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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 paper we present a text proposal for TR 38.804 aiming at capturing some general functional principles for NR RRC states.
2
Text proposal for TR 38.804

------------------------------------------- Text proposal (BEGIN) -------------------------------------------
5.5
RRC

Editor’s note: intended to capture both tight interworking and standalone aspects.
5.5.1
Functions

5.5.2
UE states and state transitions
5.5.2.1
Motivation and the background
While developing the LTE technology, one of the major scenarios was mobile broadband scenario that strives 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, since a UE having large volumes of data will be switched to the CONNECTED mode. As it became more evident and as it was captured explicitly for the NR requirements, there are other use cases, whereupon a UE will not always send/receive large volumes of data, but rather may exchange 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 for small data bursts. It should be noted that there are services which exchange large volumes of data at large and irregular time intervals. As an example, Figure 1 shows recorded traffic which is full HD 1080p video streaming from YouTube, which as can be seen from the figure comprises data bursts of different size at different moments of time. 
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Figure 5.5.2.1-1: Recorded YouTube traffic
Referring to traffic presented in Figure 5.5.2.1-1, keeping a UE in the CONNECTED state all the time would result in high power consumption, and thus a UE is typically moved to the IDLE state upon expiry of the inactivity timer. To illustrate the trade-off relationship between the UE energy consumption and the inactivity timer, a set of different inactivity timer values are applied for the same input traffic. Figure 5.5.2.1-2 shows measured power consumption of the whole UE and the modem part for different inactivity timer values. As can be seen, a smaller inactivity timer value forces the network to move a UE more aggressively into the IDLE mode, which has a positive impact on the power consumption. It should be noted that during the video clip playback the UE display is turned on, which results in a situation when the communication modem occupies relatively small portion of the total power consumption. However, it should be understood that there are other use cases when the UE display is off and large volumes of data are exchanged in the background. 
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Figure 5.5.2.1-2: UE power consumption (total and only modem).

As a summary, a small inactivity timer does have a positive impact on the overall UE power consumption, even with services such as YouTube video playback. However, a smaller inactivity timer results in more frequent transitions between the IDLE and CONNECTED states, which in turns creates additional signalling load. Thus, a new "state" could be considered which would allow a UE to minimize its power consumption and at the same time which would alleviate the core network from the signalling burden.
For the sake of technical completeness, it is worth noting the UMTS RRC state model. Generally speaking, it has two major states as in LTE – IDLE and CONNECTED – with a difference that the CONNECTED mode is an umbrella term covering a number of RRC sub-states. While the CELL_DCH state is a direct match to the LTE CONNECTED mode, in addition to that UMTS offers several additional states such as URA_PCH, CELL_PCH, and CELL_FACH. The CELL/URA_PCH states are so-called low power consumption states, performance and functionality of which are very close to IDLE with the only important difference that a UE keeps its context. It allows the UE to start exchanging data without the RRC connection establishment procedure.
5.5.2.2
General overview of the RRC state model
The NR system RRC state model comprises the following states: IDLE, CONNECTED, and INACTIVE. A detailed technical description of each state is provided in subsequent sub-clauses 5.5.2.3, 5.5.2.4, and 5.5.2.5. The overall state model with possible transitions between different states is illustrated in Figure 5.5.2.2-1. 
Figure to be included
Figure 5.5.2.2-1: NR RRC state model
5.5.2.3
CONNECTED state
The CONNECTED RRC state is characterized by the following principles:

-
UE has RRC connection;
-
UE has context;

-
Network has UE context;
-
Neighbour cell measurements;
-
Network controlled mobility (FFS: whether other mobility schemes are allowed);

-
Network can transmit to and receive from the UE;
-

5.5.2.4
INACTIVE state
The INACTIVE RRC state is characterized by the following principles:
-
UE has RRC connection;

-
UE has context;

-
Network has UE context;

-
Neighbour cell measurements;
-
UE controlled mobility;
-
FFS: how the network initiates DL transmissions and how a UE initiates UL transmission
5.5.2.5
IDLE state

The IDLE RRC state is characterized by the following principles:

-
UE has no RRC connection;

-
UE has no context;
-
Network does not keep UE context;

-
Neighbour cell measurements;

-
UE controlled mobility;

5.5.3
System information handling

5.5.4
Measurements

--------------------------------------------- Text proposal (END) -------------------------------------------
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