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1
Introduction
This contribution provides motivation and a solution proposal for event-triggered load reporting, particularly for the case for distributing cell load evenly among cells.
2
Description
2.1
Rel-9 load reporting feature deficit
The objective of MLB, as stated in 36.300 [1], is as follows:

· “The objective of load balancing is to distribute cell load evenly among cells or to transfer part of the traffic from congested cells. This is done by the means of self-optimisation of mobility parameters or handover actions […]
· 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.”
Accordingly, the solution for MLB should facilitate distributing cell load evenly (uniformly) among cells such that the difference in the load between cells is maintained within a predetermined allowance. During the RAN3 #69 meeting, in the context of the discussion of [2], the RAN3 chair stated that even distribution of the load was a requirement for the case of intra-LTE load balancing and no disagreement was expressed by any company. 

To realize load balancing with the objective of even distribution of the load among the cells, when a eNodeB receives load information from its neighbors, it should compare it with its cell load and determine its load status according to the following criteria: 

· “Too high” load means that the eNodeB’s cell load is greater than one or more of its neighbors’ by an unacceptable amount and that handover actions should be performed in order to correct the imbalance.

· “Too low” load means that a eNodeB’s cell load is less than one or more of its neighbors’ by an unacceptable amount. The corresponding neighbor should perform handover actions in order to correct the imbalance.

· Load balancing is propagated across the network as cells maintain the balance of their load with their neighbors’. 

Load balancing for the even distribution of load has distinctive characteristics as compared to load balancing due to congested cells. It is a much more continuous, ongoing process so careful consideration should be given to the network signaling load.

The Release 9 load reporting solution is not adequate for this type of load balancing operation since the required signaling flexibility is not provided. Figure 1 shows the release 9 load reporting procedure.  
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According to the release 9 procedure, periodic load reporting from a cell (Cell B) is initiated by a source eNodeB (Cell A) sending the Resource Status Request message to the target eNodeB (Cell B). The target eNodeB (Cell B) sends a Resource Status Response message to accept the load reporting request and sends load reports in Resource Status Update messages at the periodicity specified in the Resource Status Request message. The same procedure would be used in order for the eNodeB of Cell B to receive periodic load reports for Cell A. 
When an eNodeB determines that its cell has a “too high” load status relative to one of its neighbors, it may handover some of the UEs it is serving to that neighbor in order to correct the load imbalance. With the release 9 procedure, when an eNodeB determines that its cell has a “too low” load status relative to one of its neighbors, there is no handover-based corrective action available to that eNodeB. For instance, an eNodeB whose cell has a low load status does not have a means to notify its neighbor of the load imbalance, it cannot trigger a neighbor cell to perform load balancing handovers by sending an autonomous load report or by requesting that a neighbor cell send it a Resource Status Request message.  The corresponding neighbor must detect the imbalance itself and perform handover actions in order to correct the imbalance. In addition, the eNodeB for a cell with a “too low” load status must continuously receive and send load reports because there is the possibility of a “too high” load condition occurring at any time, and, also, it should know its neighbors’ load status for consideration during redistribution actions by other cells. Accordingly, for the release 9 load reporting procedure, in order to distribute cell load evenly among cells, each cell’s eNodeB must maintain up-to-date load information for their neighbors. 
It is redundant and therefore wasteful for two neighbor eNodeBs to both continuously determine their load difference, but it is necessary when using the release 9 procedure since there is no means to coordinate this information between them. 
2.2
Proposed Rel-10 enhancements

To address the issues described above, event-triggered load reporting is proposed to allow an eNodeB to send a load report after its load crosses predefined thresholds, rather than only sending load reports at a predetermined rate. In particular, for even distribution of the load, the important characteristic is the difference in the load between cells, so cell-load reporting triggering based on the difference between two cells’ load is proposed. These trigger thresholds may represent the maximum load difference allowed between two cells expressed as an absolute difference value or as a percentage difference and can be set based on the amount of load imbalance that is allowed by an operator. 
Figure 2 shows an example of a load balancing operation where event-triggered load reporting is used and where the events are based on the difference of the load between two cells.
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In Figure 2, an eNodeB (Cell A) requests periodic load reports and event-triggered load reports from its neighbor eNodeB (Cell B) using the Resource Status Request message, where the triggers are based on the difference between the loads of the two cells. The neighbor eNodeB accepts the request by sending a Resource Status Response message and periodically sends load reports in the Resource Status Update message. The load reports may be the Radio Resource Status, which is the percentage of PRBs used, and/or the Composite Available Capacity, which represents the percentage of the total amount of resources that are still available for the cell.

