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1. Introduction
In the last meeting, new NR UE state was discussed and some agreements were made. 
Agreements:

1: 
RRC states with significantly overlapping characteristics should be avoided. 

2: 
At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state. 

3:
One UE has only one NR RRC state at one time.

4:
The connection (both CP and UP) between RAN and Core should be maintained in the “new state”

FFS whether the “new state” can be transparent to Core.

5:
For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.

FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)

6: 
For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 

FFS how CN location updates and RAN updates interact, if needed

In this contribution, we attempt to formalize general concept of inactive state taken into account the discussion so far. Also we provide our views on how to resolve FFS points identified in the last meeting. Note that INACTIVE state is used in the contribution to refer to the new state.
2. Discussion
It was agreed that the NG-C and NG-U interfaces are maintained for UEs in INACTIVE state. Upon DL data arrival for an INACTIVE UE, the DL data will be delivered from 5G core network to NR directly. RAN initiates a notification procedure to reach the UE upon DL data arrival. RAN is aware of the UE location within a RAN based Notification Area (RNA). Even though a concept of RAN-based notification area was agreed, its characteristics are yet to be defined.  While in the inactive state, the UE location is not known by the network at cell level. Cell is yet to be defined in NR. Therefore RAN-based notification area could be considered to be larger than an area covered by a cell. RAN-based notification area can assumed to be consists of area covered by more than one cell potentially involving one or more NR gNBs.
Proposal 1: RAN-based notification area consists of an area covered by more than one NR “cell” potentially involving one or more NR gNBs. 
One question is how to provide the RNA information to the UE. Since only CONNECTED UE can enter INACTIVE state, it is reasonable to configure the UE’s RNA using RRC dedicated signaling.  This approach is similar to the provisioning of TAI list to the UE in legacy LTE system. RNA or list of RNA can be configured to the UE by the RAN. Furthermore, it’s possible for the RNA or list of RNA to be configured by 5G NR on a per UE basis, due to the different UE’s attributes, services and speed.
Proposal 2: UE is configured with RNA or a list of RNA which it belongs to via RRC dedicated signaling.
How to provide RAN-based notification configuration to the UE? As per Proposal 1, more than one cell may involve in RNA. In order to allow for deployment flexibility, RAN-based notification configuration parameters which are required to compute the notification occasions (similar to PF and PO in paging mechanism) should be provided to the UE in system information. In addition to the notification configuration provided in system information, the UE could also be provided with a UE specific configuration (such as UE specific DRX cycle) in order to cater for specific UE needs. 

Proposal 3: RAN-based notification configuration is provided in system information. UE specific configuration such as UE specific DRX cycle to be provided over RRC dedicated signaling. 
RAN should be aware of when the UE moves from one RNA to another. If the UE is configured with a list of RNAs, the UE should inform the RAN of the new location when the UE is moved to an area outside of the configured list of RNAs. The new location of the UE can be informed with a RNA update procedure. In addition to the RNA update triggered by the UE mobility, a periodic RNA update may also be beneficial to keep visibility of the UE presence especially for very low activity UEs. Periodic RNA update could also be used for optimization of RAN-based notification by limiting the notification area to an area smaller than RNA in some scenarios.
Proposal 4: RNA update when the UE moves out of configured RNA and periodic RNA update should be supported. 

If the NR gNB who receives the RNA update message is outside of the previously configured RNA (ie.RNA update is triggered by the UE moving out of RNA) anchor NR gNB should be updated to the new NR gNB, which includes the UE context fetch procedure in network interface between NR gNBs and NG path update procedure. Therefore, the UE mobility from one configured RNA to another is not transparent to the 5G CN. 
When moving within the RNA, the INACTIVE UE only needs to perform “cell” search and cell reselection which doesn’t require modification to the RAN. However periodic RNA update requires contacting the network. If the NR gNB which receives the RNA update is within the same configured RNA, it is not required to update the anchor NR gNB nor the NG-1 path switch update. Hence the mobility within a configured RNA could be kept transparent to the 5G CN.

Proposal 5: While in INACTIVE state, the UE mobility within configured RNA is transparent to the 5G CN and RAN. 
Considering that NG-C and NG-U connection are kept for INACITVE UE state, when DL data arrives at the anchor NR gNB node, the anchor NR gNB will trigger the RAN-based notification procedure. 
There are multiple options for notification control and UE context transfer to the NR eNB where the UE is located. 

· Option 1: notification response is forwarded to the anchor NR gNB, which, in response, provides the UE context to the NR gNB where the notification response is received.

· Option 2: notification response is received by a NR gNB other than anchor NR gNB. The UE context is fetched by the new NR gNB from the anchor NR gNB.
· Option 3: all the NR gNBs within RNA are prepared for UE arrival by providing UE context in advance. 
Upon the UE transits to RRC connected/active state, NG interface is updated between the new NR gNB and 5G CN for the data communication.  
Anchor NR gNB can initiate the notification either in the configured RNA or selected NR gNB depending on the UE location information at the anchor NR gNB. The information at the anchor NR gNB can be used to optimize the RAN based notification. Whether the notification is to be broadcast in the selected NR gNBs or provided over beam level depends on the RAN1 notification channel design. 
Proposal 6: Optimization of notification procedure should be studied based on the UE information available at the anchor NR gNB. 
There is a FFS point identified from the last meeting discussion on interaction between the CN location updates and RNA updates, if needed. If the UE cannot be reached with RAN-based notification, the CN based paging will be used to reach the UE. This situation could occur if the network has released the RRC connection without notifying the UE and the UE has not performed a RNA update procedure since the release of RRC connection. Without the UE context at the RAN, RNA update procedure will not be successful hence the UE will be aware of the UE context release after a RNA update attempt. The UE falls back to the Idle state and performs Idle state procedures such as TA update and monitoring of CN based paging. 
The questionable situation is during the time which the network has released the UE context and the UE has not attempted for a RNA update. If the network wants to notify the UE during this time, the network may initiate CN based paging as the UE context is already release at the notification. 

There are multiple methods for mitigating the situation or mitigating the paging misses by the UE. The simplest method is to inform the UE of the context release by the network hence moving the UE into Idle state. Another network implementation method is to release the UE context just prior to the RNA update. Periodic RNA update could be used as time reference. Another method is to align the paging occasion used for RAN based notification and CN based paging. The UE is required to monitor both CN based paging and RAN based notification. 

We think the paging misses by a UE could be avoided based on the network implementation. Therefore, an additional mechanism to support alignment of RNA update and TA is not seen necessary.
Proposal 7: The network should take care of avoidance of paging misses by a UE due to UE context release at the network.  

3. Conclusion

We have discussed the detail of based notification area concept and addressed FFS points identified for new state in the last meeting. The following proposals were made:

Proposal 1: RAN-based notification area consists of an area covered by more than one NR “cell” potentially involving one or more NR gNBs. 

Proposal 2: UE is configured with RNA or a list of RNA which it belongs to via RRC dedicated signaling.
Proposal 3: RAN-based notification configuration is provided in system information. UE specific configuration such as UE specific DRX cycle to be provided over RRC dedicated signaling.
Proposal 4: RNA update when the UE moves out of configured RNA and periodic RNA update should be supported. 

Proposal 5: While in INACTIVE state, the UE mobility within configured RNA is transparent to the 5G CN and RAN. 
Proposal 6: Optimization of notification procedure should be studied based on the UE information available at the anchor NR gNB. 

Proposal 7: The network should take care of avoidance of paging misses by a UE due to UE context release at the network.  
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