2.3
NG based Handover

A message flow diagram, very much in line with the one depicted in TS 23.401, but less detailed (e.g. no change of CN node), is given below:
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Figure 2: Intra-5G-System NG based handover – basic message flow
There is also the assumption possible for the NG based handover, that the basic message flow is applicable to all kinds of intra-RAT and inter-RAT handover types as listed in the general section.

Support of NG based intra-5G-System handover requires the following basic protocol functions:

NG-C:

-
NG Handover Preparation (Handover Required, Handover Command)

-
NG Handover Resource Allocation (Handover Request, Handover Request Acknowledge)

-
NG Indication of User Data Delivery Status at Source Side Handover Decision (SN Status Transfer, RAN and CN triggered)

-
NG Handover Notification (Handover Notify)

-
NG UE Context Release (UE Context Release Command, UE Context Release Complete)

NG-U

-
Indication that the last packet was sent from the 5G CN via the old side NG-U path. (End Marker)

3
Conclusion
We have discussed intra-system Handover, Xn and NG based.
It is proposed to capture stage 2 and stage 3 content in the various draft specifications, as shown in the Annexes
4
References
[1]
3GPP TR 38.801 "Study on New Radio Access Technology; Radio Access Architecture and Interfaces 
Annex A
Text Proposal for 38.300

<<<<<<<<<<<<<<<<<<<< Text Proposal Start >>>>>>>>>>>>>>>>>>>>

x.y
Mobility Management in ECM-CONNECTED
Editor’s Note: Details to be added
x.y.1
Handover

Editor’s Note: Details to be added
x.y.1.1
C-plane handling

The intra-NR RAN handover performs the preparation and execution phase of the handover procedure performed without involvement of the 5G CN, i.e. preparation messages are directly exchanged between the gNBs. The release of the resources at the source gNB during the handover completion phase is triggered by the target gNB. The figure below depicts the basic handover scenario where neither MF nor any involved UPF changes:
Editor’s Note: probably more details to be added
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Figure x.y.1.1-1: Intra-5G-System Xn based handover – basic message flow

0.
The UE context within the source gNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.

1.
The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
Editor’s Note: more details to be added by RAN2
2.
The source gNB decides to handover the UE, based on MEASUREMENT REPORT and RRM information.

3.
The source gNB issues a HANDOVER REQUEST message to the target gNB passing necessary information to prepare the HO at the target side 

Editor’s Note: more details to be added by RAN2 and RAN3
4.
Admission Control may be performed by the target gNB.

Editor’s Note: more details to be added by RAN2 and RAN3
5.
The target gNB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB.

Editor’s Note: more details to be added by RAN2 and RAN3
Steps 6 to 12 provide means to avoid data loss during HO and are further detailed in <references>.

6.
The target gNB generates the RRC message to perform the handover.

Editor’s Note: more details to be added by RAN2
7.
The source gNB sends the SN STATUS TRANSFER message to the target gNB.

Editor’s Note: more details to be added by RAN2 and RAN3
8.
The UE synchronises to the target cell and completes the RRC handover procedure.

Editor’s Note: more details to be added by RAN2
9.
The target gNB sends a PATH SWITCH REQUEST message to AMF to trigger the 5G CN to switch the DL data path towards the target gNB and to establish an NG-C interface instance towards the target gNB.
10.
The 5G CN switches the DL data path towards the target gNB
Editor’s Note: more details to be added by RAN3, probably with input from SA2. (The internal 5G CN structure is only depicted by the AMF and an “UPF(s)” entity.)
11.
The AMF confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.

12.
By sending the UE CONTEXT RELEASE message, the target gNB informs the source gNB about the success of HO and triggers the release of resources by the source gNB. The target gNB sends this message after the PATH SWITCH REQUEST ACKNOWLEDGE message is received from the AMF.

Upon reception of the UE CONTEXT RELEASE message, the source gNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.

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

Annex B
Text Proposal for 38.413

<<<<<<<<<<<<<<<<<<<< Text Proposal Start >>>>>>>>>>>>>>>>>>>>

x.y
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

	
	
	
	

	Handover Preparation
	HANDOVER REQUIRED
	HANDOVER COMMAND
	HANDOVER PREPARATION FAILURE

	Handover Resource Allocation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER FAILURE

	Path Switch Request
	PATH SWITCH REQUEST
	PATH SWITCH REQUEST ACKNOWLEDGE
	PATH SWITCH REQUEST FAILURE

	Handover Cancellation
	HANDOVER CANCEL
	HANDOVER CANCEL ACKNOWLEDGE
	

	
	
	
	