The neighbor eNodeB (Cell B) requests event-triggered load reports from the first eNodeB (Cell A) using the Resource Status Request message, where the triggers are based on the difference between the loads of the two cells. For instance, Cell B’s eNodeB requests Cell A’s eNodeB to send a load report when the percentage difference between the load of the two cells is greater than a threshold, and where the trigger threshold is obtained from OAM. When Cell A’s eNodeB detects a load imbalance event based on the periodic load reports, it sends a load report to Cell B’s eNode in a Resource Status Update message that includes it current load and the nature of the event from the perspective of the reporting eNodeB (load “too high”/”too low”). 
When Cell B’s eNodeB receives the event-triggered load report from Cell A’s eNodeB, it compares Cell A’s load with its current load in accordance with the event-triggered load reporting request it received from Cell A’s eNodeB. Cell B’s eNodeB also detects the load imbalance event which triggers it to send a load report to Cell A’s eNodeB. In this way Cell B’s eNodeB verifies the load imbalance event.
Proposal 1: For Release 10, the even distribution of load among the cells shall be facilitated using event-based cell load reporting triggers, where the events correspond to cell load-difference thresholds, as described in this paper.
It is also proposed that the event-triggered load reports also include the recommended amount of resources to use for correcting the load imbalance between the neighbors. This allows the eNodeBs for the cells to take into consideration the status of its other neighbors’ load. For instance, if Cell A’s load is too low with respect to Cell B’s and is also too low with respect to another neighbor, Cell A can provide Cell B with a recommended amount of resources to receive from Cell B considering that it will receive resources from its other neighbor. Conversely, if Cell A’s load is too high with respect to Cell B’s and too high with respect to another neighbor, Cell A can provide Cell B with a recommended amount of  load it would offload to Cell B considering that it will also offload resources to its other neighbor. This facilitates a more controlled approach to load balancing and allows the load balancing operations to be more efficient.
For example, if Cell B’s load is such that 30% of its resources are available according to its Composite Capacity Value (70% used) and Cell A’s load is such that 45% of its resources are available (55% used) then there is a difference of 15% in the load of the two cells. If the operator specifies that the difference in load should not exceed 10%, a load imbalance event occurs. If Cell A reports the event, it may recommend that its load is increased by only 6% by load balancing corrective actions with Cell B because it also has low load relative to its other neighbors.

The parameters in the Resource Status Update message that are used for this resource recommendation are the “Relative Load Indication” (HighLoad/LowLoad) and the “Recommended Load Supply” parameter. If Cell A’s load is too low then the Relative Load Indication is set to “LowLoad” and the value of the Recommended Load Supply parameter is the amount of recommended resources Cell A’s eNodeB should receive from Cell B’s eNodeB. If Cell A’s load is too high then the Relative Load Indication is set to “HighLoad” and the value of the Recommended Load Supply parameter is the recommended amount of resources Cell A’s eNodeB should give to Cell B’s eNodeB.
Proposal 2: For Release 10, an eNodeB shall be able to provide another eNodeB with a recommended amount of resources to be transferred between one of its cells and a cell of the other eNodeB in order to facilitate the reduction of a load imbalance between the cells, as described in this paper.
Once the load reports have been received and processed, the eNodeB for the cell with the higher load hands over some of the UEs it is serving in order to correct the load imbalance. The proposed mechanisms allow for a significant reduction in signaling in the network as compared to the release 9 procedure.
3
Impacts to 3GPP documents
3.1
Changes to 36.423 messages
RESOURCE STATUS REQUEST 

· Report Characteristics

· PRB Event,

Radio Resource Status IE indicating the usage of the PRBs in Downlink and Uplink: DL/UL GBR PRB usage, DL/UL non-GBR PRB usage, DL/UL Total PRB usage

· Composite Available Capacity Event
The overall available resource level in the reporting cell in Downlink and Uplink.
· Relative Load Ind Event
Load Indication to indicate if relative load is too high or too low from the perspective of the reporting eNodeB.
· Recommended Load Supply Event

This is the recommended amount of percentage load that should be added to the reporting eNodeB’s load if the Relative Load Indicator IE has a value of “LowLoad” . Otherwise, this is the recommended amount of percentage load that should be removed from this eNodeB’s load if the Relative Load Indicator IE has a value of “HighLoad”.

RESOURCE STATUS UPDATE 

Cell Measurement Result

>Cell Measurement Result Item

>>Relative Load Ind 

Load Indication to indicate if relative load is too high or too low from the perspective of the reporting eNodeB.
>> Recommended Load Supply Capacity 
Recommended amount of percentage load that should be added to or removed from the load of the reporting eNodeB based on whether the Relative Load Indicator IE indicates low load or high load, respectively.

3.2
Text proposal for TR 3.023
One of the objectives of load balancing according to 36.300 is to distribute cell load evenly among cells, which means that the difference in the load between cells should be maintained within a predetermined threshold. To realize load balancing with this objective, when an eNodeB receives load information from its neighbors, it should compare it with its cell load and determine its load status according to the following criteria: 

· “Too high” load means that the eNodeB’s cell load is greater than one or more of its neighbors’ by an unacceptable amount and that handover actions should be performed in order to correct the imbalance.

· “Too low” load means that a eNodeB’s cell load is less than one or more of its neighbors’ by an unacceptable amount. The corresponding neighbor should perform handover actions in order to correct the imbalance.

· Load balancing is propagated across the network as cells maintain the balance of their load with their neighbors’. 

Load balancing for the even distribution of load has distinctive characteristics as compared to load balancing due to congested cells. It is a much more continuous, ongoing process so careful consideration should be given to the network signaling load. 
For Release 10, the even distribution of load among the cells shall be facilitated using event-based cell load reporting triggers, where the events correspond to cell load-difference thresholds. In addition, for Release 10, an eNodeB shall be able to provide another eNodeB with a recommended amount of resources to be transferred between one of its cells and a cell of the other eNodeB in order to facilitate the reduction of a load imbalance between the cells.
4
Conclusion
The Release 9 MLB load reporting procedure is not adequate for the case of evenly distributing the load among the cells of the system. To correct this deficit, the following is proposed:
Proposal 1: For Release 10, the even distribution of load among the cells shall be facilitated using event-based cell load reporting triggers, where the events correspond to cell load-difference thresholds, as described in this paper.
Proposal 2: For Release 10, an eNodeB shall be able to provide another eNodeB with a recommended amount of resources to be transferred between one of its cells and a cell of the other eNodeB in order to facilitate the reduction of a load imbalance between the cells, as described in this paper.
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Figure 1: Load reporting procedures based on release 9 





Figure 2: Load balancing operation based on proposed release 10 load reporting procedure
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