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Interference Avoidance in the 802.16m Femto Cell Environments 

Su Huan, Kuang Linling, Lu Jianhua
Tsinghua University 

1. Introduction 

In 16 femtocell environments, it is expected that femtocell MSs and neighboring macro MSs use orthogonal subcariers to avoid mutual interference. To maintain the orthogonality, the Macro MS should synchronize with both neighbor femtocell BSs and the macrocell BS. For large macro cell MSs especially at the cell edge and within a femto BS coverage range, this is very difficult. On the one hand, the desired macro BS signal is weak relative to the neighboring femto BS signals. On the other hand, for macro MS, the transmission delay of the macro BS signal and the neighboring femto BS signal is very different, so the symbol timing is difficult. In order to over deal with the synchronization problem, we suggest that the femto BSs should delay their transmission time according to their distance to the macro BS in order to be synchronized with the macro BS signal at the neighboring macro MS receiver.
2. Interference avoidance scheme 

In order to avoid the mutual interfere, the femto MSs and neighboring macro MSs shall use the orthogonal sub-carriers. To maintain the orthogonality, the macrocell MS receiver should synchronize with both the macro BS signal and the neighboring femto BS signals, otherwise introducing inter-carrier interference. This is very important for a macro MS at the cell edge and within a closed femto BS coverage range, because the interfering femto BS signal is much stronger than the desired macro BS signal. Such a scenario is showed in Figure 1. Assume the distance between the femto BS and the macrocell BS is 
[image: image1.wmf]1

d

 and the distance between the macro MS and the macro BS is 
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 be the distance from the macro MS to its neighboring femto BS, 
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 is the femto cell radius and 
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 is the macro cell radius. Usually 
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 is 20~30m and very small relative to
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Assume the macro BS and the femto BS are transmitting to their own MS at the same time, the received macro BS signal and the interfering femto BS signal at the macro MS are shown above the dotted peach line in Figure 2. Let τmax be the maximum multipath delay spread. It can be seen from Fig.2, in order that the macro MS receiver be synchronized with both macro BS signal and the femto BS signal, the following relations must be satisfied:
 
[image: image8.wmf]23

max

dd

CP

c

t

-

£-

                                 (1.1)

Because 
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 is very small and 
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 is almost the same as 
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, (1.1) can be approximated by
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Fig.1 The macro cell MSs within a femtocell BS coverage range 
In case that (1.1) being satisfied, assume the correct macro MS symbol timing is 0, then the synchronization range are 
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and can be approximated as


[image: image15.wmf](

)

2

max

,

d

CP

c

t

éù

---

êú

ëû

                                (2.2)

As we know, in macro cell scenarios without femtocells, macro MSs usually determine their correct symbol timing in the range 
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. Therefore, in comparison with macro cell scenario without femtocells, the synchronization range for macro MSs in femtocell environments is different and becomes much smaller.
In the following, we suggest a scheme to avoid the synchronization procedure for macro MSs to not be interfered by the neighboring femto BSs. Assume the femto BSs delays its transmission time by 
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 in corresponding to the macro BS transmission time, then the femto BS signal arrives after the macro BS signal (showed below the pink dotted line in Fig.2). It can be seen from Fig.2 that the timing range for macro MS becomes 
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and can be approximated as
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In summary, the proposed scheme has the following two advantages:
· The distance form the femto BS to the macro BS need not satisfy (1.1), so it can support very large macro cell. 

· The macro MSs need not change their synchronization procedure and the synchronization range is almost the same as that in macro cells without femtocells and . 

[image: image20.emf]To be transmitted signal  for marcocell MS 

Timing range for macro MS 

before timing adjustment

CP CP

CP CP

To be transmitted signal  for femto MS

Timing range for macro 

MS after timing adjustment

3

/ dc

2

/ dc

 

13

/ ddc



The received femto BS signal at the macro MS

The received macro BS signal at the macro MS

The received femto BS signal at the macro MS after timing adjustment


Fig.2 The received macro BS signal and the femto BS signal at macro cell MS within a femto BS coverage range

3. Simulation results
In this section, the proposed scheme is validated by system level simulations. Consider a macro cell overlaid by uniformly distributed femtocells. The simulation parameters are specified as table 1. Assume the macro cell coverage radius to be 1000m and the femto cell coverage radius to be 20m. There is 100 femto BSs in all. For simplicity, assume the total used sub-carriers is the same as the FFT size. The total sub-carriers are divided into 16 sub-channels with each sub-channel consisting of 64 sub-carriers. In which, 10 sub-channels are used by macro MSs in turn and the other 6 sub-channles are used by femto MSs at the same time. 

Assume each macro MS determines its correct FFT window only according to the received macro BS signal. The cumulative distribution functions (CDF) of carrier to interference power ratio (CIR) with/without femto BSs’ timing adjustment for macro MSs within 600-800m and 800-1000m from macro BS are plotted in Fig.3 and fig.4. Here, both the distributed sub-carrier assignment and localized sub-carrier assignment among macro MSs and femto MSs are simulated. 
It can be seen from Fig.3 and Fig.4 that, if macro MS doesn’t adjust their timing procedure,  the carrier to interference ratio degradation for cell edge MSs is serious for both distributed and localized sub-carrier assignment in densely femtocell environments. Nevertheless, the CIR performance of macro MSs can be improved greatly with the proposed scheme without changing macro MSs’ timing procedure. 
Table 1 Simulation parameters
	Channel bandwidth
	10 MHz

	Carrier frequency
	2.5 GHz

	Sub-carrier spacing
	10.9375 kHz

	Sampling frequency
	11.2 MHz

	FFT size
	1024

	OFDMA symbol time Ts
	102.857 us

	CP 
	64 samples

	Number of OFDMA symbols per sub-frame
	7

	Pathlosss model
	ITU M.1225

	Fast fading channel model
	ITU PB 3 km/h

	Modulation
	Uncoded QPSK

	Sub-carrier assignment scheme
	Distributed and Localized

	Macro Cell coverage range
	1 000 m

	Femto cell coverage range
	20 m

	The number of femtocell BSs 
	100

	Macrocell BS to femtocell BS transmission power ratio
	20 dB
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Fig.3. CDF of CIR for distributed sub-carrier assignment among macro MSs and femto MSs
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Fig. 4 CDF of CIR for localized sub-carrier assignment among macro MSs and femto MSs
4. Proposed Text for the 802.16m SDD 

================== Start of Proposed Text ==================
10.X Interference avoidance scheme in femtocell environments
In order avoid the mutual interference, the femto MSs and neighboring macrocell MSs shall use the orthogonal subcarrires. To main the orthogonality, the macro MS receiver should be synchronized with both the macro BS and neighboring femto BSs. To make synchronization and support large macro cells, the femto BSs should delay their transmission time by d/c (d is the distance from the femto BS to the macro BS and c is the light velocity) in corresponding to the macro BS transmission time. 
================== End of Proposed Text ==================
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