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1 Introduction 
The new WID on Direct data forwarding for inter-system mobility [1] was agreed in RAN#82 meeting. RAN3 has a preliminary discussion in Feb. meeting and agreed the Prerequisites and WA as follow. 
Prerequisites: availability of a direct path for UP, support of direct forwarding by the NG-RAN node
WA: Try direct data forwarding first when prerequisites are fulfilled; if this is not possible, fall back to Rel-15 indirect data forwarding (“RAN decides”); this can be enabled either by configuration, or by src node providing info on availability of direct path to target.
There are two main open issues left:

1) Which nodes need to know direct or indirect data forwarding and how to know this? This is related with the last sentence in the WA.
2) How to transmit per E-RAB tunnel information over NG interface as explained in [3]. This issue was not discussed in last RAN3 meeting.

This contribution discussed the first issue. The second issue was discussed in R3-191571 [4].
2 Discussion
In last RAN3 meeting, the main discussion was focused on RAN3 impact. The intention is to leave CN impacts to SA2. However, the nodes behaviors of RAN and CN are not independent. In order to identify better solution for RAN, it is beneficial to firstly look at the issue from systematic point of view. Then we can leave CN impacts to SA2/CT4. Let’s see how both direct and indirect data forwarding works in intra-system handover (intra-5GS and intra-EPS) and the nodes behaviors.
2.1 Background of intra-system HO for supporting direct and indirect data forwarding

For intra-system handover, both direct and indirect data forwarding are supported.
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Figure 1: Key procedure for supporting data forwarding
In Figure 1, the key procedures for supporting data forwarding are illustrated. 

1. The S-RAN sends Direct Forwarding Path Availability to the source CN control plane (S-CN-CP, e.g. MME or AMF/SMF).

2. The S-CN-CP needs to know direct or in direct data forwarding because of two reasons:

2a) the S-CN-CP needs to send Direct Forwarding Flag (DFF, the value is either direct or indirect) to the T-CN-CP.

The availability of a direct forwarding path is determined in the source eNodeB and indicated to the source MME. If X2 connectivity is available between the source and target eNodeBs, a direct forwarding path is available.

If a direct forwarding path is not available, indirect forwarding may be used. The source MME uses the indication from the source eNodeB to determine whether to apply indirect forwarding. The source MME indicates to the target MME whether indirect forwarding should apply. Based on this indication, the target MME determines whether it applies indirect forwarding.
In 5GS, CN-CP is further split into AMF and SMF. It’s the SMF to decide whether apply indirect data forwarding (as abstracted below from TS23.502)
If a direct forwarding path is not available, indirect forwarding may be used. The SMFs use the indication from the source NG-RAN to determine whether to apply indirect forwarding.
2b) The S-CN-CP decides whether to contact S-CN-UP based on direct or indirect data forwarding when data forwarding tunnel is received from the target CN. For indirect data forwarding, the S-CN-CP request the S-CN-UP to assign indirect data forwarding tunnel when receiving response message from the target CN. This is not needed for direct data forwarding.
3. The S-CN-CP send Direct Forwarding Flag (DFF, the value is either direct or indirect) to the T-CN-CP.
4. The T-CN-CP needs to know direct or indirect data forwarding or data forwarding not possible because of two reasons:

4a) the T-CN-CP needs to decide whether data forwarding is impossible and sends Data Forwarding Not Possible IE to the T-RAN.
If the direct forwarding flag indicates unavailability of direct forwarding and the target MME knows that there is no indirect data forwarding connectivity between source and target, the Bearers to Setup shall include "Data forwarding not possible" indication for each EPS bearer.

If the Direct Forwarding Path Availability indicates direct forwarding is not available and the SMF knows that there is no indirect data forwarding connectivity between source and target, the N2 SM Information also includes a Data forwarding not possible indication.
4b) The T-CN-CP decides whether to contact T-CN-UP based on direct or indirect data forwarding. For indirect data forwarding, the T-CN-CP request the T-CN-UP to assign indirect data forwarding tunnel when receiving response message from the target RAN. This is not needed for direct data forwarding.
5. The T-CN-CP sends Data Forwarding Not possible IE to the T-RAN.
6. If Data Forwarding Not possible IE is received for one PDU Session or one EPS bearer, the T-RAN will not assign tunnel for data forwarding.
From the above, we can have the following observation (the node name in LTE system is used):
Observation 1: the current procedure to support direct and indirect data forwarding for intra-system handover:
1a) The availability of a direct forwarding path is determined in the source eNB and indicated to the source MME.
1b) If direct forwarding path is not available, the source MME determines whether to apply indirect forwarding. The source MME indicates to the target MME whether direct or indirect forwarding should apply.
1c) Based on DFF received from the source MME, the target MME knows whether direct forwarding is available and if no, decides whether indirect data forwarding is impossible. In case both are impossible, the target MME sends Data Forwarding Not Possible IE to the target eNB.
1d) If Data Forwarding Not possible IE is received, the target eNB will not assign tunnel for data forwarding.

