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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 #86, it has been agreed 

Agreements:
•
For Case 1/2, numbers of power ratios should be decided based on system level simulation and analysis:

•
For QPSK + QPSK, number of power ratios is to be selected from 2/3/4 

•
For QPSK + 16 QAM, number of power ratios is to be selected from 2/3/4

•
For QPSK + 64 QAM, number of power ratios is to be selected from 1/2/3/4

In this contribution we state our views on the preferred set of power ratios. In Section 2 we investigate the EVM requirements for composite constellations using different power ratios and in Section 3 we discuss the recommended set of power ratios. 
2 
On power scaler support in LTE 
The chairman minutes from RAN1 #86 concluded that the large number of companies support power ratio design based on composite-constellation [2] /grid coordinates [3] principles. These designs having benefits in terms of implementation effort and specification at both the UE and eNB side. For specification approach of MUST Case 1 and Case 2, please refer to our accompanying contribution in [4].

Table 1 shows the power ratios for composite-constellation and Table 2 shows the power ratios for grid-coordinates together with minimal constellation inter-point distance expressed in dB as [image: image2.png]201og,01/d min



.  It can be noticed that in Table 2 four entries, stricken out in the table, exceed the minimum inter-point distance of legacy 256QAM. These composite constellations would require EVM smaller than currently defined for 256QAM, which is currently 3.5%. As such EVM changes are impacting the eNB RF, it is common practice that RAN4 WG is analysing the feasibility of such changes, prior to the RAN1 specification. 

From this perspective there are two alternatives ahead: 

1. Specify the power ratios which are not impacting the transmit EVM, hence from the tables below do not consider the stricken out entries, 

2. If power ratios requiring tighter EVM than currently specified, send an LS to RAN4 to ask what EVM requirements would be required for composite constellations in Table 1 and Table 2. 
Observation-1: The certain entries in Table 2 will require tighter EVM requirements than 3.5% currently required for transmission of 256QAM.  And many entries in Table 1 and Table 2 will require tighter EVM requirements than 8% currently required for transmission of 64QAM. 
Proposal-1: Consider one of the two options: 1. Power ratios without EVM changes, 2. Power ratios with EVM changes after RAN4 confirmation on the sustainability of such changes. 
Table 1  An example of bit allocations within existing LTE 16, 64 and 256QAM constellations

	Composite MO
	Near UE MO
	Allocated subset of constellation-points of LTE constellations
	Power ratio normalized
	Composite constellation scaler


	Minimum inter-point distance

[dB]

	4
	2 
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	0.8/0.2
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=3.98 dB

	4
	2 
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	0.86207/0.13793
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=5.59 dB

	4
	2 
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	0.94118/0.058824
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=9.29 dB

	4
	2 
	[image: image15.png]



	0.69231/0.30769
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=2.10 dB

	6
	4 
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	0.7619/0.2381
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=10.21 dB

	6
	4 
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	0.92754/0.072464
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=15.38dB

	6
	4 
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	0.87805/0.12195
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=13.12dB

	6
	4 
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	0.71014/0.28986
	[image: image32.png]V138




	[image: image34.png]4/4/138



=9.35dB

	8
	6 
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	0.75294/0.24706
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=16.28 dB


Table 2 An example of bit allocations with grid coordinates from [3]
	Composite MO
	Near UE MO
	Constellation points
	Power ratio
	Composite constellation scaler


	Minimum inter-point distance [dB]

	4
	2
	{±1, ±2}
	0.9/0.1
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=6.99dB

	4
	2
	{±1, ±3}
	0.8/0.2
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=3.98 dB

	4
	2
	{±1, ±4}
	0.7353/0.2647
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=2.76 dB

	4
	2
	{±3, ±5}
	0.9412/0.0588
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=9.29 dB

	6
	4
	{±1, ±3, ±5, ±7}
	0.7619/0.2381
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=10.21 dB

	6
	4
	{±1, ±2, ±3, ±4}
	0.8333/0.1667
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=11.76 dB

	6
	4
	{±2, ±3, ±4, ±5}
	0.9074/0.0926
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=14.31 dB

