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1. Introduction
The LTE requirement specification [1] includes rather strict delay requirements for LTE state transitions. In the ongoing LTE work, there is also a demand to simplify the protocol state models [1, 3]. 
There are three agreed LTE states so far: LTE_Detached, LTE_Idle, and LTE_Active [2]. In addition, there appears to be a fairly broad consensus on the need for a MAC standby sub-state, which can be used for battery and radio resource preservation [5-12]. 
In this contribution, we characterize LTE_Detached, LTE_Idle and LTE_Active, as well as the proposed MAC sub-states here denoted MAC_Active and MAC_Dormant.    
2. The LTE State Model 

The requirements in [1] include a transition delay of less than 50 ms between a “dormant” state and an “active” state, as well as a delay requirement of less than 100 ms from a “camped” state to an “active” state, see Figure 1.
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Figure 1: An example of state transition (copied from [1]).
There are three agreed LTE states so far denoted LTE_Detached, LTE_Idle, and LTE_Active. At the Cannes meeting, there was a fairly broad consensus identifying the “Camped-state” as LTE_Idle. There where also several contributions proposing a “Dormant” MAC-substate [5-12] within LTE_Active used for UE battery preservation and radio resource preservation. This MAC state is here denoted MAC_Dormant, to be distinguished from the active MAC state denoted MAC_Active. This leads us to the LTE state model depicted in Figure 2.  
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Figure 2: The proposed LTE/SAE state model.

In Section 4, we characterize the three LTE states and the two MAC sub-states. This characterization is based on functional terminology identified from the Rel-6 UMTS state machinery, i.e. from Session Management (SM), Mobility Management (MM), and RRC. Before going into characterizing the LTE states we therefore provide a very brief review of the main aspects captured by the Rel-6 UMTS states. 
3. Rel-6 states 
When characterizing the LTE states, it is important to refer to a common and well-known terminology. In Annex I, we therefore provide a very condensed summary of the main properties of the Rel-6 states to identify aspects that need to be captured with the LTE/SAE state-machinery.

From the analysis in Annex I, we note that the Rel-6 UE state machinery captures the following three main aspects: 

· Mobility management; Captured both in the PMM state model and within RRC Connected Mode, 
· Connectivity level; Captured both in SM (PDP Context), PMM (Iu-connectivity) and RRC (Idle or Connected mode),  

· UE power and UTRAN resource preservation; Captured within RRC. 

The inter-dependency of the different UMTS state machines can be considered quite complex, and [1,3] identifies the need to simplify the state-machinery in LTE/SAE. Still, the LTE/SAE state model should capture these three main aspects, i.e. Mobility management, Connectivity, and RAN/UE resource preservation. Below, we characterize the LTE states in Figure 2 using these three aspects. 
4. Characterization of the LTE States

Below, we characterize the LTE States in Figure 2 through Mobility Management, Connectivity, and Power/Resource preservation.  
4.1 Mobility Management

The agreed LTE States captures the mobility management in the following way (See [2], Annex C):

LTE_Detached: 
- The location of the UE is not known by the network (e.g. the UE power is switched off).

LTE_Idle: 
- The UE location is known on a tracking area. The UE can be paged and the UE registers to the network on tracking area change. UE performs cell re-selection during mobility. 
LTE_Active: 
- The UE location is known on a cell-level. The network directs the UE to serving cells. 

4.2 Connectivity Level

The E-UTRAN supports connectivity to the PS domain alone. Therefore, there is limited motivation for having a separate Session Management state model, in which the UE location would be known by the network, but the UE has no connection or IP address. The connectivity can therefore be tied to the LTE mobility management states described above, such that the UE is in “PDP Context Active” in all states except LTE_Detached, when the UE has no PDP context. 
The question if an UE in LTE_Idle is connected in an RRC sense has resulted in some debate. In [4], it was argued that in order to support the tight performance requirements on state transitions between LTE_Idle and LTE_Active, the UE context (in terms of security association and bearer configuration) should be present also in LTE_Idle. It was found to be very difficult to fulfil the setup requirements in case the access-context is released in LTE_Idle. We do not find any plausible reason to release the RRC Connection in LTE_Idle and argue that the UE should have an RRC Connection in both LTE_Idle and LTE_Active. Our proposal therefore includes: 

LTE_Detached: 
- The UE is not connected to the network. 
LTE_Idle: 
-The UE is connected, i.e. the UE has at least one active PDP Context and an RRC connection. 
LTE_Active: 
-The UE is connected, i.e. the UE has at least one active PDP Context and an RRC connection.
Thus, the LTE_Idle and LTE_Active could jointly be identified as “LTE Connected Mode” (see the dashed region in Figure 2), in contrast to LTE_Detached, in which the UE is disconnected. 

4.3 UE power and E-UTRAN resource preservation
One of the purposes of the LTE state model is to facilitate UE power (i.e. battery) preservation and network resource preservation. An inactive UE should be moved to a state allowing for longer standby times. A somewhat elevated wake-up time may be acceptable after longer periods of inactivity. Still, we note that the requirements illustrated in Figure 1 demand very efficient state change procedures to be fulfilled. 
The UE power-saving aspect is mainly related to UE transmission and reception activity. Affected functionality may therefore include issues such as uplink synchronization, discontinuous listening to paging/scheduling channels, measurements and measurement reporting, etc. Details of affected functionality are not treated further in this contribution.
LTE_Detached is inherently power-saving, as the UE is not connected and typically switched off. 
LTE_Idle has been identified as the main camped state, where the UE is reached through paging over a tracking area. Power- and resource-wise, this state is characterized through the well known trade-off  between Tracking Area update intensity versus Tracking Area size as well as paging frequency versus paging delays. UE measurement and reception activity will also affect the UE standby time in LTE_Idle.
Several contributions have proposed to add a power- and resource preserving MAC sub-state into LTE_Active, here called MAC_Dormant (see Figure 2). There are several plausible reasons for introducing such a MAC substate, e.g.: 

· Faster transitions from power-saving (MAC_Dormant) to full activity (MAC_active): Transitions on the MAC level can be handled with lightweight interaction between the access network and UE resulting in sufficiently fast state-transitions fulfilling the tough delay-requirements in [1]. 