In order to keep the node behavior consistent for intra-system handover and inter-system handover and limit the impacts, we propose to agree:
Proposal 1: Reuse the existing IEs and limit the impacts on the nodes behavior as much as possible.
2.2 4G->5G handover.

For 4G to 5G handover, three nodes needs to know direct or indirect data forwarding i.e. S-MME, SMF and the target NG-RAN node

S-MME needs to know direct or indirect because S-MME needs to request SGW to assign data forwarding tunnel for indirect data forwarding, which is not needed for direct data forwarding.
SMF needs to know direct or indirect because SMF needs to request UPF to assign data forwarding tunnel for indirect data forwarding, which is not needed for direct data forwarding. Furthermore, SMF also needs to tell T-NG-RAN node whether data forwarding is impossible.

T-NG-RAN node should configure different data forwarding tunnel for direct and indirect. So it needs to know.
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Figure 2: 4G to 5G Handover
WA: Try direct data forwarding first when prerequisites are fulfilled; if this is not possible, fall back to Rel-15 indirect data forwarding (“RAN decides”); this can be enabled either by configuration, or by src node providing info on availability of direct path to target.

Regarding how to let those nodes know, the WA in last meeting implied two solutions:

Solution 1: Forward direction approach (similar as intra-system handover)
1-1) The availability of a direct forwarding path is determined in the source eNB and indicated to the source MME. 

1-2) The source MME uses the indication from the source eNodeB to determine whether to apply indirect forwarding. The source MME indicates to the target AMF/SMF whether direct or indirect forwarding should apply using Data Forwarding Flag.
1-3) Based on DFF received from the source MME, the SMF knows whether direct forwarding is available and if no, decides whether indirect data forwarding is impossible. The SMF sends Data Forwarding Flag or Data Forwarding Not Possible IE to the target NG-RAN node.
1-4) The target NG-RAN node will not assign data forwarding tunnel if DFNP IE is received. Otherwise the target NG-RAN node assign the corresponding tunnel according to DFF received.
Solution 2: The target NG-RAN node decides direct or indirect based on configuration.
With this solution: two other issues needs to be considered:

Issue A: how the SMF sets Data Forwarding Not Possible IE and the meaning of this IE. 
There are two approaches:

Approach A-1) DFNP means both direct and indirect data forwarding is not possible. SMF sets this IE by considering the availability of direct data forwarding.
With this approach, the target NG-RAN node behavior is backward compatible and the same as for intra-system handover, i.e. not assign data forwarding tunnel if DFNP IE is received.
To make it works, the SMF needs to know the availability of direct data forwarding. Before sending Handover Request message to the target NG-RAN node, the SMF has no interaction with the target NG-RAN node. So the only possible method is that the SMF gets DFF from the source system. Then the first three steps in solution 1 are also needed. The only difference is that DFF from the SMF to the target NG-RAN is not needed if data forwarding is possible.

1-1) The availability of a direct forwarding path is determined in the source eNB and indicated to the source MME. 

1-2) The source MME uses the indication from the source eNodeB to determine whether to apply indirect forwarding. The source MME indicates to the target AMF/SMF whether direct or indirect forwarding should apply using Data Forwarding Flag.
2-3) Based on DFF received from the source MME, the SMF knows whether direct forwarding is available and if no, decides whether indirect data forwarding is impossible. The SMF sends Data Forwarding Flag or Data Forwarding Not Possible IE to the target NG-RAN node.
2-4) The target NG-RAN node will not assign data forwarding tunnel if DFNP IE is received. Otherwise the target NG-RAN node decides whether direct data forwarding path is available and assign the corresponding tunnel according to its own decision.
The drawback of this approach is that both the source eNB and target NG-RAN node needs to decide the availability of a direct forwarding path. The risk is that what if the decision is different.
Approach A-2) DFNP means indirect data forwarding is not possible. SMF sets this IE by considering the availability of indirect data forwarding.
Even if DFNP IE is received, the target NG-RAN node further decides whether direct data forwarding is possible and assigns TEID if yes.  This brings non-backward compatible change to the target NG-RAN node.
Approach A-2 should not be considered considering its non-backward compatible change. Approach A-1 has the potential risk that the decision of direct forwarding path availability in source and target may be different and has no clear benefits comparing with Solution 1.
Issue B: how the source MME knows whether direct or indirect data forwarding. There are two alternatives:

Alternative B-1: The availability of a direct forwarding path is determined in the source eNB and indicated to the source MME.

