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1. Introduction
In the last RAN Plenary #75 meeting, the work item for the NR was approved [1]. In this WI, one of the objective is to define the UE state machine and transitions including RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE in accordance with their characteristics as described in sub-clause 5.5.2 of TR 38.804 [2]. Another objective in this work item is also to develop the mobility in RRC_CONNECTED and RRC_INACTIVE. To achieve these objectives, we first need to define the general principle for the RRC_INACTIVE state. In this contribution, we specifically focus on the inter-gNB mobility in RRC_INACTIVE state and provide our view on it. 
2. Discussion

In NR, the RAN agreed the introduction of the new RRC state (i.e., RRC_INACTIVE state) in order to fulfil the control latency requirement and minimize power consumption comparable to LTE RRC_IDLE state and resource costs in the NG-RAN/5G CN making it possible to maximize the number of UEs utilizing and benefiting from this state [2]. In the NR RAN2 TR [2], the RAN2 studied three states which can be characterized as follows: 
	Section 5.5.2 in TR 38.804 [2]:

…
-
RRC_IDLE:

-
Cell re-selection mobility;
-
[FFS:
The UE AS context is not stored in any gNB or in the UE;]
-
Paging is initiated by CN;
-
Paging area is managed by CN.
-
RRC_INACTIVE:

-
Cell re-selection mobility;
-
CN – NR RAN connection (both C/U-planes) has been established for UE;
-
The UE AS context is stored in at least one gNB and the UE;
-
Paging is initiated by NR RAN;
-
RAN-based notification area is managed by NR RAN;
-
NR RAN knows the RAN-based notification area which the UE belongs to;
-
RRC_CONNECTED:

-
The UE has an NR RRC connection;
-
The UE has an AS context in NR;
-
NR RAN knows the cell which the UE belongs to;
-
Transfer of unicast data to/from the UE;
-
Network controlled mobility, i.e. handover within NR and to/from E-UTRAN.
…


In TR 38.801, the RAN3 also agreed that the following functionality in NG-RAN should be supported for the UE in the RRC_INATIVE state [3]:
	Section 6.2 in TR 38.801 [3]:

…
-
Contacting UEs in inactive mode

-
In the inactive mode, the UE context is stored in RAN and UP data is buffered in RAN. 

NOTE 3: Work on detailed description of the function will be done in the work item phase.
…


According to above agreements, when the UE enters into RRC_INACTIVE state, the NG connection is not released but the gNB which stores the UE context inactivates the RRC connection with the UE. In this new RRC state, the gNB storing the UE context can configure the RAN-based notification area in which the UE does not send any "location update" indication during it stays within the boundaries of the notification area. There are several different options on how the RAN-based notification area can be configured as follows [2]:
	Section 5.5.2 in TR 38.804 [2]:

…
-
List of cells;
-
A UE is provided an explicit list of cells (one or more) that constitute the RAN-based notification area.
-
RAN area.
-
A UE is provided (at least one) RAN area ID;
-
A cell broadcasts (at least one) RAN area ID in the system information so that a UE knows which area the cell belongs to.
NOTE 1:
It will be decided in the work item phase whether to support both options, list of cells and RAN area ID, or only one of them.
NOTE 2:
A list with cells may contain only one entry implementing RAN-based notification area comprising one cell.
…


As described above, it is not yet decided how to configure the RAN-based notification area. However, there is the possibility that the RAN-based notification area is constituted by several gNBs. 
Observation 1: The RAN-based notification area may contain several gNBs.

When the downlink data arrives, the UPF in the NGC just sends the data to the gNB storing the UE context directly. The gNB then buffers the received downlink data, and initiates the paging to reach the UE. This is because the gNB does not know the exact location of the UE by inactivating the RRC connection with the UE.
As shown in Observation 1, if the RAN-based notification area can be comprised of several gNBs, the gNB which stores the UE context needs to deliver the paging message to some neighboring gNBs which are connected to it via Xn interface within the same RAN-based notification area. This is because the UE may move to one among neighboring gNBs within the same RAN-based notification area. Therefore, the Xn-based paging should be delivered to neighboring gNBs.
Proposal 1: Xn-based paging should be supported for the UE in RRC_INACTIVE state.
Next, it is needed to support inter-gNB mobility for the UE in RRC_INACTIVE state. For example, in any gNB which constitutes the RAN-based notification area, the UE may respond to the Xn-based paging or send the uplink data. In this case, the UE context should be transferred to this gNB in order to serve the UE.
In addition, when the UE moves out of the RAN-based notification area which is configured by last serving gNB, it should notify the network of its location to guarantee the UE’s reachability for the Xn-based paging. This is because the UE in RRC_INACTIVE state is only able to perform mobility within the RAN-based notification area without notifying the network. Therefore, it is also needed to support inter-gNB mobility for the UE in RRC_INACTIVE state.
Observation 2: For the UE in RRC_INACTIVE state, it is required to support inter-gNB mobility.
For the inter-gNB mobility of the UE in RRC_INACTIVE state, the context retrieval procedure may be taken as a baseline, which is similar to the support of the UE mobility in “Signalling reduction to enable light connection for LTE” [4]. The following figure depicts the basic scenario where the UE context is transferred from the gNB1 to the gNB2 for the UE in RRC_INACTIVE state.
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Figure 1. Context retrieval procedure for inter-gNB mobility
The description for the procedure above is given as follows: 
Starting point: The UE is in the RRC_INACTIVE state. Also, the NG connection between the gNB1 and NGC is still maintained.

· At step 1, when the UE moves to another area configured by the gNB2 other than the gNB1, it performs its registration to the gNB2. The UE sends to the gNB2 the UE-specific ID to find its UE context.
Editor’s note: The details of step 1 are defined by RAN2.
· At step 2, by using the UE-specific ID, the gNB2 identifies which gNB stores the UE context, and indicates to the gNB1 that the UE moves into the area configured by the gNB2. 

· At step 3, the gNB1 responds with Context fetch response message including the UE context associated with the UE-specific ID.

· At step 4, the gNB2 sends the address for data forwarding to the gNB1.

· At step 5, the gNB2 initiates the Path Switch procedure to inform the NGC that the UE in inactive mode has changed the RAN configured area.

Editor’s note: The details of step 5 are defined by SA2.
· At step 6, by sending the UE context release message, the gNB2 informs the success of inactive mode mobility to the gNB1 and triggers the release of resources by the gNB1.
Proposal 2: For the inter-gNB mobility of the UE in RRC_INACTIVE state, the context retrieval procedure should be taken as a baseline.

As discussed above, the UE may respond to the Xn-based paging in the gNB other than the last serving gNB which stores the UE context. As we proposed above, the context retrieval procedure is performed to serve the UE. However, there is the downlink data buffered at the last serving gNB. Since the UE already moves into another gNB, the buffered downlink data should be also forwarded to the gNB which currently serves the UE.
Proposal 3: Data forwarding for the buffered downlink data should be considered for the inter-gNB mobility of the UE in RRC_INACTIVE state.

3. Conclusion
In this contribution, the general principle and inter-gNB mobility in the RRC_INACTIVE state were analysed. The following proposals are kindly suggested to RAN3:
Proposal 1: Xn-based paging should be supported for the UE in RRC_INACTIVE state.
Proposal 2: For the inter-gNB mobility of the UE in RRC_INACTIVE state, the context retrieval procedure should be taken as a baseline.
Proposal 3: Data forwarding for the buffered downlink data should be considered for the inter-gNB mobility of the UE in RRC_INACTIVE state.
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