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1
Introduction

After the RAN#75 meeting, a new WI was agreed [1] with the main objective to perform normative work with regards to standardizing a new radio access technology.  As also captured in [2], one of the design goals of a new radio access technology is to 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. 
During the RAN2#98 meeting, a major decision was made that the NR technology will have a new state called INACTIVE, which is modelled as independent RRC state. In addition to it, RAN WG2 considered a number of state transition cases and made several decisions on how they could be accomplished. In particular, RAN WG2 also made a preliminary decision that if the network wants to reconfigure a UE from INACTIVE to IDLE, then it can be achieved by waking up the UE and release its RRC connection once it has moved to the CONNECTED state.  
In this discussion paper we elaborate further on the state transition from INACTIVE to IDLE pointing out that the NR system should be flexible and ready to cover various scenarios. As the result, there should be a way to move a UE from the INACTIVE state to IDLE with minimum signalling overhead.
2
State transition from INACTIVE to IDLE
2.1
General considerations
Figure 2-1 provides a high level overview of the NR RRC state machine with possible transitions between the RRC states. As already agreed by RAN WG2, INACTIVE is modeled as the independent RRC state, and thus the following state transition cases can be envisioned:

-
from IDLE to CONNECTED, and from CONNECTED to IDLE;

-
from CONNECTED to INACTIVE, and from INACTIVE to CONNECTED;

-
from INACTIVE to IDLE.
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Figure 2.1-1: NR RRC state machine.
With regards to the state transition from the INACTIVE to IDLE state, there can be various error cases whereupon a UE loses its context and/or re-sorts for re-establishing its RRC connection and the AS context. In addition to that, there is a normal RRC connection release procedure triggered by the network internal RRM mechanisms. Even though we can assume that a UE with no user plane activity will be kept in the INACTIVE state for a long period of time, we cannot assume that the network will keep UEs infinitely in that state; neither can we enforce such network behaviour. Furthermore, even though the network in principle can remove the UE context without informing the UE and ask it to establish a new connection upon the next connection attempt, we do not think that it will be the most efficient way to run the whole system as the UE will need more time to resume its connection. In addition to that, functionality of certain potential features, such as data transmission in INACTIVE, will require the network to keep the UE context, and as a result the network will still resort for sending an explicit indication to release the UE RRC connection. 
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Figure 2.1-1: Signaling procedure for transition from INACTIVE to IDLE (full).

As already discussed during the RAN2#98 meeting, the baseline procedure for re-configuring a UE from INACTIVE to IDLE is so that the network brings a UE first to the CONNECTED mode, from which its connection can be released to IDLE. However, as can be seen from Figure 2.1-1, it will involve a non-trivial number of RRC messages exchanged between the gNB and UE, as the former will have to page a UE (1 message), ensure that it has entered the CONNECTED mode (3 messages for the baseline resume procedure), and finally release the connection (1 message). To our view this sequence of actions is more applicable to a case when the network indeed has a reason to move a UE to the CONNECTED state, e.g. user plane date, after which it can be released to IDLE. As will be elaborated later, there are several straightforward ways how it can be further optimized.
2.2
Signaling reduction for the INACTIVE to IDLE transition
One of the simplest ways to reduce number of RRC messages is to allow the network to send a message (e.g. RRCConnectionRelease) in response to the request message [3-6]. The corresponding set of message is described in Figure 2.2-1 below, involving 3 RRC message exchanged between the UE and the network. It of course should be discussed further whether the response message in this case shall be always ciphered and sent over SRB1 so that a UE can trust it, or whether we also allow for the response message sent over SRB0. 
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Figure 2.2-1: Signaling procedure for transition from INACTIVE to IDLE (optimized).

As can be seen from Figure 2.2-1, there are still 3 RRC message needed to move a UE from INACTIVE to IDLE, and it could be argued that it is a big signalling overhead for a simple action to move a UE from one power efficient state to another. One of the solutions to minimize further the number of RRC messages is to adopt a new cause value to the RRC paging message, which would indicate a UE to release its connection. As shown in Figure 2.2-2, once a UE receives the paging+release indication from the network, it sends the "complete" message to the network acknowledging reception of that paging indicator. If the network receives a response from the UE, it will know that a UE has received the paging and is going to release its connection; otherwise the network may consider re-sending the paging message.
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Figure 2.2-2: Signaling procedure for transition from INACTIVE to IDLE (paging release).
As a further optimization of the solution present in Figure 2.2-2, it is possible to consider removing the "complete" message from the UE. This solution already exists in the UMTS specification, but it is somewhat unreliable as there is no "response" from the UE. In other words, when the network issues the paging message with the "release" command, the latter does not know whether a UE has received that paging message and as a result how it can be reached. On the other hand, RAN WG2 has already agreed that a UE in the INACTIVE state can also receive the CN paging message, which means that even if a UE misses the RAN level paging, it will anyway act upon the CN paging that the network might send later.
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. Figure 2.2-3: Signaling procedure for transition from INACTIVE to IDLE (paging release).
3 Conclusion
In this discussion paper we have presented our further considerations regarding a possibility to move a UE to IDLE from the INACTIVE state. As shown in Figure 2.1-1, moving a UE to the full CONNECTED state involves quite a noticeable number of RRC messages, which can be reduced if the network sends the "release" command right after the reception of the "request" message. Furthermore, the number of the RRC message can be further minimized if we introduce a way to page a UE with the "release" command.
Proposal:
Introduce a way to move a UE to the IDLE state from INACTIVE without a need to transit to the full CONNECTED state.
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