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1. Introduction

In the joint meeting in London there was a discussion on LTE MM states. An initial draft was agreed in Tdoc SRJ-050246 [2]. This contribution discusses different ways of interpreting the LTE state model, the effect on C-plane latency and proposes a way forward.

2. Recapitulation from Rel-6

It was clear from the discussion in the previous meeting that part of the difficulties to reach agreements, was due to lack of definitions, and different assumptions on what was meant by idle, connected etc. One particular reason for this confusion seems to be the mixing of states and associated functionalities associated with the state machines present in Rel-6. 

For that reason we here note that in Rel-6, there are two separate state machines that we need to consider:

· PMM state machine: With the states PMM_Detached, PMM_Idle, and PMM_Connected.

· RRC state machine: With the states Idle mode, and Connected Mode. In connected mode, there are the substates: URA_PCH, CELL_PCH, CELL_FACH and CELL_DCH.

The relation between these state machines is illustrated in Figure 1.
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Figure 1: PMM and RRC state machines in Rel-6.

3. Discussion

In SRJ-050246 [2] there are three states mentioned, LTE_Detached, LTE_Idle and LTE_Active. Further, it is commented that the LTE_Active state can include a dormant substate for the purpose of power saving. 

However, due to the aforementioned confusion, there are four different options mentioned for how the LTE_Idle state should be interpreted. From SRJ-050246 [2], it is also unclear whether the E-UTRAN or the core network manages the states.

We believe that one possible source for the difficulty to agree on the LTE_Idle state, was that different companies had different views on whether the LTE_Idle state is something similar to the PMM_Idle state, or a power saving sub-state that belongs to the E-UTRAN.

Moreover, the SAE/LTE brings tighter delay requirements [1] for C-plane latency: 

1. Transition time (excluding downlink paging delay and NAS signalling delay) of less than 100 ms from a camped-state, such as Release 6 Idle Mode, to an active state such as Release 6 CELL_DCH, in such a way that the user plane is established.

The requirement above concerns the transition from some “idle state” to an “active state”, including the establishment of the user plane.  Since the LTE UE state model discussions are still ongoing, we tentatively use, just for the purpose discussing the C-plane latency, the simplified state model illustrated by the figure below.
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Figure 2. Simplified UE state model used for the C-plane latency discussion here

We identify two main approaches of defining the “idle state” from the RAN/CN functional split point of view:

· Approach 1: The “idle state” is defined so that there is no UE context in RAN while the UE is in “Idle state”. This is similar to the Rel-6 RRC Idle Mode.

1. Approach 2: The “idle state” is defined so there is a UE context in RAN when the UE is in “idle state”. This is similar to the URA_PCH RRC state within UTRA RRC Connected Mode in Rel-6.

Depending on “idle state” approach, different amount of signalling information needs to be transferred in order to transit to an “active state”. 

In approach 1 , the transition from “idle state” to “active state” includes in Rel-6 several steps of signalling in order to establish the RAN UE context. The contribution [3] discusses different means of in LTE merge procedures and node structure in order to reduce the amount of messages for this transition. In this proposal, the transition would take 6 messages to complete (3 messages between the UE and RAN and 3 messages between the CN and RAN). The assumption for this proposal is that the UE is pre-authenticated so the integrity and ciphering keys are available. Whether to perform authentication is however a network policy so if the network decides to perform authentication four additional messages would be necessary. 

Before the security mode control procedure (including activation times) the signalling and user data is un-encrypted (and in case of signalling, not integrity protected as well). If the RAB establishment takes place after the security mode control procedure the transition is less weak from a security point of view. This results in the sequence illustrated in figure 3.
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Figure 3. Transition from “idle state” to “active state” when there is no UE context in RAN (approach 1)

From the amount of information and messages necessary in approach 1 above, we draw the conclusion that it is very unlikely that it is feasible to reach even close to 100ms using approach 1 of idle state. 

For approach 2, a UE context in RAN when the UE is in the “idle state” reduces the amount of information exchange in order to reach the “Active state”. This UE context would correspond to the Rel-6 UE context maintained in the RNC in RRC URA_PCH state. This context may also contain the default RAB contexts for this particular UE even if that is not necessary.

Using the RRC URA_PCH to CELL_DCH state transition in Rel-6 as the baseline, the sequence for the transition from “idle state” to “active state” in approach 2 is illustrated figure 4 below.
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Figure 4. Transition from “idle state” to “active state” when there is a UE context in RAN (approach 2)

For approach 2, we note the following:

1. The Radio bearer establishment and Cell update procedures are merged. Already in Rel-6 it is possible to perform Reconfiguration during the cell update procedure so this can be seen as a relatively minor enhancement.

2. Authentication has already been performed and integrity protection and ciphering are already started which makes it unnecessary to include an authentication and security mode control procedure as part of this transition. The messages in this procedure are integrity protected and encrypted (the cell update message can in Rel-6 not be sent encrypted but is integrity protected). Apart from the reduction of the signalling we regard this as a better solution from a security point of view. Please note that it is possible to change integrity and ciphering keys for an ongoing RRC connection in order to support long-lived connections.

3. No signalling to the CN is necessary during the transition from “idle state” to “active state”, which eliminates the delay caused by any UE-CN and RAN-CN signalling.

4. We consider three messages as the minimum possible number of messages for a transition from “idle state” to “active state” regardless of solution. 

5. The sequence shown in figure 4 includes very little signalling information compared to other proposals but can however be further optimized using pre-configured radio bearer information or pre-established radio bearers.

4. Conclusion and Proposal

This paper shows that by keeping a UE context in RAN in the “idle state” (corresponding to approach 2 in the discussion in this document), it is more likely to meet the C-plane delay requirements, than if the “idle state” would correspond to Rel-6 PMM_Idle (approach 1).

We also note that the C-plane requirements could be met by using enhancements to the Rel-6 control plane protocols and using the Rel-6 system architecture if a UE context in RAN is kept in the “idle state”.

Mapping this conclusion to the LTE state model during discussion, it means that:

· To be able to meet a requirement on a C-plane latency of 100ms for the transition from LTE_Idle to LTE_Active, there is a need for a UE context in RAN in LTE_Idle.

We propose the following:

1. The requirements of the LTE_Idle state is moved from the MM state model to a state machine within the MM state LTE_Active. The LTE_Idle state is subject to TSG-RAN definitions.

2. TSG-RAN gets the responsibility to define the substates within LTE_Active.

3. The MM state model and table [2] is updated accordingly.

4. Update the CN/RAN split matrix according to the proposal below.

	Location:

High-level Function:
	RAN
	CN
	Comments

	Location management, Paging, Intra-radio access mobility in LTE_IDLE
	X
	
	CN only see the LTE_ACTIVE and LTE_DETACH states. LTE_IDLE functionality is handled by the RAN.

	· Indicate cell information (PLMN-ID, tracking area-ID, radio parameters) to UE for cell/PLMN selection in LTE_IDLE
	X
	
	

	· Accept/deny and store UE’s location (tracking area) in LTE_IDLE
	X
	
	For paging inactive UEs and for recovery

	· Initiation of Paging of LTE_IDLE UEs within tracking area
	X
	
	

	· Local Storage of subscriber information about allowed PLMNs and location restrictions within PLMN 
	X
	
	To decide on tracking areas allowed for UE/user
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