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1. Introduction
In RAN#76, it was agreed to specify RRC_INACTIVE state for E-UTRA when connected to 5GC (E-UTRA/5GC) with similar functionality as the RRC_INACTIVE state in NR [1]. For the inter-RAT mobility from NR RRC_INACTIVE state, it was agreed that the UE in RRC_INACTIVE supports the cell reselection from NR cell to E-UTRA cell with state transition from NR RRC_INACTIVE to E-UTRA RRC_IDLE [2]. However, it is still open whether the cell reselection from NR cell to E-UTRA/5GC cell (and vice versa) can be supported by RRC_INACTIVE UE without moving to RRC_IDLE [3][4]. In this contribution, we discuss possible inter-RAT cell reselection in RRC_INACTIVE state and provide our views.
2. Discussion
2.1
Motivation for inter-RAT cell reselection in RRC_INACTIVE
We see some benefits to support inter-RAT cell reselection from NR cell to E-UTRA/5GC cell in RRC_INACTIVE state in order to reduce signaling overhead compared with the case that the UE in NR RRC_INACTIVE state always moves to E-UTRA RRC_IDLE after inter-RAT cell reselection and then performs the TAU procedure.
In order to support the inter-RAT cell reselection in RRC_INACTIVE state, the UE context retrieval has to be supported in the network side and this also requires some signaling over network interfaces. However, given that the UE context retrieval is to be supported already within NR/5GC and E-UTRA/5GC, it does not (critical) matter if it is intra-RAT or inter-RAT with respect to the possible signaling amount over network interfaces. In addition, as the core network (i.e. 5GC) is common to NR and E-UTRA in this case, there seems to be no big impact in the 5GC side. Therefore, we consider it would worth discussing how to support the inter-RAT cell reselection from NR cell to E-UTRA/5GC cell by the UE in NR RRC_INACTIVE state without moving to E-UTRA RRC_IDLE state and possibly the opposite direction.
Observation 1: The inter-RAT cell reselection in RRC_INACTIVE state where the UE does not move to RRC_IDLE state would be beneficial to reduce signaling overhead.
2.2
Cell reselection to E-UTRA/5GC cell in NR RRC_INACTIVE
2.2.1
Availability of inter-RAT cell reselection in RRC_INACTIVE
We consider two scenarios for cell reselection from NR cell to E-UTRA/5GC cell by the UE in NR RRC_INACTIVE state:
A) Cell reselection from NR cell to E-UTRA/5GC cell where E-UTRA RRC_INACTIVE state is NOT supported
B) Cell reselection from NR cell to E-UTRA/5GC cell where E-UTRA RRC_INACTIVE state is supported
It is very clear that if the target E-UTRA/5GC cell does not support the RRC_INACTIVE state (i.e. scenario A), the UE in NR RRC_INACTIVE state shall move to E-UTRA RRC_IDLE state and then perform the TAU procedure. This is the baseline so far. The scenario B is the main scenario to be discussed. Even though the scenario A is the baseline, some broadcast signaling will be necessary in the E-UTRA/5GC cell to distinguish two scenarios by the UE supporting inter-RAT cell reselection in NR RRC_INACTIVE. For instance, the ng-eNB may broadcast an indication (e.g. in SIB1) for support of inter-RAT cell reselection in RRC_INACTIVE. Instead of this specific indication, the ng-eNB may broadcast an indication for support of RRC_INACTIVE function and this indication could be interpreted as the support of inter-RAT cell reselection as well [3].
Observation 2: The indication in E-UTRA/5GC cell is necessary for the UE in NR RRC_INACTIVE to decide whether the target cell supports the inter-RAT cell reselection in RRC_INACTIVE.
Next we discuss the RAN notification area (RNA). In NR, the RNA is configured to a UE moved to be RRC_INACTIVE by the network to ensure the UE context retrieval within the RNA and reachability to the UE via RAN paging. One basic issue is whether the gNB should configure the RNA with considering neighboring E-UTRA/5GC cells. For instance, the RNA configuration by the NR gNB should also include the RNA configuration for E-UTRA/5GC?

