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Support for Femtocells in the FFR of Macrocell
Karthik Sundaresan, Sampath Rangarajan, Linghang Fan, Amir Khojestepour
NEC
1. Introduction

The idea of fractional frequency reuse (FFR) is to allow different frequency reuse factor on different frequency partitions. In a typical FFR system as showed in Figure 1, frequency band is divided into two types of partitions: 1/1-reuse partitions and 1/3-reuse partitions. Each BS sector is allocated with 1/1-reuse partition and 1/3 of the 1/3-reuse partitions. Each sector is divided into interior region and cell-edge region.  The users in the interior region are allocated with the 1/1-reuse partition and the users in the cell edge region are allocated with a 1/3-reuse partition. As shown in Figure 1, BS sector 1 occupies the 1/1-reuse partition FP 0 and the 1/3 partition FP 1.  Similarly, Sector 2 (or sector 3) occupies FP0 and FP 2 (or FP 3).  The advantage of FFR is that with 1/3 reuse, cell edge users have less interference and interior users have better frequency efficiency. 
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Figure 1 Basic concept of FFR

2. Support for Femtocells

The current amendment does not provide adequate support for the operation of femtocells seamlessly with the FFR patterns of the macro cell. In this document, we provide means by which this can be accomplished. 

In each of the frequency partitions (FP), a femto zone is allocated, which provides resources over which femtocells can operate without causing or incurring interference from the macrocell. How the femtocells decide to use the resources in the femto zone depends on the resource allocation mechanisms used by the femtocells and is outside the scope of this contribution. The size of the femto zone could be made static (fixed) and equal for all the frequency partitions or it could be made unequal across partitions and also varied in a semi-static manner to address large fluctuations in load between macro and femtocells. 
Consider the following logical partitions with femto zones.
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Figure 2: Logical Partitions with Femto Zones.
In the above logical frequency partitions, each of the three partitions (FPi, i>0) incorporate a femtozone. If the three partitions (FPi, i>0) are assigned one to each of the sectors, then a femto zone indicates the resources that can be used by femtocells in the corresponding sector. For eg., femtocells in sector 1 in cell 1 in Figure 1, will be able to use resources in femto zone 1 in FP1. The size of the femto zone is give by fi, which can be different for different partitions or the same for all the FP. The resources available to the macrocell users in each partition (i>0) will be reduced from the size of the frequency partition (FPSi) as FPSi – fi. Also, the size of the femto zones could be configures statically (fixed) or can be adapted semi-statically to account for highly varying load between femtocells and macrocell.
When there is no frequency partitioning, i.e. there exists only one frequency block FP0 for the entire macrocell, then a femto zone is incorporated in FP0 as shown below. 







Figure 3: Femto Zone with no Frequency Partitioning.

2.1 Facilitating Load Balancing
Current SDD text allows for load balancing between the femto and macro BS. 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. Further, 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.
Incorporation of femto zones allows for easy load balancing between femtocells and macrocell.
Load balancing can be achieved on a sector by sector basis. Based on the load in the femtocells and macrocell within each sector, the coordinating entity (macro BS) could adjust the size of the femto zone to allow for efficient resource utilization. Note that, adjustment of the femto zone to achieve load balancing between macro and femtocells does not affect the FFR pattern and hence the interference across neighboring cells. The adjustment of the femto zone in each sector could be configured in a semi-static manner to achieved load balancing based on the load information that is collected from the macro BS and femto BS in each sector. 
Thus, support for femtocells can be achieved in the context of FFR with the introduction of femto zones. This also provides room for load balancing between macro and femtocells on each of the sectors. 

3. Proposed Text

Insert a new subclause 15.2.18.4.1 under DL FFR as follows: 

15.2.18.4 DL FFR

15.2.18.4.1 Support for Femtocells

To support femtocells, a femto zone is defined in each frequency partition FPi (i>0) in the FFR of the macrocell as specified in 15.3.5.2.3. The femto zone indicates the resources in FPi that will not be used by the macrocell and will be left for usage by the femtocells operating in the sector to which FPi is assigned. The size of the femto zone in each partition can be configured statically or semi-statically depending on the load between the macrocell and the femtocells in the sector.
Insert the following subclause in 15.3.5.2.3 under Frequency Partitioning:
15.3.5.2.3 Frequency Partitioning
The PRUSB and PPRUMB are allocated to one or more frequency partitions. By default, only one partition is present. The maximum number of frequency partitions is 4. The frequency partition configuration is trans​mitted in the SFH in a 4 or 3-bit called the Downlink Frequency Partition Configuration (DFPC) depending on system bandwidth. Frequency Partition Count (FPCT) defines the number of frequency partitions. Fre​quency Partition Size (FPSi) defines the number of PRUs allocated to FPi. FPCT and FPSi are determined from FPC as shown in Table 651 and Table 652. A 3, 2, or 1-bit called the Downlink Frequency Parition Subband Count (DFPSC) defines the number of subbands allocated to FPi, i>0.
To support femtocells, a femto zone is defined in each frequency partition FPi (i>0) as shown in the figure below. 






