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1. Introduction

(This contribution has been also submitted to the RAN WG2 meeting)

At the joint meeting RAN and SA2 meeting in Tallinn the LTE_IDLE state for SAE / LTE was discussed, in contributions [4]-[12]. No conclusion regarding the definition of the LTE_IDLE state and which network node should keep the MS/UE context was reached at the meeting.

This contribution argues for supporting LTE_IDLE in a central node and not in Node B. Furthermore the contribution shows the benefits of keeping as much of the MS/UE Control Plane and User Plane protocol context as possible in the LTE_IDLE in order to avoid the need to re-establish the UE context during the transition from LTE_IDLE to LTE_ACTIVE state. 

2. Short Recapitulation from Rel-6

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 on where LTE_IDLE should be supported

3.1. Basic Assumptions

In today’s system a large number of MS / UEs is in a power saving state (e.g. for every active terminal sending data in a cell there will be many more terminals that are inactive). This assumption is expected to be true also for SAE / LTE systems. Even if the terminal has been assigned an IP address there is still a need to keep the terminal in power saving mode in order to save terminal power, network resources and signalling.

When a terminal is inactive it is not necessary for the network to keep track of the terminal on cell level. On the contrary it is better to let the terminal roam freely over a number of cells in order to avoid unnecessary signalling to keep track of inactive terminals.

3.2. Supporting LTE_IDLE in a central RAN / CN node

Supporting the LTE_IDLE in a central RAN / CN node is the most straightforward approach. The solution would be similar to how existing networks e.g. GERAN, UTRAN handles idle states (GPRS Standby, PMM_IDLE, URA_PCH). The solution is based on having a central node assigning temporary identities to the terminal. These identities is used to page the terminals over a “registration area” when the UE receives the page it respond by sending a “page response” message which is routed to the central node.

3.3. Supporting LTE_IDLE in the Node B

If the LTE_IDLE state should controlled by the Node B, there is a need for each Node B to keep track of inactive terminals and perform paging in neighbouring Node Bs (belonging to the same “registration area”) when DL data arrives for an inactive terminal. 

Similarly when a terminal in LTE_IDLE wants to send UL data the terminal needs to perform a “cell update” procedure. If the Node B, which the terminal performs the “cell update” in, is different from the “serving” Node B, which stores the terminal context, a Node B relocation procedure needs to be performed. 

It is not expected that there will be any performance gains of supporting LTE_IDLE in the Node B, as compared to supporting LTE_IDLE in a central node. In most cases the UE will move during the time it is in LTE_IDLE and if the UE then needs to perform a transition to LTE_ACTIVE the network first needs to perform a Node B relocation (involving signalling with a central node) before it can start to receive data.

In addition the following drawbacks with supporting LTE_IDLE in Node B can be seen. 

1. Increased requirements on memory and processing in Node B. Today the Node B only handles a limited number of terminals that are active in the cell. If the Node B also should handle inactive terminals this would significantly increase the number of UE context that the Node B need to handle at the same time, leading to increased memory and processing requirements on the Node B. Also the variation of the number of UE context that the Node B needs to handle will be very large.

2. The need to support inter-Node B paging and location updating. If the Node B handled the LTE_IDLE terminals there is a need to have an CP/UP interface between the Node Bs for paging, UE initiated location updates, packet forwarding etc. This causes extra system complexity and is not needed if a central node handles LTE_IDLE.

3. More difficult to achieve good inter-working in LTE_IDLE state between different RATs. If LTE_IDLE state is supported in the Node B it is very unlikely that there would be any interfaces between each Node B and other access technologies (e.g. GERAN, UTRAN). These interfaces could be used to minimize the signalling when the UE toggles between different RATs. If LTE_IDLE state were supported in a central node it would be easier to support such interfaces (e.g. Iur, Gn) 

In conclusion, it is therefore recommended not to support LTE_IDLE in the Node B. 

4. Discussion on the content of the UE context in LTE_IDLE

4.1. Latency Requirements

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

· 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 LTE_IDLE to an LTE_ACTIVE, 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 1. Simplified UE state model used for the C-plane latency discussion here

4.2. Why it is important to keep as much UE context as possible in LTE_IDLE

We identify two main approaches of defining LTE_IDLE in a RAN/CN central node:

1. Approach 1: The LTE_IDLE is defined so that there is no RRC connection or Radio Bearers (incl. UP ciphering) context kept in the central node while the UE is in LTE_IDLE. This is similar to the Rel-6 RRC Idle Mode.

