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1.
Introduction
In this contribution we discuss a scenario of both NR and LTE are coexisted in a network, within the network an INACTIVE UE moving from the coverage of a gNB to the coverage of an eNB, the RRC state of the INACTIVE UE will be forced to make some transition since the INACTIVE state is not exit in LTE.
2.
Discussion
According to the discussion of new radio (NR) in RAN2 [1], when an user equipment (UE) is expected to execute applications which perform frequent small data transmission and/or reception, it is desirable to perform such small data transmission and/or reception in a power efficient manner. It means that the UE should avoid undergoing radio resource control (RRC) state transition (e.g., from an IDLE state to an CONNECTED state), when the UE only needs to transmit or receive small data. Based on the expectations above, RAN2 introduced an INACTIVE state in RRC for NR. As shown in figure 1, RAN2 already has some discussions on RRC state transitions after INACTIVE state is introduced. For example, use RRC reconfiguration message with the state indicator to trigger the UE’s RRC state transits from CONNECTED to INACTIVE (path c in Fig. 1), use RRC resume procedure with resume ID to trigger the UE’s RRC state transits from INACTIVE to CONNECTED (path d in Fig. 1) and the paging message is suggested to be used to trigger the UE’s RRC state transits form INACTIVE to IDLE (path e in Fig. 1). Details of these procedures need further discussion.
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Figure 1 RRC state transition

When we consider a scenario of both NR and LTE are coexisted in a network and an UE moved across gNB and eNB’s boundary, the RRC state transitions will face more possibility than a single RAT environment. 
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Figure 2 UE’s mobility from gNB to eNB
Based on current RAN2’s agreement, as shown in figure 2, when an INACTIVE UE moving from the coverage of a gNB to the coverage of an eNB (another RAT), the RRC state of the INACTIVE UE can transit to IDLE under eNB. During this period of time, if core network (CN) do not have any data needs to transmit to the UE, it is reasonable to let the UE stay in IDLE state after it move into the coverage of the eNB. Then, the possible RRC state transitions of the UE can be either leaves INACTIVE state and transits to IDLE state directly (path g or e in Fig. 1) or transits to IDLE state through CONNECTED state (path f then path h in Fig. 1) state under eNB’s coverage instead. 
But for the purpose of avoiding frequent state transitions triggered by small data transmissions requirement or reduce signalling overhead, eNB may somehow prefer to let the UE transits to CONNECTED state after it enter the coverage of the eNB. In this case, a state transition from INACTIVE to CONNECTED is needed (path f in Fig. 1). Hence, RAN2 should also include the option of INACTIVE to CONNECTED for the INACTIVE UE which moves from the coverage of a gNB to the coverage of an eNB. In order to let the INACTIVE UE transits to proper RRC state, the INACTIVE UE can provide its RRC state preference and/or some related assist information to eNB or gNB for RRC state transition determination. Alternatively, it was agreed that idle UE can’t transit to INACTIVE state directly and thus there is no any state transition impacts when UE moves from eNB to a gNB.
Observation 1: RRC state transition will be triggered for an INACTIVE UE when the INACTIVE UE moving from the coverage of gNB to the coverage of eNB.
Observation 2: No RRC state transition when a(n) CONNECTED/IDLE UE moving from the coverage of eNB to the coverage of gNB.
Proposal 1: RAN2 should support RRC state transition from INACTIVE to CONNECTED for the INACTIVE UE which moves from the coverage of a gNB to the coverage of an eNB.
Proposal 2: An UE indication is introduced to assist RRC state transition determination of the INACTIVE UE when moving from the coverage of a gNB to the coverage of an eNB.
More specifically, we propose two solutions: notice based and full RRC configuration based to facilitate UE’s RRC state transition determination and respective procedures are also provided as follow. 
Notice based state transition
In this solution before the UE perform cell reselection to an eNB, the UE will use an RRC resume message, which contains leaving INACTIVATE state notification, to notice gNB its leaving if the UE found that the radio link quality getting poor and/or satisfied a predefined condition. The conditions can be reference signal measurement result(s) lower than a threshold. In addition, in order to avoid ping-pong effect, the threshold can further add an offset for comparison and the reference signal measurement result(s) lower than a threshold should continuous for a period of time). The other conditions can be neighbouring eNB’s signal is stronger than serving gNB’s signal by a pre-defined threshold for a period of time. In addition, since the INACTIVATE state is transparent to core network (CN), the paging procedure in INACTIVATE state will be performed as RAN-based like mechanism but not as LTE dose (TA-based). Hence, if the INACTIVE UE moves from gNB to eNB, either gNB or eNB should be aware the mobility to take proper paging procedure (e.g. to reduce the additional latency). 
Observation 3: Either gNB or eNB should be aware the moving of the INACTIVE UE from the coverage of gNB to the coverage of eNB to take proper paging procedures.
Proposal 3: UE needs to send a leaving notification to gNB when UE reselects to an eNB (entering to IDLE state).
Full RRC configuration based state transition

