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1 Introduction
In TR 38.801 [1] and TS 23.502 [2], procedures for RAN-CN interface are being discussed. In this contribution, we propose to provide considerations for RAN-CN interfaces of S1 and NG as well as UE mobility management procedures over RAN-CN interface.

2 Considerations for RAN-CN interfaces of S1 and NG
Since 5G NGC as well as LTE EPC can be served as CN for interworking between NG-RAN and CN, two scenarios are being considered for the procedures via RAN-CN interface.

Figure 1 shows the different types of NG-RAN connected to CN with RAN-CN interfaces. Figure 1(a) and Figure 1(b) shall use existing LTE S1 interface with LTE NAS and new 5G NG interface with 5G NAS, respectively. Note that eLTE eNB in Figure 1(b) supports upgraded eLTE capabilities for connecting to NGC. 
In Figure 1(a), S1-C is terminated in master LTE eNB only (i.e., in Option 3 non-standalone architecture). However, in Figure 1(b), NG-C and NG-U can be terminated in both the eLTE eNB and NR gNB (i.e., the combination of Option 2 and Option 5 standalone architectures). Of course, NG-C cannot be terminated in the secondary NB for NSA Option 4 and 7 families (they are not shown here). It is also noted that Xx interface in Figure 1(a) is always available, however, Xn interface in Figure 1(b) can be available or not.

Especially, EPC for the NSA architecture in Figure 1(a) may need to know the type and capabilities of secondary NB (SNB) connected and the availability of S1-U interface between EPC and SNB. 

Therefore, the functions and IEs regarding LTE S1-C/U or 5G NG-C/U shall be modified or added to support different RAN-CN architecture and interworking scenarios, if required. Of course, the EPC needs to be somewhat enhanced to support the NSA architecture.
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Figure 1: Different types of RAN connected to CN with RAN-CN interface (S1 or NG).
Observation 1: Different RAN-CN interfaces and NAS messages shall be used according to CN type (i.e., EPC or NGC).

Observation 2: EPC for the NSA architecture may need to know the type and capabilities of SNB connected and the availability of S1-U interface between EPC and SNB.

Proposal 1: The functions and IEs in LTE S1 or 5G NG shall be modified or added to support different RAN-CN architecture and interworking scenarios, if required.

3 Mobility management procedures over NG interface
As described in TR 38.801 [1], 5G NG interface shall support UE mobility management procedures such as Handover Preparation/Resource Allocation/Cancellation/Notification and Path Switch Request. Besides, because eLTE eNB or/and NR gNB can be connected to NGC, they should be considered for NG interface and protocol.
Figure 2 shows different NG-RAN handover scenarios using NG interface (note that intra-AMF and intra-SMF are assumed here for simplicity). 

The radio capabilities of UE in Figure 2 can be different:

(a) UE can support NR-only or NR+LTE air interface for inter-gNB handover.

(b) UE can support LTE-only or NR+LTE air interface for inter-eNB handover.

(c) UE can support NR+LTE air interface for inter-RAT (eNB-gNB) handover.

In addition, the support of “NR standalone”, “(e)LTE standalone”, and “non-standalone (NR-anchored and LTE-anchored)” network modes can be different for each UE connected.
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Figure 2: NG-RAN handover types using the NG interface.
Observation 3: The radio capabilities and types of UE can be different for the handover scenarios.

The architecture and radio features of NG-RAN involved can also be differently supported. For example, the followings can be further considered:

· NG-RAN architecture: CU and DU split architecture (split or non-split)

· Network slicing handling capability (including throughput, latency, reliability, etc)

· QoS flow processing capability

· Beamforming management operation, if used
Observation 4: The architecture and radio features of NG-RAN can be different for the handover scenarios.

Observation 5: Termination point in CN for NG-C interface corresponds to AMF entity. Termination point in NG-RAN for NG-C interface corresponds to eNB, gNB, CU/DU of eNB, or CU/DU of gNB.

Proposal 2: NG-AP should support three different NG-based handover types by considering the supporting capabilities of both the UE and NG-RAN connected.

Therefore, the procedures and messages in NG interface should be modified properly to explicitly add eLTE eNB along with NR gNB. As an example, Handover Preparation procedure in TR 38.801 [1] is modified as in Figure 3.
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Figure 3: Handover Preparation procedure using NG interface.
Furthermore, related IEs in NG-AP and S1AP [3] should be properly modified or extended to reflect the above changes. For example, RAT, TEID, ECGI, NB ID, etc can be updated.
Proposal 3: Related IEs in NG-AP and S1AP for supporting the NG-based procedures with regard to NG-RAN shall also be properly modified or extended.
4 Proposals Summary
Having discussed above, it is proposed that RAN WG3 is kindly asked to reflect the following proposals onto the specifications for S1 and NG interfaces:
· Proposal 1: The functions and IEs in LTE S1 or 5G NG shall be modified or added to support different RAN-CN architecture and interworking scenarios, if required.
· Proposal 2: NG-AP should support three different NG-based handover types by considering the supporting capabilities of both the UE and NG-RAN connected.
· Proposal 3: Related IEs in NG-AP and S1AP for supporting the NG-based procedures with regard to NG-RAN shall also be properly modified or extended.
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