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Abstract: This document discusses how to trigger the mobility functionality in relation to MME and UPE pool change/relocation. The issues needing consideration and decisions in SA2 are highlighted.
1. Introduction

The SA2 discussion on pooling of MME and UPE resources has not yet reached conclusion on how to detect the need and trigger the change of MME and/or UPE pool. This contribution discusses this issue from the basis of earlier working assumptions in SA2, and outlines the specification implications related to remaining alternatives.

2. Discussion

2.1 What need to be triggered

Nokia contribution S2-070335 discusses the general pool arrangement principles, and the operations relating to pool area change are discussed in Nokia contribution S2-070336. The recommendation in those is that the pool change is performed by the normal mobility procedures, and the pool change is one additional argument in the triggering of mobility at the MME – UPE level.
The following sections present a short study of these functions considering MME and UPE pooling from the eNB, MME and UPE point of view. This analysis is done considering that MME and UPE would have different pools, but if MME and UPE pools are same, it will be enough to determine the need for MME pool change, and UPE pool change will follow that.
2.2 Inter pool mobility in eNB

In both LTE_ACTIVE mode and in LTE_IDLE mode the operation in the network side is first handled by the eNB, and communication towards the MME will follow. This would suggest that the eNB would need to be aware of the MME pools, and if there is need to change the pool.
In LTE_IDLE mode the following case applies:

· When a UE in LTE_IDLE mode first contacts the eNB it needs to indicate the Id of the MME that is serving it, if it has one. The eNB must be able to determine whether it can contact that MME. If it can not, or if no MME id was given, then the eNB needs to be able to select a new MME for the UE. This requires that the eNB has understanding on what MMEs it can connect to, and what MMEs belong to the same pool with it.

Note: the eNB may need to receive also the previous Tracking Area Id to be able to determine the previous MME properly. The MME Id may be coded into the temporary Id, like in Iu flex concept, and the eNB may need to utilize external address conversion or translation functions to contact the indicated MME.

In LTE_ACTIVE mode the following cases apply:
· Handover in the absence of X2 interface. This matches at least the hard border pool case, e.g. inter PLMN HO, which SA2 has agreed to be needed. In this case the eNB would start the HO signaling towards the MME serving the UE, and the MME could be responsible for any pool change decisions at MME – UPE level.

However, since the LTE_IDLE mode requires that the eNB knows which MME pool it belongs to, it would be rather easy to extend this requirement so that it would also understand the priority of making MME pool change when making a HO to a particular target eNB, even if X2 interface is available. If priority is high, it could initiate the HO with MME instead of X2. If this mobility procedure would be applied to UPE change as well, then the need to change UPE would need to be noticed in eNB as well.
· Handover with X2 interface HO: This does not match the hard bordered pool case, and need for pool change in this case is open. The RAN3 has agreed on inter eNB HO procedure where the target eNB will switch the UPE tunnel and inform the MME about the eNB change, both of these after the UE has entered the target eNB. If pool change would be required, it would need to happen after the radio HO, and would need different procedures than MME and/or UPE relocation in the hard bordered pool case. The decision and trigger could be either in eNB or MME.
The eNB would need to be position to trigger the MME pool change operations, since it will need to be configured with the relevant MME pool area information in any case. It seems that the smoothest U-Plane operation would be provided by making additional requirement for eNB to determine the need for UPE change as well. Also this would be information configured into eNB.
2.3 Inter pool mobility in MME
The earlier sections showed how eNB would be able to detect and MME pool change. The MME in turn is the control role towards the UPE, so it seems natural that MME controls the UPE pool change. If MME and UPE have same pool areas, then UPE will also change when MME changes. The following analyses the LTE_IDLE and LTE_ACTIVE mode operation when separated MME and UPE are deployed:
In LTE_IDLE mode the following case applies:

· Initial attach: The UE is first associated with the network in question, and does not yet have an UPE. The MME must be able to assign the appropriate UPE considering the eNB that delivered the attach message. For this MME needs to know how the UPE pools are arranged.
· Tracking Area update: The MME knows the UPE Id, or if the MME changes, the new MME can contact the old MME (or the procedure reverts to one that is essentially same as initial attach), and the currently assigned UPE Id can be fetched from there. The MME must be able to analyze if this UPE would be matching the eNB delivering the message, so UPE service area must be known. At all times the MME must be able to communicate with all possible UPEs serving the same area it serves.
· Paging: If UPE indicates that the UE needs to be paged for DL data, the MME distributes the paging in the tracking area, and when response comes from an eNB, the MME must again be able to analyze if this UPE would be valid for this eNB, and if not, a new valid UPE needs to be assigned. UPE areas need to be known to MME
In LTE_ACTIVE mode the following cases apply:

· Handover in the absence of X2 interface. This matches at least the hard border pool case, e.g. inter PLMN HO, which SA2 has agreed to be needed. It assumes that MME changes.
· The source MME would need to know the MME that is valid for the target eNB. The bordering MMEs would need to know the MME pools in the neighboring area to the extent of being able to assign a new MME. Need to change MME is detected from the fact that target eNB is not in the same pool.

· The target MME would be in full control of UPE assignment, and this needs to match the target eNB. The MME must therefore know the UPEs available for its own service area.
· Handover with X2 interface HO: This does not match the hard bordered pool case, and need for pool change in this case is open. MME is receiving a message from eNB that HO has taken place. Two alternatives can be considered:

· The message is received at a new MME in the new MME pool. In this case the decision to change MME pool has been detected by the eNB already. The MME would possibly need to help eNB in UPE change by assigning the new UPE.
· The message is received at the old MME, and if eNB is not aware of UPE service areas, then it is up to the MME to detects that UPE change is required or should be performed. Again, the UPE areas would need to be known.
The analysis above shows that the MME has the clear responsibility over UPE assignment, and also has a key role in triggering the UPE change, so MME must know the UPE service areas in relation to all eNBs it serves. In some cases the MME also needs to be able to assign new MME for the UE, so it should know the neighboring MME pools at least at this level. This would be information configured into MME.
2.4 Inter pool mobility in UPE

The UPE is not responsible for allocating any pooled resource, nor will it trigger any pool change. The UPE may need to update its routing address to 3GPP anchor, but this is done based on explicit signaling address, and this operation is not affected by pooling. 
3. Conclusion and proposal
It is proposed that the following concluding statements of this study are agreed by SA2 and documented in the appropriate way in specifications:

· The MME needs to be able to detect the need for UPE pool change at least during idle state mobility.
· The eNB needs to be able to detect the need for pool changes. It is FFS whether it requires detection of MME pool change, UPE pool change or both.
