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Abstract
This contribution provides amendment text for the Support for Femtocell BS in the Advanced Air Interface to be included in Section 15 of the IEEE 802.16m Amendment Working Document [1]. The amendment text was developed using baseline text from the Draft IEEE 802.16m System Description Document (SDD) [2], and follow the amendment text style guide [3]. Further details of the signaling procedure between Femtocell BS and AMS to support Interference Avoidance and Interference Mitigation are provided.
Introduction
Excluding the reuse-1 frequency partition, FP0, Fig. 1 shows an example of macrocell ABS FFR configuration. To investigate the impact of co-channel femtocells on macrocells, this contribution assumes each macrocell overlays on top of N femtocells. The transmit power of each co-channel femtocell BS is set to a value that on average equals the power received from the overlaid macrocell at a target cell radius of r=10 meters. The femtocell transmit power, pf, here is calculated as 
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where pm is the macrocell transmit power, 
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 is the antenna gain of the macrocell at user direction 
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 with fc being the carrier frequency in GHz is the urban macrocell path-loss at distance dm in meters, and 
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with Lwalls being the loss due to external/internal walls denotes the femtocell path-loss at distance df in meters [17]. The antenna gain for macrocell BS is calculated as 
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Fig 1. Conventional configuration of fractional frequency reuse.
Femtocells in the inner region of macrocells are assigned frequency partitions PF1 , PF 2 and PF 3, while those in the outer region are assigned the identical sub-channel with their overlaid macrocell. Given an AMS connected to macrocell i, the received downlink SINR (signal-to-interference-plus-noise ratio) can be expressed as
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where M is the number of macrocells, pm,i and pf,i are respectively the transmit powers of ith macrocell and femtocell, gi is the antenna gain of ith macrocell at the AMS, qm,i  and qf,i are respectively the path gains between the AMS and ith macrocell and femtocell, and 
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 represents the variance of additive white Gaussian noise.
In the simulations, 19 macro-BS sites with a transmit power of 46 dBm and a site-to-site distance of 
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 km were deployed. Femtocells were randomly located in two different zones. One is inner zone, which defines a circle with radius 
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. Figure 2 show the SINR statistics of random-located macrocell AMSs. Femtocells located at outer zone do not rise a significant impact when the density is increased from 50 to 200 femtocells per macro-sector. This means inter-macrocell interference dominates the performance of cell-edge users because of the lower requirement of transmit power for femtocells at edges of macrocells. With a density of 50 femtocells at inner zone per macro-sector, however, femtocells have a great impact on macrocell users. Therefore, the following discusses focus on interference management for femtocells in the vicinity of macrocell ABS.
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Figure 2. SINR statistics of macrocells.
Intercell interference can be avoided by allocating ABSs orthogonal frequency partitions. However, the elimination of frequency collisions is at the cost of spectrum efficiency. To overcome this drawback in a lower femtocell-density scenario, this contribution hops the FFR frequency partition of femtocells to whiten the interference. Femtocells in the inner regions pick one FFR frequency partition every certain period of time, while the overlaid macrocell uses all the other reuse-3 FFR frequency partitions. Thus, the interference to macrocell users is expected to be averaged. Additionally, the proposed FFR hopping provides frequency diversity gain. Figure 3 compares the performance for macrocells using difference FFR policies. The data rate is calculated at an 3dB operation point from the Shannon capacity limit. Macrocells employing the proposed FFR hopping achieve an higher spectrum efficiency because they uses all the sub-channels with interference averaged.
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Figure 3. Performance of macrocell with 50 femtocells at inner zone per macro-sector.
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Proposed Text

------------------------------------------------------ Start of the proposed text ------------------------------------------------

15.x.x Interference Avoidance and Interference Mitigation

A femtocell BS can employ fractional frequency reuse (FFR) techniques to avoid/mitigation interference. 

Besides using a complicated closed-loop optimization based on CSI feedbacks or multi-BS coordination, FFR frequency partition hopping is supported to manage interference for low-cost femtocell BSs.
15.x.x.x Frequency Partition Hopping
A femtocell BS can activate frequency partition hopping to mitigate interference. The activation is done by receiving a message from either the overlaid macrocell BS or the SON server. Upon receiving the message, each femtocell BS activates the hopping by broadcasting an enable message on S-SFH SPx IE. Excluding the reuse-1 frequency partition FP0, each femtocell hops between the reuse-3 frequency partitions every superframe in the sequence of FP1, FP2, FP3, FP1, FP2, FP3, … , with the initial partition FPi chosen according to the Cell-ID of femtocell, 
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. The period to transmit S-SFH SPx IE is N superframes, where the value of N is dividable by three and is FFS. AMSs already in the femtocell keep hopping unless receiving a disable message on S-SFH SPx IE. They do not have to perform network entry and initialization. After DL synchronization, any new AMS waits for the S-SFH SPx then synchronizes to the hopping sequence if the hopping functionality is enabled.
------------------------------------------------------- End of the proposed text ------------------------------------------------
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