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1	Introduction
In the 3GPP TSG RAN Meeting #71 a MUST WID [2] has been approved. According to the WID, a MUST UE receiver is assumed to be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases:
CASE-1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 
CASE-2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.
CASE-3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 

In the previous RAN1 meeting #85, it has been agreed in [1] that for Case 1 and 2, and for each combination of modulation orders:  
· The number of power ratios generating non-uniform composite constellation should be chosen from 0 (for some combinations, if any), 1, 2 or 3.
· The details are FFS.
· Power ratios generating non-uniform composite constellation should be selected from the range [0.7, 0.95].
· The values of power ratio is FFS.
· 0.7 should be excluded in case of 64QAM (for near UE) + QPSK (for far UE).

In addition, it has been agreed that modulation order of MUST-far UE will be only QPSK. In this paper we study the implementation of Category 2 MUST at the transmitter and further down-selection of power ratios for CASE-1 and CASE-2 schemes.
2 	Category 2 MUST operation

The outcome of the study item defines Category 2 MUST as a scheme which jointly maps coded bits of two or more UEs to component constellations which are superposed with adaptive power ratio. The assignment of label bits to UEs is done on the composite constellation which also exhibits Gray mapping property. An implementation of Category 2 MUST at eNB for closed-loop transmission scheme (CASE-1) is illustrated in Figure 1, however similar figures can be constructed as well for rank-2 large delay CDD (CASE-1) and transmit diversity (CASE-2). According to Figure 1, the signals are superposed in the bit domain, by mapping MUST-far and MUST-near UEs layer-bits on the super-constellation. As a consequence, after modulation, the CASE1 MUST forms a single layer, which is further spatially precoded and transmitted to the UE.



[image: ]
[bookmark: _Ref447051433]Figure 1 Category 2 with closed-loop transmission scheme

At least contributions [4][5] from RAN1 #85  observed that for each modulation order combination (QPSK-QPSK, QPSK-16QAM and QPSK-64QAM) different set of power ratios is beneficial. In addition, different number of power ratios for each modulation order combination can be defined, because some modulation order combinations are selected more often than the other, as observed in [4].   
Proposal-1: Define a set of super-constellations used by eNB to superpose Near- and Far-UE.
In order to allow more than one power-ratio per MO combination and at the same time preserve the benefits of using existing LTE uniform constellations, eNB may allocate only a subset of all available bits/constellation-points within the existing LTE constellation.  Table 1 shows all examples of allocating QPSK+QPSK, QPSK+16QAM and QPSK+64QAM superposition within 16QAM, 64QAM and 256QAM. The power ratios in Table 1 are compliant with RAN1 agreement, i.e. are between 0.7 and 0.95. Native uniform constellations are marked blue and allocate all constellation points within quadrant, while green constellations allocate a subset of points (marked with the fill in Table 1). Note that in Table 1, when subset of constellation points is used, the sum of modulation orders of near and far-UE does not sum-up to the order of LTE constellation. 
Reuse of LTE uniform constellations has several advantages. The legacy bit to symbol modulator can be reused at the eNB and existing EVM requirements for LTE constellations can be reused. Furthermore, significant complexity reduction can be achieved at the UE side, as discussed in [6].

[bookmark: _Ref425759932]Table 1  An example of bit allocations within existing LTE 16, 64 and 256QAM constellations
	LTE constellation
	Near UE MO
	Allocated subset of constellation-points along one dimension of a quadrant
	Far UE pow. ratio
	Power ratio normalized
	Expected power
[dB]

