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1. Introduction

It has been discussed in the past several meetings the issues of intra LTE inter MME/UPE change. SA2#56 have also discussed the related issue and a LS from SA2 will be received by RAN3. This contribution show some scenarios and discuss the possible detection in source eNode B to trigger the MME/UPE change.
2. Several Scenarios
R3.018 chapter 6.4.3.2.2 show the discussion points for changing MME/UPE. 

23.882 chapter 7.15, the key issue for intra Access System inter MME/UPE change in active mode have been described. For example the alternative 2 describe the use of the Relocation procedure (i.e. source eNB send HO Required to MME/UPE).

It has been also discussed in RAN3 that the MME/UPE change should be a rare situation. That is to say, in normal operation, inside a pool area, once the MME/UPE is connected, then through out the duration of the connection, the MME/UPE will not be changed simply because the MME/UPE is flex connection to all eNBs in the pool area. So the condition that the MME/UPE change for the active mode UE will occur only when the UE crosses the pool area border assuming that there is no X2 interface between the two eNBs.
There is an additional scenario that has multiple pool areas in a PLMN and overlapping of pool area may exist, as discussed in RAN3 and SA2.
It can be summarised that the general concept for those scenarios:

Scenario 1) Normal scenario
This is the most popular scenario where the S1 Flex is applied and MME/UPE can be connected to all eNBs under its pool area. Mobility during active mode within the pool area will not require changing of MME/UPE.

Scenario 2) border of the pool area
This can be further divided in to 2 more scenarios

Scenario 2-1) Inter PLMN
Normally in this scenario there will be no X2 connectivity between neighbouring eNBs at the border of the pool areas. Mobility for active mode between the pool areas, will either require forcing UE to idle mode or change of MME/UPE (as in 23.882 alternative 2:Intra-LTE MME/UPE Relocation in Active mode).

Scenario 2-2) Intra-PLMN Inter pool
Since a PLMN can have multiple pool areas as well as overlapping of pool areas,  neighbouring eNBs at the border of the pool areas will have X2 connectivity so it is possible to execute the normal intra-LTE eUTRAN HO. However, as there is no S1 connectivity between the target eNB and the source MME/UPE, one idea in R3-061664 is to introduce a temporary TNL connection. SA2#56 in Florence have discussed this scenarios 2-2) and asking RAN3 to evaluate how the RAN can detect in order to have MME/UPE change. 
In the following chapter, the way for detection MME/UPE change in EUTRAN is further discussed.

3. detection of the MME/UPE change in EUTRAN
For scenario 1, as there is no need to trigger the MME/UPE change, normal X2 Handover procedure will be triggered by the source eNode B for changing of the eNode B.

For scenario 2-1, as described above, the source eNode B can trigger the MME/UPE change if there is no X2 interface connectivity with the target eNode B.

For scenario 2-2 that has X2 connectivity, there seems to have two alternatives for the eNode B to trigger the MME/UPE change, these are discussed below:

Alternative 1: source eNode B knows target eNode B configuration
By the configuration in the source eNode B to know whether there is a S1 connectivity or not between the target eNode B and the source MME/UPE, the source eNode B can decide to trigger the S1 Relocation procedure (i.e. source eNode B send the Relocation Require) if no S1 connectivity exist. 

Alternative 2: source eNode B does not know target eNode B configuration
The source eNode B does not have any knowledge of what configuration in the target eNode B, therefore the source eNode B simply trigger the X2 Handover procedure whenever there is a X2 connectivity. As there is no S1 connectivity between this target eNode B and the MME/UPE that the source eNode B is connected to, after the successful of the Handover in air interface, the target eNode B then select the new MME/UPE. The difference from the case without changing the MME/UPE is that, the new MME/UPE needs to have further action i.e. to ask the source MME/UPE to transfer the UE context.

Alternative 1 needs to have configuration information of neighbouring eNode Bs whether the S1 connectivity exist or not, this will contribute to the operators’ work. Compare to the alternative 1, in the alternative 2, the source eNode B can trigger normal X2 handover procedure whenever X2 connectivity exist, this can be considered simpler solution as the eNode B when trigger whether S1 Relocation or X2 Handover, only base on a single logic i.e. whether X2 connectivity exist or not.

