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1. Introduction

This contribution provides discussions on the protocol states for Evolved UTRA and UTRAN. In addition, we briefly describe state transition procedures to clarify the protocol states.

2. Discussion

2.1 UE States
Based on the radio interface protocol architecture (R2-051912, “Discussions on LTE protocol layering and channels,” ETRI), we propose the UE states for E-UTRA. 
The states model merges the RRC protocol states and the PMM (Packet Mobility Management) states. This approach will reduce complexity and optimize protocol states. 
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Figure 1.  UE state transitions

Figure 1 illustrates the UE states and the state transitions. 

The UE stays in the Disconnected state until it establishes a PDP context between the UE and the GSN+. In this state, network does not have the location information or routing information for the UE, and then the UE should establish radio connection and PDP context in order to communicate with the network.
In the Active state and the Idle state, the UE is attached to the network and the user traffic can be transmitted between the UE and the GSN+. The GSN+ has the location information of the UE with an accuracy of a URA area or cell area.
The Active state and the Idle state are characterized by

· Active state

· User traffic data can be transmitted between the UE and the GSN+

· Shared radio resources are controlled by the NodeB+ (MAC+)
· UEs perform measurement and send measurement report to the NodeB+
· Idle state
· User traffic data can not be transmitted directly

· Common radio resources are allocated by the NodeB+

· Connection between the UE and the GSN+ is maintained
· Battery consumption of the UE is less than in Active state

Table 1.  Active state and Idle state

	Capabilities
	Active State
	Idle State

	PDP Context
	Established
	Established

	UE location 
	Cell area
	URA area

	Mobility management
	Handover
	URA update

	UE identification
	Cell level ID / URA level ID
	URA level ID

	Radio resources
	Shared traffic channels
	Common channels

	Power saving
	DRX operation
	Paging cycle operation

	Synchronization
	Established DL/UL sync.
	Established DL sync. only


Considering the C-plane latency requirements, transition time to the Active state from the Disconnected state should be less than 100 ms. and transition time from the Idle state to the Active state should be less than 50 ms.  [1].
2.2 MAC+ States
The N-RRC uses the same protocol states as the UE’s, which was shown in Figure 1.

The NodeB+ is responsible for managing radio resources in a cell. Radio resources for common channels can be managed by N-RRC functions. 
To dynamically manage radio resources for shared traffic channels, it is beneficial that the resources are handled by MAC+ layer. For this, we propose that the Active state consists of two MAC+ sub-states as shown in Figure 2.
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Figure 2. MAC+ state transitions
· ACTIVE sub-state
· User traffic data can be transmitted (means Scheduling-ON)
· Measurement channels for packet scheduling are activated

· STANDBY sub-state
· Transmission of user traffic data is suspended (means Scheduling-OFF)
· Measurement channels for packet scheduling are also suspended
The STANDBY sub-state can be used as a temporary state when a UE try to transit to the Idle state. Then, the NodeB+ MAC+ can minimize the allocation of radio resources and reduce power consumption of the UE.
In addition, it is possible to define a management function which controls shared physical control channels in MAC+ layer. The function allocates/releases the channels and enables the NodeB+ to manage the control channels dynamically.
2.3 State Transition Procedures 
Figure 3 illustrates the brief procedure of state transitions between the UE and the GSN+. 
The transition from the Disconnected to the Active state is initiated by the UE and established active PDP contexts remain on the GSN+ and the NodeB+. When the radio connection between the UE and the N-RRC is released, the UE changes from the Active state to the Idle state. In the Idle state, the GSN+ tracks a UE location by tracking the UE’s URA area and the NodeB+ transfers the information to the UE via paging.
[image: image3.wmf]Active

UE

NodeB

+

MAC+

NodeB

+

N

-

RRC

C/U

-

Plane

Agent

Establish Radio Connection

Disconnected

Disconnected

Disconnected

Active

Active

Idle

Allocate Shared Traffic Channels

Perform Attach Procedure

Establish PDP Context

Release Radio Connection

Idle

Idle

Release Shared Traffic Channels

Disconnected 

à

Connected

Active 

à

Idle

Idle 

à

Active

Paging

ACTIVE 

sub

-

state

STANDBY

sub

-

state

Establish Radio Connection

Active

Active

Allocate Shared Traffic Channels

ACTIVE

sub

-

state

Active

L3 signaling

L2 signaling

Reporting


Figure 3. State transition procedure

3. Conclusions

In this contribution, we have proposed an E-UTRA protocol states for efficiently managing packet data services. A simple state transition procedure between the UE and the GSN+ was also presented.
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