	16QAM
	2 
	
	4/5
	0.8/0.2
	0

	64QAM
	2 
	
	25/29
	0.86207/0.13793
	1.4018

	64QAM
	2 
	
	16/17
	0.94118/0.058824
	-0.9177

	64QAM
	2 
	
	9/13
	0.69231/0.30769
	-2.0828

	64QAM
	4 
	
	16/21
	0.7619/0.2381
	0

	256 QAM
	4
	
	100/105
	0.95238/0.047619
	0.9177

	256 QAM
	4 
	
	64/69
	0.92754/0.072464
	-0.9057

	256 QAM
	4 
	
	36/41
	0.87805/0.12195
	-3.1664

	256 QAM
	4 
	
	49/69
	0.71014/0.28986
	-0.9057

	256 QAM
	6 
	
	64/85
	0.75294/0.24706
	0

	256 QAM
	2
	
	121/137
	0.88321/0.11679
	2.073

	256 QAM
	2
	
	100/109
	0.91743/0.082569
	1.0801

	256 QAM
	2
	
	81/97
	0.83505/0.16495
	0.57353

	256 QAM
	2
	
	64/89
	0.7191/0.2809
	0.19971

	256 QAM
	2
	
	81/85
	0.95294/0.047059
	0

	256 QAM
	2
	
	64/73
	0.87671/0.12329
	-0.66096

	256 QAM
	2
	
	49/65
	0.75385/0.24615
	-1.1651

	256 QAM
	2
	
	49/53
	0.92453/0.075472
	-2.0514




3 	Power ratios down-selection
In order to decide on the preferred set of power ratios, we have simulated full-buffer traffic according to assumption summarized in [3].  In addition, we consider CASE1-2 assumptions according to WID [1], where Category 2 MUST is assumed and RML being a choice of a receiver. Table 2 shows the close to uniformly quantized set of super-constellations cases, ranging MUST-near UE powers from 0.1-0.3. Each modulation order combination has 4 power ratios.  Table 3 shows a subset of super-constellation cases from Table 1, which stem from LTE constellations by reusing the subset of constellation points within the constellation. In Table 3, modulation order combinations QPSK+16QAM and QPSK+QPSK have 4 power ratios, while QPSK-64QAM has only one power ratio. 




[bookmark: _Ref450663350]Table 2 Close to uniformly quantized set with 12 cases
	Case
	Near UE power
	Super-constellation
	Far-MOD
	Near-MOD
	Sel. Prob.

	1
	0.10
	NonUni 16QAM
	2
	2
	0.0469

	2
	0.15
	NonUni 16QAM
	2
	2
	0.0442

	3
	0.20
	LTE 16QAM
	2
	2
	0.0412

	4
	0.30
	NonUni 16QAM
	2
	2
	0.0137

	5
	0.10
	NonUni 64QAM
	2
	4
	0.0683

	6
	0.15
	NonUni 64QAM
	2
	4
	0.1733

	7
	0.238
	LTE 64QAM
	2
	4
	0.2239

	8
	0.30
	NonUni 64QAM
	2
	4
	0.0321

	9
	0.10
	NonUni 256QAM
	2
	6
	0.0148

	10
	0.15
	NonUni 256QAM
	2
	6
	0.0706

	11
	0.20
	NonUni 256QAM
	2
	6
	0.1209

	12
	0.247
	LTE 256QAM
	2
	6
	0.1503




Table 3 Selected subset of cases from Table 1
	Case
	Near UE power
	Super-constellation
	
	Far-MOD
	Near-MOD
	Sel. Prob.

	1
	0.2
	LTE 16QAM
	
	2
	2
	0.0462

	2
	0.13793
	LTE 64QAM
	
	2
	2
	0.0581

	3
	0.058824
	LTE 64QAM
	
	2
	2
	0.0262

	4
	0.30769
	LTE 64QAM
	
	2
	2
	0.0101

	5
	0.2381
	LTE 64QAM
	
	2
	4
	0.2456

	6
	0.072464
	LTE 256QAM
	
	2
	4
	0.0500

	7
	0.12195
	LTE 256QAM
	
	2
	4
	0.1958

	8
	0.28986
	LTE 256QAM
	
	2
	4
	0.0460

	9
	0.24706
	LTE 256QAM
	
	2
	6
	0.3219










Table 4 shows the full-buffer performance of 2Tx CASE 1 MUST with 10UEs per cell, while selection statistics for each set are part of Table 2 and 3. 
One can see that the set from Table 3 performs as good as the set from Table 2. The set from Table 3 should be further carefully down selected to find the optimum trade-off between number of power scalers and performance. Note that having single power ratio for each constellation case causes only loss of 1.2% in cell-average and 6.5% in coverage. 
Observation-1: Close to uniformly quantized power ratios in Table 2 perform as good as power ratios resulting from uniform LTE constellations in Table 3.
Observation-2: The power ratios in Table 3 should be further carefully down-selected to find the optimum trade-off between number of power ratios and performance. 
Proposal-2:  For Case 1/2 MUST adopt subset of power ratios from Table 3. 



[bookmark: _Ref450663292]Table 4 Full buffer results, 2x2 MIMO
	Throughput (bps)
	Baseline
	MUST Category 2, RML

	
	
	Single power per MO combination
	Gain
	
	Set from Table 3
	Gain
	Set from Table 2
	Gain

	Cell average
	1.47E+07
	1.585E+07
	7.6 %
	
	1.602E+07
	8.8%
	1.599E+07
	8.5%

	Cell edge
	2.71E+05
	3.14E+05
	15.6%
	
	3.31E+05
	22.1%
	3.27E+05
	20.7%

	Note:
	Same-beam pairing only, legacy feedback, rank1 only





4	Conclusions
In this contribution we have been presenting views with respect to the Category 2 superposed transmission schemes. The following observations can be summarized.

Proposal-1: Define a set of super-constellations used by eNB to superpose Near- and Far-UE.
Observation-1: Close to uniformly quantized power ratios in Table 2 perform as good as power ratios resulting from uniform LTE constellations in Table 3.
Observation-2: The power ratios in Table 3 should be further carefully down-selected to find the optimum trade-off between number of power ratios and performance. 
Proposal-2:  For Case 1/2 MUST adopt subset of power ratios from Table 3. 
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Appendix
Table 5 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 
	MMSE-IRC, Wishart modelling of interference covariance
+ RML per layer 

	Transmission  mode 
	[bookmark: _GoBack]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 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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