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1	Introduction
In the previous meeting, MUST schemes were categorized into 3 groups [2]. In this contribution we investigate the system level performance of Category 2 and Category 3 that is schemes based on Gray mapping and label-bit assignment. These two categories have similar characteristics. Category 3 is allowed to employ only LTE uniform constellations while Category 2 can be treated same as category 3, with additional definition of non-uniform constellations.
2	L2S with single-layer RML
The L2S for MUST system simulations has not been specified by 3GPP. Instead, it has been agreed that each company provides used L2S methodology together with the presented system results. In this section we describe our used methodology for L2S with single-layer RML, used as MUST receiver, when “same beam” serves both superposed users. This L2S modelling is similar to the solution presented in [1]. 

The following processing is assumed. The receiver is utilizing linear MMSE-IRC receiver and obtains signal-to-interference-and-noise ratio (SINR) estimate at each sub-carrier. The SINRs are mapped to BLER within two steps:

In the first step, we create with Monte-Carlo simulations a SNR to mutual information mappings for each bit in the constellation.  The curves are obtained using the formula from [3] modified to bit level:


where  is the position of a bit we are interested in, assuming Gray bit to symbol mapping. There are  bits required to describe constellation with cardinality.   denotes a bit set and  is the noise+interference variance. Mutual information (MI) of bits can be summed together.

 Figure 1 shows SNR to bit-pair MI mapping curves for LTE constellations. 
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[bookmark: _Ref430700254]Figure 1 SNR to bit-pair MI mapping curves

In the second step, we perform “circle conversion” to obtain MI and effective SINR, which is then mapped to BLER according to legacy EESM or MIESM tables. The conversion is illustrated in the example from Figure 2, where we depict three MI per bit-pair curves: 1. MI for QPSK, 2.MI for first two bits of 16QAM constellation and 3. MI for the last two bits of 16 QAM constellation. 

The “circle conversion” reading operates as follows: the Near UE is allocated with bits 3 and 4 (less 2 significant bits) out of 16QAM LTE uniform constellation. After obtaining effective SINR (103 dB reading in the example), the near UE is treated as regular QPSK UE with MCS . The obtained effective SINRs at each sub-carrier are mapped to BLER according to EESM tables in our setup. This procedure allows utilizing any bit split combination, for given constellation,   by mapping MI per bit-pair  into effective SINR, and finally into BLER.
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[bookmark: _Ref430700327]Figure 2 Conversion of SINR to effective SINR


3	System performance results
This section presents the results obtained by LTE system-level simulator. We perform wideband scheduling and we restrict feedback to rank-1 only. The RML L2S has been described in previous section. We simulate the full-buffer traffic with 10UEs per sector. Gray encoding is enforced to the super-constellation. Detailed simulation assumptions can be found in Appendix. 
The goal of these simulations is to investigate whether existing LTE uniform constellations may be sufficient for MUST operation or the definition of Category 2 non-uniform constellations will be need. We have simulated MUST with simulation cases summarized in Table 1. Cased 1 to 6 are employing uniform constellations, the rest are non-uniform. Non-uniform cases 11, 14, 15 and 17 result in overlapping constellation, i.e. near use constellation given far UE symbol is spread over more than one quadrant.

[bookmark: _Ref430701304][bookmark: _Ref430699938]Table 1 Simulated super constellations
	Case
	Near UE power
	Super-constellation
	Far-MOD
	Near-MOD

