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1 Introduction

One of the objectives of the approved Rel12 SI on next-generation SON for UTRA and LTE [1] is to identify SON enhancements and new features needed for the interworking between existing features and user type. MRO issues in the presence of CRE (Cell Range Expansion) have been discussed intensively in Rel11 SON WI, and some enhancements have been captured in Rel11 specifications. However, the impact of different UE types (e.g. UEs of different releases; CRE UE and non-CRE UE, etc.) on SON functions, such as MLB and MRO, has not been clearly identified. 
In this paper, we discuss some initial considerations on the potential enhancements to MLB functions, as well as the MRO failure cases in CRE scenarios where UEs of different releases, CRE UEs and non-CRE UEs co-exist.

2 Discussion
CRE is a supported feature in LTE networks, where the coverage of a pico cell is expanded by adjusting handover triggering parameters so that UEs can be handed over earlier to such pico cell. In this case, certain ICIC mechanism, such as ABS, is required in order to mitigate the interference from neighbour macro eNB(s) thus guarantee the acceptable services provided by such pico cell to the UEs in CRE area. Several possible HetNet deployment scenarios are shown in Figure 1, where CRE may be configured for UEs. 
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Figure 1:
Possible HetNet deployment scenarios
Figure 2 illustrates a typical CRE deployment scenario, where Non-CRE border, Rel10 CRE border and Rel11 CRE border are defined for a pico cell. Non-CRE border is configured for both legacy UEs (pre-Rel10 UEs) and Rel10/Rel11 non-CRE UEs, while CRE borders are configured for Rel-10 CRE UEs and Rel-11 CRE UEs respectively.
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Figure 2:
Typical CRE deployment scenario

2.1 MLB functions in support of CRE scenarios
Based on current specifications, support for mobility load balancing consists of one or more of following functions:

-
Load reporting;

-
Load balancing action based on handovers;

-
Adapting handover and/or reselection configuration.

As part of eICIC WI work, ABS status reporting function has been included in the X2-AP Resource Status Reporting scheme in Rel-10 with the primary objective of “aiding the eNB designating ABS to evaluate the need for modification of the ABS pattern” [2]. Especially, DL ABS status IE is specified as” percentage of used ABS resources” to be reported as part of ABS status. However, currently there is no available ABS resource reporting available in support of load balancing for CRE UEs.

Moreover, load balancing optimisation so far has not been clearly studied to take into account Idle Mode UEs. It is particularly an issue in CRE scenarios. Due to the interference experienced in pico cells, idle mode UEs, including CRE capable UEs, tend to select Macro cells. However, when such UEs (especially CRE capable UES) switch to connected mode, it is very likely they will be offloaded to the overlapped capacity boosters (e.g. pico cells). Obviously such practice often affects end users’ QoE. In this case enabling the availability of ABS information to Idle Mode UEs will assist them with correct cell reselection. 
2.2 MRO failure cases in CRE scenarios
Incorrect setting of either CRE border or Non-CRE border can result in different failure cases for legacy UEs, Rel10/Rel11 Non-CRE UEs, Rel10 CRE UEs and Rel11 CRE UEs, for which we provide some initial observation on the potential MRO failure cases in CRE scenarios as follows. Considering the similarity between Rel10 and Rel11 CRE borders in terms of impact on MRO, only one CRE border is assumed in the following discussions. However, the findings apply to both Rel10 and Rel11 CRE cases.
Failure Case 1: Too big CRE border
As shown in Figure 3, the CRE border is set too big, which results in connection failure experienced only by Rel-10/Rel-11 CRE UEs. Based on current MRO failure detection mechanisms, this failure event can be determined as “Too early HO”. It is worth mentioning that too small CRE border is not likely to cause connection failure for CRE UEs. 
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Figure 3:
Too big CRE border
Observation 1: Too big CRE border results in connection failure of Rel10/Rel11 CRE UEs.
Failure Case 2: Too big Non-CRE border
As shown in Figure 4, the Non-CRE border is set too big, which results in connection failure of legacy UEs since these UEs don’t support ABS. In addition, it may cause connection failure of Rel10/Rel11 Non-CRE UEs if suitable ABS arrangement is not in place. However, too big Non-CRE border will unlikely have impact on CRE UEs. Based on current MRO failure detection mechanisms, this failure event can be determined as “Too early HO” or “To wrong cell”. 
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Figure 4:
Too big Non-CRE border
Observation 2: Too big Non-CRE border results in connection failure of legacy UEs and may cause connection failure for Rel10/Rel11 Non-CRE UE if suitable ABS arrangement is not available.

Failure Case 3: Too small Non-CRE border
As shown in Figure 5, the Non-CRE border is set too small. In the case that the pico cell is deployed to fix coverage hole, too small Non-CRE border results in connection failure of both legacy UEs and Rel10/Rel11 Non-CRE UEs. However, too small Non-CRE border will unlikely have impact on CRE UEs. Based on current MRO failure detection mechanisms, this failure event can be determined as “Too late HO”. 
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Figure 5:
Too small Non-CRE border
Observation 3: Too small Non-CRE border results in connection failure of both legacy UEs and Rel10/Rel11 Non-CRE UEs if the pico cell is used to fix coverage hole.
It is not difficult to see that the current MRO failure detection mechanisms can identify most of the failure cases in CRE scenarios. However, it requires further study whether or not the current mechanisms are sufficient for the network to distinguish different UE types (e.g. different releases, CRE UEs and non-CRE UEs) so that the appropriate mobility parameter adjustment may be applied in order to avoid MRO failures. 
3 Conclusion

This paper provides some initial thoughts on potential issues with current MLB and MRO functions in support of CRE scenarios. In conclusion, we kindly ask RAN3 to agree on the following proposal:
Proposal: Further study is required for indentified issues with current MLB and MRO functions in support of CRE scenarios.
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