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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 and RAN2 for feedback [2].
At the RAN2#56 meeting this topic was discussed and the result was captured in an LS to RAN3 [1]. The LS gave some preference to the so called “multi-TA Registration” solution however no firm conclusion was reached in RAN2. 

At the RAN2#56 meeting the possibility of supporting both concepts in LTE were discussed and this paper is analysing the potential pros and complexities with this proposal. It is shown that the benefits with supporting both concepts is not significant and that it should be avoided since it will lead to additional system complexity, affect multi-vendor interoperability and testing, and increases the requirements on BCH capacity.

It is therefore proposed to select the “Multi-TA Registration” as a single solution for tracking area concept. The motivation for this is that the concept is slightly more flexible than the “Overlapping Tracking Areas”, it puts less requirements on system info broadcast in cells, and it is more in line with the solutions being discussed for key issue “limiting idle mode signalling” in the SA2 TR.
This contribution was submitted to the last RAN2 meeting as R2-070222.
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 is in idle state and 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. 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’s plus the P-TMSI as a valid identity.
By supporting this concept it is possible to avoid unnecessary tracking area updates for a terminal located on tracking area borders. This is illustrated in Figure 1 where the terminal located on the border between TA2 and TA3 and can be assigned to both tracking areas. It is also possible to assign different tracking area lists to different UEs making it possible to spread out the tracking area update load in the network.
The terminal will be paged in all tracking areas it has been assigned to. The network is allowed to optimise the mechanism in which it assigns tracking areas and potentially also 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 is 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. Using both concepts in parallel

3.1  
Technical solution

In this solution both of the concepts above are use in parallel. This means that the UE can be assigned multiple tracking areas and multiple tracking area layers are broadcasted in the cell. When the UE leaves a tracking area and enter a cell belonging to different tracking areas, it will perform a tracking area update and be assigned one or more tracking areas. The algorithm for deciding which tracking area to assign will most likely reside in the CN, with help of information provided by the eNode B.
3.2 
Potential benefit with the solution vs. using only “Multi-TA Registration”
Since the solution incorporates both concepts, the benefit with the solution would mainly be to mitigate the drawbacks with each concept (listed in [1]). In this section the potential benefit with using both concepts is compared to the “Multi-TA Registration” solution since that seems to be the preferred solution in case only one concept should be used.

When comparing to the “Multi-TA Registration” solution this would mainly be to address the scenario when the TA list becomes too large. Example could be a scenario with a highway (or train track) that is going through a densely populated area (e.g. city). For the slow moving UEs not on the highway it would be beneficial to keep the total paging area small in order to save network resources, however for the highway UEs it would be beneficial with a quite large paging area to minimize frequent tracking area updates. To understand if this is really a problem some calculation exercises are done below. 
A = UE highway speed = 100 km/h = 27.77… m / s
B = Cell range for highway cells = 500 m (cells aimed along the highway)
C = Smallest highway Tracking Area size = 5 cells (could probably be made much larger without causing any significant paging load problems from slow moving UEs in the area)
Time between TA changes period = B * C / A = 90 seconds

Assuming that the network can learn to assign multiple TAs to UEs on the highway it would be possible with e.g. 4 TAs to have less than one TA update in 6 minutes for a fast moving UE, which should not be a significant problem from a TA Update load point of view or a TA list size point of view. Different UEs could also be assigned different TA list making it possible to spread out the TA Update load along the highway. 
Conclusion: It will be possible to support the “highway through city scenario”, with the “Multi-TA Registration” as is. If desired the “Multi-TA Registration” can be enhanced so that it is possible to assign longer lists of TAs with smaller messages (e.g. assign a range or series of TAs).
3.3 
Additional notes about the “Multi-TA Registration” solution

It is not required to have detailed knowledge of the RAN topology with the “Multi-TA Registration” solution. In the absolute basic form the “Multi-TA Registration” solution could work by simply assigning one new area and remove the oldest area. In a more advanced solution the CN node can learn from existing mobility patterns when assigning future tracking areas, making it possible for the CN to identify highly mobile UEs that would benefit from being assigned larger paging areas. The same principles also apply for the “Overlapping Tracking Areas” which also requires intelligence in the CN to select which TA to assign the UE.
3.4 
Drawbacks with supporting both concepts

The following drawbacks can be seen with supporting both concepts in parallel:
Impact on the BCH:
One of the drawbacks with the “Overlapping Tracking Areas” is the extra load on the cell BCH channel. This would also be the case when using both concepts. Using both concepts might make it possible to reduce the maximum number of layers required, but the BCH would still probably need to be dimensioned for the worst case, which either affects the cell overhead or alternatively the latency for some procedures.

Multiple options in the standard solving the same problem:
Since both solutions solve the basic problems there is a risk that some vendors/operators will choose to only implement/deploy only one of the solutions (or a subset of both solutions) in actual networks. This will make it more difficult to achieve interoperability between different vendors and may lead to additional complexities, and make the initial systems less stable and more difficult to operate. The need to avoid multiple options (in particular to achieve the same functionality) has been repeated over and over again in 3GPP and here is an excellent example of a case when it can be avoided.

4. Conclusion
It is proposed to select the “Multi-TA Registration” as a single solution for tracking area concept.
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