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1 The Optimum Code for 3bits boosting codes

To robust allocation of power boosting codes, [1] suggests optimum decision rule. This document shows the simulation results based on the optimum decition rule. In [1], Gerald suggests requirement of optimum code as shown in Figure 1. Note that the code on the figure is an incorrect example. Because there is no code which satisfys colored hamming distance map in Figure 1. Purpose of this document is to find a code which satisfiys characteristics of optimum code as possible.
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Figure 1 Requirement of Optimum Code
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Figure 2 HD map and decision considerations
1.1 Requirements of the optimum code

In this sub-section, we formulized what is the decicion criterion for bits allocation. Requirement can be depicted by using HD(Hamming Distant) map as shown in Figure 2. We can summarize important decision criterion as follows:
R1: Grey codes are allocated between adjacent power levels. Because 1 bits error is most probably occored. Therefore to reduce impact of 1 bit error, 1 HD code(Grey code) should be assigned for adjacent power levels.

R2: Large hamming distance codes should be allocated large power difference case. This requirement can restrain large power variation such as 21dB, 18dB, etc.
R3: If a suitable object function exists, we can easily decide optimum like code. Obiously, the object function is established based on R1, R2 and others.
Ivan Reede mentioned in his e-mail that “My concern is indeed ta the level fo minimizing the effect of errors not only on adjacent codes but also on distant codes. In fact, I am more or less worried about adjacent codes because the impact of an error is minimal. The impact of an eror on distant codes is more severe and the Hamming disance for those errors should in fact be greater”. This concern said that we should consider R2 importantly. 
All of these requirements are discussed in consecutive sub-sections.

1.2  Maximization of Object Function(MOF) codes
To decide the optimum code, we start based on R3. In [1], Gerald suggest an object function called roburstness(R ) in this document. Based on the definition of [1], object function can be formulated as follows:

[image: image3.png]=
_ jgifferenc
R, = 10D fferencei(d8)/10 z HD « NHWE
e





[image: image5.png]


.
Observation rule is [image: image7.png]max{R}



. Where HWE(Hamming Weight Exponent) is defined in [1] and N is mumber of assigned codewords for a certain HD. R is calculated as same manner of Figure 1(See also [1]).
To find optimum code, Simulation evaluates over all 40320 codes. Figure 3 depicts value R for each code.  Unfortunatly, there is no optimal solution as addressed in [1], but there are 48 sub-optimum codes(maximization of Object Function(OF) codes:hereafter MOF codes). These codes shows R≈2538.7. All list of 48 MOF codes are depicted in Table 1. Note that codes, code ID from 25 to 48, are the same as code ID 1~24 due to the symmetricity. Thus, we can colculde that there are 24 MOF codes. 
For example, when we shoose a sub-optimum code by [7 6 5 3 4 2 1 0]. This means that boosting code is allocated by [111 110 101 011 100 010 001 000] from -12dB to 9dB power range.  Characteristics of this sub-optimum code can be summarized in Figure 3: 
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Figure 3 Simulation Results for Robustness over all codes
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Figure 4 Chracteristics of a MOF code
One interesting observation for HD map(lower table of Figure 4) is that all 24 MOF codes have the same HD map as the same value in Figure 4!! These MOF codes are not Grey code and not suitable for requirement 2(R2). 
Therefore, we can conclude that object function of R is not proper to resolve our requirement R1 and R2 simultaneously.

1.3 HD-Map Fitting(HMF) codes

In previouse sub-section, we deal with the MOF codes. But MOF codes are not satisfied R1 and R2. There are two approaches to resolve this problem. One is that we re-derive the object function. The other is that HD-Map Fitting(HMF) methods. HMF is a heuristic method as shown in Figure 5. This sub-section address HMF methods and devise of a new object function will be discussed in next sub-section.
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Figure 5 HMF method
During HMF method, there are 7 constraints(C1~C7), the numbers indicate its priority. After finding a HMF code, we will re-order the priority. 

1.3.1 Simulation results

1.3.1.1 Grey codes

· There are 144 Grey codes over 40320 codewords.

· Each Grey code has one of three HD maps as depicted in Figure 6.
· Grey codes are equally distributed for type 1 to 3 (48 each).  
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Figure 6 HD maps for Grey codes
One important observation is that we can not satisfy both R1 and R2 at the same time. Type 1 is the best codes which satisfy R1 and one constraint (C2) of R2, i.e., 21dB variation. Type 2 and 3 satisfy only R1. Actually, one of type 1 codes is originally proposed in Doc #08-255. If we consider that requirement 1(R1) is most high priority, Type 1 codes are the best code.
1.3.1.2 R2 codes(A codes which satisfy R2 as possible)

Now, we drop the R1 and focus on only R2. In this case, new priority order is C2~C7. Before stating simulation, we can image the existence of R2 code logically.  Figure 7 depicts procedure of R2 code investigation. 

1. Choose an arbitrary codeword (i.e., Code 1:C1). 

2. Find C2 which have 3 hamming distance from C1. 

3. C2 is assigned for the largest power difference value.

4. Repeat 2~3 step for next lower power difference values.
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Figure 7 R2 codes investigation procedure

In case of 3bits allocation, each codeword has 1 3HD codeword, 3 2HD and 1HD codewords, and 1 0HD codeword(the codeword itself). Therefore, Step 4 and 5 on the figure are impossible. This meaning is that we need to modify requirement of optimum code table as shown in Figure 1. R2 code investigation procedure is a heuristic and tedious work. We still find a smart algorithm. However, we already know the result. Back to the Section 1.2, object function approach is the same scheme as R2 code investigation. In Section 1.2 our object function can be summarized graphically as shown in Figure 8. Note that 21dB 1 HD case has lower weight value than 18dB 2HD case. If we change the weight value as higher dB difference than HD(See figure 9 DWE=10 case). Power difference is more importantly considered than Hamming distance. However, simulation result is the same as Figure 4.  This reason is that hamming distance play a important role of the results.
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Figure 8 Weight value of object function in Section 1.2(DWE=1, HWE=2)
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Figure 9 Weight value of object function (DWE=10, HWE=2)
2 Colclusions

Based on the results of simulations, we can summary following conclusions:
· We should choose one of 2 type codes which are Grey code(satisfy R1 firstly) and R2 code(satisfy R2 firstly). ( The best Grey code is type 1 code in Figure 6.
· MOF(Maximization of Object Function) code are one possible approach of R2 code. ( The best MOF code is depicted in Figure 4.
For the first conclusion, DS-MAP would be coded by QPSK and transmitted over a channel. If a channel model is Gaussian, each bit error occurs independently. For 10dB power and QPSK OFDM transmission, BER is approximately around 10^-5. Probability of 2bit error at once is (10^-5 *10^-5). This means that 1bit error is most probably appeared. Thus R1 is more importantly considered. Eventhough each bit error coours dependently over fading channel. WRAN PHY used block interleaver which make a burst error to sigle bit error. Accodingly, single bit error is most probably appered over fading channels.

For the second conclusion, if we need more survey, further works are:
· Establishment of a new object function

· Finding of a heuristic R2 investigation algorithm.
Table 1 List of MOF codes
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This document provides the simulation results for allocation of optimum octal codes for power boosting. The results show that we should re-consider constraint of optimum rule which is addressed in Doc. 08-280/r0. 
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