	UE Context Release
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	

	
	
	
	


Table 2: Class 2 procedures

	Elementary Procedure
	Message

	
	

	Handover Notification
	HANDOVER NOTIFY

	gNB Status Transfer
	gNB STATUS TRANSFER

	AMF Status Transfer
	AMF STATUS TRANSFER

	
	


<<<<<<<<<<<<<<<<<<<< Next Text Proposal >>>>>>>>>>>>>>>>>>>>

x.y1
Handover Signalling

x.y1.1
Handover Preparation

x.y1.1.1
General

The purpose of the Handover Preparation procedure is to request the preparation of resources at the target side via the 5G CN. There is only one Handover Preparation procedure ongoing at the same time for a certain UE.
Editor’s Note:
Further details are FFS
x.y1.1.2
Successful Operation
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Figure x.y1.1.2-1: Handover preparation: successful operation

The source gNB initiates the handover preparation by sending the HANDOVER REQUIRED message to the serving AMF. When the source gNB sends the HANDOVER REQUIRED message, it shall start the timer TNGRELOCprep. The source gNB shall indicate the appropriate cause value for the handover in the Cause IE.

Editor’s Note:
Further details are FFS
When the preparation, including the reservation of resources at the target side is ready, the AMF responds with the HANDOVER COMMAND message to the source gNB.

Editor’s Note:
Further details are FFS
Interactions with other NGAP procedures:

Editor’s Note:
Further details are FFS
x.y1.1.3
Unsuccessful Operation
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Figure x.y1.1.3-1: Handover preparation: unsuccessful operation

If the 5G CN or the target gNB is not able to accept any of the PDU Session Resources or a failure occurs during the Handover Preparation, the AMF sends the HANDOVER PREPARATION FAILURE message with an appropriate cause value to the source gNB.

Editor’s Note:
Further details are FFS
Interaction with Handover Cancel procedure:

Editor’s Note:
Further details are FFS
x.y1.1.4
Abnormal Conditions

Editor’s Note:
Further details are FFS
x.y1.2
Handover Resource Allocation

x.y1.2.1
General

The purpose of the Handover Resource Allocation procedure is to reserve resources at the target gNB for the handover of a UE.

Editor’s Note:
Further details are FFS
x.y1.2.2
Successful Operation
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Figure x.y1.2.2-1: Handover resource allocation: successful operation

The AMF initiates the procedure by sending the HANDOVER REQUEST message to the target gNB.

Editor’s Note:
Further details are FFS
After all necessary resources for the admitted PDU Session Resources have been allocated, the target gNB shall generate the HANDOVER REQUEST ACKNOWLEDGE message.

Editor’s Note:
Further details are FFS
x.y1.2.3
Unsuccessful Operation
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Figure x.y1.2.3-1: Handover resource allocation: unsuccessful operation

If the target gNB does not admit at least one PDU Session  Resource, or a failure occurs during the Handover Preparation, it shall send the HANDOVER FAILURE message to the AMF with an appropriate cause value.

Editor’s Note:
Further details are FFS
x.y1.2.4
Abnormal Conditions

Editor’s Note:
Further details are FFS
x.y1.3
Handover Notification

x.y1.3.1
General

The purpose of the Handover Notification procedure is to indicate to the AMF that the UE has arrived to the target cell and the S1 handover has been successfully completed.

Editor’s Note:
Further details are FFS
x.y1.3.2
Successful Operation
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Figure x.y1.3.2-1: Handover notification

The target gNB shall send the HANDOVER NOTIFY message to the AMF when the UE has been identified in the target cell and the NG-based handover has been successfully completed.

Editor’s Note:
Further details are FFS
x.y1.3.3
Abnormal Conditions

Editor’s Note:
Further details are FFS
x.y1.4
Path Switch Request

x.y1.4.1
General

The purpose of the Path Switch Request procedure is to request the switch of a downlink GTP tunnel towards a new GTP tunnel endpoint.

x.y1.4.2
Successful Operation
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Figure x.y1.4.2-1: Path switch request: successful operation

The gNB initiates the procedure by sending the PATH SWITCH REQUEST message to the AMF.

Editor’s Note:
Further details are FFS
After all necessary updates including the UP path switch have been successfully completed in the 5g CN for at least one of the PDU Session Resources included in the PATH SWITCH REQUEST, the AMF shall send the PATH SWITCH REQUEST ACKNOWLEDGE message to the gNB and the procedure ends.

