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1
Introduction

In order to reduce operator configuration effort, the soluton to support direct data forwarding for handover from SA to MR-DC or from MR-DC to SA was discussed at RAN3#111-e/RAN3#112-e/RAN3#113-e/RAN3#114-e meetings. The CR for direct data forwarding from SA to EN-DC was agreed at last RAN3#114-e meeting in R3-R3-216075 [2]. The following are still open for further discussion.
· Direct data forwarding for handover from SA to MR-DC connected to 5GC or SN change
· Direct data forwarding for handover from MR-DC to SA
· Whether scenario 3 should be supported and how if yes
This contribution continued the discussion on above open issues.
2
Discussion

2.1 NR SA to MR-DC connected to 5GC Handover or SN change
For supporting direct data forwarding between the source NG-RAN node and target SgNB (SN) node for handover from SA to EN-DC, the following and the CR for TS36.423[2] has been agreed:
The target SN has information on direct forwarding path availability information between itself and neighboring source nodes.
In order to let the Target SN decides direct forwarding path availability between itself and the source NG-RAN, the following specification impact are needed:

-
The target MN provides the source RAN node ID to the target SN;

-
The target SN notifies the direct data forwarding availability indication to the target MN.

For handover from NR SA to MR-DC connected to 5GC, the target SN also has the information on direct forwarding path availability information between itself and neighboring source nodes. If the target MN provides the source RAN node ID to the target SN, the target SN can decide whether direct data forwarding path is available between the source and the target SN and notify direct data forwarding availability indication to the target MN. If direct data forwarding availability indication is received, the target MN forwards the received tunnel information to the source NG-RAN node to support direct data forwarding.
Observation 1: The agreed solution for handover from NR SA to EN-DC can also apply for handover from NR SA to MR-DC connected to 5GC.
For SN change, if the MN provides the source SN ID to the target SN, the target SN can decide whether direct data forwarding path is available between the source SN and the target SN and notify direct data forwarding availability indication to the MN. If direct data forwarding availability indication is received, the MN forwards the received tunnel information to the source SN to support direct data forwarding from source SN to the target SN.
Observation 2: The agreed solution for handover from NR SA to EN-DC can also apply for SN change in 5GS.

To support direct data forwarding for NR SA to MR-DC connected to 5GC Handover or SN change, the following specification change to TS38.423 is needed (similar change as in [2] for tS36.423):
-
The (target) MN provides the source RAN node ID to the target SN;

-
The target SN notifies the direct data forwarding availability indication to the (target) MN.

Proposal 1: It is proposed to agree the following change to TS38.423 in order to support direct data forwarding for NR SA to MR-DC connected to 5GC Handover or SN change.
-  The (target) MN provides the source RAN node ID to the target SN;

-  The target SN notifies the direct data forwarding availability indication to the (target) MN.
2.2 Handover from EN-DC to SA
For handover from EN-DC to SA, the following agreements have been made:
EN-DC to NR SA Handover:  

direct data forwarding is possible between the source SN and the target NG-RAN node.  

The option2/3 below could be pursued among the following options

· Option 1: source MN – the source MN is configured by OAM with the direct forwarding path availability information between the source SN and the target node (i.e. not relevant to itself).

· Option 2/3: source SN/target node – the source SN or the target NG-RAN node is configured by OAM with the direct forwarding path between itself and neighboring nodes. 

The open question is whether the source SN or the target node decides direct forwarding path availability between the source SN and the target node for handover from EN-DC to SA. There are the following two options:

· Option 2a: The source SN decides direct forwarding path availability between the source SN and the target node. 

The source MN queries the source SN to get this information. The source MN transmits the information to the SMF. The SMF further transmits the information to the target node.

· Option 3a: The target node decides direct forwarding path availability between the source SN and the target node.            The target node transmits the information to the source in target node to source node transparent container.

The signaling flow for Option 2a:

· 
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Figure 1: The signaling flow for Option 2a:

The signaling flow for Option 3a:

· 
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Figure 2: The signaling flow for Option 3a:

The benefits of Option 3a is that the existing handover signaling flow is not impacted.

