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1   Introduction
In TR 38.801, the inter-RAT handover based on CN interface scenario is captured as one of the inter-RAT handover with LTE scenarios and it follows a NOTE:
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NOTE:
An interface between EPC and NGC, namely, NGx interface, may be available.
In SA2 #118 meeting, the discussion on EPC-NGC interworking was performed and interim agreements were agreed that includes the following
-
The standard will define mobility procedures from NG Core to EPC and vice versa to support "single registered" UEs and achieve minimal service disruption.

-
Solution 18.2 is adopted as the basis for normative work. However, decision on which of the signalling flow variants shown in subclause 6.18.2.1.2.3 will be standardised is deferred to the normative phase.
-
Support for these procedures in the UE and network is optional and is based on UE and network capabilities，respectively.
-
For idle mode mobility when the NGx interface is supported between NG Core and EPC, the UE performs TAU (or equivalent) when it moves from NG Core to EPC (and vice versa).
From RAN3 perspective, though the details on the interaction between EPC and NGC is still pending to SA2, the study of inter-RAT mobility with CN type change could be initiated in RAN3. 
In addition, considering the eLTE eNB connecting to both EPC and NGC, the inter-system change could happen and the related scenarios should also be discussed. In this contribution, we will discuss the possible inter-system mobility cases and propose the related procedures as a baseline to be captured into TR 38.801.
2   Discussion
2.1   Inter-system inter-RAT handover
In TS 23.401, the inter-RAT handover procedures between E-UTRAN and UTRAN are specified and the call flows are provided taking the signal exchange inside the CN into account. Similarly, the agreed signalling flow in [1] also includes signals between NGC units. However, from RAN perspective, the messages inside the CN do not have any impact on the RAN signal design. In addition, the NGC architecture details design is still under discussion in SA2. Consequently, we propose to design the RAN signalling flow ignoring the NGC architecture. In details, the signalling flow for inter-RAT handover between NR and LTE with CN type change could be provided taking the inter-RAT handover procedures between E-UTRAN and UTRAN as the baseline.
Taking the mobility from NR to LTE as an example, Figure 1 shows a signalling flow for inter-system handover from NGC to EPC.
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Figure 1: Procedure of inter-RAT handover from NGC to EPC

1. The measurement related procedure is performed between the source NR gNB and the UE. The measurement results provided may assist the function controlling UE’s connection mobility.

2. The source NR gNB decides that the UE should be handed over to the LTE eNB. 

3. The source NR gNB sends Handover Required (Target LTE eNB ID, Source to Target transparent Container) message to the NGC.

4. The NGC selects the related EPC and sends Relocation Request (Target LTE eNB ID, Source to Target transparent Container) message to the selected EPC.

5. The EPC sends a Handover Request (Source to Target transparent Container) message to the target LTE eNB.

6. The target LTE eNB sends a Handover Request (Target to source transparent Container) message ACK to the EPC.

7. The EPC sends a Relocation Response (Target to source transparent Container) message to the NGC.

8. The NGC sends Handover Command (Target to source transparent Container) message to the source NR gNB.

9. The source NR gNB sends RRC Connection Reconfiguration message carrying Handover command to the UE to handover to the target LTE eNB.

10. The UE performs Random Access with the target LTE eNB.

11. The UE applies the configuration and send RRC Connection Reconfiguration complete message to the target LTE eNB.

12. The target LTE eNB sends Handover Complete message to the EPC to indicate the UE is handed over to the target LTE eNB.

13. The EPC knows the UE has arrived to the target LTE eNB and sends Relocation Complete Notification message to the NGC.

14. The NGC confirms the relocation and sends Relocation Complete ACK message to the EPC.

15. The NGC sends Resource Release message to the source NR gNB to release its resource related to the UE.

It should be clarified that the messages exchanged between NGC and EPC are pending on SA2.

Proposal 1: RAN3 should capture the procedures of inter-system inter-RAT handover in TR 38.801.
2.2   Inter-system intra-RAT handover

With respect to the inter-system mobility, considering the LTE eNB could be updated to connect to NGC, the related CN change cases should also be studied. In details, the following three scenarios should be discussed:
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Figure 2: inter-system intra-RAT handover scenarios
With respect to the first scenario in Figure 2, the inter-system intra-RAT handover could be performed with the same procedure applied for Inter-system inter-RAT handover.

Proposal 2: With respect to the scenario where one LTE eNB connects to EPC and the other connects to NGC, the handover procedure could be the same as the Inter-system inter-RAT handover.
In scenario 2, considering the possible load balance management and service support difference between EPC and NGC, it is possible that the LTE eNB should perform CN relocation between EPC and NGC for the UE. The procedure could be shown as Figure 3.
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Figure 3: NGC to EPC relocation procedure within an LTE eNB
1. Measurement procedure is configured by the eLTE eNB.
2. The eLTE eNB makes a CN relocation decision based on the measurement report and/or CN status of EPC and NGC.

3. The eLTE eNB sends CN relocation Required (Target CN) message to the NGC.

4. The NGC selects the related EPC and sends Relocation Request message to the selected EPC.

5. The EPC sends a Relocation Response message to the NGC.

6. The NGC sends CN Relocation Command message to the eLTE eNB.

7. The eLTE eNB sends RRC Connection Reconfiguration message carrying CN Relocation Command to the UE.

8. The UE applies the configuration and send CN Relocation Complete message to the eLTE eNB.

9. The eLTE eNB sends CN Relocation Complete message to the EPC to release its resource related to the UE.

Proposal 3: RAN3 should capture CN relocation within LTE eNB scenario and the procedure in TR.

For scenario 3, the handover between LTE eNB connected to NGC and EPC and LTE eNB connecting to EPC could be performed in the same way as Inter-system inter-RAT handover. Another option would however be to to first use the CN relocation discussed above and then execute a legacy LTE X2 handover. 
When handing over in the other direction from to LTE connected to EPC and an eNB connected to both NGC and EPC, the same solutions as discussed above could be applied:

· Use the same as for inter system inter RAT mobility, or

· X2 handover followed by a CN relocation in the target, 
There are however some additional things to consider incase the solution for inter system inter RAT mobility is used. If the source decides to perform the inter system handover, the source needs to identify the target CN. In LTE the TAI is used to achieve this, but SA2 has agreed that the TA could be common for NR and LTE. Therefore source may need to be informed about the CN entities connected to the target cell. 

We see two possible solutions for this:

· Exchange the information as a part of X2/Xn setup

· Exchange the information during mobility procedure, e.g. in the HO request ack.

There is a slight difference between these two solutions. The latter one provides the means for the target to select the target CN on a per event basis since the feedback is included for each event. It would for example be possible for the target to indicate whether an inter system handover is preferred or not. 
Proposal 4: RAN3 should capture the handover scenarios between EPC connected LTE eNB and eLTE eNB connected to both EPC and NGC in the TR.
3   Conclusion
In this contribution, we discussed the inter-system handover scenarios and proposed the procedures of inter-system handover between NGC and EPC as described in TP.
Proposal 1: RAN3 should capture the procedures of inter-system inter-RAT handover in TR 38.801.

Proposal 2: With respect to the scenario where one LTE eNB connects to EPC and the other connects to NGC, the handover procedure could be the same as the handover between LTE and NR with CN change.

Proposal 3: RAN3 should capture CN relocation within LTE eNB scenario and the procedure in TR.

Proposal 4: RAN3 should capture the handover scenarios between EPC connected LTE eNB and LTE eNB connecting to both EPC and NGC in TR.
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