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1. Introduction
At the TSG RAN WG3 #53bis meeting in Seoul the tracking area concept for SAE / LTE was discussed. At the meeting it was agreed to limit the number of remaining options to 2 and to liaise CT1, RAN2 and SA2 for feedback. This contribution is analysing the two proposals from [R3-061595] and proposes to adopt the “multi-TA Registration” solution.

Currently in the SA2 TR 23.882 section 7.3.2 and [R3-061595] there are two different solutions described for the intra-LTE tracking area concept. One is based on overlapping (or partially overlapping) tracking areas (in this contribution called the “Overlapping Tracking Areas”) and the other is based on assigning multiple non-overlapping tracking areas to the same terminal (in this contribution called the “Multi-TA Registration”). Both concepts meet the basic requirements on flexibility, and provide a hysteresis mechanism to avoid frequent tracking area updates.

In this paper it is proposed to adopt the “Multi-TA Registration”. The motivation for this is that the concept is slightly more flexible than the “Overlapping Tracking Areas”, puts less requirements on system info broadcast in cells, and it is more inline with the solutions being discussed for key issue “limiting idle mode signalling” in the SA2 TR.

2. Short description of the two concepts
2.1
Multi-TA Registration
The “Multi-TA Registration” is very similar to existing Routing Area concepts in GERAN/UTRAN today. Each cell in the network broadcasts one tracking area identity (TA_Id) for each CN operator. When the terminal in idle state, enters a new tracking area, which it has not been assigned to, it will perform a tracking area update procedure. As a result of this procedure the terminal will be assigned to the new tracking area it enters (using the tracking area update response message). In the “Multi-TA Registration” the terminal may also be assigned additional tracking areas as a result of the tracking area update procedure. These additional tracking areas are treated in the same way as in the single TA case, meaning that as long as the terminal moves within the tracking areas it has been assigned to it will not perform any tracking area update procedures except periodical updates.

Since it is the same node/function that is allocating all the tracking areas, only one CN identity (P-TMSI) is needed for all tracking areas (Note: The impacts of this restriction on P-TMSI allocation is FFS). When the terminal enters a new cell or access belonging to a new tracking area the terminal can use one of the old tracking area id plus the P-TMSI as a valid identity.
By supporting this concept it is possible to avoid unnecessary tracking area updates for terminal located on tracking are borders. This is illustrated in Figure 1 where the terminal located on the border between TA2 and TA3 can be assigned to both tracking areas.

The terminal will be paged in all tracking areas it has been assigned to. The network is allowed to optimise the order in which it pages the terminal (e.g. it can start in last known cell or TA before it pages in all areas).
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Figure 1: Non-overlapping Tracking Areas (Multi-TA Registration)
2.2
Overlapping Tracking Areas
The “Overlapping Tracking Areas” is the same as the UTRAN Registration Area concept that is used in RRC connected mode in UTRAN. Multiple tracking area identities (TA_Id) may be broadcasted in each cell. As long as the terminal are moving in cells that belong to the same tracking are that the terminal has been assigned to the terminal does not need to perform any tracking are updates (except periodical updates). When the terminal enters a new cell not broadcasting the TA_id the terminal has been assigned, the terminal will perform a tracking area update procedure. As a result of the tracking area update procedure the terminal will be assigned a new tracking area that is available in the cell. The solutions for deciding which of the available tracking areas in the target cell the terminal should be assigned to are FFS. 

The concept of overlapping tracking areas is illustrated in Figure 2. The cell the terminal is in has two available tracking areas TA3 and TA4. In case the terminal was previously in TA1 or TA2 before entering the current cell it would most likely be assigned TA4. On the other hand if the terminal was earlier coming from a cell belonging toTA3 it can stay in TA3 also in this cell.
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Figure 2: Partially overlapping tracking areas
3. Requirements on the Tracking Area Concept
3.1
Flexibility

When configuring tracking areas in the network there will always be tradeoffs between tracking area size and paging load:

· Small tracking areas leads to less paging load in the system, but to more tracking area update messages.

· Large tracking areas leads to more paging load in the system, but to fewer tracking area update messages.

It might be beneficial to have a tracking area concept that allows some flexibility on the size of the area a given UE will be paged in. For instance a stationary UE can be assigned to a small paging area, while a UE that is moving through the system can be assigned to a large paging area. In a number of different RAN2/3 and SA2 contributions, different schemes have been proposed to achieve this (e.g. distance based paging, velocity based paging, special tracking areas for stationary UEs). It is however the opinion of Ericsson that this flexibility if it is required can equally well be supported by the “Overlapping Tracking Areas” or the “Multi-TA Registration” without the additional complexity associated with these other more advanced schemes.

Example 1 (“Multi-TA Registration”):

Using the “Multi-TA Registration” it would be possible to create smaller tracking areas than what is normally used today in GERAN/UTRAN, but then assign “moving” UEs to multiple tracking areas covering a larger area, but “stationary” UEs can be assigned to a single tracking area in order to minimize the paging load. Other more advanced realizations of the “Multi-TA Registration” are also possible based on implementation and configuration.

