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1	Introduction
At the last RAN3#97bis, the following solution has been designed for the inter-system handover for the direction from 5G to 4G. 
The inter-System data forwarding from 5GS to EPS follows the following key principles:
[bookmark: _GoBack]-	Only indirect data forwarding is supported.
-	PDU session information at the serving NG-RAN node contains mapping information per QoS Flow to a corresponding E-RAB.
-	At handover preparation, the source NG-RAN node shall decide which mapped E-RABs are proposed to be subject to data forwarding and provide this information in the source-to-target container to the target eNB.
-	The target eNB assigns forwarding TEID/TNL address(es) for the E-RAB(s) for which it accepts data forwarding.
-	A single data forwarding tunnel is established between the source NG-RAN node and UPF per PDU session for which at least data for a single QoS Flow is subject to data forwarding. Then the UPF maps data received from the per PDU session data forwarding tunnel(s) to the mapped EPS bearer(s). 
However, the 4G to 5G direction has been left open. This paper proposes some candidate solutions, compares and concludes. 

2	Discussion
The following basic principles are proposed:
· The source RAN node proposes data forwarding, the target RAN node confirms.
· The mapping table between QoS flows and E-RAB IDs is learnt from 5GC to the gNB and does not affect the legacy system. 
· Tunnel granularity between eNB and UPF is per E-RAB session tunnel.

Summary of candidate solutions for the 4g to 5g data forwarding
Alternative 1: reordering in target gNB
· Source eNB proposes data forwarding per E-RAB to the target gNB via the source eNB to target eNB transparent container i.e. eNB should not be made aware of any QoS flow information but only E-RABs.
· The target 5GC knows the QoS flow – E-RAB ID mapping table and the SMF indicates this mapping to the target gNB in the 5G Handover Request message (SM info container). The target gNB can then infer which QoS flows have been proposed for forwarding and decide for which of those QoS flows it accepts the data forwarding or not.
· The target gNB includes within the SM Info container included in the NG Handover Request Acknowledge message one assigned TEID/TNL address per PDU session for which there is at least one QoS flow for which it has accepted the forwarding. It also includes the list of QoS flows for which it has accepted the forwarding. 
· The SMF derives from this received list of QoS flows which E-RAB(s) should be mapped to the assigned gNB TNL address for this PDU session and informs the UPF of this mapping. The SMF also indicates to UPF one value of QFI per E-RAB which UPF shall use to mark all packets coming from that E-RAB i.e. all traffic coming from same E-RAB is mapped by UPF to only one QFI. The list of E-RAB IDs is propagated back to the source MME. 
· The source eNB receives the list of E-RAB IDs for which the forwarding has been accepted in the S1 HO Command message. 
· The data forwarding between eNB <-> UPF is per E-RAB level. UPF maps the data received from one tunnel (for the E-RAB) to the tunnel corresponding to the mapped PDU session adding the QFI information (The target gNB prioritizes the forwarded packets over the fresh packets for those QoS flows for which it had accepted the forwarding.
· One end marker is sent per ERAB, echoed by UPF over the same QFI (allocated for that E-RAB) towards the target gNB.
Alternative 2: reordering in UPF
· Source eNB proposes data forwarding per E-RAB to the target gNB via the source eNB to target eNB transparent container i.e. eNB should not be made aware of any QoS flow information but only E-RABs.
· The target 5GC knows the QoS flow – E-RAB mapping table and the SMF indicates this mapping to the target gNB in the 5G Handover Request message (SM info container). The target gNB can then infer which QoS flows have been proposed for forwarding and decide for which of those QoS flows it accepts the data forwarding or not.
· The target gNB DOES NOT include within the SM Info container included in the NG Handover Request Acknowledge message one assigned TEID/TNL address per PDU session for which there is at least one QoS flow for which it has accepted the forwarding. It ONLY includes the list of QoS flows for which it has accepted the forwarding. 
· The SMF derives from this received list of QoS flows which E-RAB(s) should be mapped to the assigned gNB TNL address for this PDU session and informs the UPF of this mapping. The SMF also indicates to UPF one value of QFI per E-RAB which UPF shall use to mark all packets coming from that E-RAB i.e. all traffic coming from same E-RAB is mapped by UPF to only one QFI. The list of E-RAB IDs is propagated back to the source MME. 
· The source eNB receives the list of E-RAB IDs for which the forwarding has been accepted in the S1 HO Command message. 
· The data forwarding between eNB <-> UPF is per E-RAB level. Then UPF prioritizes the forwarded data over the fresh data for the QoS flows involved in the forwarding. It maps the data received from one tunnel (for the E-RAB) to the PDU session tunnel towards the target gNB adding the QFI information. After the end marker is received from forwarding E-RAB tunnels the UPF transfers the stored fresh data to the target gNB over the PDU session tunnel. 
There is no much difference between alternative 1 and alternative 2. The difference has been highlighted in italics and bold font here-above. A Summary of the difference is for each PDU session:
· In alternative 1, the target gNB allocates a second TNL address for the PDU session dedicated to the forwarded traffic; the target gNB will re-order i.e. hold back the fresh packets received over the PDU session tunnel to prioritize the forwarded packets received over the second TNL address for those QoS flows which are involved in the forwarding.
· In alternative 2, the target gNB does not allocate a second TNL address for the PDU session and the re-ordering is ensured by the UPF: the UPF holds back the fresh packets for those QoS flows which are involved in the forwarding in order to prioritize the forwarded packets received from source eNB over the E-RAB tunnels.
Even though alternative 2 allows to save one TNL address per PDU session, the alternative 1 is the principle usually followed so far i.e. target RAN node ensures the delivery of packets in order between packets which have been forwarded and packets which are fresh arrived.
Therefore, we propose to select the alternative 1.
Proposal 1: select alternative 1 as the solution for the 4G to 5G data forwarding.
Proposal 2: agree the Text Proposal below for TS 38.300 describing the key inter-system handover principles and the data forwarding solution.


