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1 Introduction

In RAN3#97 meeting, data forwarding for inter-system handover from 5GS to EPS was discussed with the following agreements: 

The source NG-RAN node proposes data forwarding; the target node confirms
Tunnel granularity between gNB and UPF is per-PDU-session-tunnel
One open issue is the data forwarding granularity proposed by the source. This was concluded in RAN3#97bis meeting:
Adopt per E-RAB granularity of data forwarding for inter system handover from 5GS to EPS
Based on the status quo of the handover from 5GS to EPS, this contribution discussed the solutions for inter-system handover from EPS to 5GS. 
2 Discussion
Regarding which nodes propose/decide data forwarding and the tunnel granularity between gNB and UPF, the agreements above are still valid and reasonable for the handover from EPS to 5GS. The tunnel granularity between eNB and SGW is still per E-RAB, which should not be changed due to the introduction of 5GS. 

Proposal 1: it is proposed to agree the following proposals for handover from EPS to 5GS:

· The source RAN node proposes data forwarding; the target node confirms

· Tunnel granularity between gNB and UPF is per-PDU-session-tunnel
· Tunnel granularity for data forwarding between eNB and SGW is per-E-RAB
The source eNB could propose data forwarding per Qos-flow or per-PDU-session or per E-RAB. If per-Qos-flow or per-PDU-session, it follows source adapt to target principle. If per-E-RAB, it is based on the source system. 

For intra-5GS system handover, per-Qos flow was agreed by SA2 [1]:

All PDU Sessions handled by S-RAN (i.e. all existing PDU Sessions with active UP connections) shall be included in the Handover Required message, indicating which of those PDU Session(s) are requested by S-RAN to handover. The SM N2 info also includes Direct Forwarding Path Availability, and which QoS flows are subject to data forwarding.
Furthermore, data forwarding per Qos flow has the following benefits:

· Qos parameters and admission control are Qos level. It is reasonable to decide data forwarding based on such information.
· per Qos-flow data forwarding has better granularity.

Therefore, between per Qos-flow and per-PDU-session granularity, per Qos-flow is preferred. The detail of per-PDU-session alternative will not be discussed in the following. 
Alternative 1: Per-Qos-flow
· eNB proposes data forwarding per Qos-flow and sends the info to target by source NG-RAN to target NG-RAN transparent container i.e. source adapt to target. The DL forwarding IE is also necessary for NG based intra-NG-RAN handover. So there is no additional NGAP specification impact from this aspect.
· The target NG-RAN node can decide to accept the data forwarding or not, assign TEID/TNL address for the corresponding PDU session if yes. Again, this is the same as intra-NG-RAN NG based handover.
· The behavior of the MME and SGW is the same as in legacy handover.

· For the Qos flows that the target gNB has accepted data forwarding, the 5GC assigns TEID for the E-RABs corresponding to the PDU Session and the accepted Qos flow. SGW assigns the S1 UL TEID if the SGW has received data forwarding tunnel from 5GC through MME. The TEID and TNL address is transmitted to the source eNB through MME.
· The data forwarding tunnel between eNB <-> SGW is per E-RAB and per PDU session between gNB <-> UPF. The UPF maps the data received from multiple tunnels (each tunnel for the E-RAB) to one tunnel (per PDU session).
For this solution to work, the MME should send the EPS bearer and Qos flow mapping information to the eNB before handover e.g. in Initial Context Setup Request message and E-RAB Setup Request message. The Qos flow mapping information should include the PDU Session ID and Qos flow ID. The IEs are necessary in the source NG RAN node to target NG-RAN node container. 
This solution is fully inline with the “source adapt to target” principle. There is no additional specification impact on top of NG based handover.
Alternative 2: Per-E-RAB
· eNB proposes data forwarding per E-RAB and sends the info to MME by Handover Required message. 
· MME sends the EPS Bearer to be setup list to the AMF (AMF to SMF) which includes EPS bearer ID, DL forwarding IEs. SMF decides the Qos flows proposed for data forwarding based on the mapping between Qos flow and EPS bearer.
· SMF includes the DL forwarding for the Qos flows proposed for data forwarding in SM N2 info which will be send to target gNB in Handover Request message. 
· If the gNB receives DL forwarding IE and accept the data forwarding for the Qos flow, the gNB assign TEID/TNL address for the corresponding PDU session.

