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1
Introduction

This paper proposes that the RRC state model for E-UTRAN should consist of four states, LTE_Detached, LTE_Idle, LTE_C-Plane-Connected and LTE_Active rather than the three states LTE_Detached, LTE_Idle and LTE_Active that are currently captured in [1].

2 Discussion

There has been significant progress in defining the LTE states but there remain a number of open issues. The existence of the states LTE_Detached, LTE_Idle and LTE_Active has been accepted as a working assumption and it is possible that further states may be defined. The understanding here is that these are RRC states within E-UTRAN.

There remain a number of open options identified in [1]. For the LTE_Idle state it is undecided whether there should be a UE context within E-UTRAN and whether a UE should be able to have a user plane established. For the LTE_Active state it is undecided whether, in certain conditions, UE mobility can be controlled by cell reselection in place of network controlled handover.

It is proposed here that the E-UTRAN RRC state model should contain four states LTE_Detached, LTE_Idle, LTE_C-Plane-Connected and LTE_Active.

LTE_Active

The use case for LTE_Active state is all UEs that have a user plane configured whether they are actively communicating with a Node B or temporarily inactive. It is the only state in which a UE can be assigned radio resources for user traffic or signalling. UEs transition to the LTE_Active state in order to communicate.  

The LTE_Active substate includes power saving mechanisms which are considered to be simple MAC controlled reconfigurations to reduce the amount of resources required for the UE when no traffic is ongoing (e.g. silence periods in voice, pauses during web browsing).  To keep UEs into this state when inactive for longer periods of time would increase the load on the network in terms of context management and also signalling for handover and so it is envisaged that such UEs would be moved to the LTE_C-Plane-Connected state.

LTE_C-Plane-Connected
The use case for the LTE_C-Plane-Connected state is UEs that do not have a user plane established which the network chooses to keep in a state from which it can transition quickly the LTE_Active state. For UEs in this state the E-UTRAN maintains a security context enabling UE signalling without the delay incurred by authentication. The state is equivalent to the LTE_Idle state with the UE context and no user plane options selected. 

Additionally, this state can support very large numbers efficiently with power saving since no permanent radio resources are occupied (no synchronization) and since no UE context is required at the Node B.  Further, mobility signalling can be minimized on TA basis allowing efficient paging procedure and fast U-plane establishment.  UE can for example be moved to this state if transmission of interactive/background service is interrupted for a longer time or a realtime session (VoIP) is over but there is good LTE coverage in order to allow fast transition to LTE Active in case new data arrives or new VoIP session starts

LTE_Idle

The use case for the LTE_Idle state is UEs that do not have a user plane established which the network chooses to keep in a state from which transitioning to another RAT will be relatively simple but from which transitioning to the LTE_Active state will be slower than from the LTE_C-Plane-Connected state. UEs in this state do not have a context within E-UTRAN.

By including the additional state it is believed that E-UTRAN would provide a flexible structure in which the efficient transfer of UEs inter-RAT and fast transition between non-traffic to active traffic conditions are supported. 

The state model proposed here confines UEs with user planes established or engaged in signalling to the LTE_Active state. In this paper the assumption is that these UEs will have their mobility controlled by network controlled handover.

2.1 Proposal for State Characteristics and State Transitions

The following are proposed as defining characteristics for each of the states:

LTE_Active:

· There is a UE RRC context within E-UTRAN,

· The UE is subject to network controlled handover,

· UE position is tracked within E-UTRAN to the accuracy of a cell,

· The UE has signalling or signalling and data connections established and assigned radio resources at least intermittently,

· There is a Node B scheduling context for the UE,

· The UE maintains timing and/or power control for uplink transmission (possibly to a level configured by MAC – power/ resource saving),

· The UE may be configured to make measurement reports (by RRC and/or MAC).

LTE_C-Plane-Connected:

· There is a UE context within E-UTRAN,

· The UE performs autonomous cell reselection,

· The UE monitors a paging channel,

· The UE is tracked within CN on a tracking area level,

· There is no Node B scheduling context for the UE,

· The UE does not maintain timing and/ or power control for uplink transmission,

· The UE is not required to make measurement reports.

LTE_Idle:

· There is no UE context in E-UTRAN,

· The UE performs autonomous cell reselection,

· The UE monitors a paging channel,

· The UE is tracked within CN on a tracking area level,

· There are no UE specific signalling or data bearers,

· There is no Node B context for the UE,

· The UE does not maintain timing and/or power control accuracy,

It is proposed that the following state changes would be possible:

Idle – Active: A UE would transition to active to establish and RRC context,

Active – C-Plane-Connected: A UE would be moved to the C-Plane-Connected state by RRC instruction.

Active – Idle: A UE would be moved to Idle state by RRC instruction,

C-Plane-Connected –Active: A UE would move to Active state when use of radio resources is required. 

3. Conclusions

It is proposed that by adopting the use of a fourth state the LTE model would provide maximum flexibility in implementing UE power saving and minimising network load. A network deployment could choose to keep inactive UEs in either the LTE_Idle (easing interworking with legacy systems) or LTE_C-Plane-Connected (speeding access to resources) or both. 

Whilst the specifications would contain an additional state the specification process may in total be easier to achieve.
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