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Introduction
In RAN2#95 meeting [1], it was agreed to study a new “state” in NR. More details are listed as follows:
Agreements:
1	RRC states with significantly overlapping characteristics should be avoided. 
[bookmark: OLE_LINK137]2	At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state. 
3	One UE has only one NR RRC state at one time.
4	The connection (both CP and UP) between RAN and Core should be maintained in the “new state”
FFS whether the “new state” can be transparent to Core.
5	For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.
FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)
6	For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 
FFS how CN location updates and RAN updates interact, if needed

In this contribution, we discuss the characteristics of UE states and state transitions in NR. In particular, we share our views on the three FFS highlighted above. 
Discussion
Motivation for three UE states
Progress has been made on introducing a new “state”, which is noted as inactive state in this paper. Based on the agreements so far, we would like to discuss other states and try to see the whole picture of the UE states in NR.
UE state definition should be driven by usage scenarios. In LTE, the reason for introducing connected state is that UE needs to transmit large amount of data during a relative long period and the service continuity should be guaranteed during transmission. In NR, obviously it is still a main usage scenario. Thus connected state should still be needed besides inactive state.
Considering massive MTC use case, a state for extremely power saving when there is no requirement of data transmission for a quite long duration is also needed in NR. In order to facilitate description, this state is called dormant state in this paper. 
It has been agreed on RAN2#95 meeting that at least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving comparable power efficiency to that of LTE’s idle state. The requirement in this agreement may refer to inactive state, which means inactive state may achieve similar energy efficiency with LTE idle state. We compare characteristics of LTE idle state with NR inactive state, as shown in the Table I. It is obvious that most of the characteristics are the same between idle state and inactive state. Considering RAN2#95 agreement that RRC states with significantly overlapping characteristics should be avoided, we think idle state can be replaced by inactive state.
Proposal 1: Idle state should be replaced by inactive state in NR. 

Table I: Characteristics comparison for inactive and idle state
	Characteristics
	Inactive State
	Idle State

