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1. Introduction
Possibility of having a RAN controlled state was discussed in the last meeting. Some agreements were made. In parallel to the inactive state discussion, the support of interworking between NR and LTE and inter-RAT mobility are discussed. Inter-RAT mobility is also discussed in RAN3 and captured in TR38.801.

-
E-UTRA-NR inactive mode mobility using a direct interface between an eLTE eNB and a gNB.

-
This function provide means for UE mobility in a RAN controlled inactive mode between NR and E-UTRA using a direct interface between an eLTE eNB and a gNB for context fetching and paging.

Editor’s Note:
This approach is pending discussions on “light connection” and respective discussions on paging.

In this contribution, inactive state and how it is related to inter-RAT mobility is discussed from RAN2 point of view. 
2. Discussion
Wide range of use cases with different requirements are expected to be supported in NR. Considering different requirements, it is beneficial to design the inactive state with configuration flexibility to cater for many different requirements. 

TR 38.913[2] highlights the requirement for support of tight interworking for LTE and NR as;

The RAN architecture shall support tight interworking between the new RAT and LTE.

        -
Considering high performing inter-RAT mobility and aggregation of data flows via at least dual connectivity between LTE and new RAT. This shall be supported for both collocated and non-collocated site deployments.

One aspect of tight interworking is that the support for utilization of radio resources from LTE and NR while another aspect is the support of high performing inter-RAT mobility.

NR system is expected to support very large number of UEs (up to 1 000 000 devices per square meter in urban environment). In order to keep a high number of UEs in connected, the network capacity needs to be increased, which is costly from network operation point of view. Therefore, the network tends to release the UE connection when it is in low activity.  On the other hand, NR also requires supporting low latency for infrequent small packet transmission. This is contradicting to the above argument on releasing the connection for low activity UEs.  Therefore, most inactive UEs in the system are likely to be kept in inactive state to gain fast access to the network when required for infrequent small packet transmission.

So far, only dual connectivity based LTE-NR tight interworking is agreed to be studied. The tight interworking configuration may be released when moving to inactive state. Inactive UE access will be limited its access to the NR system via resume procedure, even if a better quality LTE cell is available. The UE could be handover to the LTE cell via inter-RAT HO after the UE gain connection to the NR node. This may seem too restrictive considering that high performing inter-RAT mobility is a requirement of NR system design. Therefore, the possibility of inter-RAT mobility while in inactive state should be studied.
Proposal 1: It is proposed to study the possibility of inter-RAT mobility while in inactive state.

There are multiple possible approaches for inter-RAT mobility support in inactive state depending on what level of network coordination is considered. 
Approach 1 (no network coordination): 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 eLTE 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. 
Observation 1: Inter-RAT mobility while in inactive state should target for solution with low signalling overhead.
Approach 2 (shared TA): Another approach is to consider shared TA between NR and eLTE. 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 eLTE). 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 to idle state is not known by the network. Therefore, the network would try to reach the UE with RAN-based notification before fallback to CN based paging. 
Approach 3 (RAN level network coordination): In this approach inter–RAT mobility is supported with coordination of RAN-based notification areas (RNA) in NR and eLTE. For example the configuration of RAN-based notification area (RNA) could be consisting of both NR gNB and eLTE eNBs. This approach provides the most optimal performance in terms of UE power saving, reduced signalling and fast access to the network. However it requires RAN level UE coordination between the two RATs for UE notification in RNA and UE context transfer. 

Upon the arrival of data at RAN, RAN based notification is performed in both LTE and NR. If the UE response is received in LTE eNB while the UE context is kept at anchor NR gNB, the LTE eNB can fetch the UE context over the network interface between the LTE eNB and NR gNB. Radio reconfiguration and security activation when moving from NR to LTE (vice versa) while in inactive state needs further study.  

Proposal 2: RAN2 is requested to study RAN level network coordination support of inter-RAT mobility while in inactive state.
3. Conclusion 
In this contribution, we discussed behaviour of a UE in inactive state with respect to inter-RAT interworking support. The following proposals were made.

Proposal 1: It is proposed to study the possibility of inter-RAT mobility while in inactive state.
Observation 1: Inter-RAT mobility while in inactive state should target for solution with low signalling overhead.
Proposal 2: RAN2 is requested to study RAN level network coordination support of inter-RAT mobility while in inactive state.
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