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Introduction
In RAN#71 meeting, a new SID named 5G new RAT [1] was approved, and the following requirement and deployment scenarios related objectives are agreed:
(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband
· Massive machine-type-communications
· Ultra reliable and low latency communications 
In order to support these three scenarios and their corresponding requirements, e.g. strict time delay of URLCC, low power of mMTC, in a single framework, it is necessary to improve the current LTE state machine and state-transitions in NR. 
In this contribution, we discuss the role of future UE states and state transitions in NR. In particular, we focus on the need for efficient means to preserve UE battery power and the requirements for fast state transitions. 
Discussion
Motivation for three UE states
According to the description of C-plane latency in [1], the eminent issues in defining the C-plane latency are to characterize UE states and determine state transition behaviors those are to be supported. 
In order to meet the diverse user service requirements on eMBB, mMTC and URLLC, NR will regard higher data rate, lower latency, and longer terminal operating life as key goals. For example, for delay sensitive devices, NR needs to provide both fast access and low energy consumption allowing their operation for a long period of time. The legacy two RRC states in LTE hardly fulfil this new requirements, therefore we propose that UE states in NR should be characterized based on the NR requirements. 
Proposal 1: UE states are characterized based on the NR requirement. 
Moreover, characterizing different states for each use case may generate complexity of the network. We propose to characterize the unified states for the whole 5G network.
Proposal 2: Unified states are characterized for the whole 5G network.
Since a state for high data rate transmission is obviously needed, the connected mode in LTE can be reused. In order to support fast mode transition, low latency and meanwhile power saving for small data transfer, an intermediate state between idle mode and connected mode should be introduced, which we can call it inactive mode. In inactive mode, UE can work in low power and also fast transfer to connected mode. Besides, an extreme power saving mode should also be supported to meet the requirement of long operating life devices, which is similar to the power saving mode (PSM) in LTE. Considering the transition delay from PSM mode to connected mode cost a rather long time and some optimization may be applied, here we can call this state enhanced PSM (ePSM) mode.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK10]Proposal 3: Three UE states, i.e. connected mode, inactive mode and ePSM mode, needs to be introduced in NR. 
Behaviors for each UE state
The behaviors of these states are outlined below.
Connected mode
[bookmark: OLE_LINK7][bookmark: OLE_LINK9]In order to support high efficiency data rate, connected mode in LTE is reused in NR. Behaviors of UE, NR and 5G core are the same with RRC_CONNECTED in LTE. 
Inactive mode
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Inactive mode is a mode between idle and connected, and in this mode S1 connection is maintained and wireless connection is released. 
UE behavior: In inactive mode, the wireless connection is released. UE stores the AS and NAS context, such as RoHC information, AS security context, L1/2 information and S1AP parameters, and UE conducts measurement and cell reselection instead of handover. 
NR behavior: The NR releases wireless connection while maintains S1 connection for the UE. The NR stores the AS context in order to achieve fast state transition. The NR may need to support RAN paging depending on the options of 5G core behaviors discussed below. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]5G core behavior: Based on whether 5G core is aware of the inactive mode, two options of 5G core behaviors are analysed. One option is that 5G core does not aware the release of wireless connection and regards UE as connected mode. When MT data/call arrives, 5G core transmits MT data/call directly to RAN, and RAN initiates the paging procedure. The other option is that 5G core is aware that UE is in inactive mode. When MT data/call arrives, 5G core triggers paging using existing paging procedure. After wireless connection is established, 5G core transmits MT data/call to the UE. This option saves standardization time since LTE paging can be reused as much as possible.
ePSM mode
ePSM mode is similar to PSM state in LTE with some enhancement on context saving. Considering the large scale of mMTC devices, it is beneficial to release both wireless and S1 connection for ePSM mode in order to save S1 interface capacity. However, in order to achieve fast state transition, AS and S1AP context should be stored in UE, NR and 5G core.
UE behavior: UE stores AS contexts and NAS contexts i.e. RoHC information, AS security context, L1/2 information and S1AP parameters. UE does not perform any measurement or cell reselection in ePSM mode. UE may maintain NAS timer to periodically wake up for TAU and paging monitoring.
NR behavior: The NR also stores AS context and S1AP context.
5G core behavior: 5G core stores S1AP contexts. Besides, 5G core maintains a NAS timer to be aware of the occasion when UE is reachable for paging.
State transition


