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1
Introduction

After the RAN#71 meeting, a new SI was agreed [1], with the main objective of developing 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#93bis meeting, several proponents brought discussion papers sharing their view on design and principles for a potential new state and its characteristics. After the RAN2#94 meeting, RAN WG2 made an agreement to introduce a new "RAN controlled" state that is characterized by at least "UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state".  
During previous meeting, RAN WG2 discussed how a new INACTIVE state can be modelled whereupon a number of companies expressed a preference to model it as a fully independent state or as part of the CONNECTED state. However, no conclusion was reached on this matter during the SI phase.
In this discussion paper we present our further considerations on this particular modelling aspect elaborating on pros and cons, as well as presenting how this problem was tackled in other wireless access systems. 
2
RRC state machine and modeling 
Before delving into the details of how a new INACTIVE can be modeled in the NR system, it is worth noting how different RRC states were introduced to the UMTS system. Referring to TS 25.331, sub-clause 7.1, a UE can be either in the IDLE or the CONNECTED mode from the NAS layer perspective, whereupon the CONNECTED mode embraces further four different RRC states: URA_PCH, CELL_PCH, CELL_FACH and CELL_DCH. Such an approach allows to differentiate between IDLE and CONNECTED modes when the exact RRC state is not important, but rather it is more relevant to emphasize that a UE has the AS context. At the same time, it is possible to refer to a particular RRC state, e.g. CELL_DCH.

	NAS
	IDLE
	CONNECTED

	AS
	IDLE
	URA_PCH
	CELL_PCH
	CELL_FACH
	CELL_DCH


Figure 1: Logical modeling of the NAS/AS states in the UMTS system.

Referring to the NR INACTIVE state, it can be introduced as a completely new state, or it can be introduced as a sub-state of IDLE or CONNECTED. Figure 2 below makes a small summary of possible options for how a new state could be construed. Referring to that figure, option a) models a new state as part of IDLE, which to our current view is not the most desirable approach for a new system. Option b) sets a new state as a standalone RRC state without trying to classify it into either IDLE or CONNECTED, while option c) treats logically a new state as a specific mode within the CONNECTED state. 
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Figure 2: Possible options for modelling of a new NR states, from left to right a), b), and c).

Our current view is that either option b) or option c) are most suitable ones to model a new state. One of the reasons is that IDLE mode has been typically associated with a notion of no context information at the UE side, while presence of some context information means that the UE has already performed some registration to the network. Furthermore, as a new RAN controlled state will aim at offering a way of fast transition to CONNECTED and/or fast initiation of data transmission, it falls into category "being connected" rather than "being idle". It bears also noting that there has been a discussion on the SA2 side concerning the UE state machine, for which SA2 has identified at least IDLE and CONNECTED modes. In that sense, options b) and c) match logically well to what SA2 is going to adopt, as shown in Figure 3. 
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Figure 3: Logical mapping between the network and RAN states for NR.
It is also worth noting the outcome of a similar discussion that took place for the LTE LightConnection WI. Even though RAN WG2 decided to model LTE LightConnection as part of the CONNECTED mode, there are a noticeable number of cases in the corresponding RRC CR [4] when there is no option but to specify that a UE is not in the full CONNECTED state, but rather is in the LightConnection mode. In other words, even in the LTE LightConnection feature, it has all the properties of an independent RRC state. Based on that, it seems more beneficial to model INACTIVE as independent RRC state, as also proposed in [6-8].  
Proposal 1a:
At the NAS layer, a UE can be either in IDLE or in CONNECTED. 
Proposal 1b:
At the AS layer, a UE can be either in IDLE or in INACTIVE or in CONNECTED/ACTIVE state (whereupon AS INACTIVE and ACTIVE states assume that a UE is in the NAS CONNECTED mode).

Proposal 1c:
INACTIVE is modeled as independent RRC state.
Table 4 below presents proposed NAS/AS states and their relations between each other. As can be seen from the table, once the UE enters the NAS connected mode, it can be either in the INACTIVE or in the CONNECTED/ACTIVE RRC states, which is governed by RAN and is transparent to the core.
	NAS
	IDLE
	CONNECTED

	AS
	IDLE
	INACTIVE
	CONNECTED/ACTIVE


Figure 4: Potential logical modeling of the AS/NAS states for the NR system.

Referring to TR 38.804, the following state transition diagram was captured for the NR UE state machine. As can be seen from the Figure 5 below, it is FFS how the UE transits from RRC_CONNECTED to RRC_INACTIVE and it is FFS how the UE transits from RRC_INACTIVE to RRC_IDLE. With regards to the first FFS, the network should be able to perform UE state change from CONNECTED to INACTIVE at least by means of the explicit RRC procedure. As we further elaborated in [5], our technical understanding is that it can be accomplished by means of the RRC re-configuration procedure with the corresponding target RRC state indicator. To ease the discussion, the corresponding re-configuration procedures between the CONNECTED and INACTIVE state can be referred to as the RRC "RRC connection activation/deactivation". 
As also captured in TR 38.804 and detailed further in [5], we see a value in allowing transition from the INACTIVE state to IDLE, reasons for which could be quite multifold ranging from handling errors cases to an explicit network decision to release the RRC connection. Regardless of the initial trigger and/or the scenario in which this transition occurs, at the end a UE releases its RRC connection and thus this case can be also referred to as "RRC connection release". 
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Figure 5: NR RRC state machine captured in TR 38.804.

Based on the presented above considerations, we suggest that the NR RRC state machine should support the following state transition scenarios.
Proposal 2a:
NR supports transition between IDLE and CONNECTED state following the "RRC connection setup/release" procedure, respectively.
Proposal 2b:
NR supports transition between CONNECTED and INACTIVE state following the "RRC connection inactivation/activation" procedure, respectively.
Proposal 2c:
NR supports transition INACTIVE to IDLE state following the "RRC connection release" procedure.
3 Conclusion
In this discussion paper we have presented our further considerations regarding a new RAN controlled state, and in particular how we can model a new INACTIVE state. As a summary of our paper we propose: 
Proposal 1a:
At the NAS layer, a UE can be either in IDLE or in CONNECTED. 

Proposal 1b:
At the AS layer, a UE can be either in IDLE or in INACTIVE or in CONNECTED/ACTIVE state (whereupon AS INACTIVE and ACTIVE states assume that a UE is in the NAS CONNECTED mode).

Proposal 1c:
INACTIVE is modeled as independent RRC state.
Proposal 2a:
NR supports transition between IDLE and CONNECTED state following the "RRC connection setup/release" procedure, respectively.
Proposal 2b:
NR supports transition between CONNECTED and INACTIVE state following the "RRC connection inactivation/activation" procedure, respectively.
Proposal 2c:
NR supports transition INACTIVE to IDLE state following the "RRC connection release" procedure.
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