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SFBC to Sub-carrier Permutations to Reduce Inter-cell Interference for 802.16m
Eldad Zeira, Ron Murias, Kevin Li
InterDigital Communications LLC

Introduction 
               
In IEEE 802.16m SDD, 802.16m has agreed that MIMO Space Frequency Block Coding (SFBC) is used for OL-MIMO, possibly followed by a precoder. This OL-MIMO SFBC may be used for data channels and may be adopted also for some control channels. At this point a 2x2 scheme has been accepted while 4x4 schemes are FFS.
In the context of a fixed channel with noise, SFBC is known to provide link level performance gains through the introduction of TX diversity. It is simple to implement, does not require channel information knowledge at the transmitter and in particular allows for low complexity receiver implementation. The same SFBC imposes an undesirable structure on inter-cell interference (ICI), as will be shown below. This contribution proposes a method to destroy this undesirable structure. Several variations are proposed that apply to 2x2 and 4x4 SFBC. 
The scheme could be applied to user-specific data and control channels. It can also be applied to cell-specific control channels such as BCH. 

ICI for SFBC                                                       
Analysis (shown in appendix) shows, but not quantifies, that the scheme unconditionally reduces the per-symbol BER. Simulations support and quantify the BER gain.  In the analysis we make the reasonable assumption that the sub-carrier mapping applied to the SFBC output is such that the channel does not change significantly between the symbols used for the SFBC. A similar assumption is made in the case that a time or frequency varying precoder is applied to the output SFBC. For simplicity of analysis we have analyzed the 2x2 SFBC case with 2 TX antennas and a single receive antenna. Generalization is straightforward but tedious. 

Note that the analysis above (and simulations below) shows the existence of gain that is not achieved by randomization over interleaved coded bits and therefore complements other randomization schemes. However the scheme does further randomizes the interference, therefore applying FEC with any reasonable interleaver to the data would tend to increase the gain even further. Lastly, while the analysis is performed for AWGN, similar gain would apply to fading channels.
To quantify the gain we have simulated the BER at cell edge (SIR=0) and near cell edge (SIR=3dB) geometries, 1-2 RX antennas and 1-2 interfering cells.
Simulations (figs. 1a-e) show that significant (2-4dB) improvement can be obtained. The improvement is higher for single RX antenna, single interfering cell or lower SIR.
The results are tabulated in the table below (numbers approximate):
Table 1: Approximate BER gain of SFBC permutations
	
	1 interferer
	2 equal-power interferers

	SIR, dB
	0
	3
	0
	3

	1 RX
	N/A
	3dB
	4dB
	2dB

	2 RX
	2dB
	N/A
	2dB
	N/A
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Fig. 1a: SIR=0, RX=1, 2 equal power interfering cells       Figure 1b SIR=3, Rx = 1, 2 equal power interfering cells 
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Figure 1c: SIR=3 dB, Rx = 1, single interfering cell  
Figure 1d: SIR=0dB, Rx = 2, 2 equal power interfering cells
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Figure 1e: SIR = 0dB, Rx = 2, Single Interfering cell

SFBC Permutations 
               

For the 2x2 case we can create a 3-cell repetition pattern by applying shift or interlacing patterns as shown in figure-2:

	
	Frequency (
	0
	1
	2
	3
	4
	5

	Cell 1 (original)
	Ant 1
	d1(1)
	- d2*(1)
	d3(1)
	- d4*(1)
	d5(1)
	- d6*(1)

	
	Ant 2
	d2(1)
	d1*(1)
	d4(1)
	d3*(1)
	d6(1)
	d5*(1)

	Cell 2 (Shifted)
	Ant 1
	- d0*(2)
	d1(2)
	- d2*(2)
	d3(2)
	- d4*(2)
	

	
	Ant 2
	d-1*(2)
	d2(2)
	d1*(2)
	d4(2)
	d3*(2)
	

	Cell 3 (Interlaced)
	Ant 1
	d1(3)
	d3(3)
	- d2*(3)
	- d4*(3)
	
	

	
	Ant 2
	d2(3)
	d4(3)
	d1*(3)
	d3*(3)
	
	


Fig. 2: Cell SFBC patterns for 2x2 case

For the 4x4 case the number of permutations depends on the specific SFBC in use. 
For an SFBC - frequency hopping scheme (defined as the matrix on the top left), fig. 3 shows how to generate a 4h-cell repetition pattern:
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Fig. 3: Cell 4x4 SFBC-FH patterns
More (6) patterns can be generated for an SFBC-FSTD 4x4.
For the technique to work, it is necessary to convey the information regarding the SFBC permutation pattern to receiver. This can be done by explicitly sending information of SFBC permutation pattern, or implicitly derive the SFBC permutation pattern information from e.g. cell-ID. 

Conclusions 
               

A simple technique has been presented that shows significant gain for SFBC based MIMO with or without precoding, even if the precoder varies with time and frequency. The gain is particularly high at cell edge geometry. While suitable for all channels, it is most desirable in cases where FFR cannot reasonably be used such as for various cell specific control channels. 

Text Proposals                                                     
TP-1: Insert into downlink OL-MIMO TX diversity modes:
When SFBC is used for user data the ABS may apply a sub-carrier permutation pattern in order to reduce inter-cell interference at the AMS. The permutation may be user specific, in which case it is specifically signaled to the user, or it may be cell specific in which case it could be signaled on PBCH or on SBCH or determined from SCH.
When SFBC is used for control data the ABS may apply a sub-carrier permutation pattern in order to reduce inter-cell interference at the AMS. This permutation is cell specific and is signaled on PBCH or SBCH or is determined from SCH.

TP-2:

Applicability to CL-MIMO depends on usage of SFBC and is FFS.

Appendix
Let modulation symbols into SFBC encoder be 
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for the n-th cell and n=1 is considered to be the desired cell. Corresponding to the first two symbols, the SFBC encoder output is:
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[1]

The signal after precoding becomes
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Where W(n) is the precoding matrix for n-th cell and over the span of the SFBC block.

The received signal can be written as:
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[2]

Where G(n) = H(n)W(n) can be considered as the effective channel seen by the mobile. Since W(n) is unitary, G(n) shares the same statistical characteristics. Therefore, the use of precoding does not have any impact on symbol detection.  

To perform symbol detection, we first construct a vector of received signal as:
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[3]

As we can see the interference has the same structure as the desired signal, i.e. 
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 are orthogonal. Therefore the interference is, as we show below, fixed.

The estimated symbol is 
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The per-symbol post-detection SINR can be derived as:
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Where 
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To destroy the SFBC structure of the interference, we need to simply use different pairing patterns for the SFBC in adjacent cells such that different data symbols be used as shown below. The SINR can then be shown as:
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Where R is zero mean random term introduced by the permutation. Assuming for example that there are two neighboring cells, R can be calculated as 
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Where
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To understand the effect on BER we note that while the symbol SNR varies with time and frequency the underlying per symbol noise distribution is still Gaussian. The effective BER of all symbols is given by a weighted average of the BER for each SNR point (weighted by the SNR distribution). The per-symbol BER is the Q function of the (square root of) SINR. We note that 
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is convex in x therefore the averaged BER is always smaller than the BER of the averaged SNR. The figure below demonstrates this behavior:
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Fig. A1: Averaged BER is always smaller than the BER of average SNR
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