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Efficient MIMO downlink intercell interference cancellation using pre-coding 

Mythri Hunukumbure, Chris Williams and Kevin Power
Fujitsu 
Introduction
From the SRD [1]:
· IEEE 802.16m shall support MIMO, beamforming operation or other advanced antenna techniques. 

· IEEE 802.16m shall further support single-user and multi-user MIMO techniques.IEEE 802.16m shall enable the advanced RRM for efficient utilization of radio resources. This may be achieved by appropriate measurement/reporting, interference management and flexible resource allocation mechanisms.
· IEEE 802.16m shall support interference mitigation schemes.
In this contribution we discuss how to utilize MIMO pre-coding interference cancellation effectively in the 802.16m downlink by exploiting multiple antenna processing, and propose solutions in terms of physical layer and signaling aspects. Draft text to be included in the 802.16m System Definition Document (SDD) is also  proposed.
Problem Statement
In order to obtain a high network throughput, a frequency re-use of 1 can be employed. In this scenario, there will be significant levels of inter-cell interference especially for the cell edge users. With WiMAX being an OFDMA based system, the main source of interference comes from collisions of the same time/frequency resources when used in adjacent cells. With MIMO antenna configurations, it is possible to use interference cancellation techniques such as pre-coding [2] which can target specific users for zero forcing. MIMO interference cancellation however requires certain spatial modes to be dedicated for this purpose, which could otherwise have been used for enhancing the data throughput. Hence there is a cost benefit trade-off and it is important to identify certain users and scenarios which will produce a net benefit in applying MIMO interference cancellation techniques.
Proposed solution
The MIMO scheme considered for interference cancellation is zero-forcing pre-coding. The default MIMO scheme in the network is considered to be NTxNR, with equal number of transmit and receive antennas (i.e. NT=NR=N). To implement this scheme in the downlink, the serving Base Station would reduce the spatial modes to a certain user A (by de-activating some of the receive antennas so that NRA<NT) and apply a pre-coding vector to user A data, which is zero-forcing towards a cell edge user B connected to the adjacent Base Station. As a consequence, the cell edge user B will also need to sacrifice some spatial modes (by similarly deactivating some receive antennas so that NRB<NT). The requirement is that NRA+ NRB ≤ NR. The proposed solution in identifying users for MIMO pre-coding attempts to attain a net MIMO capacity benefit by the reduced interference to cell edge user B over the expense of sacrificing some of the spatial modes. In a 4x4 MIMO system, with 1, 2 or 4 antenna MIMO modes, potential combinations of {NRA,NRB} are {1,2},{2,2},{2,1}. The precoding process requires as many precoding vectors as NRA.

The solution is better explained with the aid of the following diagram in Figure 1. 
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Figure 1: Illustration of user selection for MIMO pre-coding
User B is a cell edge user connected to BSB and is subjected to inter-cell interference from BSA. BSB signals to BSA the MAP details of time/frequency resources allocated to user B, so that BSA can allocate the same resource to a selected user in its active user list and carry out zero-forcing MIMO pre-coding. In selecting this active user, BSA will consider the MIMO channel conditions of all active users and select the most rank-deficient MIMO channel between BSA and user A for pre-coding. Consequently, interference to user B from BSA is minimised while the capacity loss to user A is also minimal. This invokes the least cost in sacrificing some of the spatial channels for MIMO pre-coding. In a rank-deficient MIMO channel, the constituent SISO streams are correlated, as in a line of sight propagation scenario. The sum of the ratios of spatial eigenvalues can be used as a metric for selecting the most suited channel for pre-coding. The largest value of (λm/λ1+ λm/λ2+……+ λm/λnRA) will give the most rank-deficient user. Here λm is the largest eigen value, λ1 is the lowest eigenvalue, λ2 is the second lowest eigenvalue and λnRA is the NRAth eigenvalue in ascending order.

