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Introduction

The X2 Setup and eNB Configuration Update procedures [1] provide the means for eNBs to exchange data related to the MMEs to which they are connected, allowing each eNB to decide in an automated manner whether (for a given UE, served by a given MME) X2 HO can be performed. Historically, this was thought to be achieved by exchanging the group IDs to which each eNB was connected. As a result, the current limit for the list of group ID is set 16.

During RAN3#66bis, it was noted [2] that in network sharing scenarios, it may be necessary to list ALL globally unique group IDs, in other words, all pairs (PLMN,Group ID) that the eNB is aware of. It was also noted that this could easily lead to a shortage of ID space. This contribution re-examines the issues raised, and highlights possible configuration constraints that would solve the problem. However it is not clear that the standard should assume these constraints, and further discussion is needed.

Discussion

The basic problem to be solved is “what is the required information to be passed between two eNBs over X2 such that they will be able to determine if common core connectivity exists for a particular UE?”.

To analyze this, we can first consider all MMEs with the same Group ID connected a particular eNB. It can be shown that the analysis can simply be repeated for each Group ID seen by the eNB.

So, we consider the following situation, which encapsulates most combinations of interest:
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From eNB1 perspective:

· It seems clear that PLMN1 and PLMN2 have coordinated the assignment of GID1. If it is assumed that the same MME will always declare the same combination of PLMNs to all eNBs to which it is connected, it follows that any pair (PLMN,GID) declared by a specific MME is enough to identify the MME. Therefore, over X2 the eNB1 only needs to declare one pair per MME e.g. (PLMN1, GID1).

· However, for the second MME, the eNB1 cannot know whether it is part of the same pool as the first or not. In other words, the GID assignment may or may not be coordinated. To be on the safe side, the ENB1 will send both (PLMN1,GID1) and (PLMN3,GID1) over X2.

· If it could be assumed that the assignment of GIDs is such that two MMEs declaring the same GID to the same eNB must serve the same pool, then obviously the eNB1 could deduce that PLMNs 1, 2 and 3 have coordinated their GID 1, and therefore only ONE pair needs to be sent per GID !

Now from eNB2 perspective

· eNB2 actually is in presence of a counter-example to the above hypothesis. If it assumes coordination of its visible Group IDs, then it need only declare (PLMN1, GID1), as an example – this will result in failed X2 HOs if the UE is served by (PLMN4,GID1). Worse, if it declares (PLMN4,GID1), the eNB1 would need to assume no common core connectivity since it does not know this pair, so eNB1 would always initiate S1 HOs. If it does not assume any coordination, it must declare at least (PLMN1,GID1), (PLMN3, GID1) and (PLMN4, GID1).

This analysis leads us to formulating the following proposed principles. Depending on which are agreed, the solution may or may not be optimized.

A. Two neighbour eNBs may be separately served by MMEs declaring the same Group ID, while having no common connectivity

a. The consequence of this principle is simple, i.e., in general the pair (PLMN,GID) must be exchanged) as already established.

B. One MME will always declare the same combination set of GID and PLMNs to all eNBs it serves

a. The X2 HO already implicitly uses this principle when the source declares any MME GUMMEI during HO preparation (else the HO could fail as the target might not find the right MME).

b. If this can be accepted, then a single pair per MME is sufficient to determine common connectivity to a given MME (obviously for all PLMNs it serves)

c. If it cannot be accepted, then we have a situation where a particular MME declaring a single GID may in fact be serving quite distinct pool areas. If this configuration is required, then all pairs must always be exchanged between eNBs.

d. If this can be accepted, a potential third principle is of interest: 

C. All MMEs declaring the same GID to a given eNB shall serve the same pool area.

a. If this can be accepted, then (combined with the above), a single pair per GID is sufficient, since the configuration observed above by eNB2 becomes impossible. 

b. Note that this does not contradict principle A, since the same GID could be used in a non-overlapping manner by different PLMNs. Put simply, Principle C states that pools with the same GID can only overlap if they are in fact the same pool / pool area.

Conclusion

The level of MME information to be exchanged over X2 is highly dependent on configuration constraints. Unfortunately this might lead to operability issues if different vendors make different assumptions regarding (1) which pairs are provided over X2; and (2) how the information received is interpreted.

There seem to be two potential ways of going forward. The first is simply to accept only Principle A, and therefore all unique pairs must be passed between eNBs. In scenarios of pool overlap and with use of multiple PLMNs (whether network sharing or not), it is obvious that the current limit will be challenged. One possible solution consists of defining another optional IE (with a larger range) whose presence effectively overwrites the current one, e.g. from release 9 onwards.

The second way forward is to consider some minimization of the list, by accepting Principle B, and possibly also C as part of the system constraints. Principle B seems to be already implicitly assumed at X2 HO. It provides some reduction of the IE in GWCN scenarios but no reduction would result in MOCN scenarios. However acceptance of Principle C would return the dimensioning back to the original expectations, since a single pair is needed per group ID observed at the eNB. Then if a receiving eNB recognizes the pair as one declared by one of its MMEs, it can expect that all MMEs declaring the same GID have common connectivity to the two eNBs, regardless of PLMNs.

Motorola requests RAN3 to discuss this issue and select one of the “way forward” options described above. Since eNB behaviour is affected, it is expected that some specification impact will be needed in any case (e.g. procedural text in X2 Setup and eNB Configuration Update procedures).
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