Editor’s Note:
Further details are FFS
x.y1.4.3
Unsuccessful Operation
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Figure x.y1.4.3-1: Path switch request: unsuccessful operation

If the 5G CN fails to switch the downlink GTP tunnel endpoint towards a new GTP tunnel endpoint for all PDU Session Resources, the AMF shall send the PATH SWITCH REQUEST FAILURE message to the gNB with an appropriate cause value.

Editor’s Note:
Further details are FFS
x.y1.4.4
Abnormal Conditions

Editor’s Note:
Further details are FFS
x.y1.5
Handover Cancellation

x.y1.5.1
General

The purpose of the Handover Cancel procedure is to enable a source gNB to cancel an ongoing handover preparation or an already prepared handover.

The procedure uses UE-associated signalling.

Editor’s Note:
Further details are FFS
x.y1.5.2
Successful Operation
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Figure x.y1.5.2-1: Handover Cancel procedure. Successful operation.

The source gNB initiates the procedure by sending a HANDOVER CANCEL message to the 5G CN.

Editor’s Note:
Further details are FFS
x.y1.5.3
Unsuccessful Operation

Editor’s Note:
Further details are FFS
x.y1.5.4
Abnormal Conditions

Editor’s Note:
Further details are FFS
x.y1.6
gNB Status Transfer

x.y1.6.1
General

The purpose of the gNB Status Transfer procedure is to enable lossless handover for NG-based handover.
Editor’s Note:
Further details are FFS
x.y1.6.2
Successful Operation
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Figure x.y1.6.2-1: gNB Status Transfer procedure

Editor’s Note:
Further details are FFS
x.y1.6.3
Unsuccessful Operation

Editor’s Note:
Further details are FFS
x.y1.6.4
Abnormal Conditions

Editor’s Note:
Further details are FFS
x.y1.7
AMF Status Transfer

x.y1.7.1
General

The purpose of the AMF Status Transfer procedure is to is to enable lossless handover for NG-based handover.
Editor’s Note:
Further details are FFS
x.y1.7.2
Successful Operation
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Figure x.y1.7.2-1: AMF Status Transfer procedure

Editor’s Note:
Further details are FFS
x.y1.7.3
Unsuccessful Operation

Editor’s Note:
Further details are FFS
x.y1.7.4
Abnormal Conditions

Editor’s Note:
Further details are FFS
<<<<<<<<<<<<<<<<<<<< End of Text Proposal >>>>>>>>>>>>>>>>>>>>

Annex C
Text Proposal for 38.423

<<<<<<<<<<<<<<<<<<<< Text Proposal Start >>>>>>>>>>>>>>>>>>>>

x.y
Elementary procedures

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

Table x.y-1: Class 1 Elementary Procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	
	
	
	

	Handover Preparation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER PREPARATION FAILURE


Table x.y-2: Class 2 Elementary Procedures

	Elementary Procedure
	Initiating Message

	
	

	Handover Cancel
	HANDOVER CANCEL

	SN Status Transfer
	SN STATUS TRANSFER

	UE Context Release
	UE CONTEXT RELEASE


<<<<<<<<<<<<<<<<<<<< Next Text Proposal  >>>>>>>>>>>>>>>>>>>>

x.y1
Basic mobility procedures

x.y1.1
Handover Preparation

x.y1.1.1
General

This procedure is used to establish necessary resources in an gNB for an incoming handover.

The procedure uses UE-associated signalling.

x.y1.1.2
Successful Operation
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Figure x.y1.1.2-1: Handover Preparation, successful operation

The source gNB initiates the procedure by sending the HANDOVER REQUEST message to the target gNB. When the source gNB sends the HANDOVER REQUEST message, it shall start the timer TRELOCprep. 

Editor’s Note:
Further details are FFS
x.y1.1.3
Unsuccessful Operation
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Figure x.y1.1.3-1: Handover Preparation, unsuccessful operation

If the target gNB does not admit at least one PDU Session Resource, or a failure occurs during the Handover Preparation, the target gNB shall send the HANDOVER PREPARATION FAILURE message to the source gNB. The message shall contain the Cause IE with an appropriate value.

Editor’s Note:
Further details are FFS
Interactions with Handover Cancel procedure:

If there is no response from the target gNB to the HANDOVER REQUEST message before timer TRELOCprep expires in the source gNB, the source gNB should cancel the Handover Preparation procedure towards the target gNB by initiating the Handover Cancel procedure with the appropriate value for the Cause IE. The source gNB shall ignore any HANDOVER REQUEST ACKNOWLEDGE or HANDOVER PREPARATION FAILURE message received after the initiation of the Handover Cancel procedure and remove any reference and release any resources related to the concerned Xn UE-associated signalling.
x.y1.1.4
Abnormal Conditions

Editor’s Note:
Further details are FFS
x.y1.2

SN Status Transfer

x.y1.2.1
General

The purpose of the SN Status Transfer procedure is to transfer the uplink PDCP SN and HFN receiver status and the downlink PDCP SN and HFN transmitter status either, from the source to the target gNB during an Xn handover, for each respective DRB of the source DRB configuration for which PDCP SN and HFN status preservation applies.