If the RNA configuration by the NR gNB does not include the RNA configuration for E-UTRA/5GC, the inter-RAT cell reselection in RRC_INACTIVE will be kind of try-and-error mechanism. I.e., only if the target ng-eNB supports this function and can successfully retrieve the UE context from the source gNB, the UE can perform the inter-RAT cell reselection without moving to RRC_IDLE. Otherwise, the UE falls back to RRC_IDLE and performs the TAU. In addition, even if the RNA configuration for E-UTRA/5GC is not included, the UE identity assigned to the UE in RRC_INACTIVE must be unique within a certain area for the UE context retrieval. So, if this can be ensured, then it would be reasonable to include the RNA configuration for E-UTRA/5GC as well or maybe some coordination would be possible between RATs.
Observation 3: The RNA configuration by NR gNB can also include some information of RNA for E-UTRA/5GC cells.
2.2.2
Modelling overview
With the observations above, we further consider the high level modelling of inter-RAT cell reselection in RRC_INACTIVE. Basically, if the UE selects an E-UTRA/5GC cell outside the configured RNA, the UE moves to E-UTRA RRC_IDLE and performs TAU. On the other hand, in the case that the UE selects an E-UTRA/5GC cell, we see two possible UE behaviours:
· The UE stays in E-UTRA RRC_INACTIVE without connection resume procedure
· The UE initiates the resume procedure (like RNA update)
We consider that the first option (i.e. keep staying in INACTIVE) may cause a problem, because there is no E-UTRA L2 configuration stored in the UE differently from intra-RAT case. Even if the UE can stay in RRC_INACTIVE, it would not be possible for the UE to quickly transmit or receive the data upon subsequent successful resume procedure. On the other hand, the second option (i.e. go to CONNECTED) will require some signaling whenever the inter-RAT cell reselection in RRC_INACTIVE occur, while the subsequent behaviour can be exactly same as intra-RAT case. Hence, we have a preference to go for the second option.
Observation 4: It would be better for the UE always initiates the connection resume procedure when the UE selects an E-UTRA/5GC cell included in the configured RNA, in order to align the subsequent UE behaviour with the intra-RAT mobility in RRC_INACTIVE state.
Accordingly, we assume that the cell reselection from NR cell to E-UTRA/5GC cell by the UE in NR RRC_INACTIVE would involve following 3 steps:

1 UE in NR RRC_INACTIVE decides to move to a E-UTRA/5GC cell via cell reselection process

2 UE requests to connection resumption to a target ng-eNB in the E-UTRA/5GC cell via resume procedure
3 After successful retrieval of the UE AS context, the ng-eNB moves the UE back to E-UTRA RRC_INACTIVE state or keeps the UE in E-UTRA RRC_CONNECTED state.

Note that at step 2, it can be further discussed whether the UE becomes E-UTRA RRC_INACTIVE first or the UE (try to) become E-UTRA RRC_CONNECTED directly. For instance, if the UE moves to E-UTRA RRC_INACTIVE state, it should be further clarified what the difference would be compared with the intra-RAT resume procedure. On the other hand, if the UE move directly to E-UTRA RRC_CONNECTED state, it should be clarified how to treat a temporary UE state during resume procedure.

Observation 5: The inter-RAT cell reselection in NR RRC_INACTIVE state would involve roughly 3 steps. It can be further discussed whether the UE should move to E-UTRA RRC_INACTIVE or not in the step 2.
Based on the discussions and derived observations above, we propose the followings:

