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1
Introduction
One of the objectives of the Next-gen system is to minimize the bearer-related control plane signalling over NG-C or even eliminate it. This has been realized with the new QoS flow model as shown in [5] which replaces the 4G bearer setup control plane signalling by in-band signalling in 5G for a given PDU session.
This paper looks at solutions for handover in intra-new RAN and describes two possible solutions derived from LTE scheme:

· A first solution derived from LTE scheme and using control plane messaging for the Path Switch Request

· A second solution also derived from LTE with a small enhancement which is using packet in-band marking instead of the control plane Path Switch Request message for 5G (in a similar way as the control plane bearer setup message has been replaced in 5G by in-band QoS mark).

2
Description of solutions for new RAN Handover
At shown in section 10.2.3 of [4], at PDU Session Setup, a tunnel is assigned between the gNB and the UPGW identified by a tunnel ID (TNL ID). This tunnel ID (TNL ID) uniquely identifies the UE and a session of this UE over the gNB - UPGW interface.
Whenever the UE moves from one gNB1 to another gNB2 the session context needs to be relocated from gNB1 to gNB2 and the user plane tunnel from gNB1 to UPGW needs to be relocated to NGNB2 – UPGW. 
Two possible solutions to realize this intra- new RAN handover which are derived from LTE scheme are presented below:

Solution 1: Handover with Path Switch using control plane signaling

The solution is shown below in an example where two PDU sessions are active towards different UPGWs:


[image: image1.emf]Handover Execution

UE

gNB1

NG CP

Data flow

Handover Preparation

UPGW1

New Path Switch Request (all Session IDs)

Path Switch Request Ack (all Session IDs)

gNB2

UL Data flow

MBR response (Session ID)

MBR request (Session ID)

UE Context Release

Data forwarding

DL Data flow

DL end marker

UPGW2

MBR request (Session ID)

MBR response (Session ID)

DL end marker

DL Data flow

 Figure -1: Intra-new RAN Handover using Control Plane Path Switch signalling over NG-C
The TNL ID is the identifier in the tunnel header over NG-U carrying all the packets for a given UE and a given PDU session and the UPGW @ is the address of the UPGW which has been assigned at PDU session creation.

-
At step 1 during handover preparation gNB2 receives the context information for the UE and the sessions including the tunnel information (UPGW @, TNL ID) for each relocated session then performs handover execution.

-
At step 2, gNB2 sends the equivalent of a new Control Plane NG Path Switch Request. This message needs to include the list of Session IDs and possibly corresponding TNL IDs for all the sessions pertaining to this UE.  
-
At step 3, the NG CP needs to contact all the involved UPGW(s) to send the equivalent of a new MODIFY SESSION REQUEST which will update the paths from all UPGWs towards the new gNB2.  
-
At step 4, once the NG CP has received the response from all UPGWs it sends back the equivalent of a new Control Plane Path Switch Request message towards gNB2 including the successful/unsuccessful response from the UPGW(s).
-
At step 5, gNB2 confirms the successful handover to gNB1 by sending UE Context Release message.

Solution 2: Handover with in-band Path Switch 

In order to reduce Control Plane signalling during handover in the NextGen system, in-band signalling could be used to signal path switch in a similar way as SA2 has decided to signal new bearer setup via in-band QoS marking. This solution is described according to the following scheme in an example where two PDU sessions are active towards different UPGWs:  
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 Figure -2: Intra-new RAN Handover using in-band Path Switch over NG-U
The TNL ID is the identifier in the tunnel header over NG-U carrying all the packets for a given UE and a given PDU session and the UPGW @ is the address of the UPGW which has been assigned at PDU session creation.
· At step 1 during handover preparation gNB2 receives the context information for the UE and the sessions including the tunnel information (UPGW @, TNL ID) for each relocated session then performs handover execution.
· At step 2, at the end of handover execution gNB2 sends for each session a special packet including the TNL ID to inform the UPGW that it now handles the traffic for that session. The UPGW identifies from the TNL ID in the tunnel header the UE and associated PDU session. Reception of this first packet automatically switches the DL path between the gNB2 and the UPGW for this (UE, PDU session).
· At step 3, The UPGW sends an End Marker packet to gNB1. Receiving the End Marker packet in gNB1 including TNL ID in the tunnel header automatically releases the tunnel between the gNB1 and the UPGW for this (UE, PDU session).
· At step 4 the gNB may send a UE Location Update message to inform NG CP of the new gNB ID. 
· At step 5 (optional), upon receiving the new UE location from gNB2 or based on information from UPGW the NG CP may decide to relocate the UPGW. This is described in section 6.6.1 of [2] if the UPGW is an IP anchor and in section 6.6.5.2 of [2] if the UPGW is not IP anchor (e.g. multi-homing, ULCL, home routed case).
NOTE: if NG CP decides to relocate the UPGW, this should be compared with the two solutions. An example has been described in annex B in a simple home routed case with only one PDU session active and one IP anchor.

Proposal: capture in the RAN3 TR [4] the two possible solutions for performing intra new RAN handover.

3
Conclusion and Proposal
This paper has presented two possible solutions for performing intra new RAN Handover.

It is proposed to capture them in the TR to further proceed with their evaluation.

Proposal: capture in the RAN3 TR 38.801 [4] the two solutions for intra new RAN Handover to further proceed with their evaluation. 
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Annex A
10.2.1
Mobility (without CN type change)
10.2.1.1
Intra-RAT mobility scenarios
Area not changed 

10.2.1.3
Cell Reselection, Release and Redirection (FFS)
This function provides for support of cell reselection, release and redirection between the radio accesses supported within the New RAN and between the radio accesses supported within the New RAN and an LTE eNB.

