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1. Introduction

In RAN2 LTE adhoc meeting in Sophia Antipolis(20th-21st, July, 2005), there were some discussions of LTE-RRC protocol states.  Common understanding was to simplify RRC protocol states as stated in [1].  And, LTE-MM was discussed in RAN2-RAN3-SA2 joint meeting in London(1st-2nd, Sep, 2005). As the result, we had common understanding as shown in [2]
In this document, we propose protocol states definition for LTE-RRC and LTE-MAC. This document discusses protocol states for three protocols, such as LTE-MM, LTE-RRC and LTE-MAC. Assumed network architecture is illustrated in Figure 1. And, this document only consider about unicast service.
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Figure 1 Simplified Protocol Stack Architecture for LTE
2. Proposed protocol states
2.1.  New protocol states definition

Figure 2 and Figure 3 show the proposed protocol states of LTE-MM, LTE-RRC and LTE-MAC in network and UE, respectively. As we agreed in [2], three LTE-MM states, such as LTE_Detached, LTE_Idle and LTE_Active, exist in LTE. The definition of other protocol states is described below. Identifiers which would be used in each protocol states, such as IMSI, P-TMSI and different RNTIs, and detailed procedure for states transition are not discussed here, since we think these are topic are after the discussion of protocol states.
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Figure 2 LTE Protocol states from network perspective
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Figure 3 LTE Protocol states from UE perspective
LTE-RRC level
We firstly provide a comparison of legacy RRC states and our proposal. Next, we define LTE-RRC states.
We removed state like CELL_FACH, which is RAN2's common view. LTE-RRC state equivalent to legacy CELL_PCH is replaced by sub-state of LTE-MAC for call setup delay reduction. We believe that the state equivalent to current RRC idle mode would be required. For example, when we consider that huge number of machines will use E-UTRA functionalities for machine to machine communication, state like RRC idle mode should be used as default state for machines to save E-UTRAN resources. On the other hand, the state equivalent to URA_PCH could be removed, since we need state like current RRC idle mode as described before and we can improve call setup time by new architecture and new procedure. As a conclusion, we propose that LTE-RRC only has states which are corresponding to CELL_DCH RRC states and idle RRC mode. Proposed LTE-RRC state from E-UTRAN perspective are as follows.
[Network LTE-RRC states]

· LTE-RRC Active state

· This state is same as LTE_Active state of LTE-MM.

· E-UTRAN knows the cell which UE belongs to.

· E-UTRAN has an LTE-RRC connection. LTE-RRC context for UE exists in LTE-RRC of E-UTRAN and it is actively used.
· Network can transmit and/or receive data to/from UE.

· This state has two sub-states as modes of LTE-MAC, but these are transparent to LTE-RRC.

· LTE-RRC Idle state

· This state is same as LTE_Idle state of LTE-MM.

· E-UTRAN doesn’t know the cell which UE belongs to. E-CN knows the location area which UE belongs to.
· E-UTRAN doesn’t have an LTE-RRC connection with UE. LTE-RRC context does not remain in LTE-RRC of E-UTRAN.
· Network can’t transmit and/or receive data to/from UE.

UE LTE-RRC states will be equivalent to network protocol states. However, UE protocol operation which is equivalent to LTE-RRC Idle state of network could be divided into several states, since synchronisation of these states with network is not maintained. An adequate parameter and/or behaviour will be different depending on UE situation from cell (re)selection point of view. Hence, we believe that UE protocol states should be specified in greater detail compared to network protocol states. Additionally, it is necessary to consider states of UE under LTE_Detached. E-UTRAN can’t detect this situation, but UE has some states. As a conclusion, we propose to have two states under LTE_Detached and LTE_Idle respectively. That is, LTE-RRC Idle state from network perspective can be divided into “Cell Selection state” and “Camp Normally state” from UE perspective. Further, LTE_Detached state can be divided in “Cell Selection state” and “Camped on Any Cell state” from UE perspective.
Proposed LTE-RRC states from UE perspective are as follows.
[UE LTE-RRC states]
· LTE-RRC Active state

· This state is same as LTE_Active state of LTE-MM.

