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1 Introduction 
It was Agreed in RAN3 #83 that Mobility Load Balancing in RAN Sharing situations needs to be further investigated. This load balancing related problem was originally captured by SA1 in TS 22.101 [1] as one of the requirements and presented as scenario 9 in TR 22.852. Scenario 9 of [2] envisages a network where neighbouring cells are shared among different operators. Sharing is normally based on agreed quota or share ratio. With regard to load reporting that is needed for MLB, the following agreement was made in RAN3 #83bis:

Agreement: Resource Status Update message should enhanced per-PLMN basis
The Objective of this contribution is to properly define the problems, if any, in relation to load balancing under various conditions and to present high-level solutions. The problems and Solutions presented are intended to be captured in TR 36.856.
2 Discussion

2.1 Text Proposal
4.z
Support for MLB in RAN Sharing [x]Hosting E-UTRAN Operators have the need to optimize E-UTRAN resource usage within the shared E-UTRAN for a particular coverage area. At the same time, the agreed shares of E-UTRAN resources based on a single cell and sector for each Participating Operator need to be respected. Likewise, Participating Operators have the need to optimize their E-UTRAN resource usage among shared and unshared E-UTRAN for a particular coverage area.
The capability to perform load balancing on an individual Participating Operator's traffic basis within a shared E-UTRAN should be supported. 

The capability to perform load balancing on the combined traffic of all the Participating Operators within a shared E-UTRAN should be supported. 

The capability to perform load balancing between an individual Participating Operator's traffic within a shared E-UTRAN and traffic in that Participating Operator's unshared E-UTRAN where the shared and unshared E-UTRAN coverage overlaps should  be supported.
Note: 
Load balancing capabilities are expected to take into account the allocation of resources to each Participating Operator and the load level for each Participating Operator to the extent possible, so that the principal objective to maximize throughput is not impacted
4.z.1. Problem description:

a)
Current load-balancing algorithms may be triggered on noticing of imbalance in terms of the overall load in two adjacent neighbor cells. These existing mechanisms are not able to take into account per sharing operator load.
4.z.2 Solutions:

Following high-level solutions have been identified for (a):

1)
Load balancing among Shared neighbour cells has to take current Load per PLMN ID and agreed quota per PLMN ID into consideration
4.z.3 Special Consideration [y]:

With regards to load balancing, the starting point of scenarios in TS22.101 is that operators sharing one or more cells may have a resource allocation limit per cell different from each other. Hence, the need to apply different load balancing policies to UEs depending on the sharing operator (i.e. PLMN) they are connected to arises.

However, the following should be considered in order to properly evaluate this scenario:

· Mobility Load Balancing is done on UEs that are in conditions that allow for load balancing handovers, e.g. UEs at cell edge, UEs using specific services (for example, services more resilient to packet losses):

· Therefore, it would be inaccurate to “blindly” perform mobility load balancing only for UEs connected to a certain sharing operator that exceeded its resource limit, because such UEs might not be suitable for mobility load balancing.

· Mobility Load Balancing may be performed to reduce overall load in highly loaded cells. Such load may be generated by specific UEs, e.g. UEs in challenging channel conditions consuming data intensive services:

· Therefore, it would be unfeasible to trigger load balancing “blindly” on UEs belonging to a sharing operator exceeding its resource limit unless such operator is serving specific UEs causing the overload, e.g. high data demanding UEs in challenging channel conditions 

· Mobility Load Balancing, namely handing over UEs to neighbour cells, may not be appropriate if QoS can still be guaranteed within a cell. Namely, if there are unused resources in the cell that can be employed to ensure sufficient QoS for all UEs such resources may be used instead of forcing mobility load balancing actions:

· Therefore, even if resources of a sharing operator in a shared cell are exhausted, it should be possible to avoid mobility load balancing if spare unused resources are available in the cell to guarantee sufficient QoS for all UEs

Given the points above the following observation can be made:

Observation 1: The event of a sharing operator exceeding its allowed resource limit in a shared cell shall not necessarily mandate the RAN to take mobility load balancing actions

With the above analysis in mind, it is acknowledged that current mobility load balancing mechanisms lack the possibility to report per PLMN or per PLMN-group load levels. Such reporting would allow the RAN to gain an understanding of the resources in use per sharing operator with respect to pre-set resource limits. The latter understanding could help performing load balancing also taking into account per sharing operator resource agreements.
Observation 2: In order to gain an understanding of per sharing operator resource utilisation it may be useful to report information related to cell load (e.g. information contained in X2: Resource Status Update message) on a per-PLMN basis

Proposal 1: RAN3 is kindly requested to agree on the inclusion of the proposed text in TR 36.856.
3 Conclusion and proposals
After highlighting MLB related problem in RAN Shared Situations, this paper further examined in terms of how it can be rectified. Based on this, this paper makes a proposal with a text proposal:
Proposal 1: RAN3 is kindly requested to agree on the inclusion of the proposed text in TR 36.856.
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