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Introduction
Receiver Design is an important part of the study on MUST (Multiuser Superposition Transmission). Good modulation/demodulation scheme contributes to the performance of receiver on interference and noise suppression. Discussions on some technical details of ML receiver design for MUST are given in this contribution. The benefit of Gray Mapping scheme on ML receiver is further analyzed. 
Signal Constellations in NAICS and MUST 
In NAICS (Network Assisted Interference Cancellation/Suppression), the channel  carrying the target signal  and the channel  carrying the interference signal  are different. The power  of the two signal  and  is the same, as shown by figure 3. The signal  received by UE1 is obtained as below:
                                                                                                                                (1)
Here  and  are complex numbers. So the summation of the constellation for  and the constellation for  includes rotation. The shape of the constellation of  in general is arbitrary, as shown by Fig. 1. In the irregular constellation, the neighboring relations and distances between constellation points are complicated, which tends to increase the bit error rate  BER (bit error rate).
[image: ]
                                                       Figure 1 Signal constellations of NAICS

However, in MUST, the target signal  and the interference signal  go through the same channel . The transmitted signal  of MUST is composed of the target signal  with power  and the interference signal  with power . The transmitted signal  is indicated as the formula below:
                                                                                                     (2)
where  is a real number. So the summation of the constellation for  and the constellation for  would not involve any rotation. Compared with the received irregular constellation in NAICS, the received constellation is always rectangular in MUST if the same precoder is used for pair users. It is expected that demodulation based on regular constellation is smaller than that based on irregular constellation.                                                       
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            Figure 2 Signal constellations of MUST

A symbol level superposition scheme with Gray Mapping is applied to the regular constellation in MUST. It is described in our contribution [1].
Gray Mapping Scheme of MUST
An implementation of the gray mapping scheme is shown in Fig. 3 where information bits of UE1 and UE2 are first encoded. The coded bits of near UE (UE1) XOR the coded bits of the far-away UE (UE2). Then, the modified coded bits of UE1 and the original coded bits of UE2 go through each of their modulators separately. In the end, amplitude-weighted symbols of UE1 and UE2 are summed up.
[image: fig]
Figure 3 Symbol level superposition with Gray mapping by XOR operation before modulation
An example is illustrated in Fig. 4 where QPSK modulation is used for both UEs. The power ratio is 4: 1. The far-away high powered user (UE2) uses the legacy Gray mapping for its constituent modulation. For the near low powered user (UE1), its constellation depends on the coded bits of UE2. In the case that the coded bits of UE2 are “10”, and the coded bits of UE1 are “10”, the result of XOR is “00”. As a result, the superimposed constellation is Gray mapped.

[image: ]
Figure 4 An example of achieving Gray constellation via XOR operation. Two QPSK signals with power ratio = 4: 1      
The Benefit of Gray Mapping Scheme on ML Receiver
Methodology for ML/R-ML modeling is described in [2] . ML receiver in MUST ML receiver implements symbol-level interference suppression. ML receiver can obtain MIB (the mutual information per transmitted bit). 
                                                                        (3)
where  is the received MIB of ML receiver at an RE.  is the BICM (the bit interleaved coded modulation) normalized spectral efficiency.  is a weighting factor and subjected to such constraints
                                                                                                                                                          (4)
The BICM normalized spectral efficiency  of near-user is given by the formula below[2]:                                            

                             (5)
The BICM normalized spectral efficiency  of far-user is given by the formula below[2]:                                            
                             (6)
where  is a modulated symbol.  and  are the number of bits carried by  for the near-user and far-user, respectively.  is the set composed by all of the constellation points.  and  are the sets composed by the constellation points whose th bit is  for the near-user and far-user, respectively. .  is a transition probability of  based on the received signal .  is determined by the Euclidean distance of   and . An example is shown as Fig. 5. 
           
(a)                                                                                (b)
Figure 5 An example for the computation of the BICM normalized spectral efficiency

Fig. 5 shows an example of the LLR calculation of the third bit. The triangular block represents received signal . Figure 5(a) is the sketch map indicating the distances between  and all modulated symbols  whose binary numerical value on the third bit is 0. Figure 5(b) is the sketch map indicating the distances between  and all modulated symbols  whose binary numerical value on the third bit is 1. It is obvious that the binary numerical value on the third bit of the correct symbol corresponding to  should be 0.

Gray Mapping scheme on constellation can help ML receiver to improve the demodulation accuracy, as shown by Figure 6.

                  
(a)                                                                                   (b)
                                              Figure 6 Benefit of Gray Mapping on demodulation 

The triangular block represents received signal  in Figure 6. There are 6 bits carried by a modulated symbol. The symbol composed by the front two bits is transferred for far UE. The symbol composed by the last four bits is transferred for near UE. It is observed that Gray Mapping Scheme has more positive effect on the demodulation for near UE than Non-Gray Mapping. And Gray Mapping Scheme and Non-Gray Mapping Scheme have the same effect on the demodulation for far UE. 

As shown in the figure 6(a), based on non-Gray Mapping constellation, the nearest constellation points around signal  have different binary numerical value in the third one of the last four bits. This case brings some interference on the judgments. However, As shown in the figure 6(b), based on Gray Mapping constellation, the nearest constellation points around signal  have the same binary numerical value in all the last four bits. This case contributes to improve the judgment accuracy.
Conclusion
Discussions on some technical details of ML receiver design for MUST are given in this contribution. The benefit of the Gray Mapping scheme on ML receiver is further analyzed.
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