While for Option 2a, a new procedure is inserted between Handover Required and Handover Command message. This will impact the state machine design in implementation e.g. new state has to be added to the handover procedure. Currently, the Source MeNB is waiting for Handover Command message after sending out Handover Required message.
The main arguement for Option 3a is based on Scenario 3. Whether scenario 3 will be supported is not confirmed yet. To support scenario 3, both Option 2a and Option 3a as it is cannot work. Further enhancement in the spirit of Option 2a or Option 3a is needed. Therefore, scenario 3 can be put aside firstly. There is no blocking point for supporting scenario 3 no matter Option 2a or Option 3a is concluded.
With above clarification, it could be observed that there is no drawback for the target NG-RAN node to decide.
Proposal 2: Agree option 3a as way forward for handover from EN-DC to SA i.e. the target node decides direct forwarding path availability between the source SN and the target node.
In order to let the target NG-RAN node decides direct forwarding path availability between the source SN and the target NG-RAN node, the following specification change are needed:

-
The source MN provides the source SN ID to the target node;

-
The target node provides the direct data forwarding availability indication to the source MN.
Proposal 3: Agree the following in order to support direct forwarding:
-
The source MN provides the source SN ID to the target node;

-
The target node provides the direct data forwarding availability indication to the source MN.

2.3 Handover from MR-DC connected to 5GC to SA
As proposed in 2.2, for handover from EN-DC to SA, the following changes are needed:

-
The source MN provides the source SN ID to the target node;

-
The target node provides the direct data forwarding availability indication to the source MN.

If this can be agreed for EN-DC to SA handover, the source SN ID will be included in the Source NG-RAN node to the target NG-RAN node transparent container. This container is also used in handover from MR-DC connected to 5GC to SA. Direct data forwarding availability indcition will be included in the target NG-RAN node to the source NG-RAN node transpent container. This container is also used in handover from MR-DC connected to 5GC to SA. 
Observation 3: If proposal 3 can be agreed for EN-DC to NR SA handover, direct data forwarding from MR-DC connected to 5GC to SA can be supported as well.

2.4 Scenario 3(MN has no direct forwarding, SN has direct forwarding)
The scenario 3 is marked with FFS as follows. This is applicable both for EN-DC to NR SA handover, and NR SA to EN-DC handover.  

- Scenario 3 (FFS): MN has no direct forwarding, SN has direct forwarding

2.4.1 Inter-system handover from NR SA to EN-DC
In inter-system handover from NR SA to EN-DC case, the open point for scenario 3 is whether direct data forwarding should be performed from the source NG-RAN node to the target SN in the following scenario?
· Source NG-RAN node has no direct data forwarding path with the target eNB

· Source NG-RAN node has direct data forwarding path with the target en-gNB
It is the target node to decide whether a SN will be configured or not. The source NG-RAN node doesn’t know such information when Handover Required message is triggered. So Direct Forwarding Path Availability Information IE in the Handover Required message has to be set based on the availability of the source node and the target MN. The core network nodes (AMF/SMF and MME) will receives such information from the source node as well. 
In scenario 3, the AMF/SMF and MME will not receive Direct Forwarding Path Availability Information IE from the source node, so they decides indirect forwarding possible or not. 

Following the spirit of solution for handover from NR SA to EN-DC in other scenarios, the target SN decides Direct Data Forwarding Path Availablity between itself and the source NG-RAN node. If it’s available, Direct Forwarding Path Availability will be sent to the target MN. 
To support direct data forwarding in Scenario 3, the MN can send Direct Forwarding Path Availability and the bearers terminated at the SN to MME. The MME forwards the information to the AMF/SMF. So that the MME and the SMF doen’t need to request indirect data forwarding tunnel to the SGW and UPF seperatly. 
Observation 4: It’s feasible to support direct data forwarding from NR SA to EN-DC in scenario 3.

Observation 5: There is CN impact to support direct data forwarding from NR SA to EN-DC in scenario 3.

Observation 6: To support direct data forwarding from NR SA to EN-DC in scenario 3, the target MN transmits the Direct Forwarding Path Availability IE and the bearers terminated at the target SN to the MME and the MME forwards the information to the AMF/SMF.

The target MN sends the above information to the MME in Handover Request Acknowledge message. The specification impact to TS36.413 is shown as below.
9.1.5.5
HANDOVER REQUEST ACKNOWLEDGE

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

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	ignore

	eNB UE S1AP ID
	M
	
	9.2.3.4
	Allocated at the target eNB.
	YES
	ignore

	E-RABs Admitted List
	
	1
	
	
	YES
	ignore

	>E-RABs Admitted Item IEs
	
	1 .. <maxnoofE-RABs>
	
	
	EACH
	ignore

	>>E-RAB ID 
	M
	
	9.2.1.2
	
	-
	

	>>......
	
