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1
Introduction

In the previous 3GPP TSG RAN Meeting #71 a MUST WID [1] 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 meeting it has been agreed that number of multiple power ratios is selected from an interval 1 to 8. In addition, it has been agreed that modulation order of Far-UE will be at least QPSK, and whether 16QAM will be enabled is for further study. In this paper we will discuss the implementation of Category 2 MUST at the transmitter and down selection of CASE-1 and CASE-2 schemes.
2 
Category 2 MUST operation
The outcome of the study item [2] 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. Figure 1 and Figure 2 describe Category 2a MUST and Category 2b MUST with closed-loop transmission scheme (CASE-1), however similar figures can be constructed as well for rank-2 large delay CDD (CASE-1) and transmit diversity (CASE-2). With Category 2a, signals are superposed in symbol domain, while in Category 2b symbols are superposed in bit domain. Irrespective of implementation, the superposition outcome can be described by: 

1)  the power ratio and Far- and Near-UE constellations or 
2)  the definition of super-constellation, where powers and constellations are defined jointly.
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Figure 1 Category 2a with closed-loop transmission scheme
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Figure 2 Category 2b with closed-loop transmission scheme

During the study item, it has been observed that given the Far- and Near- UE constellations, a limited number of power ratios is sufficient. In addition, if more power ratios are needed, each constellation combination has its preferred power ratios set. Therefore, it would be better to agree on the set of super-constellations rather than on the set of supported power ratios.  

Proposal-1: Define a set of super-constellations used by eNB to superpose Near- and Far-UE.
In order to increase the number of possible power-ratios, and at the same time preserve the benefits of using existing LTE uniform constellations, eNB may allocate only a subset of all available bits in the existing LTE constellations.  Table 1 shows some examples of allocating QPSK+QPSK and QPSK+16QAM superposition within 64QAM and 256QAM. Figure 3 illustrates the super-constellation points in upper-right quadrant (64-QAM FFNN11). Note that more constellation splits are possible in addition to those shown in Table 1. The expected power of non-uniform constellations is not 1 anymore, however eNB may simply apply matching Pa to normalize constellation back to average power 1.
Observation-1: eNB may reuse uniform constellations to form the non-uniform super-constellations.

Table 1  An example of bit allocations within existing LTE 64 and 256QAM constellations

	LTE constellation
	F – Far-UE bits / N –Near-UE bits
	Power split
	Power split normalized
	Expected power

	16QAM
	FFNN
	0.2/0.8
	0.2/0.8
	1

	64QAM
	FFNN11
	0.4287/0.7617
	0.36/0.64
	1.1904

	256QAM
	FFNN0000
	0.1059/0.7530
	0.1233/0.8767
	0.8589

	64QAM
	FFNNNN
	0.238/0.7520
	0.2380/0.7520
	1

	256QAM
	FFNN00NN
	0.0604/0.7514
	0.0744/0.9256
	0.8118
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Figure 3 The LTE 64QAM (FFNN11) constellation including bit mappings
3 
Power offsets and Far-UE modulation order
In order to decide on the preferred set of power ratios and Far-UE modulation order set, 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 full set of implemented super-constellations.  Note that always, more reliable bits are assigned to Far-UE and less reliable bits to Near-UE.
Table 2 Full set of 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

	18
	0.3
	NonUni 16QAM
	2
	2

	19
	0.4
	NonUni 16QAM
	2
	2

	20
	0.2
	NonUni 256QAM
	2
	6

	21
	0.2
	NonUni 64QAM
	2
	4

	22
	0.3
	NonUni 64QAM
	2
	4

	23
	0.25
	NonUni 64QAM overlap
	4
	2


The selection statistics of the full super-constellation set are illustrated in Figure 4. From the figure, several observations can be extracted. Firstly, overlapping constellations are not selected at all (Cases 11, 14, 15, 17 and 23). Secondly, the Far-UE is 81% of the time in QPSK, and constellation combinations, where Far-UE is in QPSK are the most selected (Cases 2, 3, 9, 20 and 21). 
[image: image4.png]0.14

0.12

0.1

Probability
o
8

o
8

0.04

0.02

1

2 3 456 7 8 9 10 111213 14 15 16 17 18 19 20 21 22 23
Super-constellation case

24




Figure 4 Selection statistics of super-constellations
Observation-2: Overlapping super constellations are not utilized by the scheduler.
Observation-3: The most utilized super-constellations are those where Far-UE is in QPSK.
Observation-4: In macro scenario the scheduler selects the Far-UE with QPSK in ~81% of times.