· For the Qos flows that the target has accepted data forwarding, the 5GC assigns TEID for the E-RABs corresponding to the PDU Session and the accepted Qos flow. SGW assigns the S1 UL TEID if the SGW has received data forwarding tunnel from 5GC through MME. The TEID and TNL address is transmitted to the source eNB through MME. [This step is the same with alternative 1]
· The data forwarding tunnel between eNB <-> SGW is per E-RAB and per PDU session between gNB <-> UPF. The UPF maps the data received from multiple tunnels (each tunnel for the E-RAB) to one tunnel (per PDU session). [This step is the same with alternative 1]
For this solution to work, the eNB shall send DL forwarding IE to MME in Handover Required message. MME shall send DL Forwarding IE to the AMF/SMF. The AMF/SMF shall include DL Forwarding IE in Qos flows To Be Setup Item IEs in Handover Request message to the target gNB. 
Table 1: Comparison of different alternatives

	
	Alternative 1: Per-Qos-Flow
	Alternative 2: Per-E-RAB

	IE in NGAP
	DL forwarding IE per Qos flow in source NG RAN node to target NG-RAN node transparent container. 

The DL forwarding IE is also necessary for NG based intra-NG-RAN handover. So there is no additional NGAP specification impact from this aspect.
	DL forwarding IE per Qos flow in Handover Request message from AMF/SMF to gNB.

	Impact on S1AP
	E-RAB/Qos flow mapping information from MME to eNB in Initial Context Setup Request message and E-RAB Setup Request message.
	DL forwarding IE per E-RAB from eNB to MME in Handover Required message

	Impact on N26
	No impact on N26
	DL forwarding IE per EPS bearer from MME to AMF 

	Follow source adapt to target principle
	Yes. Follow source adapt to target principle
	No. Data forwarding part is exception for source adopt to target principle

	The same principle for handover from 5GS to EPS and from EPS to 5GS
	Yes. The same principle for handover from 5GS to EPS and from EPS to 5GS.
	No. different principle for handover from 5GS to EPS and from EPS to 5GS.


From above comparison, it could be observed that both options have S1AP and eNB/MME impacts. While Alternative 1 has no N26 impact, no additional NGAP impact, follows source adapt to target principle and uses the same principle in two directions for inter-system handover between EPS and 5GS. Therefore, alternative 1 is preferred.
Proposal 2: It is proposed for RAN3 to select one option between alternative 1 and alternative 2. Alternative 1 is preferred.
3 Conclusion
This contribution discussed the potential solutions for data forwarding to support inter-system handover from EPS to 5GS and had the following proposals.
Proposal 1: it is proposed to agree the following proposals for handover from EPS to 5GS:

· The source RAN node proposes data forwarding; the target node confirms

· Tunnel granularity between gNB and UPF is per-PDU-session-tunnel
· Tunnel granularity for data forwarding between eNB and SGW is per-E-RAB
Proposal 2: It is proposed for RAN3 to select one option between alternative 1 and alternative 2. Alternative 1 is preferred.
The NGAP changes are demonstrated in section 4 and 5 separately. S1AP impact for alternative 1 is in [2]. S1AP impact for alternative 1 is in [3]
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*******************Next Change*******************
9.3.1.12
PDU Session Setup Response Transfer
This IE is transparent to the AMF.

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

	Transport Layer Information
	M
	
	9.3.2.2
	
	-
	

	DL Transport Layer Address
	O
	
	<ref>
	
	
	

	DL GTP-TEID
	O
	
	<ref>
	To deliver forwarded DL data packet.
	
	

	QoS Flows Setup List
	
	0..1
	
	
	-
	

	>QoS Flows Setup Item IEs
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Indicator
	M
	
	<ref>
	
	EACH
	reject

	>> Data Forwarding Accepted
	O
	
	<ref>
	
	
	

	QoS Flows Failed to Setup List
	O
	
	QoS Flow List

9.3.1.24
	
	-
	


*******************Next Change*******************
9.3.1.x1
Source NG-RAN node to Target NG-RAN node Transparent Container

The Source NG-RAN node to target NG-RAN node Transparent Container IE is an information element that is produced by the source NG-RAN node and is transmitted to the target NG-RAN node. For inter-system handovers to NG-RAN, the IE is transmitted from the external handover source to the target NG-RAN node. 
This IE is transparent to the 5GC.

