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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 principles for allowing fast data transmission, including more detailed views on a potential new state and its characteristics [3-7]. 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".  
In this discussion paper we present our further technical view on a new RRC state and outlines its basic functional principles. Firstly, we provide a coarse overview of states in the UMTS and LTE technologies pointing out weak and strong points; and then we present our detailed considerations for the new state functionality
2
RRC states 
Before delving into the details of states that we already have in wireless technologies, such a UMTS and LTE, it is worth saying a few words about requirements that trigger a motivation for considerations to have a new state. While developing the LTE technology, we catered predominantly for the mobile broadband scenario striving for peak rates and improved performance. With such a scenario in mind, it is more than sufficient to have IDLE and CONNECTED as baseline states, as a UE having large volumes of data to exchange will be switched to the CONNECTED mode. We did not anticipate frequent IDLE/CONNECTED mode transitions because of small data bursts. 

As it became recently more evident and as was captured explicitly for the NR requirements, there are other use cases, whereupon a UE will not necessarily send large volumes of data, but rather is expected to send frequently small bursts of data (e.g. MTC like scenarios). Even though we can support these scenarios with the existing IDLE/CONNECTED functionality, it seems somewhat sub-optimal, which in turns calls for studies on new states and related functional enhancements. 
After the RAN2#94 meeting, RAN WG2 has agreed to introduce a new RAN controlled state. Following our considerations presented earlier in [11], our view is that if we decide to introduce a new state in addition to baseline IDLE and CONNECTED, we should ideally constrain ourselves to just one additional state. Otherwise, we may end up with a number of states close to UMTS with all the known problems and challenges. In addition, accounting for the fact that LTE has recently got a new RRC_SUSPENDED functionality, it seems beneficial to consider similar functionality that will allow a UE to keep its context and to exchange data without additional AS or NAS level signalling.
2.1
Overall state machine and modeling of a new state

One of the first high level decisions that we have to make is how to model logically a new state. It can be introduced as a completely new state, or it can be introduced as a sub-state of IDLE or CONNECTED. Figure 1 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 (so that it could be referred to as CONNECTED_ACTIVE and CONNECTED_INACTIVE).
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Figure 1: 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 2. 
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Figure 2: Logical mapping between the network and RAN states for NR.
Proposal 1a: Consider modelling a new state as completely independent state or a sub-mode of the CONNECTED state.

Referring back to Figure 1, it does not show a direct transition from the INACTIVE to IDLE state. In other words, whenever there is a need to move a UE from INACTIVE to IDLE, the network will have to page a UE and only then release its RRC connection. Even though we can assume that UEs with no user plane activity will be kept in the INACTIVE state for long period of time, we cannot assume that the network will keep UEs infinitely in that state – sooner or later there will be a trigger asking a UE to move to IDLE. Thus, to avoid unnecessary RRC signalling overhead for the INACTIVE to IDLE transitions, some enhancements could be considered. 
One of the brute-force approaches is to adopt a solution when after expiry of some inactivity timer a UE would simply go to the IDLE state. With such an approach there will be no RRC messages involved in state transition, but the downside is that the network does not have any final "confirmation" from the UE side that it has moved to IDLE. Thus, as a compromised approach, which should achieve a good trade-off between the number of RRC messages and robustness, we can consider an option when a UE just sends one RRC "confirmation" message avoiding the full handshake scheme. 

Proposal 1b: Consider optimizing the number of RRC message upon transition from INACTIVE to IDLE.

