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Introduction
In 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
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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.1 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. 
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 (RNA) 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. In case that inactive UE moves to LTE cell out of the registered RNA, the intra-RAT like RNA update procedure is used.
The key argument here is transition to lightly connected mode will save signalling. But we think this should be carefully examined:
· The NR cell will be much smaller than LTE which will make notification area of NR will be smaller than E-UTRAN TA. If the TA adapts to the size of notification, it means the TA will be much smaller than legacy TA. This will lead to the frequent location update of LTE UE. From this perspective, we didn’t see any signalling reduction benefits.
· Even if NR and E-UTRAN share the same TA, whether UE in inactive state can move to light connected autonomously after reselecting into LTE is also doubt. 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”, e.g., the suspended DRB in light connected state should be resumed by RRC signalling to transmit data, whereas for inactive state, it is commonly understood that UE can send UL data without RRC signalling. Without network involved procedure, it is difficult for UE to autonomously achieve state from a state with suspended RBs to another state transition that can directly transmit data. Moreover, allowing autonomously state transition between inactive and lightly connected needs UE/RNA ID among RATs to be align.
· Even if NR and E-UTRAN have to share the same TA/RNA, we are wondering the probability of reselection to the E-UTRAN. If a UE is in the INACTIVE state of NR, it should camp on NR as far as possible. When the UE finds the E-UTRAN has better quality, it doesn’t mean NR will have worse quality when the UE has data to be transmitted. So, we don’t think it’s reasonable to reselect the UE to E-UTRAN. From our point of view, the cell reselection criteria should be that NR has higher priority for camping.
· Another consideration is the number of UE in INACTIVE state. We think the number of INACTIVE state UE will be large quantity which is one important motivation of 5G. If many NR UEs reselect to E-UTRAN, due to the transmission in light connection needs to use the procedure of resume which will introduce extra signalling compared with the direct data transmission in INACTIVE state in NR.
· Another point is the ID allocation consideration. It’s not clear for us whether the ID allocation should be coordinated between NR and E-UTRAN because the same procedure is considered. If the resume ID can be allocated by either NR or E-UTRAN, it means NR and E-UTRAN need to do some coordination, extra signalling will be introduced.
Based on above observation, the shared TA/RNA between NR and E-UTRAN face some challenges, and we don’t think the shared TA/RNA between NR and E-UTRAN can achieve the signalling reduction as claimed.

[bookmark: _GoBack]Observation 1: UE transits from INACTIVE state to lightly connected state will not save much signalling due to extra signalling will be introduced.
According to the analyzed above, mobility between NR and LTE connecting to NG Core for inactive/ light connected UE will trigger the network involved procedure, e.g., tracking area update (TAU) procedure or RNA update procedure (if the core network allocates tracking area list including both the standalone NR and evolved E-UTRA”, using RNA update procedure for inactive/ light connected state mobility between NR and LTE connecting to NG Core is possible). Corresponding to the target state, there are two options:
Opt 1: Inactive UE enters lightly connected state in case of moving from NR to LTE connected to NG Core
As analyzed above, this option will introduce extra signalling including more location update due the TA needs to adapt to NR notification area; more UE in lightly connected, more resume signalling compared with NR direct data transmission; extra signalling exchange between NR and E-UTRAN for resume ID allocation coordination. Moreover, 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_LINK71]Opt 2: Inactive UE enters idle state in case of moving from NR to LTE connected to NG Core
For UEs in INACTIVE state, the cell reselection criteria should prioritize the NR rather than LTE. Considering current best cell could be meaningless because the best cell may not be the best cell when UE has data to be transmitted. If the quality of NR is not lower than the expected quality, the UE should prioritize the NR.
Considering this, if UE has to reselect to E-UTRAN, the number of the UEs reselected to NR should not be too many. So, the TAU procedure can be used to do the location update. 
Even UE is reselected to E-UTRAN, it is possible that the UE will come back to NR later due to the NR cell becomes better. It’s difficult to predict how long it will camp on E-UTRAN (e.g., quite frequent toggling between RATs). Considering INACTIVE state UE may characterized by infrequent transmission, it is possible that there is no any data transmission during the period of camping on E-UTRAN. If consider optimization, this option can also be achieved by RNA update procedure. For example, during the RNA update procedure, 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 will not lead further signalling overhead. Hence, transition to IDLE would save the signalling process compared with transition to lightly connected mode.
From standardization point of view, transition to IDLE state has minimum impact to standard and save time for stage 1 study. Hence, we prefer to take option 2 as the baseline. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: UE in the NR inactive state transits to idle state in case of moving from NR to LTE connected to NG Core should be the baseline.
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.2 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 [3]. 
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.3 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.
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In this paper, we analysed the state transition for inter-RAT mobility for inactive UE. Therefore we made the following proposals:
Observation 1: Transition from INACTIVE state to lightly connected will not save much signalling due to extra signalling will be introduced.
Proposal 1: UE in the NR inactive state transits to idle state in case of moving from NR to LTE connected to NG Core should be 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.
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