	AS context stored in RAN
	√
	X

	Support DRX
	√
	√

	RAN connection
	X
	X

	Dedicated resources
	X 
	X

	Shared resources
	√
	√

	Mobility
	(re)selection
	(re)selection



One open issue left over in last meeting is whether inactive state is an RRC state. The benefit of treating it as an RRC state is that the standardization work is simple, especially considering what we suffered in LTE. In LTE, although only two RRC states are characterized, a sub-state is introduced in later releases due to the new coming up usage scenarios, such as PSM. In NB-IoT, introduction of Suspending and Resuming procedures also adds new procedures for state transition and new characteristics for RRC_Idle state. These features make the behaviour and characteristics of each RRC state really complicated. Therefore, it’s better to define all the essential RRC states at the very beginning of NR study according to the existing and foreseen requirements. Hence, we prefer inactive state should be introduced as an RRC state. For the same reasons, we also propose that connected state and dormant state are RRC states.
Proposal 2: Three RRC states, i.e. connected state, inactive state and dormant state, need to be introduced in NR. 
Characteristics for each state
Connected state
[bookmark: OLE_LINK9][bookmark: OLE_LINK7]In order to support large data transmission for a long period and service continuity as UE moving, CN/RAN connection should be maintained in this state, which is the same as connected state in LTE. Also in order to guarantee no service interruption, enhanced “handover” should be supported for mobility management. Obviously, network can also configure connected DRX for UE in order to save UE’s energy.
For data transmission, there should be dedicated resources allocated for each UE in connected state. In addition, in some special scenarios, the data to transmit is not delay sensitive at all (e.g., FTP upload). It is possible to use shared resources to convey such data for the sake of avoiding the signalling overhead for dedicated scheduling. However, the benefit of allocating share resource for connected UEs still needs to be further identified.
Proposal 3: Characteristics of connected state:
1. CN connection is maintained
1. RAN connection is maintained
1. AS context stored in RAN
1. Network controlled mobility
1. Support connected-DRX
1. Dedicated resources for data transmission
1. FFS: Shared resources for uplink data transmission
Inactive state
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Inactive state is introduced to support fast mode transition, low latency and meanwhile power saving for small data transfer. In order to minimise the signalling overhead and resource cost within the acceptable UE power consumption, CN connection should be maintained and RAN connection should be released in this state.
UE in inactive state has an active CN connection, therefore, upon downlink data arrival, CN will send the DL data directly to the gNB in which CN connection is kept for that UE. Considering the RAN connection is not existed, a RAN initiated notification procedure is agreed to be introduced in RAN2#95 meeting. RAN has the knowledge of UE’s location in the level of RAN-based notification area. One RAN-based notification area probably contains a few cells, in which the notification signalling is broadcasted. UE doesn’t need to report its location update to RAN while moving within one RAN-based notification area. Upon UE moves from one RAN-based notification area to another, UE should report its location update to RAN and Core. Both control plane and user plane of RAN-Core connection is updated. 
Since the RAN connection is released, the UE controlled mobility management (i.e. cell reselection) should be applied in this state. Besides, for the sake of power saving, DRX should also be supported.
Furthermore, for supporting small packet transmission without too much signalling cost, it is beneficial to support grant-free data transmission for UEs in inactive state. By this means, UEs in inactive state don’t need to transfer to connected state for small packet transmission. Therefore, we propose that grant-free data transmission should be supported for UE in inactive state.
[bookmark: OLE_LINK59]Proposal 4: Characteristics of the inactive state:
1. CN connection is maintained
1. RAN connection is released
1. AS context stored in RAN
1. RAN initiated paging
1. RAN-based notification area update mechanism (periodic and event-triggered)
1. UE controlled mobility
1. Support inactive-DRX for paging monitoring
1. Shared resources for data transmission
Dormant state
Dormant state is designed for power saving and no data transmission for a very long time. Dormant state is similar to PSM state in LTE. Considering the scenario of massive MTC, it is beneficial to release connections and contexts of both CN and RAN in this state for the sake of capacity and storage saving. There is no mobility mechanism in this state. And no resource is allocated for UE.
In dormant state, UE doesn’t need to perform signalling monitoring or transmission. UE only runs a network pre-configured timer. Upon the timer expired or MO data arrival, UE may wake up to setup the connection and perform RAN-based notification area update.
[bookmark: OLE_LINK16]Proposal 5: Characteristics of the dormant state:
1. CN connection is released
1. RAN connection is released
1. Periodic RAN-based notification area update
1. No mobility management 
1. No resource for data transmission
State transition
In this subsection the transition among the three states are discussed, including the trigger for transition and the corresponding UE and network behavior. At first, we think the design principle that keeping UE behavior controllable and predictable is still valid. UE state transition should be granted by network, except abnormal case, e.g. out of service. So we propose that:
Proposal 6: State transition is under the control of network or network-preconfigured timer.


