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Interference Mitigation Using FFR and Multi-Cell MIMO in Downlink 
Sunam Kim, Jaewan Kim, Dongguk Lim, Bin-Chul Ihm and HanGyu Cho
LG Electronics
Introduction
According to 802.16m system requirements, performance of cell edge user must be improved relative to Wireless MAN-OFDMA system. Generally, fractional frequency reuse (FFR) scheme is useful for the enhancement of the cell edge user performance but might not be good in terms of bandwidth efficiency. To make good the bandwidth efficiency, soft-FFR scheme can be considered. 
Multi-cell MIMO is another method to enhance the cell edge user performance. Two categories exist in multi-cell MIMO. One is open loop multi-cell MIMO (OL multi-cell MIMO) and the other one is closed loop multi-cell MIMO (CL multi-cell MIMO). These can be distinguished by whether uplink feedback signaling is available or not.
In this contribution, we propose to use the FFR and multi-cell MIMO as interference mitigation methods in downlink and show the performance gain of these methods both when each scheme is used alone and when two schemes are used together.

FFR
FFR scheme is categorized into Soft-FFR and Hard-FFR which is actually a special case of Soft-FFR. Figure 1 shows cell deployment and the resource management for these two FFR cases assuming reuse factor 1/3.
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(a) Cell deployment
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(b) Resource for FFR
Figure 1. FFR scheme with reuse factor 1/3
The bandwidth of the group must be modified for adaptive FFR but it needs some restriction of bandwidth variation for the easy FFR configuration. Pedge, Pinner1 and Pinner2 are the power levels for the edge users, the inner users assigned in the reuse factor 1/3 region and the inner users assigned in the reuse factor one region, respectively. FFR 2/3 scheme can also be established by allowing to assign some edge users in different sectors/cells in the same band..
  For the operation of FFR, information such as the number of FFR groups and the power level and  bandwidth for each group must be shared between BSs semi-statically and be signaled to MSs if necessary. Table 1 shows the FFR information to be shared among BSs.
Table 1. FFR configuration
	Bandwidth
	the number of FFR groups
	the number of power levels
	Dynamics
	Reuse factor

	flexible
	4
	less than 4
	semi-static
	1/3, 2/3


Mulit-Cell MIMO
Multi-cell MIMO is categorized into OL multi-cell MIMO and CL multi-cell MIMO. OL multi-cell MIMO is suitable for the case when uplink feedback signaling is not available. This occurs when a MS is moving with low to medium speed. If a MS is moving with low speed and the CSI information reported from MS is available at collaborative BSs, CL multi-cell MIMO can be operated. CL multi-cell MIMO is suitable for getting the beamforming gain as well as AMC gain.
Multi-cell MIMO can also be operated under the FFR scheme. If FFR is applied, a cell-edge MS is assigned to the edge band. Then, the cell edge user can be supported by multi-cell MIMO when agreement for multi-cell MIMO is constructed between neighboring BSs. Scheduling for multi-cell MIMO is performed based on channel quality information (CQI). Inner users in reuse factor 1/3 region generally have relatively small CQI because the band is restricted with low power. It could be, therefore, better for some resources of the band to be allocated for multi-cell MIMO than to be allocated for inner users.
Procedure for multi- cell MIMO is as below.
· MS operates in the normal MIMO (Non multi-cell MIMO) :

· Every MS reports the feedback message (CQI etc.) to the serving BS 

· Initiation for multi-cell MIMO (BS-initiated or MS-initiated)
· Includes acquisition of additional information such as CSI, CQI etc., for multi-cell MIMO operation
· Negotiation between the serving BS and the target BS(s)
· MIMO type, scheduling information, service time etc.  

· Severing BS and collaborative BSs operate multi-cell MIMO for the target MS

Evaluation
Simulation environment is as below.
	The number of Collaborative BS
	1

	FFR reuse pattern
	1/3

	Cell deployment
	3 sectors/cell and 19 cell wrap-around

	The number of Users
	10/sector

	The number of Antennas (BS, MS)
	(2, 2)

	Rank adaptation
	rank 1 only (STBC)

	The number of strong interferences
	8

	Channel model
	Veh A (30Km/h)

	Permutation mode
	localized


Figure 2 compares the geometry CDF showing that multi-cell MIMO and FFR bring geometry gain for edge users. 
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Figure 2. Geometry CDF
Figure 3 shows the relative performance gain of the FFR, multi-cell MIMO, and multi-cell MIMO in FFR over that of single-cell MIMO without FFR, respectively. The performance of cell edge user is enhanced about 16% when the FFR is applied, about 29% when multi-cell MIMO is applied, and about 43% when multi-cell MIMO is applied in FFR. Here the cell edge user is defined by the 5th percentile point of the CDF of average packet call throughput.
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Figure 3. Relative performance gain of the FFR and multi-cell MIMO
Figure 4 shows the performance of low geometry users (below -2.5dB). The performance of low geometry users is enhanced by about 17% in throughput when FFR is applied, and about 54% when multi-cell MIMO is applied, and about 80% when multi-cell MIMO is applied in FFR.
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 Figure 4. Relative performance gain of low geometry users 
Proposed Texts

---------------------------------------------------  Text Start  ---------------------------------------------------

11.x.x. Interference Management

11.x.x.x Downlink

11.x.x.x.x FFR

Fractional frequency reuse (FFR) is considered in downlink. The information for FFR configuration such as the number of FFR groups, bandwidth and power level for each group, and etc., is semi-statically shared among BSs and properly signaled to MSs.

11.x.x.x.y Multi-cell MIMO

Multi-cell MIMO is considered in downlink. The information such as scheduling information or channel state information (CSI) or channel quality information (CQI) and etc., is exchanged among neighboring BSs for multi-cell MIMO operation. Multi-cell MIMO can be operated under the FFR scheme.

Both open loop and closed loop multi-cell MIMO are considered.
---------------------------------------------------  Text End  ---------------------------------------------------
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