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1   Introduction
At last RANP#82, a way forward was agreed for the inter-system data forwarding in [3].
According to this way forward the indirect data forwarding was agreed for release 15 in tdoc [4] according to “option 2” and the possibility to introduce direct data forwarding in release 16 as per the WID in [5].
This paper analyses how to introduce the direct data forwarding in release 16 on top of the option 2 agreed in release 15.

2   Description and proposals

As per the WID the following objectives are described in release 16:

Enable direct data forwarding per bearer, (other solutions are not precluded if justified) during inter-system mobility between NG-RAN and E-UTRAN (where direct connectivity between source and target nodes exists), in addition to the existing solution for indirect data forwarding. 

· Define solution in stage 2, including e.g. bearer ID mapping, QoS handling, end marker handling, etc.

· Define solution in stage 3, if needed, e.g. in NGAP

Address interoperability issues, if any.

Involve SA2 if needed.

Work in RAN3 shall start from the current state of discussions.

Solution for forwarded packets

The so-called “option 2” has been agreed for the indirect data forwarding in inter-system handover in release 15. In that option 2 the forwarded packets are managed over a PDU session tunnel by the NG-RAN node and over an E-RAB tunnel by the eNB and an interworking takes place in the UPF between the PDU session and mapped EPS bearer tunnels corresponding to the forwarded E-RABs. 
It shall be observed that adding direct data forwarding on top of the above solution is not the same as adding “option 3” discussed during release 15 using end-to-end E-RAB tunnels between eNB and NG-RAN node. This is because the discussed option 3 was discussed in a general framework of covering alone both indirect and direct data forwarding. 
The framework in release 16 is different because only direct data forwarding shall be covered. So even if end-to-end E-RAB tunnels are used in release 16 between eNB and NG-RAN nodes this is not the option 3 discussed in release 15.
For example, to achieve direct forwarding, it is enough for the SMF to relay the per E-RAB address assigned by the target RAN node to the source RAN node, and SMF doesn’t need to contact the UPF.

Moreover, because direct forwarding is an option on top of the basic indirect forwarding, its support is fully optional and not mandatory as option 3 would have been if had been agreed as the sole solution for data forwarding. More precisely, support of direct forwarding will therefore depend on mostly two factors:

· Availability of a direct path,

· Support of this option by the NG-RAN node.
Observation 1: adding direct forwarding in release 16 on top of the indirect forwarding solution agreed in release 15 is not the same as adding former so-called “option 3”. It relies on two conditions: availability of a direct path, support of direct forwarding by the NG-RAN node.
The second observation is that 5GC must be made aware when the NG-RAN node satisfies the two conditions above and decides consequently to apply direct forwarding. In the 5g to 4g direction the direct forwarding path IE can be reused. In the 4g to 5g direction the 5GC can simply infer whether direct or indirect forwarding has been decided by the target NG-RAN node based on the addresses it provides:
· If one address per PDU session is provided indirect forwarding applies,

· If one address per E-RAB is provided then direct forwarding applies. 

Also, when inter-system direct forwarding is used the target NG-RAN node needs to provide as many addresses as forwarded E-RABs in the same manner as when intra-system forwarding is used the target NG-RAN node needs to provide as many addresses as forwarded DRBs. Therefore, the existing intra-system signaling can be reused by generalizing the handling of addresses per RB whereby RB can equally apply:
· To E-RAB addresses in case of direct inter-system handover,

· To DRB addresses in case of intra-system handover.

Observation 2: direct forwarding can be added without new extra IEs but only specification text.

Solution for End Marker packets

In the 5g to 4g direction, the source NG-RAN node needs to generate one or several end markers per E-RAB tunnel when all the packets of associated QoS flows have been forwarded.
In the 4g to 5g direction, the end marker identifies the end of forwarding of the QoS flows mapped to the E-RAB which will be delivered over some DRB. However, due to flow re-mapping it is possible that the fresh packets of the same QoS flows will be mapped onto DRBs differently. Therefore, in the case of direct forwarding the target NG-RAN node shall newly take care that in-sequence delivery is well ensured for each individual QoS flow between forwarded packets and fresh packets. 
Observation 3: special handling shall be applied at target NG-RAN node to endure in-sequence delivery of each individual QoS flow.
The following proposals are made to cover observations 1 to 3:
Proposal 1: agreed the stage 2 CR in tdoc [6] which introduces direct forwarding and special handling for forwarded packets and end markers.
Proposal 2: agree the stage 3 CR in tdoc [7] which introduces direct forwarding without new IEs.
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