Figure 1: States transition
The proposed states transition is shown in figure 1. Details related to trigger conditions and behaviours of the state transition are discussed as follows.
Connected to inactive
If there is no data transmission for a connected UE for a certain period, the state transition will be triggered. In addition, maybe network can trigger the transition for offloading. There are three possible ways to implement the transition, which are:
1. gNB directly command the UE to change the state from connected to inactive 
1. UE can request the state transition, which should be granted by gNB.
1. Timer driven. In this method, gNB configures inactive timer to connected UEs. After each packet successfully transmitted, the timer resets and starts to run. When the timer expires, both UE and network can simply release the connection without informing each other.
Connected to dormant
If there is no data transmission for a connected UE for a relative long period, the state transition will be triggered. In addition, maybe UE can request to enter this state for the purpose of extreme power saving. There are two possible ways to implement the transition, which are:
1. UE can request the state transition, which should be granted by gNB.
1. Timer driven. In this method, gNB configures dormant timer to connected UEs. After each packet successfully transmitted, the timer resets and starts to run. When the timer expires, both UE and network can simply release the connection and remove the related context without informing each other.
It is noted that dormant timer and inactive timer can be simultaneously configured to the same UE. In this case, the value of dormant timer should be larger than inactive timer. It means that when this UE enters inactive state, the dormant timer is still running.
Inactive to connected
There are three cases that the inactive-to-connected transition should be triggered, which are:
1. Receiving paging for MT data
1. MO data is not suitable to transmit in inactive state
1. TAU timer expires
Upon any of these 3 cases occurs, UE should requests for connection setup to transfer to connected state. If the gNB has stored the UE’s context, gNB perform connection setup procedure for the UE. Otherwise, gNB will fetch UE’s context from former gNB.
Inactive to dormant
[bookmark: OLE_LINK20]If there is no UL data transmission for an inactive UE for a relative long period, the state transition will be triggered. The transition from inactive to dormant should be driven by dormant timer. As mentioned before, UEs in connected state and inactive state may both be configured with dormant timer. When the dormant timer expires, no matter which state it is in, both UE and network just simply release the connection if they have and remove the related context without informing each other.
Dormant to connected
[bookmark: OLE_LINK15][bookmark: OLE_LINK14]For dormant UE, upon TAU timer expire or MO data, UE may perform state transition from dormant to connected. UE performs synchronization, cell selection, and then request for connection setup. Then UE performs TAU or sends uplink MO data depending on the waking up trigger.
Proposal 7: 5 kinds of state transition, i.e. connected to inactive, connected to dormant, inactive to connected, inactive to dormant, dormant to connected, should be supported.
Proposal 8: State transition can be triggered by UE request, network command and timer.
Conclusions
In this paper, we discussed UE states in NR. The features of each state are summarized in Table II. 
Table II: Features for each UE state
	Features
	Connected State
	Inactive State
	Dormant State

	CN connection
	√
	√
	X

	AS context stored in RAN
	√
	√
	X

	Support DRX
	√
	√
	X 

	RAN connection
	√
	X
	X

	Dedicated resources
	√
	X 
	X

	Shared resources
	FFS
	√
	X

	Mobility
	Handover
	(re)selection
	[bookmark: OLE_LINK18][bookmark: OLE_LINK19]X

	Paging trigger
	X
	RAN
	X



We summarize the potential trigger conditions, behaviours and timers in Table III.
Table III: Features for UE transition
	State transition
	Trigger conditions
	How to trigger
	Timer

	Connected to Inactive
	No data for certain period,
or offloading purpose
	UE request,
or network command,
or timer driven
	inactive timer

	Connected to Dormant
	No data for certain period,
or UE power saving purpose
	UE request,
or timer driven 
	dormant timer

	Inactive to Connected
	Receiving paging for MT data,
or MO data not suitable for inactive state to transfer,
or TAU
	UE request for connection setup
	TAU timer

	Inactive to Dormant
	UE no data for certain period
	timer driven 
	dormant timer

	Dormant to Connected
	TAU timer expire,
or MO data
	UE request for connection setup 
	TAU timer



And we propose:
Proposal 1: Idle state should be replaced by inactive state in NR. 
Proposal 2: Three RRC states, i.e. connected state, inactive state and dormant state, need to be introduced in NR. 
Proposal 3: Characteristics of connected state:
1. CN connection is maintained
1. RAN connection is maintained
1. AS context stored in RAN
1. Network controlled mobility
1. Support connected-DRX
1. Dedicated resources for data transmission
1. FFS: Shared resources for uplink data transmission
Proposal 4: Characteristics of the inactive state:
a) CN connection is maintained
b) RAN connection is released
c) AS context stored in RAN
d) RAN initiated paging
e) RAN-based notification area update mechanism (periodic and event-triggered)
f) UE controlled mobility
g) Support inactive-DRX for paging monitoring
h) Shared resources for data transmission
Proposal 5: Characteristics of the dormant state:
a) CN connection is released
b) RAN connection is released
c) Periodic RAN-based notification area update
d) No mobility management 
e) No resource for data transmission
Proposal 6: State transition is under the control of network or network-preconfigured timer.
Proposal 7: 5 kinds of state transition, i.e. connected to inactive, connected to dormant, inactive to connected, inactive to dormant, dormant to connected, should be supported.
Proposal 8: State transition can be triggered by timer, UE request and network command.
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