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1. Introduction
The state machine including other RAT was discussed in RAN2#96 and it was agreed that [1]
· A UE in the NR IDLE state can perform re-selection to another RAT (entering the IDLE state in that RAT).
· A UE in the NR INACTIVE state can perform re-selection to another RAT (at least in some cases (GERAN, UTRAN, legacy LTE connected to EPC) the UE enters the IDLE state in that RAT).
· FFS target state in the case that LTE is connected to NG Core.
The support of interworking between NR and LTE and intra-system mobility are discussed [2]. Intra-system mobility for New RAN is captured in TR38.801 in RAN3#94 as following.
· The Xn-C interface supports the following functions:
· UE context retrieval: function to retrieve UE context from another node in the New RAN.

There is no consensus on the state transition for mobility between NR and E-UTRA for inactive state in RAN2 AD NR [3]. In this contribution, target state in the case that LTE is connected to NG Core is discussed from RAN2 point of view. 
2. Discussion
2.1 State transition for mobility between NR and E-UTRA
For LTE is connected to NG Core, There are two intra-system inter-RAT handover with E-UTRA scenarios in [4] in Figure 1. Light connection state in legacy LTE is similar to inactive state except the support of data transmission. When both of gNB and eNB are connected to NGC, it is feasible to retrieve UE context over the network interface between the eNB and gNB or over the network interface between NGC and gNB/eNB.
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Figure 1. Scenarios for eNB and gNB connected to NGC
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There are four intra-system inter-RAT network deployment scenarios in aspect of TA and RAN-level area.
Case 1 (different TA and RAN-level area): Upon the detection of strong LTE cell, the UE may camp on LTE mode and inform the CN of its location with TA update. The UE autonomously release the stored NR configuration and transits to Idle state. The UE camps on LTE network upon detection of stronger LTE cell. Considering that E-UTRA and NR share the same NextGen core, the NextGen core is aware of the UE location and could inform the NR RAN to release the stored UE context at the NR gNB. This procedure could work however it is signalling heavy. Every time the UE finds a strongest cell in another RAT, the UE needs to perform inactive to idle transition and TA updates towards the CN from the new RAT.
Case 2 (different TA + common RAN-level area): UE needs to inform CN of its location with TA update and the signalling overhead for the procedure of UE context fetch is similar to the procedure of handover. Thus, this case might not exist in the network deployment. If the UE autonomously release the stored NR configuration and transits to Idle state, the signalling overhead is heavy similar to case 1.
Case 3 (common TA + different RAN-level area): Another approach is to consider shared TA between NR and E-UTRA. NextGen is aware of the UE location in TA level either through UE TA updates while in inactive or gNB updating the NextGen of the UE location upon the RNA update from the UE.  As the NextGen core is aware of the UE location at TA level, the CN based paging could be used to reach the UE when RAN-based notification is unsuccessful. This approach is also based the UE autonomous state transition from inactive state (in NR) to idle state (in E-UTRA). This method doesn’t require the TAU triggered by the detection of a strong cell in another RAT (as per approach 1), however this approach requires the maintenance of UE location at TA level in NextGen for inactive state UEs. Hence the coordination between the RAN-based notification area and TA would be required to maintain the UE states at the network while maintaining low signalling and low UE power consumption for the UEs in inactive state. One drawback of this approach is that the UE transition from inactive state to idle state is not known by the network. Therefore, the state mismatch causes an issue of paging and the network would try to reach the UE with RAN-based notification before fallback to CN based paging.
Case 4 (common TA and RAN-level area): Similar to case 3. 
If UE does not support light connection state, it is obvious that UE supports the state transition from inactive state in NR to idle state in E-UTRA. Furthermore, if UE’s target state is IDLE, it might cause latency and signalling overhead to setup radio bearers for all network deployment cases above. If UE’s target state is LTE LIGHT CONNECTION/INACTIVE state UE AS context needs to be mapped from old RAT to new other RAT and for case 1 and case 2 UE needs to update the RAN-based notification area.
Proposal 1: UE in the LTE LIGHT CONNECTION/NR INACTIVE state reselects NR/E-UTRA cell and enters the IDLE state if UE does not support NR INACTIVE/LTE LIGHT CONNECTION state.
Proposal 2: UE in the NR INACTIVE state reselects E-UTRA cell and enters the LTE LIGHT CONNECTION state if UE supports NR INACTIVE and LTE LIGHT CONNECTION state. UE in the LTE LIGHT CONNECTION state reselects NR cell and enters the NR INACTIVE state if UE supports NR INACTIVE and LTE LIGHT CONNECTION state.
2.2 State transition between light connection state and inactive state

