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1. Introduction

This contribution proposes a high-level solution for how the idle mode mobility and tracking area concept should be look like in SAE / LTE. The solution is to a large extent independent of the detailed SAE architecture assumptions and uses the terminology of the converged SAE architecture in 3GPP TR 23.882.
This contribution has also been submitted to the RAN3 #50 meeting, with text proposal in section to 23.882. 
2. Discussion

In order for the SAE / LTE system to be state-of-the-art it needs to fulfil a number of system level requirements. This contribution is focusing on the requirements related to the LTE_IDLE state (i.e. a camped, power saving state where the terminal is known on tracking area level) and the state transition from LTE_IDLE to LTE_ACTIVE. 
The LTE_IDLE solution needs to be secure, allow for fast state transition and avoid unnecessary signalling during LTE_IDLE mobility. In practise this means that:

· The tracking area and cell update messages (sent by terminals in LTE_IDLE) need to be integrity protected and terminate in a secure node.
· The majority of the terminal context needs to be kept in the network when the terminal is in LTE_IDLE state in order to minimize the signalling needed to re-establish data transfer.

· The tracking area concept needs to allow for partially overlapping tracking areas within SAE / LTE in order to avoid hard borders between tracking areas, which leads to unnecessary signalling. Methods for minimizing signalling between SAE / LTE and other RATs should also be investigated. 

Out of the proposed requirements above it seems to be a consensus in 3GPP around that most of the functions in LTE_IDLE state should handled by a central function called MME / UPE, this would make it possible to indirectly also fulfil the first bullet assuming the protocol used to perform cell and tracking area updates are integrity protected.
There is also a consensus around that the SAE / LTE system should allow for very fast state transition between LTE_IDLE and LTE_ACTIVE (e.g. below 100 ms), in order to achieve this, most companies probably agrees that there is a need to keep as much of the terminal context as possible in the network when the terminal is in LTE_IDLE, the exact details on the solution is however FFS
. The state transition between LTE_IDLE and LTE_ACTIVE is further elaborated in [1].
Regarding the third bullet the details for intra-SAE / LTE tracking area concept and how to minimize signalling within SAE / LTE has not been discussed so much so far. This is the focus of this contribution. 

3. Overview Tracking Area Concept 
In order to minimize signalling for terminals in LTE_IDLE it is proposed to have a tracking area concept, which allows the tracking areas to partially overlap each other. This means that the cell can belong to multiple tracking areas. Multiple tracking area identities will be broadcasted on the cell broadcast control channel. An example of overlapping tracking areas is shown in Figure 1. In this example the Cell (3) belongs to Tracking Area 1 and 2, while Cell (4) belongs to Tracking Area 2 and 3. 
By having a partially overlapping tracking area configuration it is possible to minimize unnecessary tracking area update signalling, which consumes UE power and network signalling resources, and increases the risk that the terminal will miss a page. The principles is based on always assigning the terminal to a tracking area which is centred on the terminal location, and only change tracking area when the terminal leaves the current tracking area or when the terminal performs a periodical tracking area update. By not having a hard border between two different tracking areas it is possible to avoid unnecessary toggling between tracking areas when the terminal is moving around in the local area.
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Figure 1 Example of Overlapping Tracking Areas
4. Detailed Solutions

4.1 LTE states and states transitions

When the terminal powers on in the SAE / LTE system it is assumed that it will make the state transition from LTE_DETACHED to LTE_ACTIVE. During this state transition a terminal context will be established in the network. This terminal context will contain among other things a security context, RRC context, terminal capability context, QoS / RB context, IP address as well as temporary terminal identities (e.g. URNTI, P-TMSI). 
After terminal have attached to the network it may be ordered to LTE_IDLE state by the network. The terminal will also be assigned to a tracking area which is used when the terminal is in LTE_IDLE state. The trigger to send the terminal to LTE_IDLE state can be based on inactivity timers or other information (load, mobility etc.). In order to avoid consistency problems between the network and terminal it is assumed that the network will always order the terminal to LTE_IDLE and that terminal will not be allowed to make the transition to LTE_IDLE by itself (e.g. based on some timer as in GSM/GPRS). It is unclear if there would be any benefits with a timer based solution for the LTE_ACTIVE to LTE_IDLE state transition, and it would most likely lead to additional complexity to synchronize the terminal and network context
.
The different LTE states and the possible state transitions are illustrated in Figure 2.
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Figure 2 LTE States and States Transitions

4.2 Cell Update Procedure (state transition)

When the terminal is in LTE_IDLE state it will be in DRX mode (discontinuous reception) and listen to paging request messages on the paging channel. The terminal will perform cell changes autonomously and only perform tracking area updates on a periodical basis and when the terminal enters a new cell which does not support the current tracking area.
When UL data or signalling arrives or when the terminal is paged for DL data or signalling, the terminal will send a cell update message in the cell it is currently camping on. A possible Cell Update procedure is illustrated in Figure 3. The Cell Update message will contain the temporary identity (e.g. RNTI) assigned by the MME / UPE. When the Node B receives the cell update message it will route the message to the MME / UPE owning the temporary identity (e.g. parts of the temporary identity identifies the MME / UPE). This makes it possible to support a multi-to-multi configuration between Node Bs and MME / UPEs.
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Figure 3 Proposed Cell Update Procedure
4.3 Tracking Area Update Procedure (mobility)

