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1. Introduction
This document clarifies the definition of S1-flex and SAE Pool Area, discusses the pros and cons between maintaining and changing (relocating) serving MME/UPE in both UE states: LTE_IDLE and LTE_ACTIVE, and states DoCoMo’s preference on this matter.

2. S1-flex and MME/UPE Pool Area
It was stated in TR23.882 that NW redundancy and load sharing may be achieved by two or more entities performing the same function, and the configuration assumption of S1-flex concept with regard to support for NW redundancy and load sharing was stated in TR23.882 as follows:

1.
There is a multi-to-multi relationship between the E-UTRAN and MME / UPEs in SAE / LTE, meaning one node in eUTRAN can communicate with different MME / UPEs and vice versa.

2.
One terminal can only be assigned to one MME at a time.

3.
The MME / UPE will be assigned to the terminal during attach to the network, and it is FFS whether the MME / UPE will be unchanged until the terminal leaves the serving area of that MME / UPE.
Although there are no dedicated section explaining about  MME/UPE pool area, the notion of the ‘pool area’ was captured in TR23.882 in section 7.7.2.1 that says:
” The SAE/LTE system consists of distributed MMEs utilising load sharing/redundancy mechanisms (e.g. similar to Iu-flex) enabling mobility of the UE within a certain geographical area without changing the MME”.

Similar to UMTS, introducing NW redundancy and load sharing in SAE/LTE will result in the necessity of defining a ‘pool area’.
In this document, ‘pool area’ for SAE/LTE is referred as ‘SAE pool area’.
SAE pool area concept is necessary mainly to geographically optimize the relation between eNBs and the controlling MME/UPE(s). The following describe why geographical optimization is needed.
· At attachment, assignment of a UE to an MME needs to be optimized, by configuring a geographical relation between a number of eNBs and the MME/UPEs performing the redundancy and load sharing. Assigning UE to an MME/UPE geographically closed to the connected eNB will save the backhaul resource and transmission delay for U-plane data.
· The number of TAs managed by an MME/UPEs pool needs to be optimized to reduce MME/UPE load. If TAs are not grouped or pooled into a certain pool area, all MME/UPEs in the network will have to manage the information of all the TAs in the network. This case may not be a problem for a small operator with relatively small network service area.
SAE Pool Area Concept

The concept of SAE pool area is given as the following:

· An SAE pool area is an area where a number of eNBs are geographically related to one or several MME/UPE entities which will perform the redundancy and load sharing function.
· An SAE pool area is served by one or more MME/UPEs in parallel.

· The entire cell controlled by an eNB belongs to the same one or more SAE pool area(s).

· An eNB service area may belong to multiple SAE pool areas, which is the case when multiple overlapping SAE pool areas include this eNB service area.
· If a TA spans over multiple eNB service areas, then all these eNB service areas have to belong to the same SAE pool areas.
· An SAE pool area is comprised of one or several TA(s).
S1-flex interface

Figure 1 shows the concept of S1-flex interface in SAE/LTE and its relation to SAE Pool Area.
In addition to S1-flex concept captured in TR23.882, the following S1 interface connectivity concept needs to be defined.

S1 interface connectivity can be achieved by using:

1. S1 interface in the same SAE pool area: shown by yellow line
 
2. S1 interface to/from different SAE pool area: shown by red line
The above two points are the main difference between ‘S1-flex & SAE Pool Area’ concept for SAE/LTE and ‘Iu-flex & Pool Area’ for UMTS, thus in SAE/LTE the ‘flex’ concept is not only provided inside a ‘pool area’ but also provided to/from different pool area. By allowing the concept above, logically S1 connectivity can be provided through out the whole network area.
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Figure1. S1-flex and Pool Area

Conclusion: 
· To support NW redundancy and load sharing, it is necessary to introduce and define a ‘SAE pool area’ concept, where geographical relation between eNB and a number of MME/UPEs is defined.
· Multi-to-multi relationship of logical S1 interface can provide connectivity in the whole network area.

· It is proposed to clarify or define the concept of  ‘SAE pool area’ concept in TR23.882 possibly in a dedicated (sub)section.
3. The necessity to maintain and change serving MME/UPE in different UE states
The following subsection will discuss the necessity to change or maintain serving MME/UPE in different UE state, under the assumption that S1 logical interface exist in the whole network area. 
3.1 Serving MME/UPE for UE in LTE_IDLE
Serving MME/UPE is changed when UE is in LTE_IDLE. The mechanism for changing the serving MME/UPE is basically similar to that in UMTS: when the connected eNB has different geographical relation to the previous MME/UPE pool. On the contrary, it is considered unnecessary to maintain the serving MME/UPE when UE moves in in LTE_IDLE, due to backhaul resource saving, route optimization and load sharing mechanism simplification.
The detail of mechanism to change MME/UPE for UE in LTE_IDLE is described in TR23.882 section 7.7.
3.2 Serving MME/UPE for UE in  LTE_ACTIVE
In the last meeting, the following two different perspectives were considered as the reason for relocating (changing the serving) MME/UPE when UE is in LTE_ACTIVE.

