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Introduction
It has been agreed that LTE eNBs should be connected to Next Gen CN (5GC) to support connectivity options 5 (LTE standalone) and 7/7a (LTE assisted NR) as well as support fast RAN level mobility to option 2 (standalone NR). This contribution is addressing the topic of supporting inter-system and inter-RAT mobility in this case. 
Overview
The figure below illustrates the logical network architecture for eNBs which are capable of connecting both the EPC and 5GC. The following assumptions are made:
· The S1 and X2 interfaces are used for UEs connected to EPC
· The Xn and NG interfaces are used for UEs connected to 5GC
· Between LTE eNBs connected both to EPC and 5GC it is possible to have both an X2 and Xn interface, it is up to RAN3 discussion if there is any coordination / harmonization between the X2 and Xn instance in this scenario. 





As discussed in [R2-1704177] there needs to be mechanism for 5GC capable UEs connecting to 5GC capable eNBs to perform CN selection. Additionally, there needs to be mechanism to support mobility in and out of these eNBs. This is further discussed in this contribution. 
[bookmark: _Toc481655885][bookmark: _Toc481655932][bookmark: _Toc481765358]Depending on which CN the UE is connected to different interfaces will be used in the network side to handle the UE mobility
[bookmark: _Toc481655886][bookmark: _Toc481655933][bookmark: _Toc481765359]UEs in LTE can either be connected to EPC or 5GC associated with different interfaces. At mobility the interface used indicates to the target node which CN the UE is connected to. 
[bookmark: _Toc481655887]It is proposed to adopt the following definitions:
[bookmark: _Toc481655895][bookmark: _Toc481765364]Mobility scenario where the UE stays in EPC or 5GC regardless if it is intra-RAT or inter-RAT (in case of 5GC) are called intra-system mobility.
[bookmark: _Toc481655896][bookmark: _Toc481765365]Mobility scenario where the UE changes between EPC or 5GC are called inter-system mobility regardless if they are intra-RAT or inter-RAT.
Intra-System Scenarios
Active mode mobility
For UEs connected to 5GC it should be possible to perform intra-system (inter and intra RAT) handover between LTE and NR cells. The handover procedures should be support using both Xn and NG interfaces. The handover procedures always involve a radio handover (even if it is intra-cell). 
For UEs connected to EPC intra-system handovers are always intra RAT handover. The handover procedures should be support using both X2 and S1 interfaces. The handover procedures always involve a radio handover (even if it is intra-cell).
The basic principle for these handover are already captured in TR 38.804 section 10.2.
[bookmark: _Toc481655888][bookmark: _Toc481655934][bookmark: _Toc481765360]Intra-system, intra and inter-RAT handover are based on existing 3GPP procedures and are already captured in TR 38.804.
Idle mode mobility
For UEs connected to 5GC it should be possible to perform intra-system (inter and intra RAT) cell re-selection between LTE and NR cells. The procedure shall be possible to be performed without notifying the network (pending SA2 discussion) assuming the UE is within the same NAS registration areas.
For UEs connected to EPC existing idle mode mobility procedure are used. E.g. the UE will perform NAS TAU signaling when leaving NAS registration area (TAlist)
[bookmark: _Toc481655889][bookmark: _Toc481655935][bookmark: _Toc481765361]The basic principles for intra-system IDLE mode mobility and registration area updating is expected to be captured in SA2 specifications. 
Inactive mode mobility
The existence of an Inactive state in LTE is currently subject for discussions. As proposed in [R2-1704176] it is proposed to introduce an RRC_INACTIVE state for LTE connected to 5GC based on the principles defined in the Light Connected work item. If such a state is defined is shall be possible to support state transitions for UEs connected to 5GC between NR RRC_INACTIVE and LTE RRC_INACTIVE preferably without requiring any signaling when the UE does not change its configured CN or RAN registration area. 
[bookmark: _Toc481655890][bookmark: _Toc481655936][bookmark: _Toc481765362]If LTE RRC_INACTIVE is defined for LTE connected to 5GC it should be possible to support intra-system state transitions between NR RRC_INACTIVE and LTE RRC_INACTIVE without requiring any signaling when the UE does not change it configured CN or RAN registration area. 
Inter-system scenarios
Active mode mobility
SA2 has decided to support inter-system handover to/from LTE/EPC from/to NR/5GC. The CN aspect of this procedure is expected to be specified in SA2. Additionally, there may be some RAN2/RAN3 specification impacts. What has not been discussed so much is the case of inter-system handover between LTE/EPC and LTE/5GC. Technically we assume the solution for this scenario also requires that the CN is involved. For simplicity, it is proposed that the same procedure is used for this scenario as for the other inter-system handover scenarios to/from LTE/EPC from/to NR/5GC. It is not deemed worth to optimize this scenario just because LTE is used in both target and source, or that this handover scenario can be used even in intra-cell cases.
[bookmark: _Toc481655897][bookmark: _Toc481765366]Handover between LTE/EPC and LTE/5GC should be supported in the same way as handovers between LTE/EPC and NR/5GC. I.e. use the same S1/NG signaling procedures.
[bookmark: _Toc481655898][bookmark: _Toc481765367]It should be possible to support intra-cell handovers between LTE/EPC and LTE/5GC, however the procedure shall be the same as inter-cell handovers. I.e. no optimizations are required.
In addition to handover it is proposes to support RRC connection release with re-direct as a low complexity, less signaling intensive, inter-system mobility mechanism e.g. for UEs with no ongoing services requiring a full handover. 
[bookmark: _Toc481655899][bookmark: _Toc481765368]RRC connection release with re-direct shall also be supported as an inter-system mobility mechanism between EPC and 5GC.
Idle mode mobility
It has been agreed to support inter-system cell re-selection in IDLE mode between NR/5GC and LTE/5GC. Most likely this procedure will require NAS registration signaling (pending SA2 discussion). It is assumed the cell-reselection will be triggered by the UE based on UE measurement and on cell/frequency/RAT priorities configured by the network. 
For the inter-system change between LTE/5GC and LTE/EPC new situations occurs in that the cell re-selection is not only about selecting the target cell but also about selecting the target CN to use (or mode of operation). It is assume that the selection of the mode should be based on network policies or signaling. E.g. 
· For UEs in 5GC it is assumed they should always continue to use 5GC if supported by the target cell. If not supported, inter-system procedure should be initiate (e.g. NAS registration signaling)
· For UEs in EPC it should be a network decisions if the UEs capable of 5GC should immediately re-select to 5GC and initiate inter-system procedures or if the UE should stay in EPC
In case inter-system procedure is initiated the UE will indicate to the RAN that it wants to perform NAS signaling to the new CN (e.g. EPC or 5GC), the RAN will forward the signaling. The actual conversion of the UE context between EPC and 5GC will be transparent to the RAN.
[bookmark: _Toc481655900][bookmark: _Toc481765369]Which CN the UE should connect to when entering an LTE cell supporting both EPC and 5GC should be controlled by network configuration.
[bookmark: _Toc481655901][bookmark: _Toc481765370]The UE will initiate NAS signaling to the new CN when performing inter-system change from IDLE state. The inter-system change procedure will be transparent to the RAN.
Inactive mode mobility
It has been agreed that the UE in NR RRC_INACTIVE shall transition to RRC_IDLE for inter-system mobility to LTE/EPC. It is assumed the UE will initiate NAS signaling when performing this transition. It is assumed that similar solution should also be applied for intra-LTE inter-system mobility between EPC and 5GC. 
[bookmark: _Toc481655902][bookmark: _Toc481765371]UEs in RRC_INACTIVE in LTE or NR shall transition to RRC_IDLE at inter-system change.
Conclusion
The following observations and proposals are made:
Observation 1	Depending on which CN the UE is connected to different interfaces will be used in the network side to handle the UE mobility
Observation 2	UEs in LTE can either be connected to EPC or 5GC associated with different interfaces. At mobility the interface used indicates to the target node which CN the UE is connected to.
Observation 3	Intra-system, intra and inter-RAT handover are based on existing 3GPP procedures and are already captured in TR 38.804.
Observation 4	The basic principles for intra-system IDLE mode mobility and registration area updating is expected to be captured in SA2 specifications.
Observation 5	If LTE RRC_INACTIVE is defined for LTE connected to 5GC it should be possible to support intra-system state transitions between NR RRC_INACTIVE and LTE RRC_INACTIVE without requiring any signaling when the UE does not change it configured CN or RAN registration area.

