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Uplink Interference Suppression among Neighbor Cells
Qi Li, Hongjie Si, Martin Liu
Huawei
Introduction
16m SRD [1] required more improvement over 16e system in terms of the peak data rate, average sector throughput, and cell-edge user throughput. However, the uplink ICI (inter-cell interference) is a considerable problem to limit further improvement on uplink performance. Especially with universal frequency reuse, the uplink signal from cell edge users will significantly impact on the adjacent cells. To solve this problem, multi-BS cooperative receiver has been proposed to perform jointly reception between multiple coordinated BSs over the same radio resources. Obviously, this scheme requires exchanging traffic and control information between BSs over backhaul, therefore large overhead exists and is hardly to be reduced.
The transmit antennas of MS can be two in the extended MIMO configuration in 16m SRD. In the future, the transmit antennas of MS may be not less than two. To mitigate overhead between coordinated BSs, we propose an uplink interference cancellation design which perform MS precoding to zero force signals to adjacent cells. The proposed scheme just need channel information exchange between coordinated BSs, and so overhead could be reduced compared to multi-BS cooperative receiver.
Proposed scheme
When a MS is on cell edge, the serving cell and adjacent cells can simultaneously receive uplink signal over same radio resources. To improve cell throughput, it is expected that the signals non-serving cell received are minimized. Precoding is considered as a reasonable method to suppress signals towards non-serving cells. For example, as Figure 1, when one MS is located on edge of two cells, cell 1 is assumed to be serving cell and cell 2 is interfered cell, precoding is performed at MS to cancel interference to cell 2.
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Figure 1  An illustration of cell edge user
In Figure 1, uplink channel from MS to BS 1 and BS 2 is denoted as 
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 and 
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. To cancel the interference to cell 2, the signal that BS 2 received from the MS is expected to be suppressed dramatically. For this aim, precoding is utilized according to following operations:
· BS 2 estimates the channel 
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 directly from the MS pilots or other reference signals.
· BS 2 transmits estimated channel information 
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 to BS 1 through backhaul or other paths.
· BS 1 computes the precoding matrix 
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 of MS which is the null space to 
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.

· BS 1 transmits 
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 to MS on downlink channel.
· MS precodes transmitting data with matrix 
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Note that the precoding matrix 
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 should be a nonzero matrix, otherwise, no signal is transmitted. To guarantee the existence of a nonzero precoding matrix, a sufficient condition is that the number of the transmit antennas of MS is larger than the number of receive antennas of BS 2. But in general, BS has four receive antennas or more. If the MS has two transmit antennas, just one receive antenna is limited at BS 2. So antennas selectivity or antennas combination could be adopted to generate one effective receive antenna from four physical receive antennas at BS 2.
In TDD, overhead of inter-BS channel information transmission can be avoided according to reciprocity property. Downlink estimate could be used for uplink transmission. In this way, MS can acquire the channel information to BS 2. But the null space computation is implemented at MS. So the overhead reduction of inter-BS is at the cost of complexity of MS. 
Potential System Impact

· Pilot design and channel measurement

In proposed scheme, each BS should not only perform channel estimation to MSs belonging to itself but also to MSs belonging to adjacent cell. For this purpose, it is preferred to use orthogonal pilots among adjacent cell so that the uplink channels can be separated correctly.

· Overhead on the backhaul
Adjacent BSs needs channel information exchange through backhaul, which will cause additional overhead on the backhaul.
· Receive antennas process

To guarantee the existence of null space, a linear process is performed at BS to make several physical receive antennas be equivalent to one receive antenna. For example, the linear process includes antennas selectivity and antennas combination.
· Null space computation
To suppress interference to adjacent cell, null space is computed as precoding vector. In general, the size of effective uplink channel matrix is 1x2, in which effective receive antennas of BS is equivalent to one. SVD could be used to calculate the null space vector, and the complexity of this process is acceptable since small size of effective channel matrix.
Conclusions
The proposed scheme can be used at the cell edge for better uplink ICI control and to improve the cell-edge uplink throughput. Therefore, we recommend supporting uplink interference suppression at neighbor cells in IEEE 802.16m. 
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Text Proposal to SDD
Include the following text in Section 11.x.x of IEEE 802.16m-08_003r3.
------------------------------------Start text proposal------------------------------------
11.x.x  Interference mitigation
For cell edge users, nulling precoding is utilized to suppress uplink interference to neighbor cells.

------------------------------------End text proposal------------------------------------
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