· UE has found the cell which provides service.
· UE has an LTE-RRC connection. 
· LTE-RRC context exists in LTE-RRC of UE and it is actively used.
· UE can transmit and/or receive data to/from network.

· This state has two sub-states as modes of LTE-MAC, but these are transparent to LTE-RRC.

· Cell Selection state
· UE can’t find any cell which provides service.
· UE does not have an LTE-RRC connection. 
· LTE-RRC context does not remain in LTE-RRC of UE.
· Camp on Normally state

· UE has found the cell which provides service. 
· UE does not have an LTE-RRC connection. LTE-RRC context does not remain in LTE-RRC of UE.
· UE can’t transmit and/or receive data to/from network.
· Camp on Any Cell state

· UE can find the cell which provides limited service. 
· UE doesn’t have an LTE-RRC connection.

· UE can’t transmit and/or receive data to/from network.
· LTE-RRC context does not remain in LTE-RRC.

Note that “Cell Selection state”, “Camp on Normally state” and “Camp on Any Cell state” could be merged just as LTE-RRC Idle state. In this case, these states could be clarified as LTE-MAC modes. 
LTE-MAC level
We propose to have sub-states handled by LTE-MAC in LTE-RRC Active state. There are two reasons for this. One is to reduce L3 message exchange. The other is to realize faster transition relative to the state transition managed by LTE-RRC. Both would be merit in UE battery power consumption and radio resource utilization. Proposed sub-states in LTE-MAC are as follows.
· LTE-MAC Active state
· UE can transmit and/or receive data to/from network. 
· LTE-MAC context remains in LTE-MAC and it is actively used.
· LTE-MAC Dormant state
· UE does not transmit and/or receive data to/from network for some period. That is, DRX and DTX are used.
· LTE-MAC context exists in LTE-MAC, but it is not actively used.
2.2.  Protocol states transition
States transition method is categorized as follows.
Registration procedure (transition to “LTE-MM Active/LTE-RRC Active state” from “LTE_Detached state”)

· LTE-MM messages and LTE-RRC messages are exchanged between UE and E-UTRAN/E-CN.
· E-CN and E-UTRAN don’t have any contexts before registration procedure. Fast states transition will be realized by concatenation of LTE-MM messages and LTE-RRC messages.
Transition between LTE-RRC protocol states

· LTE-MM signalling and LTE- RRC messages are exchanged between UE and E-UTRAN/E-CN in normal case. When UE enters out-of service area, timer which is managed by LTE-RRC will be used.
· E-CN has context for UE. Fast states transition will be realized by effective reuse of context which is maintained in E-CN and concatenation of LTE-MM messages and LTE-RRC messages.
Transition between LTE-MAC protocol states
· LTE-MAC states transitions are managed by LTE-MAC. L3 signalling is not required for this transition.
3. Conclusions

We propose new protocol states as shown in Figure 2 and Figure 3. We also propose to agree following points to be captured in section5.4 of RAN2 LTE TR.
· LTE-RRC has at least two states: LTE-RRC Active state and LTE-RRC Idle state. States transitions among these states are governed by LTE-RRC signalling or timer mechanism controlled by LTE-RRC.
· LTE-MAC has two sub-states in LTE-RRC Active state: LTE-MAC Active state and LTE-MAC Dormant state. State transitions between LTE-MAC sub-states are governed by LTE-MAC. LTE-RRC signalling is not required for this transition.
And, we believe the necessity to consider protocol states from UE and E-UTRAN perspective separately exists as described in section2.1. This is applicable when considereing LTE-RRC Idle state and LTE Dettached state from E-UTRAN perspective. We therefore propose to agree following point as principle to consider these protocol states.
· State of UE might be defined in more details relative to the state of network in LTE-RRC Idle state and LTE_Detached state, since only UE knows the real time condition from the cell (re)selection point of view. It is necessary to consider this point, and to discuss adequate LTE-RRC protocol states or mode definition.
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