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Interference Mitigation with Beam switching 
Toshiyuki Kuze, 

Mitsubishi Electric Corp
Philip Orlik, Zhifeng (Jeff) Tao, Ramesh Annavajjala, Jinyun Zhang
Mitsubishi Electric Research Lab
1. Introduction
This contribution proposes the text for inter-cell and/or Macro-cell/femto-cell interference reduction to be included in the 802.16m amendment [1]. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D9a [2], it is compliant with the 802.16m SDD [3], and it follows the style and format guidelines in [4].

2. Background
The basic principle of ABF is to form at the BS a number of beams within each sector. The beams can be created in a number of different ways; one of the simplest is the concatenation of a linear antenna array concatenated with a Butler matrix, see Fig. 1
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Fig. 1 Beamforming with Butler matrix

The BS then switches through the available beams (both in uplink and downlink) in an arbitrary sequence, and communicates at each time with the MSs located in the respective beams. Due to the beamforming gain, the range of the cell is extended – which is important especially for deployment in rural areas, and during the initial deployment of a network. Furthermore, by adopting appropriate beam switching patterns, the interference situation can also be improved. 
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Figure 2 Transmission phases of beam switching

We emphasize that ABF is not a theoretically-optimum way of using multiple antenna elements; heterodyning all the signals to/from baseband and digitally processing the signals would allow for higher capacity. However, it does present an excellent tradeoff between performance and complexity – it requires only a single RF chain. Thus due to the simplicity of the beam generation it is reasonable to assume that Femto-cells can easily be deployed with such capability. And the cost of 4 to 8 beams is reasonable even for low cost products such as femtos. This allows the reduction of interference from the femto-cell to the corresponding macro-cell in that the signal energy from the femto-cell is targeted to the femto-subscribers

Another important point is that ABF can be combined with spatial multiplexing and other MIMO techniques. The set of N available antenna elements can be divided into K groups of M antennas each (with M*K=N), so that K beams can be formed, and in each beam M antenna elements are available for spatial multiplexing etc. Especially when dual-polarized antennas are used, it is easily possible to use K=4, N=2. 

Interference reduction through beam switching

ABF can also be used to improve the interference situation. Remember that MSs in different beams are served at different times. Therefore, if two neighboring cells arrange the downlink transmission in such a way that they do not transmit to the same part of the cell-edge at the same time (and similarly for the uplink), then the interference seen by the MS is greatly reduced. Fig. 2 shows an example for such a situation; the numbers in the beams indicate the BF zone during which they are served.
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Fig. 2  Interference reduction through beam switching

If the ABSs and/or the ABS and femto-cell can coordinate the beams, then interference greatly reduced.  If BSs cannot coordinate, then the sequence in which beams are served can be chosen randomly, and independently at each BS. This still leads to a stochastic reduction of the interference, similar to the reduction of interference in random frequency hopping or time-hopping impulse radio. 
In the case of random beam selection, the hopping sequence can be derived at each BS based upon the base station identification (BS ID).  For example, the BS ID is used as the initial value (i.e., seed) to the feedback shift register that will generate the hopping sequence.  

3. Proposed Text

-----------------------------------------  Start of the Text---------------------------------------------------
[insert the following subclauses into section 20]
20.x Interference Mitigation Techniques
IEEE 802.16m femto-cells shall be capable of transmitting signals in fixed beams.

20.x.x Beam selection

During initialization of a femto-cell preamble signals are sent on each beam in consecutive fashion.  The AMS listens to all ABF preambles and reports the index of the best beam.

Alternatively, the femto-cell may request ranging or UL sounding signal as in 15.3.9.1.4.1 from the AMS while alternating its beam for the reception.  After several soundings the femto-cell has a sampling of channel qualities for each beam and can schedule the MS’s transmissions for in the best beam.  
-----------------------------------------  End of the Text---------------------------------------------------
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