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1. Introduction

The potential various relations between MME Pool and UPE Pool are provided to decrease the amount of signaling when UE is in the LTE_Active or LTE_Idle state based on the discussion of MME/UPE Pool Service Area.
2. Discussion
Firstly, the MME Pool Service Area and UPE Pool Service Area are provided. 
The definition of MME Pool and UPE Pool is provided in the TR 23.882 V1.6.1, and the definition of Pool Area is provided in the TS 23.236. Because the MME Pool is independent of UPE Pool，the definition of  MME Pool Service Area and UPE Pool Service Area is introduced in this contribution in order to help to discuss. The definition of MME Pool Service Area and UPE Pool Service Area introduced in this contribution is different with the definition of Pool Area used by RAN3/SA2 discussion [1]. The Pool Area in the Liaison [1] is comprised of eNBs, while the Pool Service Area in this contribution is comprised of Cells and TAs.  Whether the definition of MME Pool Service Area and UPE Pool Service Area is needed is decided by SA2.

The definition of MME Pool Service Area and UPE Pool Service Area introduced in this contribution are:
· A MME Pool Service Area is the area contains all the cells controlled by the MMEs within the MME Pool; a MME Pool serves one and only one MME Pool Service Area. A MME Pool Service Area is comprised of one or more TA(s), and the border of the MME Pool Service Area is the border of the TA(s). The whole part of a TA area must belong to the MME Pool Service Area; it not allowed that part of the TA area belongs to the MME Pool Service Area while the other part of TA area does not belong to the same MME Pool Service Area. However it is allowed that a whole TA can belong to multiple MME Pool Service Areas, i.e. these MME Pool Service Areas are overlapped at the TA area level.
· Similarly, a UPE Pool Service Area is the area contains all the cells controlled by the UPEs within the UPE Pool; a UPE Pool serves one and only one UPE Pool Service Area. A UPE Pool Service Area is comprised of one or more TA(s), and the border of the UPE Pool Service Area is the border of the TA(s). The whole part of a TA area must belong to the UPE Pool Service Area. To enable the downlink data to reach UE, it not allowed that part of the TA area belongs to the UPE Pool Service Area while the other part of TA area does not belong to the same UPE Pool Service Area. However it is allowed that a whole TA can belong to multiple UPE Pool Service Areas, i.e. these UPE Pool Service Areas are overlapped at the TA area level.

The TA in the contribution is not specified, however, if overlapped TA is used in the Pool Service Area, the TA in this contribution is the whole overlapped TA area.
Based on the above definition, there are following scenarios between MME Pool Service Area and UPE Pool Service Area:

