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Introduction of UE states
Introduction
At GERAN#62 a new SI was agreed to study Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things [1]. This paper introduces the typical UE states for cellular IoT based on S1architecture. 
Basic states
In the S1 based architecture, basic UE states include NAS states [2] and AS states [3], which is the same with LTE mechanism.
NAS states
In NAS layer, there are states for Mobility Management and Connection Management.
The main states for Mobility Management include:
-	EMM-DEREGISTERED.
-	EMM-REGISTERED.
In the EMM‑DEREGISTERED state, the UE is not reachable by a MME, as the UE location is not known. The UE enters the EMM-REGISTERED state by a successful registration with an Attach procedure. 
The states transition is shown in Figure 1.
 (
 
EMM-DEREGISTERED
 
 
Attach accept
Detach,
 
Attach Reject
 
EMM-REGISTERED
)
Figure 1 EMM state model in UE/MME
The states for Signalling Connection Management include:
-	ECM-IDLE.
-	ECM-CONNECTED.
As S1 based architecture is connection oriented, the signalling connection between UE and MME contains RRC connection and S1_MME connection. A UE is in the ECM-CONNECTED state when a signalling connection between the UE and the MME exists. Otherwise, UE is in ECM-IDLE. 
The UE ECM states transition on radio interface is shown in Figure 2, and MME ECM states transition on S1 interface is shown in Figure 3.
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Figure 3 ECM state model in MME
AS states
Introduction of RRC states
AS states are used for the RRC Connection Management in the radio interface between the UE and the base station including:
-	RRC-IDLE.
-	RRC-CONNECTED.
A UE is in RRC_CONNECTED when an RRC connection has been established, otherwise the UE is in RRC_IDLE.
The states transition is shown in Figure 4.
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Figure 4 RRC state model in UE
Relation between NAS and AS states
As defined in [3], the relation between NAS and AS states is characterised by the following principles:
-	EMM-DEREGISTERED & ECM-IDLE  RRC_IDLE:
-	Mobility: PLMN selection; 
-	UE Position: not known by the network.
-	EMM-REGISTERED & ECM-IDLE  RRC_IDLE:	
· Mobility: cell reselection;
· UE Position: known by the network at tracking area level.
-	EMM-REGISTERED & ECM-CONNECTED with radio bearers established  RRC_CONNECTED.
-	Mobility: handover;
-	UE Position: known by the network at cell level.
Proposal 1: to support basic functions of mobiles, it is propose to re-use these states in Clean-slate solution.
States for power saving
Low power consumption is one of the objectives of Cellular IoT study. It is believed that besides the basic UE states mentioned above, introduction of specific UE states for power saving will be benefit for the power consumption.
In NAS layer, Power Saving Mode (PSM) has been agreed in TS 24.301and TS 24.008 from Release 12 and it is ready to be used for the Cellular IoT study.
In AS layer, Unsynchronized State (EUS) is introduced by sourcing company for power saving when the UE is in RRC_CONNECTED state.
PSM in Rel-12
Introduction of Power Saving Mode (PSM)
When the UE enters the PSM, the UE actions are similar with the ones when it is power-off: UE will stop most of NAS timers and associated procedures (e.g. paging procedure) and deactivate AS layer, i.e. stop all idle mode procedures (e.g. cell selection and monitoring paging channel). Consequently, the UE in PSM is unreachable and this is aware of by MME. Meanwhile, UE context and PDN connection will be maintained in MME, and therefore there is no need to implement re-attach or re-establish PDN connection procedures when UE quits from PSM. 
PSM is suitable to the scenarios with infrequent MT and delay-tolerant applications, which are also the ones addressed in Cellular IoT study.
State transition
The state transition controlled by an Active Timer and a De-active Timer provided by the network. 
Active Timer is activated when the UE enters to ECM-IDLE state. When it is expired, the UE will enter to PSM and at the same time, the De-active Timer is started. When the De-active Timer is expired or there is new data to be transmitted, the UE will quit from PSM.
An example for PSM state transition procedures is shown in Figure 5.


Figure 5 An example for PSM state transition procedures in UE
EUS
Introduction of Enhanced Unsynchronized state (EUS)
As explained above, PSM is useful for reducing power in idle state. In order to further reduce the power consumption on radio interface in connected state, an Enhanced Unsynchronized State (EUS) is put forward by sourcing company in this paper. EUS is an AS state.
In EUS, the UE will have similar actions as it is power-off: UE will stop most of AS procedures (e.g. measurement and monitoring control channel). Therefore the UE is unreachable and this is aware of by the base station. The UE context will be maintained in UE and base station, therefore there is no need to re-establish RRC connections when UE deactivates EUS. 
EUS is suitable to the scenarios with periodic services and delay-tolerant applications, which are also the ones addressed in Cellular IoT study.
State transition
Similar with PSM, an Active Timer and a De-active Timer are used to control EUS, and these two timers are provided by base station. 
Active Timer is activated when the UE is in RRC-CONNECTED state and there is no data need to be transmitted. When it is expired, the UE will enter to EUS and at the same time, the De-active Timer is started. When the De-active Timer is expired or there is new data to be transmitted, the UE will quit from PSM. Normally, when EUS is deactivated, UE returns into RRC_CONNCONED state expect for radio link failure is checked or RRC connection is released by up-layer.
The states transition is shown in Figure 6.


Figure 6 EUS model in UE

An example for EUS state transition procedures is shown in Figure 7.


Figure 7 An example for EUS state transition procedures in UE
Relation between basic states and states for power saving
The relation between the basic states and states for power saving is characterised by the following principles:
-	EMM-REGISTERED & ECM-IDLE & RRC-IDLE & UE is unreachable  PSM;
· Reachability: unreachable;
· Signalling Connection: without signalling connection between UE and MME.
-	EMM-REGISTERED & ECM-CONNECTED & RRC_CONNECTED & UE is unreachable  EUS.
· Reachability: unreachable;
· Signalling Connection: with RRC connection.
The PSM and EUS are independent of each other.
Proposal 2: it is proposed to reuse PSM in Clean-slate solution.
Proposal 3: it is proposed to adopt EUS in Clean-slate solution.
Proposal and Conclusion
It is proposed to adopt the above proposals into the TR for Clean-slate solution.
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