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1
SAE/LTE pool area concept & S1 connectivity
1.0
The concept of SAE/LTE pool area

· An SAE/LTE pool area consists of a number of eNodeBs, which are geographically related to one or several MME/UPE entities.

· An SAE/LTE pool area is served by one or more MME/UPEs in parallel.

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

· An eNodeB service area may belong to multiple SAE/LTE pool areas, which is the case when multiple overlapping SAE/LTE pool areas include this eNodeB service area.

· If a TA spans over multiple eNodeB service areas, then all these eNodeB service areas have to belong to the same SAE/LTE pool areas.

· An SAE/LTE pool area is comprised of one or several TA(s).
1.1
Principles  

Utilising connectivity of an IP network, connectivity between an eNodeB and all MME/UPEs should be possible in principle, however, it is expected, that S1 connectivity may be regionally restricted, e.g. due to security reasons (this refers to still ongoing discussions in TSG SA WG3 on S1 security) or due to other network operational reason. Consequently, there may be cases where not all MME/UPEs are interconnected to all eNodeBs within a PLMN.
In order to overcome with regionally restricted S1 connectivity the concept of pool areas is proposed to be introduced in a similar way than for Iu-flex in the baseline architecture in the following way:
-
S1 is pre-configured to connect all eNodeBs belonging to a certain pool area to all MME/UPEs serving this pool area. 
-
Pool areas of eNodeBs shall be allowed to overlap (i.e. configured to be served by more than one pool of MME/UPEs) for inter-pool area mobility in LTE_ACTIVE without changing the serving MME/UPE.
-
It shall be possible for the eNodeBs and MME/UPEs involved in handling the LTE_ACTIVE mobility of a certain UE to estimate to optimum point in time where UEs shall be forced to idle (or to handed over to other RAT) in order to avoid call drop occurrence during activity periods.

The following figure shows the concept of S1-flex interface in SAE/LTE and its relation to pool areas constituted of serving areas of eNodeBs.
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Figure 1. Pool areas for S1 flex.
1.2
Mobility aspects
1.2.1
Maintaining MME/UPE

As shown in Figure 1, the serving MME/UPE can be kept until S1 connectivity is given. No inter-MME/UPE mobility is defined for UEs in LTE_ACTIVE
1.2.2
Changing MME/UPE

1.2.2.1
UE in LTE_IDLE

LTE_IDLE mobility is performed via the TA Update procedure. If, as shown in figure 1, the UE leaves the overlapping area, it will have to perform a TA Update, the serving eNodeB will contact the respective MME/UPE which retrieves the UE contexts from the old serving MME/UPE. This procedure is as described in TR 23.882.

1.2.2.2
UE in LTE_ACTIVE 
In general, UEs in LTE_ACTIVE do not change the serving MME/UPE.

For a network where full S1 connectivity is not supported, one way to allow UEs to cross pool area borders which would require the change of the serving MME/UPE would be to require from the nodes serving the UE to detect inactivity periods and to force the UE during these inactivity periods to LTE_IDLE requesting the UE to re-attach.
Changing MME/UPE is possible in areas where pool areas overlap. One way to steer mobility would be to define for each eNodeB served by more than one pool of MME/UPEs a “primary” and a “neighbouring” pool of MME/UPEs. E.g., looking at Figure 1, for “eNodeB n”, situated at the border of the overlapping area, MME/UPE pool 2 should be defined as the “primary MME/UPE pool”.

User inactivity periods of the UE in LTE_ACTIVE (RRC_Connected), are utilized i.e. the state of no data transfer in UL and DL for a certain period of time is detected either by the eNodeB or by the MME/UPE. 
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