The full-buffer performance is summarized in Table 3. We simulate three sets of super-constellations:
1. Far-UE QPSK only and uniform constellations only, i.e. cases 1, 2 and 3. (2bits)

2. Far-UE QPSK only uniform and non-uniform constellations, the most selected set of super-constellations, i.e. cases 1, 2, 3, 8, 9, 10, 13 and 21. (3bit)

3.  All super-constellations in Table 2 (5bits)

The 3-bit Set 2 restricting Far-UE to QPSK can provide 85% of average gain and 70% of cell-edge gain of the full Set 3. Further restricting super-constellations to be uniform only, i.e. to 2-bit Set 1, the 75% of average gain and 60% of cell-edge gain of Set 3 can be preserved. 
Observation-5:  With Far-UE restricted to QPSK and only with uniform super-constellations, majority of cell-average gain is preserved.
Table 3 Full buffer results, 2x2 MIMO

	Throughput (bps)
	Baseline
	MUST Category 2, RML

	
	
	SET 1 (2 bits)
	Gain
	SET 2 (3 bits)
	Gain
	SET 3 (5 bits)
	Gain

	Cell average
	1.461E+06
	1,583E+07
	8.3 %
	1.597E+07
	9.3%
	1.623E+07
	11%

	Cell edge
	2.658E+05
	2,991E+05
	12.5 %
	3.039E+05
	14.4%
	3.206E+05
	20.6%

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


Based on above results and observations, and considering the complexity at the receiver and at the transmitter, the 2-3 bit size of super-constellation set is sufficient. In addition, following design criteria should be considered when designing the set:
1) if non-uniform constellations are supported in addition to the uniform constellations, the non-uniform constellations should be non-overlapping to preserve Gray mapping benefits.

2) Far-UE should be restricted to QPSK. With this restriction, the Far-UE MUST related signalling would not be needed at all, and Near-UE signalling or blind detection complexity would be minimized.

3) the number of power ratios for a single constellation combination should be kept low, less than 4 . This minimizes the BD complexity. 
4) modulation order combinations selected the most (e.g. QPSK+16QAM) could have more power ratios than modulation order combinations, which are not often utilized.

Proposal-2: In CASE-1/2 MUST, restrict the Far-UE into QPSK only.

Proposal-3: In CASE-1/2 MUST, the number of power ratios for a single Far- and Near-UE modulation-order combination should be small, less than 4. Different modulation order combinations can have different set of power ratios.
4
Conclusions

In this contribution we have been presenting views with respect to the Category 2 superposed transmission. The following observations can be summarized while also in Table 1 all the conclusions are mapped per MUST scheme.
Observation-1: eNB may reuse uniform constellations to form the non-uniform super-constellations.
Observation-2: Overlapping super constellations are not utilized by the scheduler.

Observation-3: The most utilized super-constellations are those where Far-UE is in QPSK.

Observation-4: In macro scenario the scheduler selects the Far-UE with QPSK in ~81% of times.

Observation-5:  With Far-UE restricted to QPSK and only with uniform super-constellations, majority of cell-average gain is preserved.
Proposal-1: Define a set of super-constellations used by eNB to superpose Near- and Far-UE.

Proposal-2: In CASE-1/2 MUST, restrict the Far-UE into QPSK only.

Proposal-3: In CASE-1/2 MUST, the number of power ratios for a single Far- and Near-UE modulation-order combination should be small, less than 4. Different modulation order combinations can have different set of power ratios.
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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 
	2(4)x2 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% 