Example 2 (“Overlapping Tracking Areas”):

Using the “Overlapping Tracking Areas” it would be possible to support hierarchical overlapping tracking areas where moving UEs can be assigned to large “macro” tracking areas and stationary UEs can be assigned to smaller “micro” tracking areas

Conclusion:
Both the proposed concept in the SA2 TR meets the requirements on flexibility. There is no need for any more advanced (and complex) concepts. The “Multi-TA Registration” is slightly more flexible than the “Overlapping Tracking Areas” since the paging area for specific UE can be configured dynamically, while in the “Overlapping Tracking Areas” all paging areas are pre-allocated. Further, non-overlapping Tracking Areas make it easier to interpret any performance data that is defined per Tracking Area ID.
3.2
Tracking Area Hysteresis
It has already been agreed in SA2 that the tracking area concept should support mechanisms to avoid excessive Tracking Area update signalling within LTE, for terminals located on a Tracking Area border.

Both the “Overlapping Tracking Areas” and the “Multi-TA Registration” support this functionality.
Example 1 (“Multi-TA Registration”):

Using the “Multi-TA Registration” the UE who is first assigned to Tracking Area “A” and later moves to a cell belonging to Tracking Area “B” can then be assigned to both Tracking Area “A” and “B”. If the UE subsequently toggles back to a cell belonging to Tracking Area “A”, it does not need to perform any tracking area update. By using this concept it would be possible to avoid toggling across tracking area borders which were not foreseen in the initial network deployment e.g. if indoor and outdoor systems use different tracking areas.

Example 2 (“Overlapping Tracking Areas”):

Using the “Overlapping Tracking Areas” it would be possible when allocating new tracking areas to always allocate a tracking area to the UE which is centred on the UEs current position, hereby decreasing the likelihood that the UE leaves the tracking area.

Conclusion:
Both the proposed concept in the TR meets the requirements on hysteresis. There is no need for any more advanced (and complex) concept. The “Multi-TA Registration” is slightly more flexible than the “Overlapping Tracking Areas” since the paging area for specific UE can be configured dynamically, while in the “Overlapping Tracking Areas” all paging areas are pre-allocated.

3.3 
Complexity and load
Both the “Overlapping Tracking Areas” and the “Multi-TA Registration” are relatively low in complexity and should be considered as basic solution alternatives to reach the requirements in 3.1 and 3.2.  In cases where no flexibility is required both concepts also fall back to the single non-overlapping tracking area case, so the network is not forced to use this additional functionality. The UEs however needs to support this functionality regardless, but the difference between only supporting single non-overlapping tracking areas or either of the “Overlapping Tracking Areas” and the “Multi-TA Registration” is probably very low for the terminals.

A drawback with the “Overlapping Tracking Areas” is that the network needs to broadcast multiple tracking area identities in some cells. This increases the load slightly on system broadcast. Another potential drawback is that the operator needs to put slightly more effort on the planning of the tracking areas in order to avoid areas where the UE would toggle between tracking areas. In the “Multi-TA Registration” approach the network can learn without the need for re-planning which tracking areas experience frequent inter-tracking area mobility and then always assign both these tracking areas to the terminal at the same time.

A drawback with the “Multi-TA Registration” is the extra CN-UE signalling required to send down a list of tracking areas to the UE. This signalling is however sent on a normal optimized data channel (e.g. using HARQ) so the extra bits does not cost as much radio resources as the more expensive broadcast bits. 

An advantage with the “Multi-TA Registration” is that it fits very well with the ideas of equivalent RAs being discussed for inter-access idle mode signalling reduction. 

3.4 Conclusion
The following advantages are seen with the “Multi-TA Registration” solution over the “Overlapping Tracking Areas” solution:

· Allows adding cell change hysteresis between any cell borders without re-planning (dynamic configuration might have advantages over pre-planned paging areas, e.g. with regards to supporting indoor-outdoor mobility)

· Less use of expensive cell system info broadcast channels
· More aligned with “limiting idle mode signalling” feature

Given the issues above it is proposed to adopt the “Multi-TA Registration” as a working assumption for intra-LTE tracking area concept.

4. Proposed Text to the SA2 TR 23.882
7.3
Tracking Area Concept
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.
-
Only one tracking area per CN operator is assigned to each cell.
-
In order to avoid excessive Tracking Area update signalling within LTE, for terminals located on a Tracking Area border, the following solution is adopted;
-
The terminal can be assigned to multiple tracking areas. As long as the terminal is moving in cells belonging to one of the tracking areas it has been assigned to the terminal does not need to perform any tracking area updates.

-
If the terminal is entering a new tracking area it has not been assigned to it will perform a tracking area updated procedure. As a result of the tracking area updated procedure the network may assign one or more tracking areas to the terminal.
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