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Introduction 

Reusing Source RAN TEID at Handover has been discussed for several meetings. Two approaches on the table. One is categorized as implicit solution as this solution [1] leverage UL TEID from source as implicit indication. The other is categorized as explicit solution as this solution [2] use explicit indication . 

This contribution provides our understanding on this aspects.

Discussions
Reusing Source RAN TEID impact on Core network 

Reusing source TEID will impact multiple parts of Core network specification. Since SMF may not change N3 interface, the new introduced function impacts behavior after Path switch send to AMF, a new call flow of the XN based NG-RAN RAN handover needs to be updated in [3]. The new function also changes the interface of AMF and SMF, for example, new IE should be considered and new behavior need to be evaluated. 

The new function also changes the behavior between SMF and UPF[4]. In current specification, SMF has three options when receives path switch request transfer from source gNB, the options are XN based inter NG-RAN handover without UPF re-allocation, XN based inter NG-RAN handover with insertion of intermediate UPF and XN based inter NG-RAN handover with re-allocation of intermediate UPF. SMF should consider Reuse source TEID for each of the procedure. Based on Reusing Source RAN TEID indication from NG-RAN, the SMF needs new behavior to handle these three different options.   
In addition, the Reusing Source RAN TEID function may not really reduce the signalling interaction on CN side.For example, when RAN able to support Reusing Source RAN TEID function and indicates it to CN, CN still need UPF re-allocation due to other reason. In this case, no signalling traffic could be saved due to Reusing Source RAN TEID function.In a word, the benefit of Reusing Source RAN TEID function in Core network is limited. 
Observation 1: Reusing source RAN TEID function has impact on multiple parts in Core network Specification. Both AMF and SMF need enhancement to support Reusing source RAN TEID function.

SMF may not support Reusing Source RAN TEID function

The approaches [1][2] discussed so far is to expect the target CU CP to send an indication to AMF, which then forwards it to the SMF of the service PDU session.Through this indication, SMF can learn that source gNB and target gNB use the same CU-UP resources. Therefore, SMF can decide whether to implement optimization according to this instruction, that is, reuse the TEID information on the RAN side. But there is no guarantee that all SMFs serving PDU sessions can recognize and support the Reusing Source TEID at Handover function. 
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Figure 1：The deployment of SMFs and UPFs

As shown in the figure1, there are multiple SMFs connected to AMF and multiple UPFs connected to SMFs. Which SMF and which UPF server UE’s PDU session is not decided and known to gNB. Even AMF acquires the indication that source gNB and target gNB share the same user plane computer resource, but AMF does not guarantee that SMF which server PDU session when UE in source gNB will support reusing TEID function. If the SMF does not support TEID reusing function, then SMF will perform the normal procedure.

Observation 2: SMF may not support Reusing Source TEID function.

How does target CU-CP/Share CU-UP to release redundant U-plane/TNL resources towards the UPF
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Figure 2：Procedure of inter-gNB handover with shared CU UP 

When SMF does not support Reusing source RAN TEID, SMF omits the reused indicator in the Path Switch Request Transfer IE and processes the following procedure as source CU-UP and target CU UP do not share the same TNL resource. In this case, SMF will trigger UPF sends END MARK messages to the source TEID and introduce trouble for the shared RAN UP.

As shown in the figure 2, if the RAN side decides to reuse the source TEID, the target CU CP carry the reused TEID indication to AMF in path switch message ( Step 3 in the figure). In turn, AMF sends the indication to SMF which servers the PDU session. 

If SMF does not support this function, it will omit the indication and request UPF to send the end mark message to the old RAN TEID address. The source TEID resource will be removed after RAN CU UP receives END MARK message. The issue is that , after RAN CU UP removes old TNL resource, the new downlink data will still send towards the removed  old TNL resource. It is because UPF does not know the old TEID and the new TEID is same. Traffic may break due to this issue.

