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1 Introduction

In LS from SA2 [1], SA2 ask RAN3 to evaluate the MME and UPE pool relations and especially the means for detecting the need for changing MME and/or UPE as well as the related functionality.
In this contribution, we discuss about possible deployment scenarios of MME/UPE pool areas, trigger for MME/UPE change in both LTE_IDLE and LTE_ACTIVE and required information at the eNB.
2 Discussion
2.1 MME/UPE split alternatives and possible pool area deployment scenarios
There are three MME/UPE split alternatives discussed in Annex H of [2].
A. Combined MME/UPE.
B. Separate MME and UPE with control signalling mostly via the MME, and session and context management in MME.
C. Separate MME and UPE with control signalling via the MME or the UPE, and session and context management only in UPE.
Further, there are three possible pool area deployment scenarios identified [3], which are depicted in figure 1 below.
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Figure 1: Possible Deployment Scenarios with Pools of UPEs
2.2 Consideration on possible pool area deployment scenarios

Considering that the SCTP connections for reliable IP transport and IPsec for security are needed between MME and eNB, we think that deployment of MME pool areas will be restricted. The same restriction applies to UPE pool areas if SCTP and IPsec are needed between UPE and eNB.
For example, for RNL signalling between eNB and MME it is expected that this will be carried on reliable IP transport, i.e. there are several SCTP connections between eNB and MME. We assume that the existence of those SCTP connections restrict an MME pool area to a certain geographical area.
Regarding security there is an outstanding LS on possible security concerns of path switch control message in eNB-UPE user plane which RAN3 addressed to SA3 [4]. Therefore, in this contribution we consider the restriction by SCTP connection.

Further, although scenario 3 in figure 1 is feasible from a logical viewpoint, we exclude it in this contribution since we don’t see any advantages from viewpoints of both frequent HO interruptions and operator configuration efforts. In the following section, we therefore only discuss scenario 1 and 2.

2.2.1 Scenario 1

In the same way as the MME pool area also the UPE pool area is restricted due to, e.g. combined MME/UPE, reliability and security of transport network or UPE capability itself. Scenario 1 is feasible for all MME/UPE split alternatives since the size of MME pool and UPE pool are restricted based on the total number of SCTP connections between MME and eNB, and UPE and eNB if needed.

2.2.2 Scenario 2

Whether UPE pools could be larger than MME pools depend on reliability and security of the transport network between UPE and eNB. For reliability of transport network we discuss the necessity of SCTP connection between UPE and eNB below.

For intra-UPE handovers without MME change, the control for eNB to UPE tunnel movement occurs directly between the eNB and UPE without passing through the MME [2].
There are two possibilities in the treatment of the above-mentioned tunnel movement, i.e. “path switch request/reply”.
1) “path switch request/reply” are carried on reliable IP transport using a SCTP connection. As in the case for MME pool areas, this may lead to UPE pool area restriction to a certain geographical area.

2) “path switch request/reply” are carried on unreliable IP transport. In order to obtain the reliability of path switch, retransmission on application layer, e.g. GTP-U, can be considered.
We think that SCTP connection between UPE and eNB is not necessary because signalling reliability might be obtained by application layer retransmission. This allows for UPE pool area to be expanded where IP connectivity between eNB and UPE is available. However, necessity of SCTP connection for bearer management signalling between UPE and eNB in alternative C needs further consideration. Hence we think scenario 2 is feasible especially for alternative B.

2.3 Triggers for MME/UPE change

In this section we discuss about triggers for MME/UPE change in both LTE_IDLE and LTE_ACTIVE and required information at the eNB.

2.3.1 Scenario 1

In LTE_IDLE state, it is expected that UE sends TAU to a new MME and the MME selects a new UPE.
In LTE_ACTIVE state, there are two possibilities.

1) Source eNB triggers the necessity of MME/UPE change to the old MME.
· Source eNB stores the information on S1 connectivity between the old MME and each neighbouring eNB. Source eNB detects the necessity of MME/UPE change at the time of HO decision, or

· Target eNB stores MME pool list. Source eNB informs target eNB about identifier of the old MME and target eNB detects the necessity of MME/UPE change. Source eNB receives the information from target eNB during HO preparation phase.

2) Target eNB triggers the necessity of MME/UPE change to a new MME.

· Target eNB stores MME pool list. Source eNB informs target eNB about identifier of the old MME and target eNB detects the necessity of MME/UPE change.

We think that source eNB trigger for MME/UPE change is preferable because it seems to be necessary for inter-3GPP and inter-PLMN HO case. For inter-PLMN case we assume that MME/UPE pool areas do not overlap and X2 does not exist between eNBs. Therefore, target eNB trigger cannot be applied because it requires existing X2, while source eNB trigger still can be applied in this case. The number of MME/UPE relocation procedures in LTE_ACTIVE should be minimised as much as possible.
Further, we think that source eNB should request target eNB to provide the information on S1 connectivity with the old MME. Since all the eNBs in a certain pool area can have same information, i.e. MME pool list, impact on operator configuration efforts will be limited.
2.3.2 Scenario 2

In LTE_IDLE state, it is expected that UE sends TAU to a new MME and the MME may select a new UPE.
In LTE_ACTIVE state, basically we assume that there is no need to change the serving UPE. However, if multiple UPE pool areas are configured in a PLMN network, it might be necessary to change the UPE. Therefore, there are two cases in Scenario 2. One is only MME change, the other is both MME and UPE change.

We think that source eNB may inform target eNB about identifiers of the old MME and UPE during HO preparation phase so that target eNB can detect the necessity of MME and UPE changes independently. The identifiers of the old UPE might be used for target eNB to detect the necessity of UPE change and to send path switch to the UPE directly if the serving UPE is not changed.

In case of both MME and UPE changes, the same considerations of the scenario 1 above are applied, i.e. source eNB triggers MME and UPE change at the old MME. 
In case of only MME change, there are three possibilities: source eNB trigger, target eNB trigger and TAU from UE in LTE_ACTIVE. However, for the same reason as described in the section 2.3.1, we think that source eNB trigger is preferable, i.e. while target eNB informs source eNB about the necessity of MME change during HO preparation phase, it might send path switch to the UPE directly in HO execution phase.
For scenario 2, eNB requires MME pool list, and might require UPE pool list if needed to detect the necessity of UPE change.

3 Conclusion
In this contribution, we discussed about possible deployment scenarios of MME/UPE pool areas in conjunction with MME/UPE split alternatives, trigger for MME/UPE change in both LTE_IDLE and LTE_ACTIVE and required information at the eNB.

From the discussion above, scenario 1 could be applied to all MME/UPE split alternatives, and scenario 2 which could allow reducing frequency of UPE changes in LTE_ACTIVE state could be applied to alternative B.
We think that change of MME, and UPE if needed, for UEs in LTE_IDLE state will be triggered by the UE sending TAU in scenario 1 and scenario 2.

Further we think that it is advantageous to select source eNB trigger for MME change, and UPE change if needed, for UEs in LTE_ACTIVE state in scenario 1 and scenario 2. In those cases, eNB requires MME pool list. Additionally UPE pool list might be required, if needed in scenario 2.
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