· Resource efficiency: Fast state transitions make it possible to quickly release reserved network resources. 
· Resource efficiency: Moving the UE to a tracking-area paging state (i.e. LTE_Idle) during shorter in-activity periods could result in unnecessary waste of resources.
From a resource- and power-preservation perspective, we therefore characterize the LTE states as follows: 
LTE_Detached: 
- No interaction between UE and network. The state is inherently power-saving. 
LTE_Idle: 
- Tracking area and paging frequency affect the power-and resource consumption. 
- UE measurement and reception activity affect the standby time.
- Identified as the main camped state, c.f. Figure 1 and Figure 2. 
Within LTE_Active: 

MAC_Dormant:
- Power- and resource preservation through discontinuous transmission and reception in the UE. 
- Identified as the “dormant” state, c.f. Figure 1. 

MAC_Active:
- The UE is synchronized and prepared for direct transmission (UL) and reception (DL).  

Access procedures including e.g. Random Access, DTX, synchronization etc, for achieving fast state-transitions are for further study in RAN1/2. 
5. Conclusion and proposal

The present paper summarizes the main characteristics of a proposed LTE/SAE state model. The proposal is based on an analysis of the main aspects that should be captured by the state model. The proposal is illustrated in Figure 2 and the main characteristics of the states are as follows: 
LTE_Detached: 
- The UE is not connected to the network and the location of the UE is not known 
- There is no UE and network interaction. The state is inherently power-saving. 

LTE_Idle: 
- The UE location is known on a tracking area. The UE can be paged and the UE registers to the network on tracking area change. UE performs cell re-selection during mobility. 
- The UE is connected, i.e. the UE has at least one active PDP Context and an RRC connection with security association.
- Low power- and resource consumption can be achieved facilitating long standby times.  

LTE_Active: 
- The UE location is known on a cell-level. The network directs the UE to serving cells. 
- The UE is connected, i.e. the UE has at least one active PDP Context and an RRC connection with security association.
Within LTE_Active: 

MAC_Dormant: 
- Power- and resource preservation ca be achieved through discontinuous transmission and reception in the UE.

MAC_Active:
- The UE is synchronized and prepared for direct transmission (UL) and reception (DL).
We propose RAN WG2 and WG3 to agree on the suggested state model and to include the high-level state characterization above into 25.813. Functions related to the state-transitions are FFS in the relevant work groups. 
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Annex I: Rel-6 State machinery

The existing Rel-6 state machinery has been identified as being rather complex with many dependencies between the protocol layers and states. The existing UMTS overall state machinery also includes some overlapping functionality. Still, there are a number of functional aspects in the existing UMTS model that need to be captured in the simplified LTE/SAE state model. In order to refer to a common and well-known terminology, we therefore provide a very condensed summary of the properties of the Rel-6 state machine to identify aspects that need to be captured with the simplified LTE/SAE state-machinery. 

Mobility Management

Mobility management characterizes the accuracy of UE location knowledge the network has, as well as the procedures the UE must undertake in order to update the network on its position. 

· In PMM_DETACHED, the UE location is not known to the network. 

· In PMM_IDLE
, the UE can be paged over a routing area. 

· In PMM_CONNECTED
, the UE position is known from a CN-viewpoint, i.e. there is an Iu connection to an RNC. 

Note that Rel-6 includes partly duplicated MM functionality, since the RRC Connected mode includes the URA_PCH paging state, in which the UE can be paged over a UTRAN Routing Area. 
Session Management 
The SM states define whether the UE is connected to the core-network or not. 

· In PDP Context Inactive, no data can be transferred.  

· In PDP Context Active, there is connectivity between the UE and the data-network to which the PDP Context is associated.
RRC Connectivity 

The RRC modes define whether the UE is connected to the UTRAN or not. 

· An RRC Idle Mode UE is not known to the UTRAN, 

· An RRC Connected Mode UE has an RRC connection to the UTRAN. 

Within RRC Connected Mode, there are four RRC States, 

· URA_PCH, CELL_PCH, CELL_FACH, and CELL_DCH. 

These RRC states define, among other things, the accuracy of the UTRAN knowledge of the UE location (the paging states), the UE activity level and transport channel that can be in use.
From this brief analysis, we note that the Rel-6 UE state machinery captures the following three main aspects: 

· Mobility management; Captured both in the PMM state model and within RRC Connected Mode, 
· Connectivity level; Captured both in SM (PDP Context), PMM (Iu-connectivity) and RRC (Idle or Connected mode),  

· UE power and UTRAN resource preservation; Captured within RRC. 



















































� Note that in PMM_IDLE there are two possible substates, as SM may be in PDP Context Inactive or Active. 


� Note that in PMM_CONNECTED there are eight possible substates, as the SM state and RRC state in RRC Connected mode can take independent levels.
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