Proposal 1	Mobility scenario where the UE stays in EPC or 5GC regardless if it is intra-RAT or inter-RAT (in case of 5GC) are called intra-system mobility.
Proposal 2	Mobility scenario where the UE changes between EPC or 5GC are called inter-system mobility regardless if they are intra-RAT or inter-RAT.
Proposal 3	Handover between LTE/EPC and LTE/5GC should be supported in the same way as handovers between LTE/EPC and NR/5GC. I.e. use the same S1/NG signaling procedures.
Proposal 4	It should be possible to support intra-cell handovers between LTE/EPC and LTE/5GC, however the procedure shall be the same as inter-cell handovers. I.e. no optimizations are required.
Proposal 5	RRC connection release with re-direct shall also be supported as an inter-system mobility mechanism between EPC and 5GC.
Proposal 6	Which CN the UE should connect to when entering an LTE cell supporting both EPC and 5GC should be controlled by network configuration.
Proposal 7	The UE will initiate NAS signaling to the new CN when performing inter-system change from IDLE state. The inter-system change procedure will be transparent to the RAN.
Proposal 8	UEs in RRC_INACTIVE in LTE or NR shall transition to RRC_IDLE at inter-system change.

Furthermore it is proposed to adopt the text proposal below to 38.300.

Text proposal to 38.300
It is proposed to add the state model below to section “9.3 Inter RAT” in 38.300. 



Figure 9.3.x-1: State model for inter-system and inter-RAT mobility
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