In order to mitigate the issue, even in shared UP resource scenario, the target CU-CP and shared CU-UP must allocate the new TEID to UPF. gNB should carry the new TEID for UPF to AMF in Path Switch Request Transfer IE. The IE which in turn sends to the SMF.

Observation 3: Even in shared UP resource scenario, target CU-CP and shared CU-UP still have to allocate the new TEID for UPF and sends it to AMF.

When SMF supports reusing TEID functionality and executes it correctly, new TEID assigned by target CU-CP and shared CU-UP is useless. No data will send to new TEID since all downlink data sent towards the old RAN TEID. 

The issue raised is how the shared CU-UP knows when to delete this useless TEID resource? 

To prevent resource leaks, SMF should indicate confirmation of Reusing source RAN TEID is supported. Based on this indication, target gNB-CU is able to delete the redundant new TEID.

As shown in the figure1, in Step 8 of the procedure, if SMF supports Reusing source RAN TEID function, then SMF will confirm it and send an indication to AMF. AMF relays the indication to target CU-CP, carries it in PATH SWITCH ACK message. Then target CU-CP confirms that SMF supports the function and indicates the Shared CU-UP to delete the unnecessary TEID.   

Proposal 1:  SMF should indicate that it supports Reusing RAN source TEID in Path Switch Request Acknowledge message in order to assist the target NG-RAN node to release the unnecessary TEID.
Benefit of Reuse Source RAN TEID in RAN side

Based on implementation, deploying different RAN Node’s UP parts into same computer resource may bring some benefit for centralized resource schedule and resource sharing. But from procedure point of view, the benefit is limited. 

As elaborated in section 2.1, it is not assumed that each SMF supports this new function. Then in order to fallback to legacy procedure without Reusing source RAN TEID function, all the resources in shared UP computer resource still need to be allocated.
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Figure 3 : Inter-gNB handover involving gNB-CU-UP change

Take the figure 3 of TS 38.401for example, it is noting that all the interactive between gNB CU to DU and between gNB CU are taking place before path switch procedure (Step 13 in the figure). All the RAN elements ( source gNB CU, Source gNB DU, target gNB CU, target gNB DU ) have to allocated resource as normal case in case SMF does not support the new function. For example, In Step 3, Target gNB CU-UP has to allocat Uplink data forwarding resource and Downlink data forwarding resource for data forwarding. It is noting that data forwarding has already supported before Path switch procedure triggered. The data forwarding is then unavoidable even source gNB CU-UP and target gNB CU-UP share the same computer resource. In a word, the behavior of RAN side does not have big different from normal case. 

Observation 4: The benefit of Reuse source RAN TEID in RAN part is limited.

According to the analysis in Chapter 2.1, the RAN side data forwarding is unavoidable, and the Core network side needs to be enhanced involved AMF/SMF/UPF. It is recommended to send LS to SA2 to confirm whether Reusing RAN source TEID should be introduced in Rel-15.
Proposal 2: RAN3 should send LS to SA2 to confirm whether Reuse RAN source TEID should be introduced in Rel-15.

Conclusion 

Based on all the analysis above, we give our observations and proposals as:
Observation 1: Reusing source RAN TEID function has impact on multiple parts in Core network Specification. Both AMF and SMF need enhancement to support Reusing source RAN TEID function.

Observation 2: SMF may not support Reusing Source TEID function.

Observation 3: Even in shared UP resource scenario, target CU-CP and shared CU-UP still have to allocate the new TEID for UPF and sends it to AMF.
Observation 4: The benefit of Reuse source RAN TEID in RAN part is limited.

Proposal 1:  SMF should indicate that it supports Reusing RAN source TEID in Path Switch Request Acknowledge message in order to assist the target NG-RAN node to release the unnecessary TEID.

Proposal 2: RAN3 should send LS to SA2 to confirm whether Reuse RAN source TEID should be introduced in Rel-15.
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