1) Scenario One: MME Pool Service Area is larger than UPE Pool Service Area
The main characteristics of this scenario is that a MME Pool Service Area is comprised of one or more UPE Pool Service Areas, the UPE Pool Service Area is wholly located within a MME Pool Service Area, it is not allowed that part of the UPE Pool Service Area is located within the MME Pool Service Area while the other part of the UPE Pool Service Area is not located within the same MME Pool Service Area. However it is allowed that that a whole UPE Pool Service Area can belong to multiple MME Pool Service Areas, i.e. these MME Pool Service Areas are overlapped at the UPE Pool Service Area.
In this scenario, when UE in LTE_Idle state moves from one UPE Pool Service Area to another UPE Pool Service Area within a MME Pool Service Area, the UE still needs to perform user plane update procedure to update its default IP user plane. These user plane update signalling should be unnecessary for the UE in LTE_Idle state moving within the MME Pool Service Area. Because of Scenario One does not decrease the amount of signalling, it is suggested that Scenario One is not supported.
2) Scenario Two: MME Pool Service Area is equal to UPE Pool Service Area
The main characteristic of this scenario is that a MME Pool Service Area is equal to a UPE Pool Service Areas; it is much similar to that MME and UPE are combined as legacy SGSN.
There are two sub-cases in the scenario, one first case is that MME Pool Service Areas are not overlapped, as showed in Figure 1-a); the second case is that MME Pool Service Areas can be overlapped partly and overlapped area is TA(s) as showed in Figure 1-b).
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Figure 1 MME Pool Service Area = UPE Pool Service Area
In the last SA2 SAE Adhoc meeting, contribution [2] indicates that there are two different handover procedures when UE in the LTE_Active state moves, for example, from TA3 to TA5 in the figure 1-b): one is inter-MME handover; another is intra-MME handover. Because of this reason, contribution [2] proposes not to support MME overlapped. Based on this conclusion, the MME Pool Service Area overlapped (Figure 1-b) is not supported.
3) Scenario Three: MME Pool Service Area is smaller than UPE Pool Service Area
The main characteristics of this scenario is that a UPE Pool Service Area is comprised of one or more MME Pool Service Areas, the MME Pool Service Area is wholly located within a UPE Pool Service Area, it is not allowed that part of the MME Pool Service Area is located within the UPE Pool Service Area while the other part of the MME Pool Service Area is not located within the same UPE Pool Service Area. However it is allowed that that a whole MME Pool Service Area can belong to multiple UPE Pool Service Areas, i.e. these UPE Pool Service Areas are overlapped at the MME Pool Service Area.
There are four sub-cases in the Scenario Three as showed in figure 2 and MP presents MME Pool Service Area: the first case is that both MME and UPE Pool Service Areas are not overlapped,in Figure 2-a); the second case is that UPE Pool Service Areas are not overlapped and MME Pool Service Areas within the same UPE Pool Service Area can be overlapped partly, and MME Pool Service Area overlapped area is TAs as Figure 2-b); the third case is that MME Pool Service Areas are not overlapped and UPE Pool Service Areas can be overlapped partly, and overlapped area is MME Pool Service Areas as Figure 2-c); the fourth case is that MME Pool Service Areas are overlapped partly and UPE Pool Service Areas can be overlapped partly, the UPE Pool Service Areas overlapped area is MME Pool Service Areas and MME Pool Service Area overlapped area is TAs ,as Figure 2-d)
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Figure 2 MME Pool Service Area < UPE Pool Service Area
There are two cases that MME Pool Service Area are overlapped as showed in the figure 2-b) and 2-d), based on the contribution [2], the case 2 and 4 should not be supported.

4) Scenario Four: MME Pool Service Area and UPE Pool Service Area
The main characteristics of this scenario is that a UPE Pool Service Area just contains part of a MME Pool Service Area, or the MME Pool Service Area just contains part of UPE Pool Service Area, the UPE Pool Service Area can not contain the whole MME Pool Service Area and the MME Pool Service Area can not contain the whole UPE Pool Service Area as showed in Figure 3. Just one typical scenario is provided in the figure instead of the exhausted list of scenarios.

In the figure 3, there is an inter-UPE Relocation procedure when UE in LTE_Active state moves from TA1 to TA3 and then to TA5 while the UE is still within the same MME Pool Service Area. Also, there is an inter-UPE user plane update procedure when UE in LTE_Idle state moves from TA1 to TA3 and then to TA5 at while the UE is still within the same MME Pool Service Area. The Scenario Four does not decrease the amount of messages, it is suggested that Scenario Four is not supported.
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Figure 3

Based on the above discussion, all the scenarios can be summarized as following:

1) When Overlap Pool Service Area is not allowed, there are two following scenarios as in the figure 4:
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Figure  4
2) When UPE Pool Service Areas overlapped is allowed and MME Pool Service Areas overlapped is not allowed, there is only one following scenario as in the figure 5:
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Figure  5
3) When MME Pool Service Area overlapped is allowed and UPE Pool Service Areas overlapped is not allowed, there is only one following scenario as in the figure 6:
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Figure  6
4) When MME Pool Service Areas and UPE Pool Service Areas overlapped are allowed, there are two following scenarios as in the figure 7:
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Figure 7
Based on the above discussion, in order to decrease the amount of signaling when UE is in the LTE_Active or LTE_Idle state, a UPE Pool Service Area should be equal or larger than its MME Pool Service Areas, i.e. the UPE Pool Service Area should contain one or more whole MME Pool Service Areas; and regarding the definition of MME Pool Service Area and UPE Pool Service Area, it is concluded that the number of UPE Pool and MME Pool is 1:N, N>=1.
3. Conclusion
· In order to decrease the amount of signaling when UE is in the LTE_Active or LTE_Idle state, the number of UPE Pool and MME Pool is 1:N, N>=1.
4. Proposal
It is proposed to write the above conclusions into the TR23.882 or TS 23.401, and adopt them as work assumption.
5. Reference

[1] S2-063912, LS on Definition of Pool Service Area for LTE
[2] S2-064280, MME / UPE Pools and S1 Connectivity, Ericsson
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