2. Approach 2: The LTE_IDLE is defined so there is a RRC connection and Radio Bearers (incl. UP ciphering) context kept in the central node when the UE is in LTE_IDLE. This is similar to the URA_PCH RRC state within UTRA RRC Connected Mode in Rel-6.

Depending on LTE_IDLE state approach, different amount of signalling information needs to be transferred in order to transit to an LTE_ACTIVE state. 

In approach 1: the transition from LTE_IDLE to LTE_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 5 messages over the radio interface to complete, this is assuming it is possible to bundle procedures for “service activation” and “security mode command” with the RRC connection set-up. If this bundling for some reason cannot be performed it is assumed that 8 messages would be needed.

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 4 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). This results in the sequence illustrated in figure 3.
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Figure 3. Transition from LTE_IDLE to LTE_ACTIVE state when there is no RRC connection or Radio Bearers context kept in the central node (approach 1)

From the amount of information and messages necessary in approach 1 above, we draw the conclusion that it would be very difficult to reach 100ms transition time using approach 1 of LTE_IDLE.

For approach 2, the UE context in the central node contains RRC and RB information when the UE is in the LTE_IDLE state. This reduces the amount of information exchange in order to reach the LTE_ACTIVE. This UE context would correspond to the Rel-6 UE context maintained in the RNC in RRC URA_PCH state. 

Using the RRC URA_PCH to CELL_DCH state transition in Rel-6 as the baseline, the sequence for the transition from LTE_IDLE to LTE_ACTIVE state in approach 2 is illustrated figure 4 below.
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Figure 4. Transition from LTE_IDLE to LTE_ACTIVE state when there is there is RRC connection or Radio Bearers context kept in the central node (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. 

3. We consider three messages as the minimum possible number of messages for a transition from LTE_IDLE to LTE_ACTIVE state regardless of solution. 

4. 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.

In conclusion, it is therefore recommended to define LTE_IDLE in such a way that the RRC and RB context is kept when the UE is in LTE_IDLE state.

Note: This recommended solution does not influence the solutions to support local roaming restrictions or solutions to allow “registration” areas to overlap multiple RATs.

6. Conclusion and Proposal

This contribution shows that there are clear advantages with regards to complexity with supporting the LTE_IDLE state in a central RAN / CN node. It is therefore proposed that 3GPP adopt a working assumption that the LTE_IDLE state should not be handled by the Node B, meaning the Node B only handles terminals in LTE_ACTIVE.

This contributions also shows that there are clear advantages with regards to latency and signalling complexity with keeping an RRC like context (incl. RRC connection, RB, Security) in a central RAN / CN node when the UE is in LTE_IDLE state. It is proposed that 3GPP adopt the working assumption that this type of context should be kept in LTE_IDLE.

Proposed updates to the RAN / CN functional split document:

	Location:

High-level Function:
	RAN
	CN
	Comments

	Location management, Paging, Intra-radio access mobility in LTE_IDLEIdle mode
	FFS
	FFS
	

	· Indicate cell information (PLMN-ID, tracking area-ID, radio parameters) to UE for cell/PLMN selection in LTE_IDLE
	X
	
	It is FFS if the PLMN-ID should be subdivided.

In eNodeB 

	· Accept/deny UE’s location (tracking area) in LTE_IDLE
	FFS (5)
	FFS (9)
	Should not be performed in Node B.

	· Store UE’s location (tracking area) in LTE_IDLE
	FFS (5)
	FFS (11)
	Should not be performed in Node B.
For paging inactive UEs and for recovery

	· Initiation (trigger) of Paging of LTE_IDLE UEs within tracking area
	FFS (7)
	FFS (10)
	Should not be performed in Node B.

	· Local Storage of subscriber information about allowed PLMNs and location restrictions within PLMN 
	FFS (5)
	FFS (14)
	Should not be performed in Node B.
To decide on tracking areas allowed for UE/user
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