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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 DSM leads to non-Gray symbol mapping and proposes a method that can (in some cases) maintain Gray mapping for the joint constellation map called Gray-mapped Non-uniform Constellation (GNC). It was observed in [1] that a non-Gray mapped joint constellation map would prevent MUST from achieving its best performance. [2] suggests a method for optimal power allocation with GNC. 
However, as discussed in [1], it is not guaranteed that the joint constellation map always provides Gray mapping with near and far UEs. In such a case, we need to determine whether we must perform bit-swapping between near and far UE’s bit mappings. This contribution suggests a decision rule as to when we do bit-swap between near and far UEs and when we do not.
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 the symbol and power allocation corresponds to a near UE or a far UE. For constellation design, let’s assume both  and  are scalars. For simplicity, AWGN is considered such that .
With GNC far user bits can be mapped outer bits or inner bits of the joint constellation map as discussed in [1]. We call it ‘no swapping’ when far user bits are mapped to outer bits of the joint constellation map and call mapping the far user bits to inner bits of the joint constellation map as ‘bit swapping’.
Table 1 tabulates the power allocation range for  to guarantee Gray mapping for GNC [1]. Conversely, GNC does not lead to Gray mapping if it does not belong to the range specified in Table 1. GNC constellation is parameterized by p (scaling factor for the constellation), q (scaling factor for the inner bits) and C (power normalization factor). This range of   for ensuring Gray mapping only depends on q values in [1]; SNR or pathloss do not affect the range. The modulation order pair in Table 1 corresponds to (far, near) UEs.
Table 1. Power Distribution Condition to hold Gray mapping
	
	#layer = 1
	#layer = 2

	Bit-Swapped
	OFF
	ON
	OFF
	ON

	(QPSK, QPSK)
	
	
	
	

	(QPSK,16QAM)
	
	
	
	

	(16QAM,QPSK)
	
	
	
	

	(16QAM,16QAM)
	
	
	
	

	(QPSK,64QAM)
	
	
	
	

	(64QAM,QPSK)
	
	
	
	



As shown in Table 1, for (QPSK, QPSK) with a single layer, Gray mapping is always guaranteed with GNC. However, other combination sets of modulation orders have an exclusion region where Gray mapping does not hold with or without bit swapping. Although Gray mapping does not hold in some cases of power distribution, GNC is still effective and shows a gain over DSM, if proper bit-swapping is determined. So, we need a simple rule at the transmitter for selecting between bit-swapping and no swapping. 
Determine whether to do bit-swap
Figure 1 illustrates an example of GNC joint constellation map where a near UE is modulated with 16QAM, and a far UE is modulated with QPSK. In particular,  is used such that this constellation map hold Gray mapping. However, as decreases, the constellation loses its Gray property. 
[image: C:\Users\hyukjoon.k\Documents\05.Technical Report\my\T17.MultiUserSuperpositionTransmission\figure\16Q.png]
Figure 1. An example of joint constellation of (16QAM, QPSK)
The following condition is need to hold Gray mapping,

which generates the first threshold, . In addition, less than a half of constellation points are overlapped with the condition,  

which generates the second threshold, . The last threshold would be the bit-swapping threshold in Table 1, as . These sets of thresholds indicate the level of single constellation’s overlap in a joint constellation map. 
The actual throughput performance can be affected by coding gains and location of the users’ bits (i.e., whether they are mapped to outer bits or inner bits of the joint constellation map). The threshold  may need to be adjusted a little to  in order to account for TB coding gains and the bit location. This contribution proposes that  should be used to determine whether to do bit-swap or not. In other words, we propose the following rule for bit mapping with GNC:
·   : Gray mapping is possible, so no bit-swapping
·  : Not bit-swapping, although Gray mapping is not possible
·  : Perform bit-swapping, although Gray mapping is not possible
·  : Gray mapping is possible, perform bit-swapping.
Similarly, for other sets of modulation orders, bit swapping decision rule can be applied in the same way. 

Decision rule:
In summary, the bit swapping rule boils down to the following simple threshold criterion for the transmitter (i.e., eNB scheduler in case of MUST):
· Perform bit swapping if ; otherwise, no bit swapping
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Figure 2. Performance Comparison of (16QAM, QPSK) with different power distribution, 

Figure 2 shows the performance of GNC with different power distribution cases, , and . As shown in the figure, the proposed algorithm is effective over all ranges of   such that the gain is identified even when Gray mapping does not hold. 
It was observed in [1] that  
Observation 1 [1]: GNC provides substantial gains over DSM for the user that is mapped to the inner bits of the GNC constellation.
In this contribution, we make the additional observation 
Observation 2: By adaptively performing bit swapping with GNC based on the power allocation , it is possible to ensure GNC has gains over DSM for either or both users even when Gray mapping does not hold.
As a result, we propose the following
Proposal 1: Adopt the decision rule proposed in this contribution on whether or not to do bit-swapping for GNC.
Conclusions
In this contribution, we showed that with adaptive bit swapping, it is possible to obtain gains for GNC relative to DSM for either or both users. We discussed details of how to determine a bit-swapping rule for GNC. Our proposal is: 
Proposal 1: Adopt the decision rule proposed in this contribution on whether or not to do bit-swapping for GNC.
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