When the terminal in LTE_IDLE state enters a new cell it will read the system information broadcast, to see which tracking areas the cell belongs to. If the cell does not belong to the same tracking area as the terminal has been assigned to, the terminal will initiate a tracking area update procedures. The procedure is illustrated in Figure 4 below. The terminal will send a tracking area update message containing the temporary identity of the terminal. The Node B will route the message to the correct MME / UPE. The MME / UPE will respond by sending a tracking area update response message, which assigns the terminal to a new tracking area and orders the terminal back to LTE_IDLE. Since there is a multi-to-multi relationship between the Node B and MME / UPE there is in most cases no need to change MME / UPE when the terminal moves in the network.
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Figure 4 Proposed Tracking Area Updated Procedure (Due to Mobility)
A special case to the procedures is when there is no direct connection between the new cell and the serving MME / UPE (e.g. due to regulatory, network organizational reasons). In this case it is required to perform a MME / UPE relocation, where the terminal is assigned to a new MME/UPE while keeping the Inter-AS Anchor. More details on this scenario can be found in [3].
Similarly during mobility to/from other 3GPP accesses (e.g. GERAN) the terminal will enter the target system and perform a tracking area updated procedure. During this procedure the terminal will provide the network with identities (e.g. P-TMSI, NRI and Routing Area identity), which can be used to find the MME / UPE having the terminal context.

4.4 Tracking Areas Overlapping E-UTRA / UTRA Cells

If both UTRA and E-UTRA cells are integrated under the MME / UPE it would be possible to support tracking areas overlapping E-UTRA / UTRA Cells. The advantages is that SAE / LTE capable terminals in LTE_IDLE can move between E-UTRA and UTRA cells without performing signalling. This tight integration will also give performance benefits for LTE_ACTIVE mobility (shorter interruption due to relocation free handovers). The requirement for such a solution is that the higher protocol layer of the terminal (i.e. those terminated in the MME / UPE) is the same for terminals capable of operating on both of the radio interfaces. It is also beneficial if the functional split over the interface between the Node B and MME / UPE is similar for both E-UTRA and UTRA.
5. Relation to Reference Architecture

Figure 1 show the current reference architecture for SAE in SA2. In the proposed solution for the tracking area concept the MME / UPE terminates the tracking area and cell updates signalling towards the terminal. It also initiates paging over a tracking area. By supporting a multi-to-multi configuration between MME / UPEs and Node Bs it is possible for several MME / UPE to have terminals in the same tracking area, which means there is no need for hard tracking area borders between MME / UPE coverage areas. No central RAN node is required in order to support the LTE_IDLE concept. 
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Figure 5 
SA2 #49 Converged SAE Architecture
6. Summary

In this contribution a tracking area concept for SAE / LTE is presented. The concept shows how partially overlapping tracking areas can be supported independently of the detailed SAE / LTE architecture. It is proposed to add the text in the proposal section below to the TR 23.882 to indicate that this type of concept is required in the SAE / LTE architecture.
References

[1]  R2-060021

 “LTE states”, Source: Ericsson

[2]  R2-052428
“Further discussion on LTE_IDLE within SAE / LTE”, Source: Ericsson
[3]  R3-060048
“Support for multi-to-multi relationship between MME/UPEs and Node Bs (S1-flex)”, Source: Ericsson
Text Proposal to TR 23.882:
7.3
Tracking Area

7.3.1
Description of issue

In GSM, mobiles are tracked in Location Areas and Routeing Areas. In UMTS, mobiles can be tracked in UTRAN Registration Areas as well as LAs and RAs. Within this Technical Report, Tracking Area is used as a generic name for LA, RA and URA.

Within the LTE/SAE work, there has been debate about how many levels of Tracking Area there should be.

7.3.2
Agreements on Tracking Area Issues

It is agreed that:

-
There is only one common Tracking Area concept defined for RAN and CN in LTE/SAE.

-
The location of a UE in LTE_IDLE is known by the network on a Tracking Area granularity.

-
A UE in LTE_IDLE is paged in all cells of the Tracking Area in which it is currently registered.

-
It should be possible for one cell to belong to multiple Tracking Areas, and that Tracking Areas should be allowed to partially overlap each other in order to avoid unnecessary Tracking Area update signalling for terminals located on a Tracking Area border. 







































































































































































































































































































































































































































































































� In [2] Ericsson proposes that the RRC connection (incl. temporary identities), the terminal capability context, the radio bearers and other QoS information, and the security contexts need to be kept in the network when the terminal is in LTE_IDLE.


� For the transitions between the MAC sub states within LTE_ACTIVE it might be possible to allow the terminal to make the transition from MAC_ACTIVE to MAC_DORMANT without performing network signalling (e.g. timer based) [1].
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