The drawback of this approach is that both the source eNB and target NG-RAN node needs to decide the availability of a direct forwarding path. The risk is that what if the decision is different.
Alternative B-2:  Direct Forwarding Flag is transmitted to the source MME from the target NG-RAN node or from the SMF/AMF.
The solution will bring additional N26 impact.
From above analysis, it could be observed that:
Observation 2: Solution 2 is complex from system point of view. Solution 1 is following the mechanism for intra-system handover and has less impact on nodes behavior. 
Proposal 2: Agree solution 1 for letting S-MME, SMF and target NG-RAN node know direct or indirect data forwarding.
In Solution 1, the impact on RAN3 specification is in step 1-3). The Direct Forwarding Flag should be included in Handover Request message as an optional IE.

1-3) Based on DFF received from the source MME, the SMF knows whether direct forwarding is available and if no, decides whether indirect data forwarding is impossible. The SMF sends Data Forwarding Flag or Data Forwarding Not Possible IE to the target NG-RAN node.
Proposal 3: The Data Forwarding Flag should be included in Handover Request message as an optional IE.
2.3 5G->4G handover.

For 5G to 4G handover, the source NG-RAN node (S-NG-RAN node) can know direct or indirect data forwarding from the data forwarding tunnel received i.e. direct data forwarding if per E-RAB tunnel is received and indirect data forwarding is per PDU session tunnel is received.

Two more nodes need to know direct or indirect data forwarding i.e. SMF and T-MME.

SMF needs to know this because for indirect data forwarding SMF shall contact with UPF for indirect data forwarding tunnel assignment, which is not needed for direct data forwarding.  

Similar reason as for intra-system handover, T-MME needs to know direct or indirect or data forwarding not possible.
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Figure 3: 5G to 4G Handover
Based on intra-system handover, the following are straight forward way to let SMF and T-MME know:

· The availability of a direct forwarding path is determined in the source NG-RAN nodes and indicated to the source AMF and SMF. 

· The SMF uses the indication from the source NG-RAN node to determine whether to apply indirect forwarding. The SMF/AMF indicates to the target MME whether direct or indirect forwarding should apply.

· Based on DFF received from the source AMF/SMF, the target MME knows whether direct forwarding is available and if no, decides whether indirect data forwarding is impossible and sends Data Forwarding Not possible IE to the eNB if yes.
Among the above steps, step 1 has RAN3 specification impacts. This is already reflected in the endorsed baseline CR:
-
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 source NG-RAN node indicates to the 5GC whether direct data forwarding path is available.
Observation 3: For 5G to 4G handover, the availability of a direct forwarding path is determined in the source NG-RAN nodes and indicated to the source AMF and SMF. This was reflected in the endorsed stage 2.
The solutions analyzed above have SA2 and CT4 impacts. It is proposed to send LS to SA2/CT4.

Proposal 4: It is proposed for RAN3 to send LS to SA2/CT4.
3 Conclusion
This contribution discussed which nodes need to know direct or indirect data forwarding and how to know this. The two solutions implied in the WA were compared. We have the following observations and proposals:
Observation 1: the current procedure to support direct and indirect data forwarding for intra-system handover:
1a) The availability of a direct forwarding path is determined in the source eNB and indicated to the source MME.

1b) If direct forwarding path is not available, the source MME determines whether to apply indirect forwarding. The source MME indicates to the target MME whether direct or indirect forwarding should apply.

1c) Based on DFF received from the source MME, the target MME knows whether direct forwarding is available and if no, decides whether indirect data forwarding is impossible. In case both are impossible, the target MME sends Data Forwarding Not Possible IE to the target eNB.

1d) If Data Forwarding Not possible IE is received, the target eNB will not assign tunnel for data forwarding.

Proposal 1: Reuse the existing IEs and limit the impacts on the nodes behavior as much as possible.
Observation 2: Solution 2 is complex from system point of view. Solution 1 is following the mechanism for intra-system handover and has less impact on nodes behavior. 
Proposal 2: Agree solution 1 for letting S-MME, SMF and target NG-RAN node know direct or indirect data forwarding.
Proposal 3: The Data Forwarding Flag should be included in Handover Request message as an optional IE.
Observation 3: For 5G to 4G handover,  the availability of a direct forwarding path is determined in the source NG-RAN nodes and indicated to the source AMF and SMF. This was reflected in the endorsed stage 2.
Proposal 4: It is proposed for RAN3 to send LS to SA2/CT4.
It is proposed to agree the proposals. The corresponding CRs and LS are in [5][6][7].
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