Figure 451a. Illustration of Femto Zones in FFR
The femto zone size (FZSi = fi) indicates the amount of subbands that are allocated to the femtocells operating in the sector to which the frequency partition FSi is assigned. 
Modify tables 651 and 652 in 15.3.5.2.3 under Frequency Partitioning:
Table 651—Mapping between DFPC and frequency partitioning for 10MHz or 20MHz
	DFPC
	Freq. Partitioning
(FP0:FP1:FP2:FP3)
	FPCT
	FPS0
	FPSi (i>0)
	FZSi 

	
	
	
	
	
	i=0
	i>0

	0
	1 : 0 : 0 : 0
	1
	NPRU
	0
	0
	0

	1
	0 : 1 : 1 : 1
	3
	0
	NPRU * 1/3
	0
	0

	2
	1 : 1 : 1 : 1
	4
	NPRU * 1/4
	NPRU * 1/4
	0
	0

	3
	3 : 1 : 1 : 1
	4
	NPRU * 1/2
	NPRU * 1/6
	0
	0

	4
	5 : 1 : 1 : 1
	4
	NPRU * 5/8
	NPRU * 1/8
	0
	0

	5
	9 : 1 : 1 : 1
	4
	NPRU * 9/12
	NPRU * 1/12
	0
	0

	6
	9 : 5 : 5 : 5
	4
	NPRU * 3/8
	NPRU * 5/12
	0
	0

	7
	1 : 0 : 0 : 0
	1
	NPRU - f0
	0
	f0
	0

	8
	0 : 1 : 1 : 1
	3
	0
	NPRU * 1/3 - fi
	0
	fi

	9
	1 : 1 : 1 : 1
	4
	NPRU * 1/4
	NPRU * 1/4- fi
	0
	fi

	10
	3 : 1 : 1 : 1
	4
	NPRU * 1/2
	NPRU * 1/6- fi
	0
	fi

	11
	5 : 1 : 1 : 1
	4
	NPRU * 5/8
	NPRU * 1/8- fi
	0
	fi

	12
	9 : 1 : 1 : 1
	4
	NPRU * 9/12
	NPRU * 1/12- fi
	0
	fi

	13
	9 : 5 : 5 : 5
	4
	NPRU * 3/8
	NPRU * 5/12- fi
	0
	fi

	14-15
	Reserved
	
	
	
	

	FPC
	Freq. Partitioning
(FP0:FP1:FP2:FP3)
	FPCT
	FPS0
	FPSi (i>0)
	FZSi 

	
	
	
	
	
	i=0
	i>0

	0
	1 : 0 : 0 : 0
	1
	NPRU
	0
	0
	0

	1
	0 : 1 : 1 : 1
	3
	0
	NPRU * 1/3
	0
	0

	2
	1 : 1 : 1 : 1
	4
	NPRU * 1/4
	NPRU * 1/4
	0
	0

	3
	3 : 1 : 1 : 1
	4
	NPRU * 1/2
	NPRU * 1/6
	0
	0

	4
	1 : 0 : 0 : 0
	1
	NPRU - f0
	0
	f0
	0

	5
	0 : 1 : 1 : 1
	3
	0
	NPRU * 1/3 - fi
	0
	fi

	6
	1 : 1 : 1 : 1
	4
	NPRU * 1/4
	NPRU * ¼- fi
	0
	fi

	7
	3 : 1 : 1 : 1
	4
	NPRU * 1/2
	NPRU * 1/6- fi
	0
	fi


Table 652—Mapping between DFPC and frequency partitioning for 5Mhz
Modify the subband allocation equation183 in 15.3.5.2.3 under Frequency Partitioning as follows:
The number of subbands in ith frequency partition is denoted by KSB,FPi. The number of minibands is denoted by KMB,FPi, which is determined by FPS and FPSC fields. The number of subband PRUs in each frequency partition is denoted by LSB,FPi, which is given by LSB,FPi  = N1· KSB,FPi. The number of miniband PRUs in each frequency partition is denoted by LMB,FPi, which is given by LMB,FPi  = N2· KMB,FPi. The support for femtocells is provided in the form of femto zones (FZi) of size FZSi (fi) in each partition FPi.
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