3	Text Proposal for TS 38.300


9.3.4	Inter-RAT Data Forwarding
The inter-RAT data forwarding between from 5GS toand EPS follows the following key principles:
· SMF indicates to gNB at PDU session (respective GBR QoS flow) creation time the E-RAB ID integer value which it has received from AMF for those PDU sessions (respectively GBR QoS Flow) which are subject to handover and data forwarding. The gNB stores this value as a parameter of the PDU session (respectively GBR QoS flow).
· At handover time, gNB makes the final decision for which PDU session (respectively GBR QoS flow) it proposes data forwarding and builds the source -to-target container accordingly including the corresponding E-RAB ID parameter. 
· The target eNB can decide to accept the data forwarding or not, assign TEID/TNL address if yes.
· [bookmark: _Hlk497081134]The data forwarding between gNB <-> UPF is per PDU session level. Then UPF maps the data received from one tunnel (for the PDU session) to the tunnels corresponding to the mapped EPS bearer.

The inter-RAT data forwarding from EPS to 5GS follows the following key principles:
· At handover time, the source eNB makes the decision for which E-RABs it proposes data forwarding and builds the source -to-target container accordingly including the corresponding E-RAB ID parameter.
· The target gNB received in the Handover Request message the mapped E-RAB ID integer value for those PDU sessions and QoS Flows which are subject to handover. The gNB stores this value as a parameter of the QoS flow.
· The target gNB can decide to accept the data forwarding or not for the received RAB IDs, It assigns a TEID/TNL address for each PDU session for which at least one QoS flow is involved in the accepted forwarding. The target gNB also indicates in the Handover Request Acknowledge message the list of PDU sessions and QoS flows which it has accepted to be involved in the forwarding.
· The source eNB receives in the Handover Command message the list of E-RAB IDs for which the target gNB has accepted the forwarding of corresponding PDU sessions and QoS flows.
· The data forwarding between eNB <-> UPF is at E-RAB level. Then UPF maps the data received from one tunnel (for the E-RAB) to the tunnel corresponding to the mapped PDU session adding the QFI information. The target gNB prioritizes the forwarded packets over the fresh packets for those QoS flows for which it had accepted the forwarding.   
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