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Introduction
RAN1 has been working on MUST study item in LTE Rel-13. A key aspect of MUST is superposed modulation and linear superposition (also referred to as Direct Symbol Mapping or DSM) is one of the candidate proposals for Rel-13. [1] raises the issue that the symbol mapping on the superposed modulation should hold Gray mapping even on the joint constellation map, named GNC (Gray-mapped Non-uniform Constellation). Otherwise, a non-Gray mapped joint constellation map would prevent MUST from achieving its best performance. Under GNC, this report considers how to split the transmit power between near and far UEs in terms of weighted spectral efficiencies.
Designs 
Gray-mapped Signals

Under a single layer superposition, the signal can be written with the common precoding matrix as 

where  is a channel matrix for UE  and . The subscript N and F indicate whether it is a near UE or a far UE. For constellation design, let’s assume both  and  are scalars. For simplicity, AWGN is considered such that .

As indicated in [1], it is not guaranteed that Gray mapping always holds in GNC, even if bit-swapping is supported. The exclusion region of Gray mapping is provided in [1], which is transformed into the range of  in the following table. This range of   only depends on q values in [1] such that SNR or pathloss does not affect the table. The bracket in Table 1 was written in the order of (far, near) UEs.
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	#stream = 1
	#stream = 2

	Bit-Swapped
	OFF
	ON
	OFF
	ON

	(QPSK, QPSK)
	
	
	
	

	(QPSK,16QAM)
	
	
	
	

	(16QAM,QPSK)
	
	
	
	

	(16QAM,16QAM)
	
	
	
	

	(QPSK,64QAM)
	
	
	
	

	(64QAM,QPSK)
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Power Distribution Designs

Although Table 1 indicates the condition to hold Gray mapping, it does not tell that preferred power distribution between  and . Thus, this report suggests how to select the power split on top of the joint constellation map. For example, figure 1 illustrates the joint constellation map for a set of (QPSK, QPSK) with 
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Figure 1: An example of joint constellation of (QPSK, QPSK) 

We take this set of combination (QPSK, QPSK) as an example to describe the power distribution for MUST. The other combination sets could be straightforwardly exploited in the same way. The bit assignment is given by    unless bits are swapped. When the received power is supposed to be P, the unequal power split generates a symbol mapping as

where and  are positive real-valued numbers which are subject to the following constraints. 
1)  which arises from unit constellation power requirement and
2)  which arises from the power split requirement between  bits and  bits.
Contrary to uniform constellation, the non-uniform constellation map for a set of (QPSK, QPSK) has two different distances between adjacent symbols on the map as
, .
For simplicity, the nearest neighbor symbols are only considered to pick erroneous symbols up. For a far UE whose bits are positioned in the outer bits, the conditional probability of being correct is listed as

Where  is defined as a Q-function with an argument, . Similarly, near UE’s probability of being correct is derived as

The sum of weighted spectral efficiencies for the combination of (QPSK, QPSK) can be derived as

where  is the normalized weighting coefficients for UE i, and is defined as

 is a code rate deployed for UE i, and  is an indication flag whether UE i‘s bits are swapped or not. The bias term,  is added to compensate the effect of coding gains, and the effect of bit-swapping. In general, the outer bits are more robust and the inner bits are more sensitive to detection errors. Thus, some of bias terms are needed to compensate those effects, and these terms could be generated in offline as LUT. Then, the optimal power distribution can be derived as

Since the combination of (QPSK, QPSK) is symmetric over bit-swapping, the optimal power distribution for the bit-swapped GNC is . Similar to the method above, other sets of modulation combination such as (16QAM, QPSK) can be considered.
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Figure 2: Throughput Comparison of fixed power distribution vs.  the proposed power distribution

Figure 2 shows the sum throughput of both near and far UEs. [1] already showed that the Gray-mapped constellation scheme, GNC, is superior to a direct sum of both constellation maps. In addition, figure 2 shows that the proposed power distribution achieves better performance than any other fixed power distributions in terms of sum throughput. In figure 2,  and  for the left subfigure and  and  for the right subfigure are applied.
In general, the weighted sum spectral efficiency approach can be extended to incorporate realistic scheduling at the eNB (e.g., to maximize PF metric).
Proposal 1: Consider adaptive power allocation at the transmitter for GNC in MUST.
Conclusions
In this contribution, we discussed details of how to derive the optimal power distribution for MUST. Our proposal is: 
Proposal 1: Consider adaptive power allocation at the transmitter for GNC in MUST.
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