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1
Introduction

After the RAN#71 meeting, a new WI was agreed [1] main objective of which is to develop a new radio access technology. As was discussed and finally captured in TR 38.804 [2], a new radio access technology should allow a UE to stay in "always connected" mode, which effectively embraces a number of scenarios such as initial establishment of connection and/or transition to a state when a UE can start exchanging data with the network. To accomplish this goal, RAN WG2 has been considering a new RRC state hence referred to as INACTIVE [3].
A new RRC INACTIVE state functionality is tightly coupled to the concept of the RAN notification/paging area, functionality of which is similar to the UMTS URA area. In other words, a UE with the valid AS context can move within the area comprising several cells without sending any notifications to the network. RAN WG2 contemplated several different options on how the RAN notification/paging area can be defined, for which two major approaches – RAN area ID broadcast in the system information and the explicit list of cells – have already been captured in TS 38.300. However, regardless of how the RAN notification/paging area is defined and signalled to the UE (the corresponding discussion paper can be found in [4]), the latter has two support additional procedures to achieve correct functionality in a new INACTIVE state. 
In this discussion paper we present our further view on possible options to define RAN paging area, pointing out drawbacks and advantages, as well as related challenges.
2
RRC procedures for the RAN area
Referring to the RAN2 agreements captured in TR 38.804 and in TS 38.800, the RAN notification/paging area is characterized by the following UE behavior in the INACTIVE state:

-
a notification area can cover a single or multiple cells, and can be smaller than CN area;

-
a UE does not send any "location update" indication when it stays within the boundaries of the notification area;

-
leaving the area, a UE updates its location to the network..
Figure 1 below shows an exemplary RAN notification area that comprises cells #1-5. Regardless of how the RAN notification/paging area is defined, as long as a UE stays within that area, a UE does not send any notification. If it moves, to e.g. cell #6, then the corresponding notification will be sent. 
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Figure 1: An example of RAN notification/tracking area.
In addition to the RAN notification/area "update" procedure defined above, there is a need to have a periodic RAN area update procedure. The matter is that a UE in the INACTIVE RRC state is perceived as CONNECTED from the perspective of the NAS layer and the core network. As a result, a UE will not perform periodic TAU procedure, which in turns triggers a need to have some RAN area periodic update procedure. In fact, a similar kind of procedure exists for UMTS and was preliminary agreed for the LTE LightConnection, and thus can be also introduced for NR.
Proposal 1a:
A UE initiates the "RAN area update" procedure upon leaving its current RAN notification/paging area.

Proposal 1b:
A UE initiates the "RAN area update" procedure upon expiry of the corresponding RAN area periodic update timer.
Referring to Proposal 1a and Proposal 1b above, it is worth noting that regardless of a trigger for the "RAN area update" procedure (i.e. crossing the area boundary or timer expiry), a UE needs to update its location to the network, for which it is more than natural to assume connection resume/activation procedure [5]. As the UE needs to exchange RRC message with the network, the UE needs to enter the CONNECTED mode. However, the network also needs to know the reason for why the UE is getting an access to the network, for which the UE shall include the corresponding "cause" value into the request message sent to the network. Once the network knows that a UE just updates its RAN notification/paging area location, it can decide what to do next (e.g. move a UE immediately back to the INACTIVE state).
Proposal 2a:
Regardless of a trigger for the "RAN area update" procedure, a UE uses the connection resume/activation procedure to enter the CONNECTED mode.

Proposal 2b:
A UE shall use the corresponding "cause" value for the connection activation/resume procedure while performing "RAN area update" procedure. 

As already noted above, once the network receives a message from the UE that intends to update RAN notification/paging area, the most anticipated action for the network would be to move a UE back to the INACTIVE state (providing same or a new RAN area configuration). At the same time, it is eventually up to the network what a UE should do next; as an example, the network can keep a UE in the CONNECTED state or move to the IDLE state in response to the RAN area update procedure. Furthermore, the connection resume/activation procedure may even fail, if gNB has lost the UE context and/or cannot fetch it from the source anchor gNB. Based on that, a UE initiating the "RAN area update" procedure should be prepared to receive the following response message from the network.
-
ConnectionRelease. In this case, the network instructs the UE to release the RRC connection and go to the IDLE state.

-
ConnectionReconfiguration. Depending on the target state indicator, the network can either send a UE back to the INACTIVE state or instruct it to move to CONNECTED.

-
ConnectionSetup. In this case, the network asks a UE to setup a new RRC connection with a new AS context.
Proposal 3: 
In response to the initiated "RAN area update" procedure, a UE can be reconfigured to the INACTIVE or CONNECTED state, released to IDLE, or asked to establish a new RRC connection.
3 Conclusion
In this discussion paper we have expressed our further views on details for the RRC procedures needed for the RAN notification/paging area for the INACTIVE state. As a summary of our paper our proposals are as follows.
Proposal 1a:
A UE initiates the "RAN area update" procedure upon leaving its current RAN notification/paging area.

Proposal 1b:
A UE initiates the "RAN area update" procedure upon expiry of the corresponding RAN area periodic update timer.

Proposal 2a:
Regardless of a trigger for the "RAN area update" procedure, a UE uses the connection resume/activation procedure to enter the CONNECTED mode.

Proposal 2b:
A UE shall use the corresponding "cause" value for the connection activation/resume procedure while performing "RAN area update" procedure. 

Proposal 3: 
In response to the initiated "RAN area update" procedure, a UE can be reconfigured to the INACTIVE or CONNECTED state, released to IDLE, or asked to establish a new RRC connection.
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