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Figure 1a. Traffic concentration in femto cells.       Figure 1b. Traffic concentration in macro cell.
Current SDD text allows for load balancing between the femto and macro BS. We provide further details on facilitating the load balancing operation. Given the usage scenarios of femto cells in residences, enterprises, complexes, etc. it can be anticipated that the dynamics of traffic in these femto cells can vary significantly depending on the time of the day. In fact, addressing the problem of load balancing is very critical for the femto-macro network unlike in the case of conventional cellular or relay networks. To understand this, consider the following example: A highly expected alternating traffic pattern between macro and femtocells is as follows: high load in the macro cell during morning commute, followed by high load in femtocells (during office hours in buildings, enterprises, etc.), followed by high load in the macro cell during evening commute, followed again by high load in the femtocells in the evenings/nights (users in residential complexes). The traffic pattern would also change depending on weekdays or weekends. Such an alternating traffic demand does not arise in conventional cellular networks and is specific to the macro-femto architecture and the usage scenarios for which it is being considered. Thus, given the nature of dynamics in load, addressing the load balancing problem becomes critical.

Hence, to generate maximum revenue from the network and provide better services, it is very important for the service provider to coordinate the resources between macro and femto cells so that the resources are efficiently utilized. For eg. consider the scenario is Fig 1a and 1b. In Fig. 1a, the UE concentration is more in the femto cells compared to the macro, while in 1b it is the macro cell where traffic is concentrated. Using the same allocation of resources for both the scenarios will lead to poor utilization of resources and hence performance degradation. For the scenario is 1a, more resources must be allocated towards the femto cells, while for 1b more resources must be allocated to the macro cell. 
Facilitating Load Balancing

To address this load balancing scenario, it is important for the coordinating entity (macro BS) to semi-statically collect traffic performance metric (load, traffic demand, utility, etc.) from its associated femto BS to decide on the amount of resources that can be allocated to its macrocell and the femtocells. How the macro and femto BS decide to use these resources is not within the scope of this document and will be handled by resource management schemes. However, being able to periodically collect traffic metrics from them will help efficiently balance the load between them and adapt it to varying network dynamics. The semi-static nature of such information collection could also be implementation dependent and could be periodic or based on event-triggers.
To facilitate in this load balancing operation, messages need to be defined whereby the macro BS can request for the traffic metric from the femtocells; and the femtocells can respond to such requests. Two options are possible. 

Signaling Mechanism

The messages required for collecting load information can be sent on the backhaul link or on the direct link. When they are sent on the direct link between the femto BS and macro BS, messages need to be defined for this purpose. 

Option 1: 

In option 1, the macro BS explicitly requests for the traffic metric from the femtocells through a AAI_LOAD-REQ message. This does not require the femtocells to periodically provide such information. Instead they provide traffic metric information through a AAI_LOAD-REP message only upon request. The AAI_LOAD-REP message would contain the traffic metric that is indicative of the load information in its cell. The semi-static nature at which the traffic metric is requested could be determined by the macro BS. The AAI_LOAD-REQ/REP messages can be defined between macro BS and femto BS in a manner similar to scanning report and neighborhood advertisement messages that exist between ABS and AMS.
Option 2:

In option 2, the macro BS does not explicitly request for traffic metric information from the femtocells. Instead the associated femtocells feedback their traffic metric information through the AAI_LOAD-REP message in a semi-static manner either periodically or based on event-triggers. The AAI_LOAD-REP message would contain the traffic metric that is indicative of the load information in its cell. The granularity of this feedback message can be implementation dependent and could be made periodic at coarse time scales that is decided by the coordinating entity or based on event triggers. The AAI_LOAD-REP message can be defined between macro BS and femto BS in a manner similar to scanning report and neighborhood advertisement messages that exist between ABS and AMS.

Signaling Parameter

Multiple options are possible for the traffic metric information that is indicative of the traffic demand such as  number of subscribers in the associated cell, offered load, etc.

While load balancing is critical for the efficient operation of femtocells, it can be facilitated only by appropriately defined functionalities that provide the information necessary for its execution. We have provided some options for realizing these functionalities. 

Insert a new subclause 15.x as follows: 

--------------------------------------------- Proposed text -----------------------------------------------------------------
15.x Load Management and Balancing

To achieve load balancing, macro BS may periodically collect traffic performance metric (load, traffic demand, utility, etc.) from the femto BS to decide on the amount of resources that can be allocated to the macrocell and the femtocells. The periodicity (semi-static nature) of such information collection could be a periodic report, one time report, or event-triggered report which is implementation dependent. 

When a Femtocell ABS has the traffic load below a pre-defined threshold, it may enter the low-duty operation mode and monitor DL and UL signal associated with an AMS which is served by overlay macro ABS during the unavailable interval. Then the Femtocell ABS shall inform the macro ABS that the AMS is in its coverage.
--------------------------------------------- End of Proposed text ----------------------------------------------------------
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