Figure 1: States transition
The proposed states transition is shown in figure 1. Details related to occasions and behaviors of the state transitions are discussed as follows.
Connected to inactive
Occasion: UE may negotiate with NR to setup an inactive timer. After the last scheduling for the UE, NR starts the inactive timer. Upon the timer expired, the state transition from connected to inactive is triggered. 
Behavior: NR sends RRC connection release message to UE, and then the wireless connection is released, while S1 connection is maintained. Both UE and NR store the AS contexts. The difference between this procedure and suspend procedure in NB-IoT is that both S1 and wireless connections are released in NB-IoT. 
Connected to ePSM
Occasion: In some particular occasion, for example, the UE is in an extreme power limited condition, it directly returns to ePSM mode after it finishes data transmitting.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Behavior: Both UE and network can trigger this state transition after some pre-negotiation. Both S1 and wireless connections are released. UE, NR and 5G core stores the AS and S1AP contexts in order to fast resume the connection later. During ePSM mode, UE only wakes up in some particular occasion to receive paging or perform periodic TAU.
Inactive to ePSM
Occasion: The state transition from inactive to ePSM is configurable. UE can negotiate with the network to enter ePSM mode after a delay timer expired. For example, mMTC devices periodically monitor environment and report data. If no exception reporting is triggered, the devices may return to ePSM mode for power saving. Of course, it is not suitable for smart phones to be configured with this timer. 
Behavior: Both UE and NR maintain the delay timer after negotiation. As soon as the UE enters inactive mode, the delay timer starts, and it keeps running unless UE leaves the inactive mode. When the delay timer expires, UE enters ePSM mode. Both NR and 5G core store the S1AP context and release S1 connection. 
Inactive to connected
Occasion: UE transfers from inactive mode to connected mode, when UE receives paging or originates a service request or executes TAU.
Behavior: UE utilizes the stored information to fast resume both RRC connection and NAS connection. This procedure is similar to the resume procedure in NB-IoT. If the newly connected BS has not stored the relative contexts for the UE, it will request the UE context from the source BS. 
ePSM to acitve
Occasion: UE transfers from ePSM to connected mode when UE receives paging or UE originates a service request or periodic TAU.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Behavior: UE performs cell selection/reselection and system information monitoring, and then it utilizes the stored information to fast resume both wireless connection and S1 connection. If the newly connected BS has no relative UE contexts, it may either request the UE context from the source BS or trigger the normal connection setup procedure as it initial attaches to the network. 
ePSM to inactive
Since the UE cannot simply setup S1 connection without setting up wireless connection, the UE cannot transfer from ePSM to inactive directly.
Conclusions
In this paper, we discussed UE states in NR which is summarized in table 1. 
Table 1: Motivations and characteristics for each UE state
	UE states
	Motivations
	Characteristics

	Connected Mode
	Traditional connected mode
	· Data transmission
· Network controlled mobility

	Inactive Mode
	An almost-ready mode for fast mode transition
	· Wireless connection released and S1 connection maintained
· UE context kept in NR,  i.e. RoHC information, AS security context, L1/2 information and S1AP parameters
· AS functionality applied, e.g. cell (re-)selection, measurement, …

	ePSM Mode
	Extreme power-saving mode
	· AS and S1AP context kept in UE, NR and 5G core
· No AS functionality applied
· Only periodic NAS timer running for paging and TAU



And we propose:
Proposal 1: UE states are characterized based on the NR requirement. 
Proposal 2: Unified states are characterized for the whole 5G network.
Proposal 3: Three UE states, i.e. connected mode, inactive mode and ePSM mode, needs to be introduced in NR. 
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