Proposal 1: It should be allowed for NR RRC_INACTIVE UE to perform cell reselection to E-UTRA/5GC cell of ng-eNB with resuming procedure.
Proposal 2: If the UE in NR RRC_INACTIVE state selects an E-UTRA/5GC cell included in the RNA configured by NR gNB, the UE initiates the connection resume procedure in the target E-UTRA/5GC cell. If the target E-UTRA/5GC cell is outside the configured RNA, the UE moves to E-UTRA RRC_IDLE and performs the TAU procedure.
Proposal 3: If the target ng-eNB can retrieve UE context of a UE performing resuming procedure after cell reselection from NR cell, the target ng-eNB may keep the UE in RRC_CONNECTED or move the UE to E-UTRA RRC_INACTIVE. Otherwise, the target ng-eNB may reject the resume request or fall back to fresh connection setup.
Proposal 3a: If the target ng-eNB can retrieve the UE context, the source gNB can release the UE context.
2.3
Cell reselection to NR/5GC cell in E-UTRA RRC_INACTIVE
We discussed the cell reselection from NR cell to E-UTRA/5GC cell in 2.2. However, we expect the same (or similar) way can be applied to the cell reselection from E-UTRA/5GC cell to NR cell. It would be good to make a concrete modeling for the former case (i.e. NR to E-UTRA/5GC) and then confirm whether it can be actually applicable to the latter case (i.e. E-UTRA/5GC to NR).
Observation 6: The cell reselection from E-UTRA/5GC cell to NR cell in RRC_INACTIVE state will be achievable with same (or similar) mechanism as the cell reselection from NR cell to E-UTRA/5GC cell in RRC_INACTIVE state.
3. Conclusion

In this contribution we discussed inter-RAT cell reselection in RRC_INACTIVE state. We made following observations and proposals.
Observation 1: The inter-RAT cell reselection in RRC_INACTIVE state where the UE does not move to RRC_IDLE state would be beneficial to reduce signaling overhead.
For Cell reselection to E-UTRA/5GC cell in NR RRC_INACTIVE:
Observation 2: The indication in E-UTRA/5GC cell is necessary for the UE in NR RRC_INACTIVE to decide whether the target cell supports the inter-RAT cell reselection in RRC_INACTIVE.
Observation 3: The RNA configuration by NR gNB can also include some information of RNA for E-UTRA/5GC cells.
Observation 4: It would be better for the UE always initiates the connection resume procedure when the UE selects an E-UTRA/5GC cell included in the configured RNA, in order to align the subsequent UE behaviour with the intra-RAT mobility in RRC_INACTIVE state.
Observation 5: The inter-RAT cell reselection in NR RRC_INACTIVE state would involve roughly 3 steps. It can be further discussed whether the UE should move to E-UTRA RRC_INACTIVE or not in the step 2.
Proposal 1: It should be allowed for NR RRC_INACTIVE UE to perform cell reselection to E-UTRA/5GC cell of ng-eNB with resuming procedure.
Proposal 2: If the UE in NR RRC_INACTIVE state selects an E-UTRA/5GC cell included in the RNA configured by NR gNB, the UE initiates the connection resume procedure in the target E-UTRA/5GC cell. If the target E-UTRA/5GC cell is outside the configured RNA, the UE moves to E-UTRA RRC_IDLE and performs the TAU procedure.
Proposal 3: If the target ng-eNB can retrieve UE context of a UE performing resuming procedure after cell reselection from NR cell, the target ng-eNB may keep the UE in RRC_CONNECTED or move the UE to E-UTRA RRC_INACTIVE. Otherwise, the target ng-eNB may reject the resume request or fall back to fresh connection setup.
Proposal 3a: If the target ng-eNB can retrieve the UE context, the source gNB can release the UE context.
For Cell reselection to NR/5GC cell in E-UTRA RRC_INACTIVE:

Observation 6: The cell reselection from E-UTRA/5GC cell to NR cell in RRC_INACTIVE state will be achievable with same (or similar) mechanism as the cell reselection from NR cell to E-UTRA/5GC cell in RRC_INACTIVE state.
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4.2.1
UE states and state transitions including inter RAT

<< omitted >>
Figure 4.2.1-2 illustrates an overview of UE state machine and state transitions in NR as well as the mobility procedures supported between NR/NGC and E-UTRAN/EPC. 
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Figure 4.2.1-2:
UE state machine and state transitions between NR/NGC and E-UTRAN/EPC
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9.3
Inter RAT

9.3.1
Intra 5GC

9.3.1.1
Cell Reselection

Cell reselection is characterised by the following:

-
Cell reselection between NR RRC_IDLE and E-UTRA RRC_IDLE is supported;