This function is under RAN2’s responsibility and pending progress in RAN2.

10.2.1.X
Solutions for mobility without CN type change
10.2.1.X.1
Solution 1: Handover with path switch using control plane signalling
The solution is shown below in an example where two PDU sessions are active towards different UPGWs:
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Figure -1: Intra-new RAN Handover using Control Plane Path Switch Signalling over NG-C
The TNL ID is the identifier in the tunnel header over NG-U carrying all the packets for a given UE and a given PDU session and the UPGW @ is the address of the UPGW which has been assigned at PDU session creation.

-
At step 1 during handover preparation gNB2 receives the context information for the UE and the sessions including the tunnel information (UPGW @, TNL ID) for each relocated session then performs handover execution.

-
At step 2, gNB2 sends the equivalent of a new Control Plane NG Path Switch Request. This message needs to include the list of Session IDs and possibly corresponding TNL IDs for all the sessions pertaining to this UE.  

-
At step 3, the NG CP needs to contact all the involved UPGW(s) to send the equivalent of a new MODIFY SESSION REQUEST which will update the paths from all UPGWs towards the new gNB2.  

-
At step 4, once the NG CP has received the response from all UPGWs it sends back the equivalent of a new Control Plane Path Switch Request message towards gNB2 including the successful/unsuccessful response from the UPGW(s).

-
At step 5, gNB2 confirms the successful handover to gNB1 by sending UE Context Release message.
10.2.1.X.2
Solution 2: Handover with in-band path switch

In order to reduce Control Plane signalling during handover in the NextGen system, in-band signalling could be used to signal path switch in a similar way as SA2 has decided to signal new bearer setup via in-band QoS marking. This solution is described according to the following scheme in an example where two PDU sessions are active towards different UPGWs:  
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Figure -2: Intra-new RAN Handover using in-band Path Switch over NG-U
The TNL ID is the identifier in the tunnel header over NG-U carrying all the packets for a given UE and a given PDU session and the UPGW @ is the address of the UPGW which has been assigned at PDU session creation.
· At step 1 during handover preparation gNB2 receives the context information for the UE and the sessions including the tunnel information (UPGW @, TNL ID) for each relocated session then performs handover execution.
· At step 2, at the end of handover execution gNB2 sends for each session a special packet including the TNL ID to inform the UPGW that it now handles the traffic for that session. The UPGW identifies from the TNL ID in the tunnel header the UE and associated PDU session. Reception of this first packet automatically switches the DL path between the gNB2 and the UPGW for this (UE, PDU session).
· At step 3, The UPGW sends an End Marker packet to gNB1. Receiving the End Marker packet in gNB1 including TNL ID in the tunnel header automatically releases the tunnel between the gNB1 and the UPGW for this (UE, PDU session).
· At step 4 the gNB may send a UE Location Update message to inform NG CP of the new gNB ID. 
· At step 5, (optional), upon receiving the new UE location from gNB2 or based on information from UPGW the NG CP may decide to relocate the UPGW. This is described in section 6.6.1 of [2] if the UPGW is an IP anchor and in section 6.6.5.2 of [2] if the UPGW is not IP anchor (e.g. multi-homing, ULCL, home routed case).
Annex B: UPGW (SGW) relocation for the two solutions
B.1
Example UPGW relocation with solution 1
In this call flow, an example is shown with only one PDU session ongoing for simplicity. The UPGW with SGW role is called UP1 before the relocation, then UP2 after the relocation. 
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Initially there is One PDU session with data path gNB1 – UP1 – UPGW.

After handover the target gNB2 is able to send UL data to UP1 with help of context data transfer from source gNB1.

Now DL data path from UP1 continues towards the source gNB1 and it is forwarded to gNB2.

After receiving Path Switch Request the NG CP makes a decision to relocate UP1 to UP2 when it configures the session in the UP2 (prepares it to serve gNB2) by sending UL tunnel parameters to UPGW and DL tunnel parameters to gNB2 for “southbound tunnel”.

UP2 shall return UL tunnel parameters for “southbound tunnel” and DL tunnel parameters for “northbound tunnel”.

NG CP must also Modify Session in the UPGW in order to switch its DL data path in ”northbound tunnel” towards the new UP2 @.

Now UPGW shall send ”end marker packet” in DL to UP1 that further forwards it to source gNB1.

Next the NG CP functions shall send the Path Switch Ack message with UL TEID and UP2@ to gNB2 that shall switch UL data path accordingly.

Finally the NG CP functions release session in the old UP1.

B.2
Example UPGW relocation with solution 2
In this call flow, an example is shown with only one PDU session ongoing for simplicity. The UPGW with SGW role is called UP1 before the relocation, then UP2 after the relocation. 
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Initially there is One PDU session with data path gNB1 – UP1 – UPGW.

After handover Data path is switched with help of In-band signaling to gNB2 – UP1 – UPGW.

NG CP makes decision to relocate UP1 to UP2. It configures the UP2 and includes new UP2@ to gNB2 in the “Change UPGW Trigger” message. As a result gNB2 starts sending UL packets for the PDU session towards the UP2 in UL.

If there is no user packet to be sent then gNB2 send “start marker packet”.

Now the UP2 detects the corresponding DL data path is to gNB2 @ as well as the UPGW detects the new DL data path to UP2.

Finally NG CP releases resources from the old UP1. 
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