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Introduction
In last RAN2#96 meeting, it was agreed that inactive UE in NR will enter idle state upon reselection into GERAN, UTRAN and legacy LTE connected to EPC. For NR, it should clear all possible information for the UE. In this contribution, we provide potential ways for NR to clear the stored UE context. Further, we also show our view on the target state for inactive UE after entering LTE connecting to NG Core.
Agreements
1: A UE in the NR IDLE state can perform re-selection to another RAT (entering the IDLE state in that RAT).
2: 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

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
0. Mobility between LTE and NR connecting to NR CN 
It has been agreed that LTE eNB can be connected to NG Core to support RAN level inter-working between LTE and NR. The possible deployments are showed below [1]. NR gNB and LTE eNB may connect to the same or different NG Cores.


             
Fig.3 Deployment of LTE eNB connecting to NG Core
In last RAN2 meeting, it is not decided which state inactive UE will enter after reselecting into an LTE cell connecting to NG Core. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]It is expected that inter-RAT mobility for inactive UE should cause signalling overhead as low as possible. One way to achieve that is allowing RAN-based notification areas to consist of both NR cells and LTE cells, such that UE in inactive state can move to light connected autonomously after reselecting into LTE, and vice versa. However, the light connected state and inactive state may two different state. For example, for lightly connected state, it is agreed that “idle mode features covered by TS 36.304 are applicable for UEs in RRC_CONNECTED with light RRC connection” and “when any MO data/signaling is triggered, the UE will get back to be connected to eNB”, whereas for inactive state, it is commonly understood that UE can send UL data without RRC signalling. Hence, it is difficult for UE to autonomously achieve state transition between inactive and lightly connected without network involved procedure (e.g., RAN based notification area (RNA) update procedure).
Observation 1: It is difficult for UE to autonomously achieve state transition between inactive and lightly connected without network involved procedure.
Corresponding to the target state, there are two options:
[bookmark: OLE_LINK10]Opt 1: Inactive UE enters lightly connected state after reselecting into LTE connected to NG Core 
[bookmark: _GoBack][bookmark: OLE_LINK11][bookmark: OLE_LINK157]As in observation 1, this option should be achieved by network involved procedure, e.g., RNA update procedure. However, NR and LTE may configured with different frequency bands, where NR may configured with HF that suffer fragile channel condition compared with legacy LTE band, hence, there is quite frequent toggling between RATs for some inactive UEs, which may cause significant signalling cost even with no data transmission.
[bookmark: OLE_LINK3]Opt 2: Inactive UE enters idle state after reselecting into LTE connected to NG Core
This option can be achieved by RAN based procedure. For example, the serving node notifies to anchor node that UE has moved out, and then the anchor node can release the RAN context and S1 connection. Since this option transit UE to idle state, quite frequent toggling between RATs (within the same TA) will not lead further signalling overhead (i.e., there is no signalling overhead for idle UE cell reselection). We prefer to take option 2 as it causes less signaling. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: UE in the NR inactive state should transit to idle state after reselecting into LTE connected to NG Core.
0. Possible solutions for NR to clear the related UE information
Inactive UE in NR can move into different RATs, e.g., GERAN, UTRAN and legacy LTE connected to EPC or NG Core. Inactive UE will enter idle if re-selection into “legacy RAT” (Here, “legacy RAT” refers to GERAN, UTRAN and legacy LTE connected to EPC or NG Core). 


Fig.1 inter-RAT mobility for inactive UE
Normally, after inactive UE leaves the NR and enters idle in legacy RAT, it is reasonable for NR to release all possible information of the UE. There may be three possible solutions for NR to clear the related UE context.
Opt 1: Indication from target RAT CN to NR CN
Generally, when UE moves into legacy RAT, it will notify the RAT by initiating TAU or similar procedure. If UE indicates the target RAT with identifier related to the source RAT. After interaction between two RATs, the source RAT will know that the inactive UE has moved out of the coverage and clear all possible UE contexts in RAN and CN [2]. 
Opt 2: Notification from UE to the NR RAN
Besides, it is considered for the leaving inactive UE to inform the NR RAN of an indication to release the stored UE context. After the inactive UE completes the related procedure, e.g. TAU and totally camps on the target RAT. The UE can return to the former NR RAT and initiate a release procedure to notify the NR RAT to release the RAN/CN connection and clear the stored AS context. As a possible way, the inactive UE can send the release notification via grant free scheme.


Fig.2 UE initiated release notification to NR RAT
Opt 3: Detecting by NR RAN based on timer/counter
If inactive UE is configured with periodically RAN Notification Area (RNA) Update, we can rely on NR RAN to decide when to clear all UE related contexts. For example, if the NR RAN doesn’t receive the RNA Update message at the predefined occasion. NR RAN starts a timer or counter. If no RNA Update is received from the inactive UE, when timer or counter expires, the NR RAN considered the UE out of its service or coverage. Thereby, the NR RAN can clear the stored UE context and release the CN/RAN connection.

Based on the discussion in the aforementioned section, NR RAT should clear the stored inactive UE context. To align with the legacy interaction between UTRAN and E-UTRAN, option 1 is highly anticipated as the baseline.
Proposal 2: Source RAT (NR) should clear the stored UE context after knowing the UE moving into legacy RAT, e.g., GERAN, UTRAN, legacy LTE connected to EPC or NG Core.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
In this paper, we analysed the state transition for inter-RAT mobility for inactive UE. Therefore we made the following proposals:
Observation 1: It is difficult for UE to autonomously achieve state transition between inactive and lightly connected without network involved procedure.
Proposal 1: UE in the NR inactive state should transit to idle state after reselecting into LTE connected to NG Core.
Proposal 2: Source RAT (NR) should clear the stored UE context after knowing the UE moving into legacy RAT, e.g., GERAN, UTRAN, legacy LTE connected to EPC or NG Core.
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