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1. Introduction
In the last RAN3#55 procedures for inter eNB handover when EPC node relocation is also performed was discussed.

It was agreed that from RAN3 perspective, the EPC relocation is triggered by radio reasons only.
On the discussion which RAN node that triggers the relocation procedures, there were three alternative solutions,
the first alternative is, the source eNB triggers the relocation with procedure similar to I-RAT HO (directly via S1), and 
the second alternative is, the source eNB triggers the relocation with procedure similar to IRAT HO but with utilisation of X2 beforehand,
the third alternative was, the target eNB triggers the relocation with new defined procedure.
This contribution clarifies the configuration cases of MME pool areas, shows the necessity of utilising X2 in inter eNB HO that necessitate EPC node relocation for intra PLMN case, and propose the necessary procedure for such case.
2. Pool Area Configuration Cases

Pool Area Configuration cases with the relation of S1 and X2 connectivity can be categorised into the following:

1. Pool Area configuration for inter PLMN case
In this case, it can be assumed that there is no S1 TNL connectivity between eNB and MME of different MME Pool Area, and there is no X2 TNL connectivity between eNBs which belongs to different MME Pool Area.
2. Pool Area configuration for intra PLMN case
This case can be divided into two cases:
2-1. Overlapped MME Pool Area configuration


Overlapped MME Pool Area will be the most common configuration for intra PLMN case. 
Between different MME Pool Area, there may be no S1 TNL connectivity between an arbitrary eNB and an arbitrary MME of different MME Pool Area, but X2 TNL connectivity will always exist between two arbitrary eNBs which each belongs to adjacent MME Pool Areas.

The above situation is shown in the figure1. 
From figure 1, it can be observed that both in the MME Pool Area border and inside the overlapped area, X2 will always exist due to the necessity of continuous mobility support, i.e. supporting intra MME pool inter eNB handover.
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Figure 1: Overlapped MME Pool Area configuration
2-2. Non Overlapped MME Pool Area configuration

Non overlapped MME Pool Area inside an operator’s PLMN will be one of a configuration that may exist according to the operator’s network deployment scenario.

According to the operator’s configuration, in a non-overlapped MME Pool Areas, the configuration cases may be:
- No S1 and X2 TNL connectivity
- No S1 TNL connectivity but there is X2 TNL connectivity
3. Procedure for inter eNB HO that necessitates EPC node relocation for intra PLMN case

The following assumptions are taken for discussing the necessary handover procedure for inter eNB HO with EPC node relocation in intra PLMN case:

· It is assumed that for intra PLMN case, X2 will also exist between every adjacent eNBs which belongs to different MME Pool Areas

· To simplify the system and the number of the overall procedure, the trigger for inter eNB HO with EPC node relocation in intra PLMN case is performed by the source eNB.

3.1. Alternative solutions, and their pros and cons

Alternative Solutions

For inter eNB HO which requires EPC node relocation, basically there are two alternatives solution:

· Solution 1: Strict configuration for each eNB according to their location

· Each eNB has different configuration according to their location such that those eNBs in the border of MME Pool Area are aware whether their surroundings eNBs can have connection to the same MME.
· The system parameter data that the need to be configured in an arbitrary eNB are: 
- list1: the list of neighbouring eNB with X2 connectivity, 
- list 2: the list of connection of connectable MMEs, and 
- list 3: the list of connection between the neighbouring eNB in list1 and all the MMEs in list 2 
Figure 2 shows the illustration of the lists that need to be configured in an arbitrary eNB’s system parameter.
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· Solution 2: Utilizing X2 to ease up the configuration of eNB.
· For all handover procedure, HO preparation is always performed.
For inter eNB HO with EPC node relocation, X2 signalling is performed to find out whether the neighbour eNB can have connection to the same MME.
· Each eNB does not need to have the knowledge of other eNB’s S1 connection ability. 

· The operation data that need to be configured in an arbitrary eNB are:
- list 1: the list of neighbouring eNB with X2 connectivity.
- list 2: the list of connection of connectable MMEs
The Pros and Cons

The pros and cons of the above 2 solutions are summarised in the following table 1.

	Comparison 
	Solition2: Utilizing X2
	Solution1: Based on eNB configuration

	Knowledge of other eNB S1 configuration
	Not necessary (+)

	Necessary (-)


	System parameter management in eNB
	- Less number of lists to manage (+)

	- More number of list to manage (-)
-

	Similarity with intra MME inter eNB handover procedure
	 Similar handover procedure, utilizing X2 (+)
	Different handover procedure, i.e. necessity for the functionality to differentiate HO via S1 or X2 (-)

	Similarity with I-RAT handover procedure
	Additional one round trip X2 signaling before running the same procedure as in I-RAT (+-)
	Similar (+)

	Delay perspective 
	Additional one round trip signaling for the ‘HO Preparation’ (-)
	Can directly send the ‘HO Required’ to MME. (+)


Further on the management of system parameter

The biggest advantage of solution2 is the ease management of eNB system parameter.
The following shows some reasons why strict configuration of eNB system parameter is somewhat a troublesome matter from an operation point of view:

· The maintenance and management effort needed for maintaining and managing three lists (the above list 1, 2 and 3) is highly different compare to maintaining and managing only two list (list 1 and list 2).
· The burden of managing list 3 especially will appear on the event of changing the network configuration, and the burden is bigger when changing the network configuration is not a rare event.
Every time there is a need to change MME Pool geographical association ( e.g. to accommodate more eNB), the system parameter that need to be updated is not only the list of S1 association in eNB and MME (list2), but also the list of S1 connection of the neighboring eNB (list3)
· There is no precedent system where the knowledge of neighboring eNB configuration is necessary to be included as a part of an arbitrary eNB’s system parameter.

3.3. HO Procedure for solution 2
The handover procedure for inter eNB HO with EPC relocation procedure is described in figure 2, which is based on the TR23.882 (v.1.8.0) section 7.15.2.2.
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Figure 3. Procedure for inter eNB handover with EPC node relocation

Note1: The MME/UPE is described to be collocated (revision need to be made)
The additional procedure is described in the blue box where X2 signalling is performed:

· Add1. X2-AP: Handover Request send the necessary information (including the MME ID, target cell ID, RRC context, SAE bearer context) to prepare HO at the target eNB. 

· The target eNB check the MME ID (address), and send HO Request NACK with cause value of No TNL Connectivity,  if regarding to its system parameters it has no connection to the designated MME.
The target eNB may also configure the required resources according to the SAE bearer context and reserves a C-RNTI.
· Upon the receipt of HO Request NACK, the source eNB shall trigger the handover procedure via S1.
4. Conclusion and Proposal

It is proposed to agree that:
· The existence X2 will depend on the configuration of MME Pool Area.
For intra PLMN case, there are two configuration case:
Case1: Overlapped MME Pool Area
　　X2 will exist in the border of MME Pool Area and inside the overlapped area.
Case2: Non overlapped MME Pool Area
　　X2 existence in the border of MME Pool Area can be made as operator’s matter.
· For intra PLMN case, the standard should support a solution where X2 is utilised for inter eNB handover with EPC node relocation, whenever X2 exists.
· Procedure in figure 3 as the procedure for the solution where X2 is utilized for inter eNB HO with EPC node relocation. 
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