	6
	4
	{±3, ±4, ±5, ±6}
	0.9419/0.0581
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=16.33dB

	8
	6
	{±1, ±3, ±5, ±7, ±9, ±11, ±13, ±15}
	0.7529/0.2471
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=16.28dB

	8
	6
	{±2, ±3, ±4, ±5, ±6, ±7, ±8, ±9}
	0.8521/0.1479
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=18.5dB

	8
	6
	{±4, ±5, ±6, ±7, ±8, ±9, ±10, ±11}
	0.9146/0.0854
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=20.9dB

	8
	6
	{±6, ±7, ±8, ±9, ±10, ±11, ±12, ±13}
	0.945/0.055
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=22.81dB


3 
Power ratio down-selection
In the previous section we have shown that QPSK+64QAM composite constellation in Table 2 (except the uniform constellation) require tighter EVM requirements than 256QAM. Thereby, only a single power ratio should be defined for the QPSK+64QAM composite constellation. 
Proposal-2: A single power ratio (corresponding to uniform 256QAM LTE constellation) is defined for superposition of QPSK + 64 QAM
In order to further down-select the number of power ratios for QPSK + QPSK and QPSK +16QAM combinations, we have simulated power ratios from Table 3 (Subset 1) and Table 4 (Subset 2), both fulfilling the 3.5% EVM requirements. Results are summarized in Table 5. The performance is similar for the two simulated sets. Based on the SLS we propose:

Proposal-3: Two power ratios from Table 4 are defined for superposition of QPSK+16QAM and QPSK +QPSK.

Table 3 Selected subset 1 of cases from Table 1

	Case
	Near UE power
	Super-constellation
	
	Far-MOD
	Near-MOD

	1
	0.2
	LTE 16QAM
	
	2
	2

	2
	0.13793
	LTE 64QAM
	
	2
	2

	3
	0.058824
	LTE 64QAM
	
	2
	2

	4
	0.30769
	LTE 64QAM
	
	2
	2

	5
	0.2381
	LTE 64QAM
	
	2
	4

	6
	0.072464
	LTE 256QAM
	
	2
	4

	7
	0.28986
	LTE 256QAM
	
	2
	4

	8
	0.12195
	LTE 256QAM
	
	2
	4

	9
	0.24706
	LTE 256QAM
	
	2
	6


Table 4 Selected subset 2 of cases from Table 1

	Case
	Near UE power
	Super-constellation
	
	Far-MOD
	Near-MOD

	1
	0.2
	LTE 16QAM
	
	2
	2

	2
	0.13793
	LTE 64QAM
	
	2
	2

	5
	0.2381
	LTE 64QAM
	
	2
	4

	6
	0.12195
	LTE 256QAM
	
	2
	4

	9
	0.24706
	LTE 256QAM
	
	2
	6


Table 4 Full buffer results, 2x2 MIMO 3.5%/3.5% EVM

	Throughput (bps)
	Baseline
Max 64QAM
	MUST Category 2, RML

	
	
	Subset 1
	Gain
	Subset 2
	Gain

	Cell average
	1.52E+07
	1.69E+07
	11.2 %
	1.69E+07
	11.1 %

	Cell edge
	2.79E+05
	3.31E+05
	18.7 %
	3.29E+05
	17.7 %

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


4 
Conclusions

In this contribution we have been presenting views with respect to down-selection of power ratios for operation of MUST Case 1 and MUST Case 2:
Observation-1: The certain entries in Table 2 will require tighter EVM requirements than 3.5% currently required for transmission of 256QAM.  And many entries in Table 1 and Table 2 will require tighter EVM requirements than 8% currently required for transmission of 64QAM. 
Proposal-1: Consider one of the two options: 1. Power ratios without EVM changes, 2. Power ratios with EVM changes after RAN4 confirmation on the sustainability of such changes.
Proposal-2: A single power ratio (corresponding to uniform 256QAM LTE constellation) is defined for superposition of QPSK + 64 QAM
Proposal-3: Two power ratios from Table 4 are defined for superposition of QPSK+16QAM and QPSK +QPSK.
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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 
	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 3.5/3.5% 