As a UE in the NR INACTIVE state reselects E-UTRA cell which is connected to NGC, it enters the LTE LIGHT CONNECTION state. AS context mapping can be implemented by the UE autonomously or controlled by the network. 
· Autonomous mapping of UE AS context
When UE is in inactive/light connection state and reselects a new cell in other RAT, UE should transit to light connection/inactive state immediately.  The UE maps new AS context from old AS context and new UE ID in inactive/light connection state from old UE ID in light connection/inactive state. UE NAS context can be updated as legacy. The mapping of UE AS context and the mapping of UE ID can be pre-configured by signalling or not and needs further study. 
· Mapping of UE AS context by network 
When UE is in inactive state/light connection state and reselects a new cell in other RAT, UE should transit to light connected state/inactive state immediately. 
For the first case, the new Node B can retrieve UE AS context from the old anchor Node B during RAN-level area update and the new core network might retrieve UE NAS context from old core network if core network changes.  For the second case, the new core network might retrieve UE NAS context from old core network if core network changes and retrieves the UE AS context from the anchor Node B. For the third case, the new Node B can retrieve UE AS context from the old anchor Node B. For the fourth case, the new Node B can retrieve the UE AS context from the anchor Node B. The new Node B might reconfigure radio bearers and security parameters if necessary. After UE context fetch, the network can send full configuration of RBs to UE using L3 signalling.
Proposal 3: RAN2 discuss the options of UE AS context mapping for mobility between NR and E-UTRA in case of state transition between LIGHT CONNECTION state and INACTIVE state.
· Option1.  Autonomous UE AS context mapping.
· Option2.  UE AS context mapping controlled by network.

Proposal 3bis: If UE AS context mapping is controlled by network, RRC full configuration is reused.
2.2 State transition between light connection/inactive state and idle state
When UE moves in a hybrid network of E-UTRA cells and NR cells shown in figure 1, signalling overhead is heavy if UE moves between E-UTRA cell and NR cell since radio bearer needs to be reconfigured frequently. It might be helpful if the UE AS context is maintained by the old cell and the UE as the UE moves back to the old cell from other new RAT cell. If the UE AS context can be reused, the UE enters inactive/light connection state directly. The issue is the validity of the UE AS context as the old network cannot maintain the UE contexts for a large number of UEs for a long period. A timer should be used by the network and the UE to alleviate the signalling overhead caused by the state transition between light connection state/inactive state and idle state. When the timer expired, the network and the UE release the UE AS context.
Proposal 4a: UE should maintain the UE AS context for a configured time after transition to IDLE state in case of state transition between LIGHT CONNECTION/INACTIVE state and IDLE state.

Proposal 4b: Network should maintain the UE AS context and release the UE AS context after a configured time when UE informs network about the state transition to idle state in case of state transition between LIGHT CONNECTION/INACTIVE state and IDLE state.
3. Conclusion 
In this contribution, we discussed behaviour of a UE in inactive/light connection state with respect to NR and E-UTRA interworking support. The following proposals were made.
Proposal 1: UE in the LTE LIGHT CONNECTION/NR INACTIVE state reselects NR/E-UTRA cell and enters the IDLE state if UE does not support NR INACTIVE/LTE LIGHT CONNECTION state.
Proposal 2: UE in the NR INACTIVE state reselects E-UTRA cell and enters the LTE LIGHT CONNECTION state if UE supports NR INACTIVE and LTE LIGHT CONNECTION state. UE in the LTE LIGHT CONNECTION state reselects NR cell and enters the NR INACTIVE state if UE supports NR INACTIVE and LTE LIGHT CONNECTION state.
Proposal 3: RAN2 discuss the options of UE AS context mapping for mobility between NR and E-UTRA in case of state transition between LIGHT CONNECTION state and INACTIVE state.
· Option1.  Autonomous UE AS context mapping.
· Option2.  UE AS context mapping controlled by network.

Proposal 3bis: If UE AS context mapping is controlled by network, RRC full configuration is reused.
Proposal 4a: UE should maintain the UE AS context for a configured time after transition to IDLE state in case of state transition between LIGHT CONNECTION/INACTIVE state and IDLE state.

Proposal 4b: Network should maintain the UE AS context and release the UE AS context after a configured time when UE informs network about the state transition to idle state in case of state transition between LIGHT CONNECTION/INACTIVE state and IDLE state.
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Figure 1. Scenarios for eNB and gNB connected to NGC
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