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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 already agreed to introduce 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 one or 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 considered. However, regardless of how the RAN notification/paging area is defined and signalled to the UE, the latter has to support additional procedures to achieve correct functioning in a new INACTIVE state. 
In this discussion paper we present further details on the RAN paging area related procedures that a UE needs to support for the INACTIVE state.
2
RRC procedures for the RAN area
Referring to the RAN WG2 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 viewpoint of 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. RAN WG2 has already made the corresponding agreement during the RAN2#98 meeting.
Agreements:

1
Define RRC_INACTIVE as a new RRC state in NR.

2
A UE in RRC_INACTIVE notifies the NR RAN of RAN-based location area update (RLAU) via a resume procedure when re-selecting to a cell not belonging to the configured RAN-based notification area (RNA) and periodically. 

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]. However, the network also needs to know the reason why the UE is getting an access to the network. And as a result, RAN WG2 has already made an agreement that the UE shall indicate the corresponding "cause" while sending the request message to the network. Practically speaking, it is enough for the network to know the reason for the request message (e.g. RAN area update, MO data, etc) and the UL buffer value to make a decision whether a UE should be sent back to INACTIVE or moved to a completely different state. 
Agreement 

1
Connection resume message will include information that can at least indicate RAN area update. Inclusion of information to enable access control is not precluded.

Once the network knows that a UE updates its RAN notification/paging area location, it can decide what to do next. The most anticipated action for the network would be to move a UE back to the INACTIVE state providing the corresponding 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 move a UE the the CONNECTED state (e.g. if there is DL data) or move it to the IDLE state, if there has been no user plane activity for a long period of time and the network wants to delete the UE context. 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. As already discussed and agreed during the RAN2#99bis meeting, the following state transition are valid upon the resumption procedure depending on the SRB that the network uses to send the response message:

-
over SRB1: CONNECTED, INACTIVE (including a new configuration), IDLE

-
over SRB0: CONNECTED (setup a new connection), INACTIVE (no configuration)
It should be noted that since the RAN paging area procedure can be viewed as a special case of the resumption procedure, all the agreed resumption scenarios should also apply in this case. However, there is one exception that transition back to INACTIVE over SRB0 is a technically obscure case, because a UE anyway needs a new INACTIVE for a new RAN paging area, which cannot be delivered over SRB0.
Proposal 1a: 
In response to the initiated "RAN area update" procedure, a UE can be reconfigured to the CONNECTED, INACTIVE, or IDLE state by a response message sent over SRB1.
Proposal 1b: 
In response to the initiated "RAN area update" procedure, a UE can be reconfigured to the CONNECTED state (set up a new connection) by a response message sent over SRB0.
As already contemplated in [3], the "RAN area update" procedure should be ideally optimized so that the network and a UE exchange as least RRC messages as possible. The most straightforward way to ensure a low RRC overhead is to design the procedure in such a way that the network can issue all the necessary instructions with a single response message. In other words, the response message from the network will tell a UE which state it should go to with related configuration parameters. 
If the network decides to re-configure a UE to the CONNECTED state, the "complete" message still might be needed as a final indication from a UE that all the physical level parameters were successfully applied. In fact, the preliminary RAN WG2 decision regarding transition from INACTIVE to CONNECTED is that three RRC messages are used.
Proposal 2a: 
Upon "RAN area update" procedure, a single response message (i.e. without any "complete" message) is used to instruct a UE to stay in INACTIVE or move to IDLE.

Proposal 2b: 
Upon "RAN area update" procedure, a response / complete message handshake is used to instruct a UE to move to CONNECTED (FFS whether complete message can be avoided).
It should be noted that in this contribution we abstract from a notion which messages are used during the resumption process and which message the network can/will send in response to the request message for the "RAN area update" procedure. It could be one unified message as further contemplated in [7], or "reconfiguration", "release", "reject" message depending on a particular network decision. According to our preliminary view and further details explained in [7], there is no technical obstacle to have a common request/resumption message, e.g. RRCRequest, which would cover RAN paging area update and MT/MO-call scenarios.  Similarly, it is more than natural to consider a unified response message, which could be RRCReconfiguration message. Since a UE can be moved to any state with additional configuration parameters, it would be easier to maintain just one message.
Proposal 3a:
A unified "request" message is used for the RAN paging area update and MO/MT-call cases.

Proposal 3b:
A unified "response" message is used to instruct a UE to take further actions.
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: 
In response to the initiated "RAN area update" procedure, a UE can be reconfigured to the CONNECTED, INACTIVE, or IDLE state by a response message sent over SRB1.

Proposal 1b: 
In response to the initiated "RAN area update" procedure, a UE can be reconfigured to the CONNECTED state (set up a new connection) by a response message sent over SRB0.
Proposal 2a: 
Upon "RAN area update" procedure, a single response message (i.e. without any "complete" message) is used to instruct a UE to stay in INACTIVE or move to IDLE.

Proposal 2b: 
Upon "RAN area update" procedure, a response / complete message handshake is used to instruct a UE to move to CONNECTED (FFS whether complete message can be avoided).

Proposal 3a:
A unified "request" message is used for the RAN paging area update and MO/MT-call cases.

Proposal 3b:
A unified "response" message is used to instruct a UE to take further actions.
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