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

	RRC Container
	M
	
	OCTET STRING
	Includes the RRC Handover Preparation Information message as defined in subclause x.y.z in TS 38.331 [xx].
	-
	

	> PDU Sessions Information List
	
	1
	
	
	
	

	> PDU Sessions Item IEs
	
	1 .. <maxnoofPDUSessions>
	
	
	
	

	>>PDU Session ID
	
	
	<reference>
	
	
	

	>>Qos flow list
	
	1
	
	
	
	

	>>> Qos flow Item IEs
	
	1..<maxnoofQoSFlows>
	
	
	EACH
	ignore

	>>>> QoS Flow Indicator
	
	
	<reference>
	
	-
	

	>>>>DL Forwarding
	O
	
	9.2.m.n
	
	-
	

	Target Cell ID
	M
	
	<ref>
	
	YES
	ignore


9.3.1.x2
Target NG-RAN node to Source NG-RAN node Transparent Container

The Target NG-RAN node to Source NG-RAN node Transparent Container IE is an information element that is produced by the target NG-RAN node and is transmitted to the source NG-RAN node. For inter-system handovers to NG-RAN, the IE is transmitted from the target NG-RAN node to the external relocation source.

This IE is transparent to 5GC.

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

	RRC Container
	M
	
	OCTET STRING
	Includes the RRC Handover Command message as defined in subclause x.y.z of TS 38.331 [xx].
	-
	


*******************Next Change*******************
9.2.m.n
DL Forwarding

This information element indicates that the QoS flow is proposed for forwarding of downlink packets.

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

	DL Forwarding
	
	
	
	

	>DL Forwarding
	M
	
	ENUMERATED (DL forwarding proposed, …) 
	


*******************End of Change*******************
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*******************Next Change*******************
9.3.1.11
PDU Session Setup Request Transfer

This IE is transparent to the AMF.

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

	PDU Session Resource Aggregated Maximum Bit Rate
	M
	
	<ref>
	
	-
	

	Transport Layer Information
	M
	
	9.3.2.2
	
	-
	

	PDU Session Type
	M
	
	<ref>
	eNote: IP, unstructured or Ethernet
	-
	

	QoS Flows Setup List
	
	1
	
	
	-
	

	>QoS Flows Setup Item IEs
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Indicator
	M
	
	<ref>
	
	EACH
	reject

	>>QoS Flow Level QoS Parameters
	O
	
	9.3.1.23
	
	EACH
	reject

	>>DL forwarding
	O
	
	9.2.m.n
	
	
	


*******************Next Change*******************
9.3.1.12
PDU Session Setup Response Transfer
This IE is transparent to the AMF.

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

	Transport Layer Information
	M
	
	9.3.2.2
	
	-
	

	DL Transport Layer Address
	O
	
	<ref>
	
	
	

	DL GTP-TEID
	O
	
	<ref>
	To deliver forwarded DL data packet.
	
	

	QoS Flows Setup List
	
	0..1
	
	
	-
	

	>QoS Flows Setup Item IEs
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Indicator
	M
	
	<ref>
	
	EACH
	reject

	>> Data Forwarding Accepted
	O
	
	<ref>
	
	
	

	QoS Flows Failed to Setup List
	O
	
	QoS Flow List

9.3.1.24
	
	-
	


*******************Next Change*******************
9.3.1.x1
Source NG-RAN node to Target NG-RAN node Transparent Container

The Source NG-RAN node to target NG-RAN node Transparent Container IE is an information element that is produced by the source NG-RAN node and is transmitted to the target NG-RAN node. For inter-system handovers to NG-RAN, the IE is transmitted from the external handover source to the target NG-RAN node. 
This IE is transparent to the 5GC.

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

	RRC Container
	M
	
	OCTET STRING
	Includes the RRC Handover Preparation Information message as defined in subclause x.y.z in TS 38.331 [xx].
	-
	

	Target Cell ID
	M
	
	<ref>
	
	YES
	ignore


9.3.1.x2
Target NG-RAN node to Source NG-RAN node Transparent Container

The Target NG-RAN node to Source NG-RAN node Transparent Container IE is an information element that is produced by the target NG-RAN node and is transmitted to the source NG-RAN node. For inter-system handovers to NG-RAN, the IE is transmitted from the target NG-RAN node to the external relocation source.

This IE is transparent to 5GC.

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

	RRC Container
	M
	
	OCTET STRING
	Includes the RRC Handover Command message as defined in subclause x.y.z of TS 38.331 [xx].
	-
	


*******************Next Change*******************
9.2.m.n
DL Forwarding

This information element indicates that the QoS flow is proposed for forwarding of downlink packets.

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

	DL Forwarding
	
	
	
	

	>DL Forwarding
	M
	
	ENUMERATED (DL forwarding proposed, …) 
	


*******************End of Change*******************