Depending on the connection establish targets (i.e., gNB or eNB), the full configuration based solution is further divided into two sub-solutions: Connecting through eNB and Connecting through gNB.
· Connecting through eNB
In this sub-solution, RRC connection setup is perform directly with corresponding eNB. UE may append some indication(s) such as notifying the purpose of the RRC connection is for transit to IDLE/CONNECTED and/or the service type of the UE is frequent small data transmission during RRC connection establishment. Hence, based on the indication(s), the eNB can determine what kind of message it should reply. For example, reply a RRC connection setup message for the purpose of keeping the UE in CONNECTED state under the eNB for small data transmission, or reply a RRC connection reject message for the purpose of simplified the messages needs to exchange for transiting UE into IDLE.
· Connecting through gNB
The main difference of this sub-solution is that the UE follows handover-likes procedure between the gNB and eNB to setup its RRC connection with eNB. If the UE found that the radio link quality getting poor and/or satisfied a predefined condition as describe above, UE will resume the connection with gNB, wherein the RRC connection resume message may contain which target eNB (i.e., its cell ID) and some indication(s) such as notifying the purpose of the RRC connection is for transit to IDLE/CONNECTED state and/or the service type of the UE is frequent small data transmission. Hence, based on the RRC connection resume message and the indication(s), the gNB negotiates with the eNB to initiate handover process. 
As compared with Notice based solution, Full RRC configuration based solution can let the INACTIVE UE have IDLE mode related RRC control information before transits to IDLE state, but this solution will also bring some signalling overhead to the INACTIVE UE. In opposite, when the INACTIVE UE would like to stay in RRC connected state or the service type of the INACTIVE UE is frequent small data transmission, the solution of Connecting through gNB has benefit on lower delay of RRC state transition since the INACTIVE UE can initial a handover process by sending resume message to gNB. In addition, comparing with Connecting through eNB, Connecting through gNB can avoid unnecessary state transition: the INACTIVE UE has to transits to IDLE first and then transits to CONNECTED in eNB.
Observation 4: INACTIVE UE can try to resume RRC connection at gNB and then handover to eNB when the UE tend to stay in RRC Connected state while it is served by eNB.
Proposal 4: Before cell reselection, an INACTIVE UE can send RRC resume message to transit to CONNECTED state and trigger handover process to handover to eNB when the INACTIVE UE would like to stay in CONNECTED state in eNB.
3.
Conclusion
In this contribution, we discuss the RRC state transition procedures for the scenario of an INACTIVE UE moving from the coverage of a gNB to the coverage of an eNB and we observe:
Observation 1: RRC state transition will be triggered for an INACTIVE UE when the INACTIVE UE moving from the coverage of gNB to the coverage of eNB.

Observation 2: No RRC state transition when a(n) CONNECTED/IDLE UE moving from the coverage of eNB to the coverage of gNB.
Observation 3: Either gNB or eNB should be aware the moving of the INACTIVE UE from the coverage of gNB to the coverage of eNB to take proper paging procedures.
Observation 4: INACTIVE UE can try to resume RRC connection at gNB and then handover to eNB when the UE tend to stay in RRC Connected state while it is served by eNB.
Based on observations, we propose:

Proposal 1: RAN2 should support RRC state transition from INACTIVE to CONNECTED for the INACTIVE UE which moves from the coverage of a gNB to the coverage of an eNB.
Proposal 2: An UE indication is introduced to assist RRC state transition determination of the INACTIVE UE when moving from the coverage of a gNB to the coverage of an eNB.
Proposal 3: UE needs to send a leaving notification to gNB when UE reselects to an eNB (entering to IDLE state).
Proposal 4: Before cell reselection, an INACTIVE UE can send RRC resume message to transit to CONNECTED state and trigger handover process to handover to eNB when the INACTIVE UE would like to stay in CONNECTED state in eNB.
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