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1 Introduction

The agreed aspects in support for MLB in RAN Sharing have been captured in TR 36.856 [1], including the identified issue:

“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.”

In this paper, we further discuss the potential solutions for this issue with the corresponding text proposal.
2 Discussion
The specified requirements in TS 22.101 [2] on support for load balancing in RAN sharing have been captured in TR 36.856:

“The capability to perform load balancing on an individual Participating Operator's traffic basis within a shared E-UTRAN shall be supported. 

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

In addition, one high-level solution has been captured in the TR for the identified issue: 

“1)
Load balancing among Shared neighbour cells has to take current Load per PLMN ID and 
     agreed quota per PLMN ID into consideration”

Based on TS 36.300, “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.”
2.1 Load Reporting  

As specified in TS 36.300, the load information consists of:

-
Radio resource usage (for intra-LTE scenario);

-
HW load indicator (for intra-LTE scenario);

-
TNL load indicator (for intra-LTE scenario);

-
Cell Capacity Class value (for both intra-LTE and inter-TAT scenarios);

-
Capacity value (for both intra-LTE and inter-TAT scenarios).

Note that the corresponding stage-3 procedures and functions (specified in TS 36.413 and TS 36.423) include: Resource Status Reporting Initiation procedure, Resource Status Reporting procedure, and Configuration Transfer function.
There are three alternative solutions can meet the requirements [3]:

Alt. 1: the resource status reporting is differentiated by operator identification.
In this solution, all load information (i.e. for intra-LTE case, radio resource usage, HW load indicator, TNL load indicator, Cell Capacity Class value and 
Capacity value) are reported on a per individual Participating Operator basis. 

Alt. 2: the resource status reporting is enhanced by indicating only the available resource for specific operator(s).
Instead of reporting all the load information of each PO, in this solution only the available resource (i.e. Composite Available Capacity Group) for individual Participating Operators is reported. 
Alt. 3: in addition to the load information reporting, the agreed quota for each PO is also reported.
In addition to the load information report, the agreed quota for each PO is also reported in this solution, which provides a clear picture how the cell/eNB is shared among all POs. 

2.2 Load balancing action based on handovers
Since the handover procedure is executed on a per UE basis, we don’t expect any particular issue in the handover itself. However, some new cause values may be needed in the handover preparation procedure in order to meet the requirements as well as avoid any misunderstanding. The causes, such as “Reduce Load in serving cell”, “Resource optimization Handover” and “No radio resource available in target cell”, may be enhanced to be associated with individual POs in RAN sharing scenarios.
2.3 Adapting handover and/or reselection configuration
Mobility Settings Change procedure enables an eNB to negotiate the handover trigger settings with a peer eNB controlling neighbouring cells. In order to meet the basic requirement, i.e. to perform load balancing on an individual Participating Operator's traffic basis within a shared E-UTRAN, it is necessary to associate the negotiated handover trigger settings with individual POs in RAN sharing scenarios.

3 Conclusion
In this paper, we have further discussed the potential solutions for the identified issue in support for MLB in RAN Sharing. The corresponding text proposal to TR 36.856 is as follow:
	*** Fist change ***


3.1.1 4.z
Support for MLB in RAN Sharing 

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
1.1) Load Reporting functions

Alt. 1: the resource status reporting is differentiated by operator identification.

In this solution, all load information (i.e. for intra-LTE case, radio resource usage, HW load indicator, TNL load indicator, Cell Capacity Class value and 
Capacity value) are reported on a per individual Participating Operator basis. 

Alt. 2: the resource status reporting is enhanced by indicating only the available resource for specific operator(s).

Instead of reporting all the load information of each PO, in this solution only the available resource (i.e. Composite Available Capacity Group IE) for individual Participating Operators is reported. 

Alt. 3: in addition to the load information reporting, the agreed quota for each PO is also reported.

In addition to the load information report, the agreed quota for each PO is also reported in this solution, which provides a clear picture how the cell/eNB is shared among all POs.
1.2) Load balancing action based on handovers
Since the handover procedure is executed on a per UE basis, no particular issue is expected in the handover itself. However, some new cause values may be needed in the handover preparation procedure in order to meet the requirements as well as avoid any misunderstanding. The causes, such as “Reduce Load in serving cell”, “Resource optimization Handover” and “No radio resource available in target cell”, may be enhanced to be associated with individual POs in RAN sharing scenarios.
1.3) Adapting handover and/or reselection configuration
Mobility Settings Change procedure enables an eNB to negotiate the handover trigger settings with a peer eNB controlling neighbouring cells. In order to meet the basic requirement, i.e. to perform load balancing on an individual Participating Operator's traffic basis within a shared E-UTRAN, it is necessary to associate the negotiated handover trigger settings with individual POs in RAN sharing scenarios.
	*** Remaining text not changed ***


It is therefore proposed that 

Proposal: RAN3 kindly agree to capture the proposed TP into TR 36.856.
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