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1
Introduction

The purpose of this Tdoc is to propose initial working assumptions for the numbers of UE states within E-UTRAN and their characteristics.

2
Discussion

2.1 State Characteristics

Each UE state represents a particular combination of attributes, such as the existence of an E-UTRAN context, and UE behaviours, such as use of cell reselection. The number of states that are implemented in E-UTRAN will reflect the minimum number of combinations of attributes and behaviours that are found to be necessary for efficient system description and operation.

It is proposed that, viewed from within E-UTRAN, the list of attributes/ behaviour is small and may consist of:

1. Whether the UE has an RRC context within E-UTRAN,

2. Whether the UE has a context within Node B for physical resource scheduling,

3. Whether the UE has dedicated (secure) signalling connections established/ active with E-UTRAN,

4. Whether the UE has data connections established/ active with E-UTRAN,

5. Whether UE mobility is based on UE autonomous cell reselection or network controlled handover,

6. Whether the UE is tracked by E-UTRAN and the accuracy level,

7. Whether the UE can be required to report measurements over the air interface, 

8. Whether the UE maintains timing and/or power control accuracy possibly through use of Uu resources.

It is noted that not all members of the list are independent and not all choice combinations imply separate states, it is conceivable that some options could represent parameter setting alternatives within a single state e.g. timing maintained/ not maintained.

2.2 Control of State Change

With the potential migration of functionality to Node B the possibility of introducing two levels of state control, Bearer/Mobility control in RRC and Link Layer control in MAC, has already been identified. It may be useful to identify which features can be delegated to RRC and which can be delegated to MAC control. The following are proposed as a starting point for further discussion:

RRC:
- Whether the E-UTRAN context is retained (switch between idle and connected mode),

-
Whether a UE operates cell reselection or handover,

- Whether the UE is tracked by E-UTRAN and the accuracy,

- Whether a UE has data connections established (but not physical resource assignment),

- Whether a UE has dedicated signalling connections established (but not physical resource assignment),

-
Whether the UE has a node B scheduling context (other than a temporary context for initial signalling),

-
Measurement control for mobility.

MAC:    - Measurement control in support of physical resource assignment and efficient and reliable data transfer,

- Control of UE timing and/ or power control status. 

It is also noted that these proposals could be viewed as conservative and would preclude some behaviour that may prove to be desirable, for example the ability for MAC to control the transfer of UEs between cells within a Node B or for Node B to transfer a UE between handover and cell reselection. 

2.3 States for E-UTRAN
It is proposed that as an initial working assumption for the UE states of E-UTRAN a three state model should be adopted consisting of Idle, Dormant and Active states. The names are adopted from [1].
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Figure 1. Proposed E-UTRAN State Model

Active:

The use case for this state is all UEs that have an RRC context in E-UTRAN and which have a user plane established. Because transition between Active and Dormant states are assumed to be controlled by the E-UTRAN, the holding of UEs in this Active state even if they have no U plane is not excluded.

For simplicity it is assumed that all UEs that are in this state will complete inter cell mobility based on handover (or soft handover in case macro diversity is adopted). 

It is proposed that the characteristics of this state can be summarised as:

· 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 (DCCH) or signalling and data (DTCH) bearers established and active for periods of time,

· There is a Node B scheduling context for the UE and assigns resources for DCCH and DTCH,

· The UE may use Uu resources to obtain and maintain timing and/or power control accuracy,

· The UE may be configured to make measurement reports (by RRC and/or MAC).
The following issues are suggested as needing consideration:

· Is it acceptable that, whenever a UE has a U plane established it should perform network-controlled handover or should cell reselection be possible in some circumstances, possibly via parameter setting rather than state change. The use case for this could be infrequent data transfer. 

· If a UE requires significant Uu resources to maintain timing and/ or power control then during periods of inactivity (DRx) it may be desirable for the UE to operate in a reduced accuracy mode that requires fewer resources or to cease to maintain timing/ power accuracy, possibly increasing access delay. Can this be viewed as MAC parameter setting within a single state.

Dormant:

The use case for this state is all UEs that have an RRC context in E-UTRAN and which do not have a user plane established. As noted above E-UTRAN is not prevented from placing UEs without a U-plane in the Active state.

It is assumed that all UEs that are in this state will implement mobility by autonomous cell reselection and perform cell and/or routing area updates. 

It is proposed that the characteristics of this state can be summarised as:

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

· The UE performs autonomous cell reselection,

· The UE is tracked within E-UTRAN and within CN on a routing area level,

· The UE has a signalling connection (DCCH) established and can be assigned physical resources when required,

· A Node B scheduling context exists only when signalling is active,

· The UE maintains timing and/or power control accuracy, possibly using Uu resources, only for periods in which signalling is active,

· The UE may be required to make measurement reports by RRC and/or MAC when communicating.
The following issues are identified as needing consideration:

· Whether the level of tracking within E-UTRAN is fixed at a single level or whether more than one level is possible.

Idle:

The use case for this state case is UEs that do not have an RRC context in E-UTRAN. 

It is suggested that the primary decision whether to retain such a state falls within the domain of RAN3/ SA2 because of architecture implications and its role in recovery procedures, inter-RAT transfer and other mechanisms. For these reasons it is not argued here whether it should be retained or discarded for E-UTRAN but it is proposed that its use should be adopted as an initial working assumption.

It is proposed that the characteristics of E-UTRAN idle mode can be listed as:

· There is no UE contexts in E-UTRAN,

· The UE performs autonomous cell reselection,

· There are no UE specific signalling and data bearers,

· The UE position is not tracked within E-UTRAN but is within the CN to the accuracy of an RA,

· There is no Node B context for the UE,

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

· The UE does not make measurement reports.
2.5 Changes of State
It is proposed that as initial working assumptions the permitted state changes by RRC would be the following:

Idle to Dormant or Idle to Active,

Active to Dormant, 

Dormant to Active, 

Dormant to Idle, 

Active to Idle.

i.e. all combinations are permitted with the possible exception of permitting only one transfer path from Idle mode. 

3. Conclusions

A three state model, Idle, Dormant, Active has been proposed as initial working assumptions for E-UTRAN and defining characteristics suggested for each state. It is requested that their suitability should reviewed. 

Also, the following open issues should be considered:

Active:

· Is it acceptable that, whenever a UE has a U plane established it should perform network-controlled handover or should cell reselection be possible in some circumstances, possibly via parameter setting rather than state change. The use case for this could be infrequent data transfer. 

· If a UE requires significant Uu resources to maintain timing and/ or power control then during periods of inactivity (DRx) it may be desirable for the UE to operate in a reduced accuracy mode that requires fewer resources or to cease to maintain timing/ power accuracy, possibly increasing access delay. Can this be viewed as MAC parameter setting within a single state.

Dormant:

· Whether the level of tracking within E-UTRAN is fixed at a single level or whether more than one level is possible.
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