The scenario 2-2 is the scenario to change the MME/UPE so the target MME/UPE needs to have UE context, this will certainly need to ask from the target MME/UPE to source MME/UPE to provide the UE context information. 

If comparing the interruption time for the S1 Relocation procedure and the X2 Handover procedure, it is actually the same assuming the data forwarding is done. (refer to 25.912, the interruption time for both UL and DL will be 30ms)

If comparing the number of messages for the whole S1 Relocation and X2 Handover procedure, S1 Relocation procedure need 3 more messages than X2 Handover procedure. (refer to annex of this contribution, S1 Relocation procedure needs 15 messages and X2 Handover procedure need 12 messages). Therefore, it can be understood that the S1 Relocation procedure takes more time to complete.

4. Considering of possible deployment scenarios

In LS from RAN3 to SA2 as in R3-061617[6] has shown 3 scenarios for MME and UPE pool areas (the 3 scenarios is shown in ANNEX B of this paper). 

The discussed alternative 1 and 2 above, from EUTRAN point of view, does not foresee any significant or special impact from those 3 scenarios. This is because from the eNode B point of view, what to trigger the S1 relocation (alternative 1) is only the knowledge whether there is a S1 connectivity between source MME or UPE and the target eNode B; and for alternative 2, it is much more simpler because if there is a X2 connectivity, the source eNode B will simply just trigger the X2 handover and the rest is up to the target eNode B to decide. 
If talking about the stage 3 protocol impact, in fact, if alternative 2 is taken, then may need to have MME and UPE address information in the X2 protocol handover signalling message so the target eNode B can decide which MME and UPE to send the Path Switch message. This however does not foresee as a significant impact and it is natural that it has to reflect in the protocol messages. 
5. Conclusion and proposal
The scenarios for the pool area related configuration and those possible operations have been summarised. 
It is proposed RAN3 to discuss the alternatives to trigger the change of MME/UPE when X2 connectivity exist. 

NEC propose to take the alternative 2 as the working assumption and study further work base on this working assumption.
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Annex A: The signalling messages sequence for S1 Relocation and X2 Handover.
Figure A1. show the signalling message sequence for S1 Relocation.

Figure A2. show the signalling message sequence for X2 Handover.
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S ource eNB   S ource    MME/UPE   Target    MME/UPE   Target eNB  

UE  

Measurement Report  

S1 :  HO Required  

Sx :  HO Required  

HO Command  

SYNC  

S1:  HO Complete  

Route Update/Bearer REQ  

Sx:  HO Complet e  

Sx:  HO RESPONSE  

IASA  

S1: HO Request  

S1: HO Request ACK  

Route Update/Bearer ACK   S1: Release  

S1: HO Command  

HO Complete  

ACK  

Data  forward  


The interruption period (as shown in red arrow) is following the 25.912.
Figure A1.Signalling message sequence for S1 Relocation
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S ource eNB   S ource    MME/UPE   Target    MME/UPE   Target eNB  

UE  

Measurement Report  

X2: Context Data  

X2: Context Confirm  

HO Command  

SYNC  

X2: HO Complete  S1: UE Update  

Data  forward  

Route Update/Bearer REQ  

Sx:  Transfer UE Context  

Sx: Send Temporary ID  

IASA  

Route Update/Bearer ACK  

HO Complete  

ACK  


The interruption period (as shown in red arrow) is following the 25.912.
Figure A2. Signalling message sequence for X2 Handover
Annex B: The pool area scenarios 
The identified pool area scenarios as shown in the LS from RAN3 to SA2 in R3-061617.
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Figure B1: Possible Deployment Scenarios with Pools of UPEs
(as shown in the LS from RAN3 to SA2 in R3-061617)

Scenario 1: a pool of MMEs constitutes a service area that corresponds to the service area of a pool of UPEs

Scenario 2: a pool of UPEs has full connectivity to all RAN nodes and can be selected by all MMEs in a PLMN
Scenario 3: the UPE pool configuration is de-coupled from the pool area definition (i.e. MME pool) at all
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