· Lack of S1 interface provision [2]

· Route optimization [3]

Furthermore, one alternative solution captured in TR23.882 in section 7.15.2 for this matter is based on the type of communication. For UE with non-delay sensitive communication, MME/UPE handover is performed when UE crosses MME/UPE service area, and for UE with delay sensitive communication, the original MME/UPE is maintained.
MME/UPE service area in this solution refers to an area where several LTE-RAN entities are served by MME/UPE, and the case where several MME/UPEs serve the same service area is not precluded.
Since basically there are 2 options on how to attain a service from serving MME/UPE: maintaining or changing (relocating) the serving MME/UPE, it is necessary to see what pros and cons of both options, before any conclusions are taken.
1. Maintaining the serving MME/UPE(made MME/UPE as serving anchor) 
The main purpose of maintaining MME/UPE is to maintain the QoS of the active communication. With proper NW configuration, the problem where a serving MME/UPE can not serve an eNB with active communication, due to lack of resource, will not occur. 
PROS:
· Both U-plane and C-plane QoS can be maintained without any unnecessary interruption time that may be caused by changing the serving MME/UPE.
CONS:

· Long / redundant routing path will be created when UE stays in LTE_ACTIVE for very long, and this will cause backhaul resource exhaustion.
2. Changing (relocating) the serving MME/UPE

The main purpose of changing (relocating) the serving MME/UPE in LTE_ACTIVE is to optimise the routing path, especially for U-plane data. 
PROS

· Optimization of U-plane data routing path.
CONS:

· Delay caused by configuration needed for relocation, e.g. configuring HC, Ciphering, U-plane routing update, etc.

· Complexity if data lossless is supported, i.e.to support lossless of U-plane data that comes to the old UPE after the path switch continuance of HC, Ciphering has to be maintained.

· Complexity caused by transferring UE’s C-plane context (IP connectivity, QoS information, etc) from the old MME to the new MME. 
· Delay caused by the necessity to register new MME to HSS, and to download UE subscription from HSS.

From the pros and cons above, there would be a lot of effort needed to relocate/change MME/UPE during LTE_ACTIVE. Therefore, DoCoMo prefers to maintain MME/UPE for UE in LTE_ACTIVE. 

Conclusion:
· For UE in LTE_IDLE, MME/UPE relocation (change) is performed when the eNB which receive UE’s TAU belongs to different SAE Pool Area from the previous SAE Pool Area.
· For UE in LTE_ACTIVE, 
· Basically the necessity of  relocating/changing MME/UPE due to lack of S1 connectivity will not occur, since S1-flex interface is logically provided in the whole network area.
From the pros and cons, it can be seen that relocating/changing MME/UPE will cause a lot of complexities.
Therefore, regardless of the communication type, the original serving MME/UPE should be maintained during LTE_ACTIVE.
· One may argue that when UE has the ability to stay very long in LTE_ACTIVE, there exist the necessity to perform routing optimization, hence the need to relocate/change MME/UPE.
However, since it is not known at this stage how long a UE can be in LTE_ACTIVE state, necessity to relocate/change MME/UPE for this reason can not be justified. 
4. Conclusion and proposal
On clarification of SAE Pool Area and S1-flex:

· It is necessary to define a ‘ SAE Pool Area’ for NW redundancy and load sharing support.
The main concept of ’SAE Pool Area’ is an area where a number of eNBs are geographically related to one or several MME/UPE entities, that serve in parallel. (The detail is described in section 2) 
It is proposed to capture the concept of SAE Pool Area in TR23.882 to further clarify the concept of NW redundancy and load sharing.
· S1-flex interface basically can be provided in the whole network area, not only inside a certain SAE Pool Area.. 
The provision of S1-flex interface is either by using the S1-interface from the same SAE Pool Area or by using the S1 interface to/from different SAE Pool Area. (see figure1)
On the necessity to change or maintain serving MME/UPE in different UE states:
· For UE in LTE_IDLE MME/UPE relocation/change is performed when the eNB which receives UE’s TAU belongs to different SAE Pool Area from the previous SAE Pool Area. The mechanism of MME/UPE relocation/change for UE in LTE_IDLE is captured in TR23.882 in section 7.7.
· For UE in LTE_ACTIVE, under the assumption that S1-flex can be provided through out the whole network area, DoCoMo prefers to maintain both MME and UPE even though UE moves to different SAE Pool Area, regardless of UE’s communication type. 
· How long a UE can stay in LTE_ACTIVE need to be clarified first before deciding any necessity to perform route optimization, hence relocate/change MME/UPE. 
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