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Introduction

An LS from RAN3 asked CT1 for feedback on the two different concepts proposed for the usage of tracking area (TA) in SAE/LTE [1], a.k.a. Overlapping Tracking Area and Multi-TA Registration. After discussion of TA-related topics [2][3] in CT1 #45 in Vancouver, CT1 expressed its preference for the Multi-TA Registration concept.
It is considered that tracking area is a RAN3/CT1 issue without need to wait for SA2’s progress in SAE. So the present document is trying to generate an open issue list for CT1 aspect of tracking area usage in SAE/LTE.
Discussion
In the concept of Multi-TA Registration, when attachment or tracking area update (TAU) is performed, an equivalent TA list containing several TA identities is allocated by the network. This section is to discuss some possible open issues related to the Multi-TA Registration solution.
Tracking Area List Allocation

For the Multi-TA Registration solution, the tracking list of a UE is allocated by the network serving the user. The tracking area list is user-specific and supposed to be allocated by the mobility management entity (MME) serving the user. Several factors may impact on the TA list allocation: 

· Different mobility modes. The UE’s speed may impact on TA list allocation; for instance, a UE moving fast can be allocated with a long TA list with more TAs. In this case, a way is needed to make RAN, CN and/or a UE aware of the speed of the UE, i.e. the speed (mobility, velocity) of a UE can be important to TA allocation.
· The environments the UE is located in. For example, if a UE is camped in urban or suburban area, e.g. residence or working areas, the TA list should be relatively small to reduce paging resource consuming. On the contrary, for a UE camped in the countryside or in highways/stations, the TA list can be greater to reduce the amount of TAU while keeping paging resource reasonable.
· The topology of networks. To determine an equivalent TA list for UEs, MMEs are needed to know the topology of networks, e.g. TA distribution within a network.

· Other aspects. In addition, TA list dynamic allocation may be based on more critical criteria, e.g. network load status, subscriptions (e.g. a gold medal user can be allocated a TA list with more TAs that leads to less TAU procedures), etc.
· The possibility for the UE to negotiate the TA list back to the network e.g. a UE that know it has been not moving for 5 hours may choose to negotiate down to the TA list i.e. following a periodic TAU to only the TA the UE is camped in.
The point is what criteria should be used by the MME to determine the tracking list for the user and re-negotiation of the TA list between the UE and the network.
Reduction of resource consuming
For wireless networks, the usage of radio resource should always be careful to reduce resource consuming. So does SAE/LTE. In Multi-TA registration solution, a UE is registered in all TAs in the TA list after attachment or TAU (the areas covered by the TAs in the list can be called Registration Area). The solution may cause some concerns about the efficiency of resource consuming. For example, when a paging is needed (the area where the paging is performing can be called as Paging Area), there are two possible ways to perform. The first one is paging the UE in all TAs in the TA list (the Paging Area is equal to the Registration Area), and the second one is to paging in some of TAs in the TA list firstly and then page the UE in other TAs in the TA list if there is no response in the first paging (the Paging Area is less or equal to the Registration Area). The most obvious advantage of the first one is low latency of paging, but in other sides, it leads to higher resource consuming for invalid paging in the most of TAs. On the contrary, the second one has opposite advantages and disadvantages with the first one, i.e. more efficiency of resource consuming and higher latency.
The point here is to minimize resource consuming, and meanwhile balance efficiency and resource consuming, e.g. latency and resource consuming in paging.
TA identity and TA list

There are some concerns about the construction of a TA identity and a TA list [3]. And in multi-TA Registration solution, the TA list is allocated by network entities, e.g. MME, that is a NAS procedure. So it is proposed to consider design the construction of cell identities, TA identities and TA lists co-ordinately to minimize the size of the TA lists sent to UEs via NAS signalling. This is also related to how many TAs maximum to allocate (it is needed to consider the TA size specifically in micro cell environment).
The point here is to consider how the TA list size can be minimized/compressed, and consider the maximum TAs in a TA list.
TAU timer period and configuration

In SAE/LTE, TAU timer period and configuration may be different from that in legacy GSM/UMTS networks as per 3GPP TS 24.008 since multi-TA registration is relatively new to 3GPP system, for example, bigger coverage area by multiple TAs, battery life, etc. So it is not very clear whether TAU time period and configuration in SAE/LTE will be same with that in GSM/UMTS or not. If so, it is needed to consider related criteria to choose the periodicity for TAU timer.
So the point here is to consider possible differences of TAU timer and configuration with GSM/UMTS networks.
Ping-Pong effect

For multi-TA Registration solution, frequent TA updates can be avoided though good scheme of TA list allocation. And between E-Nodes belonging to different TAs, ping-pong effect can be avoided if the TAs are controlled by the same MME. However it is foreseen that at the border of two TAs controlled different MMEs, ping-pong effect may still occur, as depicted in Fig. 1.
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Figure 1
In the situation depicted in Fig. 1, it is assumed that a MME can allocate TAs controlled by itself to a TA list for a UE because the S-TMSI allocated to the user is assumed to be unique in all TAs in the TA list for the user and TA overlapping is not allowed. In this case, when the user is moving crossing the border of areas controlled by different MMEs, ping-pong effect may still occur. Because the Overlapping Tracking Area solution is excluded from CT1 point of view, and no combined solution is preferred, the point here is how to overcome possible ping-pong effect occurring in the Multi-TA Registration concept.
Conclusion
Based on discussion above, it is proposed to add the following text as open issues to 3GPP TR 24.801. The open list issue will be added, deleted, or changed based on the SAE progress in other WGs.
Annex X (informative):
CT1 Open issues for SAE Topics

X.1
CT1 Open Issues from Multi-TA Registration Solution

The subclause is to list CT1 open issues from Multi-TA Registration solution:

1. When designing tracking area related operations in CT1, the balance between resource consumption for TA update, resource consumption for paging and the latency for the paging response should be taken into account.
2. When designing TA Identity and TA list, CT1 should define an efficient encoding scheme for the TA list, 
3. CT1 needs to study whether the periodic update timers for TA update in SAE/LTE and for RA update in GPRS/UMTS should have the same value.
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