Editor’s Note:
Further details are FFS, even the text above is pending RAN2 confirmation. How and whether to support change of DRB configuration is FFS.
The procedure uses UE-associated signalling.

x.y1.2.2
Successful Operation
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Figure x.y1.2.2-1: SN Status Transfer, successful operation

Editor’s Note:
Further details are FFS
x.y1.2.3
Abnormal Conditions

If the target gNB receives this message for a UE for which no prepared handover exists at the target gNB, the target gNB shall ignore the message.

x.y1.2.3
UE Context Release

x.y1.3.1
General

For handover, the UE Context Release procedure is initiated by the target gNB to indicate to the source gNB that radio and control plane resources for the associated UE context are allowed to be released.

Editor’s Note:
Further details are FFS
The procedure uses UE-associated signalling.

x.y1.3.2
Successful Operation
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Figure x.y1.3.2-1: UE Context Release, successful operation for handover

Handover

The UE Context Release procedure is initiated by the target gNB. By sending the UE CONTEXT RELEASE message the target gNB informs the source gNB of Handover success and triggers the release of resources. 
Editor’s Note:
Further details are FFS
x.y1.3.3
Unsuccessful Operation

Not applicable.

x.y1.3.4
Abnormal Conditions

If the UE Context Release procedure is not initiated towards the source gNB from any prepared gNB before the expiry of the timer TXnRELOCoverall, the source gNB shall request the AMF to release the UE context. 

If the UE returns to source gNB before the reception of the UE CONTEXT RELEASE message or the expiry of the timer TXnRELOCoverall, the source gNB shall stop the TXnRELOCoverall and continue to serve the UE.

Editor’s Note:
Further details are FFS
x.y1.4
Handover Cancel

x.y1.4.1
General

The Handover Cancel procedure is used to enable a source gNB to cancel an ongoing handover preparation or an already prepared handover.

The procedure uses UE-associated signalling.

x.y1.4.2
Successful Operation
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Figure x.y1.4.2-1: Handover Cancel, successful operation

The source gNB initiates the procedure by sending the HANDOVER CANCEL message to the target gNB. The source gNB shall indicate the reason for cancelling the handover by means of an appropriate cause value.

Editor’s Note:
Further details are FFS
x.y1.4.3
Unsuccessful Operation

Not applicable.

x.y1.4.4
Abnormal Conditions

If the HANDOVER CANCEL message refers to a context that does not exist, the target gNB shall ignore the message.

<<<<<<<<<<<<<<<<<<<< Next Text Proposal >>>>>>>>>>>>>>>>>>>>

x1.y2
HANDOVER REQUEST

This message is sent by the source gNB to the target gNB to request the preparation of resources for a handover.

Direction: source gNB ( target gNB.

Editor’s Note:
The tabular representation provides the basic message structure; further details are FFS
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	<reference>
	
	YES
	reject

	Old gNB UE XnAP ID reference
	M
	
	<reference>
	Allocated at the source gNB
	YES
	reject

	Cause
	M
	
	<reference>
	
	YES
	reject

	Target Cell ID
	M
	
	<reference>
	Includes either a E-UTRA or NR Cell ID
	YES
	reject

	AMF Identification
	M
	
	<reference>
	
	YES
	reject

	UE Context Information
	
	1
	
	
	YES
	reject

	>NG-C UE associated Signalling reference
	M
	
	<reference>
	Allocated at the AMF on the source NG-C connection
	-
	

	>Security Related Information
	M
	
	<reference>
	Pending SA3
	-
	

	>PDU Session Resources To Be Setup List
	
	1
	to be further detailed
	Similar to NG-C signalling, containing UL tunnel information per PDU Session Resource;
and in addition the source side QoS flow ( DRB mapping
	-
	

	>RRC Context
	M
	
	OCTET STRING
	Includes reference to either TS 36.331 or TS 38.331, depending on the kind of intra-system HO.
	-
	

	>Handover Restriction List
	O
	
	<reference>
	
	-
	

	Statistics related information Elements (for mobility and paging assistance)
	O
	
	<reference>
	To be discussed separately
	YES
	ignore

	other IEs (Trace, etc.)
	O
	
	9.2.2
	To be discussed separately
	YES
	ignore


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