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Introduction
At the last RAN3#113 tdoc [3] was agreed to signal an “inter-system direct forwarding path availability” indication from gNB-CU CP to gNB-CU-UP.  
This is to enable the target gNB-CU-UP to select different pools of addresses for direct forwarding as compared to indirect forwarding.

· For the handover with direct data forwarding, the CU-UP can assign the TNL addresses from the  direct UP interface space. 
· For the handover without direct data forwarding, the CU-UP can assign corresponding data fowarding addresses from the 5GS address space. 
Tdoc [4] proposed to extend this indication for the intra-system case. This was agreed as reported in the Summary of discussions [2] however the exact solution was left TBD as follows:

Allocation of IP addresses for forwarding tunnels:
R3-213911 rev in R3-214450 Agreed
Proposal to be agreed: Extend the direct forwarding indication in E1AP with the intra-system case.
Intra-system case (R3-213450) needs more discussion around NGAP impact. To be continued

The reason why the solution was left TBD at RAN3#113 is because the target NG-RAN (and therefore target gNB-CU-CP) is currently not made aware of the fact that direct vs indirect forwarding is being performed, in contrast to inter-system case. 
Therefore, some NGAP impact was foreseen at RAN3#113 in addition to E1AP impact.

This paper provides an analysis and solution for the allocation of IP addresses for forwarding tunnels in the intra-system case. It also provides associated CRs.

Discussion on direct forwarding addresses for intra-system case
In intra-system 5G handover the source NG-RAN node currently indicates a direct path available to the SMF within the Handover Required Transfer IE which is relayed transparently by the AMF, as described in step 1 and step 4 of section 4.9.1.3.2 of TS 23.502:
Step 1 sent by source gNB:
	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 includes Direct Forwarding Path Availability if direct data forwarding is available.
	Direct Forwarding Path Availability indicates whether direct forwarding is available from the S-RAN to the T-RAN. This indication from S-RAN can be based on e.g. the presence of IP connectivity and security association(s) between the S-RAN and the T-RAN.
Step 4 between (target) AMF and SMF:
 
	PDU Session ID indicates a PDU Session candidate for N2 Handover. Target ID corresponds to Target ID provided by S-RAN in step 1. SM N2 Info includes the Direct Forwarding Path Availability if the direct data forwarding is available between the S-RAN and the T-RAN and has been inserted by the S-RAN.
Then the SMF takes the decision whether the data forwarding is possible based on two factors: whether S-RAN indicated that direct forwarding is possible, and whether indirect forwarding is supported. If none is true, then data forwarding is not possible as described in step 7 of section 4.9.1.3.2:

. If the N2 SM information received at step 4 does not include the Direct Forwarding Path Availability and the SMF knows that there is no indirect data forwarding connectivity between source and target, the N2 SM Information includes a Data forwarding not possible indication

Overall, two nodes are therefore aware that direct forwarding path is available:
· Source NG-RAN node which sends the information to SMF
· SMF which receives this information from source RAN node.

There are therefore two possible solutions to inform the target NG-RAN node:
· Source RAN node informs directly the target NG-RAN node by including the direct forwarding path available in Source to Target container, (option 1)
· SMF informs the target NG-RAN node in the Handover request message. (option 2)

It seems from TS 23.502 that both solutions could work because when source RAN node indicates direct forwarding path available, there is no reason for SMF to do indirect forwarding instead.
However, there can be a backward compatibility issue with option 1 where the SMF is release 15 and RAN node is release 16. In that case the SMF would apply indirect forwarding, even though source RAN node would indicate direct path available to target RAN node.
Option 1 would result in target RAN node allocating an IP address from the direct forwarding pool instead of the indirect forwarding pool in the above case.
For this reason, option 2 is better.

Proposal 1: select option 2 whereby the SMF indicates to target RAN node that direct forwarding path is available.

The next question is how SMF can signal the direct forwarding path to target NG-RAN node.
The SMF can already signal in the PDU Session Resource setup request transfer container in the case of inter-system handover:

	Direct Forwarding Path Availability
	O
	
	9.3.1.64
	This IE may be present in case of inter-system handover and is ignored otherwise.
	YES
	ignore



It therefore needs to be extended to the case of intra-system.

Proposal 2: update the semantics of PDU Session Resource Setup Request Transfer IE to allow sending the Direct Forwarding Path Availability also in case of intra-system.

SA2 impact 
Historically, the specification design of data forwarding in 5G has been mostly led by RAN3. Of course, SA2 was informed and consulted. 
Similarly, RAN3 can make this decision for the small addition discussed above and inform SA2.

Currently, even if SMF knows, the Direct Path Available is not included in the handover request which is step 9 of section 4.9.1.3.2 of TS 23.502:

9.	T-AMF to T-RAN: Handover Request (Source to Target transparent container, N2 MM Information, N2 SM Information list, Tracing Requirements, UE Radio Capability ID). If the subscription information includes Tracing Requirements, the target AMF provides the target RAN with Tracing Requirements in the Handover Request.
The implementation of proposal 1 just requires to add it. 
This has limited impact to SA2 by SA2 is likely to add this description in TS 23.502.

Also, currently the target RAN node does not differentiate between direct vs indirect forwarding when allocating these addresses as seen from step 10 of section 4.9.1.3.2 of TS 23.502:

In step 10 of section 4.9.1.3.2 the target RAN allocates the forwarding N3 UP address. 

-	if the PDU Session has at least one QoS Flow subject for data forwarding, N3 UP address and Tunnel ID of T-RAN for receiving forwarded data. The T-RAN provides data forwarding addresses for each data forwarding tunnel which it decided to setup.
Therefore, SA2 may also want to slightly update this paragraph.

Proposal 3: inform SA2 to align with RAN3 decision and update TS 23.502 as needed.

Conclusion and Proposal
This paper has investigated how to support the indication of “direct forwarding path available”, compared two solutions and makes the following proposals as conclusion: 

Proposal 1: select option 2 whereby the SMF indicates to target RAN node that direct forwarding path is available.
Proposal 2: update the PDU Session Resource Setup Request Transfer IE to allow sending the Direct Forwarding Path Availability in case of intra-system.
Proposal 3: inform SA2 to align with RAN3 decision and update TS 23.502 as needed.

As a result, it is proposed to agree the CRs in [5] and [6] for E1AP and NGAP.

Proposal 4: agree the CRs in [5] and [6] for E1AP and NGAP. 
Proposal 5: agree the LS to SA2 in [7]. 
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