In order to support this capability each BS needs to be aware of the users in adjacent cells it will interfere with. Measurements at the BS would require out of cell terminals to be allocated resource for channel measurements. Instead, it is proposed that the terminals make a channel measurement on BSs on the preferred BS list, calculate the precoding vectors and signal these alongside the BS identifiers to its serving BS. In the previous example, user A could use 1 or 2 receive antennas, and so 2 precoding vectors (or codebook elements) need to be sent. The serving BS will then communicate this information to the relevant BSs. Thus each BS will receive a list of users in adjacent cells that are subject to high levels of interference, their precoding vectors and current resource allocation. Coordination between BSs to optimise resource allocations would also be possible.

To determine which BS the precoding vectors belong to, the BS identifier determined from the preamble can be used. It is suggested that precoding is used for localised resource allocations to simplify coordination. Where DL power control is used, these allocations could be placed in the centre of the band to reduce out of band emissions.

In order to test the effectiveness of this algorithm, a set of simulations were carried out using real MIMO channel data and SINR (Signal to Interference plus Noise Ratio) values generated from a system level simulator. The MIMO channel data is for a 4x4 system covering measurement locations which can be segmented into 2 adjacent cells. Each cell contains 13 measurement locations, which can be considered as active users. The cell deployment is shown below in Figure 2. 
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Figure 2: MIMO measurement locations as cell/ user deployment for simulations

For the simulations, 2 cell edge users were identified (user 2 from BSA and user 1 from BSB) as the users receiving most interference from the adjacent cells. Then MIMO pre-coding was conducted to nullify the interference. The original 4x4 MIMO system was reduced to 4x2 MIMO systems for applying zero forcing, thus employing 2 spatial modes for the interference cancellation. The selection algorithm identified user 3 in BSA and user 7 in BSB as the rank deficient channels where pre-coding could be applied, as the resulting reduction in capacity for that user would be minimal. The channel capacities were calculated for the cell edge user and the selected pre-coding user with and without this pre-coding algorithm.

The SINR was selected from the system level simulator, according to the distance from the base station. The cell radii are assumed to be 1000m. The system level simulator would generate SINR with and without the most significant interference source. For cell edge users, these 2 SINRs were applied in the comparison. The cumulative distribution functions for the sum MIMO capacities (sum of cell edge user and pre-coded user) for the BSB cell are shown below in Figure 3. Figure 3 compares the capacities of the pre-coding with the selection algorithm and non-precoded 4x4 systems. 
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Figure 3: MIMO channel capacities for the proposed selection algorithm
It is clear that even though the number of spatial modes has reduced, the selection algorithm gives improved sum capacities (i.e. a net capacity benefit) 80% of the time over the non-precoded system.
Text Proposal for 802.16m 

Insert the following text into SDD Sections indicated below
---------------------------text start-----------------------------
11. x Advanced multiple antenna technique
11.x.1 SU-MIMO technique

11.x.1.1 Open loop

11.x.1.1 Closed loop
11.x.2 MU-MIMO technique
11.x.2.1 Non-codebook based Precoding

11.x.2.2 Codebook based precoding


11.x.2.2.1 UL feedback design


11.x.2.2.2 DL precoding schemes 

11.x.2.2.3 DL signaling design 
11.x.3 Cooperative MU-MIMO technique

11.x.4 Unified SU/MU-MIMO technique

11.x.4.1 Unified codebook for SU-MIMO and MU-MIMO. 
11.x.4.2 Feedback design

11.x.3 Cooperative MU-MIMO technique

Co-operative MIMO by precoding is to be supported in order to reduce intercell interference. Terminals will share precoding vectors with adjacent cell BSs. A terminal that senses having high levels of interference will determine the required precoding vectors to each preferred BS. The terminal will signal these vectors along with the BS identifier to its serving BS. The serving BS will then forward the precoding vectors to the relevant BSs. 

---------------------------------text end---------------------------
References

[1] IEEE 802.16m-07/002r4, “802.16m System Requirements”

[2] Q.H. Spencer et. al, “Zero forcing Methods for Downlink Spatial Multiplexing in Multiuser MIMO Channels”, IEEE Trans. on Signal Processing, Vol. 52, No. 2, Feb., 2004

  


_1270018417.vsd
�

�

BSA�

BSB�

HBB�

HAB�

HAA�

A�

B�


_1249387069.bin

