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1. Introduction

The LTE requirement specification [1] includes rather strict delay requirements for LTE state transitions. The requirements include a transition delay of less than 50 ms from a “dormant” state to 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]). 

However, only a limited discussion has yet taken place on what procedures these transitions may involve, and how these “states” should be comprehended. The purpose of this contribution is to initialize such a discussion in RAN2.    

2.  The Purpose of UE States

Conceptually, UE states are defined to capture the type and level of activity a UE can, or is obliged to perform in each state. With different UE states, it is therefore possible to achieve different goals listed in the following bullets: 

1. UE power saving. An in-active UE should be moved to a state allowing for longer standby times. A somewhat elevated wake-up time may be acceptable after periods of inactivity. Still, the UE must be reachable from the network, and the UE must be able to reach the network.   
2. Network resource preservation. Maintaining an idle UE in the most “active” state may consume some network resources. Thus, the network may need to move the UE to a state where those resources can be preserved.  
3. UE mobility management. The UE must be reachable, i.e. its location must be known. The location accuracy knowledge may be reduced as a function of inactivity.  The accuracy in location knowledge is a well-known trade-off between UE initiated area registrations with the network and the number of paging messages to all the cells of a tracking area.    
4. UE connection preservation in the network. The UE state machinery can capture if the UE is known in the network or not. A UE context in the network may include authentication and security parameters and/or protocol instances facilitating fast transmission after hibernation.   
Aspects related to the 3rd bullet on mobility management have partly been agreed in [2]. This agreement is briefly reviewed below. The 4th issue related to connection preservation during LTE_Idle is dealt with in contribution [3]. This contribution focuses on the first two bullets related to UE and network resource preservation. 

3. Agreements on LTE UE Mobility Management States 

The joint RAN /SA2 meeting in London concluded on an initial draft on UE Mobility Management states. The agreement is captured in Tdoc SRJ-050246 [2]. The agreement includes three MM states:  

1. LTE_Detached: A null-state, where the UE is unknown to the network and not reachable.  
2. LTE_Idle: This state captures the main mobility management aspect, namely the need for UE tracking area registrations and network paging areas. A tracking/paging area typically covers a number of cells and base-stations. 

3. LTE_Active: The network knows the cell-location of the UE. 

The agreement in [2] captures the MM aspect referenced in bullet #3 in Section 2. However, the agreement in [2] also includes a note that LTE_Active may include sub-states for UE power-preservation. Below, we are dealing with aspects that could be covered by such sub-states within LTE_Active.   

4. Dormancy within LTE_Active

The main agreed aspect characterizing the LTE_Active state is the fact that the network knows the UE location. While LTE_Idle is assumed to be the main UE camped state, it appears beneficial to save UE power and network resources during shorter inactivity periods without refraining from accurate location knowledge in LTE_Active. 

This fact motivates the introduction of some “Dormancy” functionality or sub-state within the LTE_Active state (see Figure 2). Such “Dormancy” also conforms with the requirement model in [1]. In particular, we identify the delay requirement of less than 50 ms for the transition from “Dormancy” to “Active”. 
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Figure 2: A UE state model including Dormancy within LTE_Active.

  As a non-conclusive list of functions potentially affected by this “RAN_Dormancy”
, we note e.g.

1. Uplink synchronization: After a certain period of in-activity, the UE may have to re-synchronize its uplink prior to any uplink transmission. Maintaining uplink synchronization during longer periods of inactivity could consume both UE and network resources. 

2. Discontinuous listening to scheduling commands (“Cell-paging”): After periods of in-activity, the UE may listen less frequently toscheduling commands.

3. UE measurement activity and measurement reporting: For example, the link quality estimation may be discontinued after a certain period of in-activity. Note that such discontinuity does not only affect UE resource preservation, but also network resource consumption.    
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Figure 3: A state model including several Dormancy levels within LTE_Active.

Whether all the aspects related to the dormancy is dealt with in a single “state transition” (Figure 2), or independently function by function, defines whether we have one or several levels (“states”) of hibernation within “LTE_Active”, see Figure 3.  Regardless of this, it should be ensured that the wake-up of a sleeping UE involves very limited signalling so that the delay requirement can be fulfilled.

5. Conclusion and proposal

The present paper highlights the need to define “Dormancy” within the LTE_Active state. This dormancy affects a number of functions, including e.g. uplink synchronization, measurements, and cell paging/scheduling. We stress the need for smooth transitions between this “Dormancy” and “Active”, in order to achieve long battery lifetime, good service quality, and high network resource utilization efficiency. We urge RAN 2 to work on identifying affected functionality, and defining smooth transitions between such dormant and active sub-states within LTE_Active.  

We propose that a list of bullets defining the purpose of UE states (c.f. Section 2) is included in the RAN2 TR 25.813 [4]. We also propose that a list of functions affected by the UE state model (the bullets in Section 4) is included in the same TR.  A draft text proposal is provided in the attached appendix.   
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Appendix:

Draft text proposal for TR 25.813: 

X. UE states

UE states are defined to capture the type and level of activity a UE can, or is obliged to perform in each state.   

X.Y Purpose of UE states

The UE state model for LTE shall fulfil the different design goals listed in the following bullets: 

1. UE power saving. An in-active UE should be possible to move to a state allowing for longer standby times while maintaining the possibility of the UE to be reached from the network, and the UE able to reach the network.   
2. Network resource preservation. It shall be possible for the network to move the UE to a state where network resources can be preserved.  
3. UE mobility management. The UE must be reachable, i.e. its location must be known. However, it should be possible to have a trade-off between UE initiated area registrations with the network and the number of paging messages to all the cells of a tracking area to reach the UE.    
4. UE connection preservation in the network. The UE state machinery shall allow for storage of UE context (e.g. authentication and security parameters and/or protocol instances) facilitating fast transmission after hibernation.
X.Z Functions affected by the UE state model

In the UE state model it should be possible to influence the UE activity related to the following functions

1. Uplink synchronization: After a certain period of in-activity, the UE is required to re-synchronize its uplink prior to any uplink transmission. 

2. Discontinuous listening to scheduling commands and/or paging: After periods of in-activity, the UE may listen less frequently to scheduling commands and/or paging messages.

3. UE measurement activity and reporting.    
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� Here, we use the prefix “RAN_” in the naming, to clearly distinguish these states from the RRC states in Rel-6. Other naming conventions may be applicable and appropriate. 
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