	
	
	
	-
	

	· >>Terminated at the SN
	
	
	ENUMERATED (true, …)
	To indicate that the E-RAB is terminated at the SN
	-
	

	……
	
	
	
	
	
	

	CE-mode-B Support Indicator
	O
	
	9.2.1.118
	
	YES
	ignore

	Direct Forwarding Path Availability
	O
	
	9.2.3.15
	Indicates whether a direct forwarding path between the target SN and the source RAN node is available
	YES
	ignore


Proposal 4: RAN3 to decide whether to support direct forwarding from NR SA to EN-DC in scenario 3.
2.4.2 Inter-system handover from EN-DC to NR SA

In inter-system handover from EN-DC to NR SA case, the open point for scenario 3 is whether direct data forwarding should be performed from the source SN to the target NG-RAN node in the following scenario?
· Source eNB has no direct data forwarding path with the target NG-RAN node

· Source en-gNB has direct data forwarding path with the target NG-RAN node
To support direct data forwarding in above scenario, there are two possible solutions:
Soluiton A: The source eNB sends the bearer list terminated at the SN to the MME and to the target NG-RAN node. The SMF will know direct data forwarding or indirect data forwarding based on the received data forwarding tunnel. The SMF/AMF indicates direct forwarding path availability to the source MME. Therefore the MME will not request the SGW to assign indirect data forwarding tunnel for bearers terminated at the source SN.
Solution B: Support direct forwarding from S-MN -> S-SN -> target NG-RAN node. The S-MN shall query the source SN whether direct data forwarding path is available between the source SN and the target NG-RAN node. When the source MN receives Handover Command message, the MN shall ask the S-SN to assign data forwarding tunnel for the E-RABs terminated at the source MN and admitted for data forwarding by the target NG-RAN node.
Both soluitons work. Each solution has its pros and cons. We prefer to firstly conclude the solution for other scenarios in 2.2 then further compare the two solutions and decide one.
Observation 7: It’s feasible to support direct data forwarding from EN-DC to NR SA in scenario 3.

Observation 8: Decide one solution after the solution for other scenarios for handover from EN-DC to NR SA is concluded.

3
Summary

We have the following observations and proposals. It is proposed to agree the proposals and the the CRs in [3][4][5].
Observation 1: The agreed solution for handover from NR SA to EN-DC can also apply for handover from NR SA to MR-DC connected to 5GC.
Observation 2: The agreed solution for handover from NR SA to EN-DC can also apply for SN change in 5GS.

Proposal 1: It is proposed to agree the following change to TS38.423 in order to support direct data forwarding for NR SA to MR-DC connected to 5GC Handover or SN change.

-  The (target) MN provides the source RAN node ID to the target SN;

-  The target SN notifies the direct data forwarding availability indication to the (target) MN.
Proposal 2: Agree option 3a as way forward for handover from EN-DC to SA i.e. the target node decides direct forwarding path availability between the source SN and the target node.
Proposal 3: Agree the following in order to support direct forwarding:

-
The source MN provides the source SN ID to the target node;

-
The target node provides the direct data forwarding availability indication to the source MN.

Observation 3: If proposal 3 can be agreed for EN-DC to NR SA handover, direct data forwarding from MR-DC connected to 5GC to SA can be supported as well.

Observation 4: It’s feasible to support direct data forwarding from NR SA to EN-DC in scenario 3.

Observation 5: There is CN impact to support direct data forwarding from NR SA to EN-DC in scenario 3.

Observation 6: To support direct data forwarding from NR SA to EN-DC in scenario 3, the target MN transmits the Direct Forwarding Path Availability IE and the bearers terminated at the target SN to the MME and the MME forwards the information to the AMF/SMF.

Proposal 4: RAN3 to decide whether to support direct forwarding from NR SA to EN-DC in scenario 3.
Observation 7: It’s feasible to support direct data forwarding from EN-DC to NR SA in scenario 3.

Observation 8: Decide one solution after the solution for other scenarios for handover from EN-DC to NR SA is concluded.
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