	1
	0.2
	LTE 16QAM
	2
	2

	2
	0.238
	LTE 64QAM
	2
	4

	3
	0.247
	LTE 256QAM
	2
	6

	4
	0.059
	LTE 256QAM
	4
	4

	5
	0.048
	LTE 64QAM
	4
	2

	6
	0.012
	LTE 256QAM
	6
	2

	7
	0.15
	NonUni 16QAM
	2
	2

	8
	0.10
	NonUni 16QAM
	2
	2

	9
	0.15
	NonUni 64QAM
	2
	4

	10
	0.10
	NonUni 64QAM
	2
	4

	11
	0.45
	NonUni 64QAM + overlap
	2
	4

	12
	0.10
	NonUni 256QAM
	2
	6

	13
	0.15
	NonUni 256QAM
	2
	6

	14
	0.33
	NonUni 256QAM +overlap
	2
	6

	15
	0.40
	NonUni 256QAM + overlap
	2
	6

	16
	0.05
	NonUni 256QAM
	4
	4

	17
	0.15
	NonUni 256QAM +overlap
	4
	4



[image: ][bookmark: _Ref430774015]Figure 3 Selection statistics


Two main setups have been considered. In the first setup all modulation cases are considered (case 1 to 17), this would correspond to category 2 type of operation where multiple power offsets are used resulting in several constellation combinations. In the second setup we have considered only the uniform constellations (cases 1 to 6) which correspond to category type 3 schemes, more specifically with the option of label-bit assignment with unique power scaling split between far and near UEs.  Table 2 presents the system results and Figure 3 shows the selection of constellation cases from Table 1. It can be noticed that the non-uniform constellations are selected the most. On the other hand, constellations with overlap 11 14 15 and 17 are selected only rarely. In fact, cases 14 and 15 are not selected at all. From the results in Table 2 we note that the possibility to select non-uniform constellations in addition to LTE constellations improves performance of cell-edge UEs. This could be explained by lack of fairness because constellation cases 1 to 6 offer only single power ratio per each combination of far/near UE modulation order.

[bookmark: _Ref426991555][bookmark: _Ref430699942]Table 2 System level results with 2Tx and 2 Rx antennas
	Source
	Throughput (Mbps)
	Baseline
	MUST Category 2/3

	
	
	
	MUST w Case 1 to 17
	Gain
	MUST w Case 1 to 6
	Gain

	
	Cell average
	1,46E+07
	1,66E+07
	13.8 %

	1,64E+07
	12.0 %


	
	Cell edge
	2,71E+05
	3,27E+05
	20.6 %

	3,08E+05
	13.8 %


	
	Note: 
	2nd best PMI+CQI available at the scheduler



Observation 1: The non-uniform constellations improve cell-average and especially cell edge performance of MUST.
Observation 2: MUST#2 and MUST#3 schemes seem to benefit from the utilization of multiple power offsets/bit splits.
Practically, the above observations mean that several power offsets might be needed in MUST and the one-to-one mapping of modulations and fixed power offsets is not sufficient. However, there are several points which need to be further confirmed/clarified: 1. if the above results hold in bursty traffic environment, 2. How many offsets are beneficial/needed in practice.
4	Conclusions
In this contribution we have been presenting system-level results of MUST performance for schemes classified under categories 2 and 3. The following observations can be summarized:
Observation 1: The non-uniform constellations improve cell-average and especially cell edge performance of MUST.
Observation 2: MUST#2 and MUST#3 schemes seem to benefit from the utilization of multiple power offsets/bit splits.
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Appendix
Table 3 Simulation Assumptions
	Layout 
	Hexagonal grid, 3 sectors per site, 19 macro sites (ISD = 500 m) 

	System bandwidth per carrier 
	10 MHz 

	Carrier frequency 
	2.0 GHz 

	Total BS TX power (Ptotal per carrier) 
	46 dBm 

	Distance-dependent path loss 
	ITU UMa 

	Penetration loss 
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link) 

	Shadowing 
	ITU Uma 

	Antenna pattern 
	3D (referring to TR36.819) 

	Antenna Height: 
	25 m 

	UE antenna Height 
	1.5 m 

	Antenna gain + connector loss 
	17 dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE 
	ITU UMa 

	Antenna configuration 
	BS: 2Tx (0.5 lambda), cross-polarized
UE: 2Rx (0.5 lambda), cross-polarized 

	Number of UEs per cell 
	10 

	UE dropping 
	20% UEs are outdoor and 80% UEs are indoor. 

	Minimum distance from macro-cell to UEs 
	35 m 

	Traffic model 
	Full buffer 

	UE receiver 
	IRC (CRS based) + RML per layer 

	Transmission  mode 
	2x2 TM4 (rank1 only) 

	UE noise figure 
	9 dB 

	UE speed 
	3 km/h 

	Cell selection criteria 
	RSRP 

	Handover margin 
	3 dB 

	Scheduling algorithm 
	Proportional fairness maximization 

	HARQ 
	Redundancy Version 

	Feedback 
	WB rank1 only 

	CQI quantization 
	Yes 

	Codebook 
	2Tx/4Tx LTE Rel. 8 

	Power ratio sets 
	According to super-constellation 

	OLLA 
	Yes 

	Number of superposed signals in superposition transmission 
	2 

	Channel Estimation 
	Realistic 

	EVM 
	Tx/Rx 8/4% 
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