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1. Introduction
It was recently proposed ‎[1] that RAN3 should make a choice between two tracking area concepts‎ [2] for intra-LTE access mobility in idle mode. In this contribution, we take an opportunity to discuss the need for such a choice, as both “multi-TA registration” and “overlapping TAs” have differentiable merits, and could be combined. In case combination is to be avoided eventually, we show that our preference goes to “multi-TA registration” concept.

2. Discussion 

2.1. Quick overview

Basically, the “overlapping TAs” concept assumes that, from MME perspective, idle mode UE is always located in one (1) tracking area, while a set of cells might belong to (N) multiple tracking areas. UE operates a Tracking Area Update (TAU) procedure when it enters a new cell which doesn’t belong to its assigned tracking area.

On the other hand, the “multi-TA registration” concept assumes that, from MME perspective, UE is always located in a set of up to (K) assigned tracking areas, while the set of cells only belong to one (1) single tracking area. UE operates a TAU procedure when it enters a cell which doesn’t belong to any of its assigned tracking areas.
2.2. Analysis

The both concepts were initially introduced because they can mitigate some issues that were related to the usage of single TA, as used in legacy 2G/3G systems.

· Avoidance of unnecessary toggling at TA boundary
When a UE is located at the boundary between 2 tracking areas, the varying radio conditions might create toggling situations, where UE would regularly cross over the border between the 2 tracking areas. Such toggling makes unnecessary TAU signaling at UE, ENB and MME levels.

· With “overlapping TAs” concept, the toggling can effectively be avoided, provided that adjacent tracking areas are made larger and partially overlap ‎[3]. This creates some geographical hysteresis, which effectively reduces the toggling effect. Toggling can be avoided by means of careful TA planning.

· With “multi-TA registration” concept, the toggling can effectively be avoided, provided that the new TA list assigned to the UE after TAU procedure, contains the last visited TA prior to the TAU procedure ‎[4]. Toggling can be avoided by means of careful, implementation specific, generation of TA-list at MME level.

· Compatibility with legacy 2G/3G mobility system
When a dual-mode UE moves in an area covered by GSM, GPRS and LTE, it must be able to be paged at any time, upon any coverage situation. Because cell coverage differs across RATs, one must envisage the case where a TA will overlap 2 RA, or 2 LA. This again can create situation with unbalanced loads across RAT, as well as unnecessary inter-RAT mobility procedures. This issue has been discussed intensively as one of key issues in SA2 during SAE feasibility study ‎[5].

· It is no doubt that “multi-TA registration” concept is an efficient solution within those proposals ‎[5]. 

· The “overlapping TAs” concept naturally fits with the requirement that a UE could be located in an area covered by multiple mobility areas, such as TA, RA, LA ‎[3]. However, the effectiveness of reduction of inter-RAT toggling situations will highly depend on inter-cell/RAT selection mechanism in each UE, as well as on effectiveness of TA/LA/RA alignment, which is hard to realize in practice.

· Reduction of paging efforts for low velocity UE

The effort in paging spent by the network, at both RNL and TNL of E-UTRAN, depends on the size of the tracking area. Thus it has been proposed that this size could be adapted to the behavior of each UE for reduction of paging efforts, according to tracking of UE mobility.

· The “overlapping TAs” concept naturally fits with this requirement, provided that a cell can be semi-statically assigned various sizes of multiple tracking areas, as in the hierarchical tracking area concept. MME simply needs to assign the proper TA, upon tracking of UE mobility.

· The “multi-TA registration” concept also fits with this requirement, provided that MME assigns a TA-list which size and contents can be adapted upon tracking of UE mobility. The concept is felt superior, as it can also dynamically adapt the shape of virtual tracking area ‎[9] according to UE directivity.

· Support of pool area concept (S1-flex)
Both Iu-flex and S1-flex were introduced so as to allow for load sharing across a pool of SGSN and MME equipment, and thus avoid single point of failure. In order to reduce the level of signaling in terms of MME relocation at transition between MME pools, and the related toggling, it has been proposed that pool areas should be partially overlapped. A cell that belongs to an ENB, which is in the overlapping area of two pool areas, has thus to be controlled by 2 different sets of MMEs.

· The “overlapping TAs” concept deals with that issue naturally, as such cell would be typically configured with 2 overlapping tracking areas, one per pool area. This solution requires no coordination among MME pools.

· The “multi-TA registration” concept without overlapping TAs would require that pool areas be coordinated so as to avoid conflicts, e.g. in assigning same P-TMSI by different pools to different UEs in one tracking area. This can however be solved by proper P-TMSI range assignment per MME, e.g. via O&M.

2.3. A combined approach

As analyzed so far we think both tracking area concepts have different features and applicability, thus it is proposed that the 2 tracking area concepts could be merged as one combined concept.
It should be noted that on a theoretical perspective, both concepts are not exclusive and can built up complementary relationship. One could indeed envisage a combined concept; where from MME perspective above, UE would be located in a set of up to (K) assigned tracking areas, while a set of cells might belong to (N) multiple tracking areas. In this combined mode, UE would operate a TAU procedure when it enters a cell which doesn’t belong to any of its assigned tracking areas. 

Adopting this combined approach would mitigate the issues related to making a choice between two concepts, as choosing to implement either concept would merely be a choice of K and N parameters when implementing MME and planning the TAs.

2.4. A selection approach
In case RAN3 should make a selection of one tracking area concept, we propose RAN3 should select the “multi-TA registration” concept, as it is offering the same basic capability as “overlapping TAs” concept, while being superior in some aspects.
We have already proposed very similar concept that could contain multiple tracking areas with different granularities, this brought the possibility to optimize the content of proposed concept with different implementations, such as overlapping, hierarchical, user-specific (including support for stationary UE ‎[6]), etc ‎[7] ‎[8]. It is envisaged that “multi-TA registration” has highest potential for both near and further evolution.
Furthermore some contributions ‎[4] ‎[10] ‎[11] have also proposed that “multi-TA registration” is a more superior concept, thus in such case we believe RAN3 could select the “multi-TA registration”.

3. Conclusion
We would like to clarify whether RAN3 should narrow down to one tracking area concept. In case RAN3 decides to narrow down to one concept, it is proposed that RAN3 should select the “multi-TA registration”.
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