2.2
Further technical details of a new state

With regards to a new RAN controlled state, it is strongly anticipated that a UE will keep the AS context information that would allow a UE to skip the "initialization" phase needed for the IDLE to CONNECTED transition, thus avoiding excess signalling. The exact content of the AS context will be constantly revised during the NR development process, but as the minimum baseline it must contain radio network identifier(s), which the network can use to identify and reach the UE, and which the UE could upon the UE initiated actions. Another quite important configuration information that a UE should keep is data and signalling radio bearers.
Proposal 2: A UE should keep the AS context information in the new INACTIVE state.
Concerning radio network identifiers, we should avoid a design with multiple identifiers, e.g. what we have in UMTS (U-RNTI, C-RNTI, H-RNTI, E-RNTI). Ideally and if possible, there should be just one radio network identifier striving for simplicity of operation. However, a decision to have one or several identifiers could be dictated by other aspects, such as overall network architecture. It has been assumed that a UE in a new state could be capable of moving within a certain area without any indication to the network, for which the UE needs to have some area identifier. If there is a central network entity, such as UMTS RNC, controlling multiple cells over a large area, then that entity can assign an area identifier (A-RNTI), which will be also unique within a scope of a particular cell. In other words, a single A-RNTI can be used as both area and cell identifier. However, if the NR network architecture follows same principles as for EPC, then two identifiers are almost inevitable as in case of NB-IoT/CIoT. 
Proposal 3: Limit number of radio network identifiers striving for at most two radio network identifiers.  

With regards to a UE ability to perform autonomous cell re-selection within a certain area with the stored AS context, it has been acknowledged as a beneficial piece of functionality and it has been heavily relied upon with UMTS CELL_PCH and URA_PCH. Recently, the same principles have been proposed and studied for LTE under scope of the LTE "light connection" mode. However, referring back to the UMTS functionality, different use cases and different services may impose different requirements on how accurate UE location should be known, for which at least the UMTS network can choose either between CELL_PCH and URA_PCH states. The downside of the UMTS design is that CELL_PCH and URA_PCH are modelled as two distinctive states, while the functional difference between them is really marginal. So, for a new NR state, we could consider an approach that both options are available, i.e. depending on the network decision and configuration, a UE location can be known at the cell level (as in CELL_PCH) or at the area level (as in URA_PCH).
Proposal 4: In the INACTIVE state, a UE location can be known either at the cell or the area level, which is decided by the network.
As for the UE mobility and mobility principles in the INACTIVE state, the simplest way would be to follow same functionality as in the IDLE state. In other words, whatever rules, mechanism and requirements we have in IDLE, same ones will be also applied to INACTIVE. The main rationale behind such an approach is to keep functional and performance requirements within reasonable limits and to avoid unnecessary deviations. Otherwise, we may end up easily with the same situation as in UMTS, where we have three basic sets of mobility rules and performance requirements: IDLE/CELL/URA_PCH, CELL_FACH, and CELL_DCH. 

Proposal 5: A UE in the INACTIVE state follows the same mobility rules and requirements as in IDLE. 

Table 1 below captures some design principles for a new RRC state assuming option c) from Figure 1 when a new state is modelled as a particular operational mode of the CONNECTED state. The highlighted parts in the table emphasize potential open issues and questions for further discussions. As an example, depending on whether a globally unique area identifier A-RNTI is feasible or not, different solutions will be adopted for the UE identification.
Table 1: Summary of potential NR RRC states
	
	IDLE
	CONNECTED

	
	
	CONNECTED_INACTIVE
	CONNECTED_ACTIVE

	Identity
	IMSI/S-TMSI
	C-RNTI+NB_ID or A-RNTI 
	C-RNTI or A-RNTI

	Mobility


	Autonomous
	Network controlled

	Location tracking
	Tracking area
	Paging or cell area
	Cell 

	DL reachability
	Paging IMSI/S-TMSI
	Paging IMSI/S-TMSI or A-RNTI
	Direct scheduling

	UL reachability
	After RRC setup
	After RRC resume
	Direct scheduling


3 Conclusion
In this discussion paper we have presented our further considerations regarding a new RAN controlled state, which RAN WG2 has agreed to introduce. With regards to this new state, our proposals are as follows:   
Proposal 1a: Consider modelling a new state as completely independent state or a sub-mode of the CONNECTED state.

Proposal 1b: Consider optimizing the number of RRC message upon transition from INACTIVE to IDLE.

Proposal 2: A UE should keep the AS context information in the new INACTIVE state.
Proposal 3: Limit number of radio network identifiers striving for at most two radio network identifiers.
Proposal 4: In the INACTIVE state, a UE location can be known either at the cell or the area level, which is decided by the network.
Proposal 5: A UE in the INACTIVE state follows the same mobility rules and requirements as in IDLE. 
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