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Introduction
In RAN1# 86, the following items were agreed [1].
· 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, system performance of evenly spaced scheme and super constellation based scheme are compared. And the difference in implementation complexity between power ratio  in document [2] and power ratio in document [3] are discussed.
Comparison of power ratios
Detailed simulation assumptions are described in Table A1. Far UE’s modulation limited to QPSK. Near UEs use RML receiver to cancel the interference from far UEs. Note that interference to far UEs can hardly be eliminated [4]. 
The comparison of two power ratio sets is based on full buffer traffic model. 
Scheme 1: based on power ratios in [5], shown in Table 1. The power ratio set is {0.753 0.762 0.8 0.862 0.878}, which results in uniform-spaced composite constellation.
Scheme 2: based on power ratios in [3], power ratios are evenly spaced. The power ratio set is shown in Table 2, which results in non-uniform composite constellation.
Table 1   Scheme 1
	MOD_F + MOD_N
	QPSK + QPSK
	QPSK + 16QAM
	QPSK + 64QAM

	Power ratio


	0.8
	0.762
	0.753

	
	0.862
	0.878
	-



Table 2   Scheme 2
	MOD_F + MOD_N
	QPSK + QPSK 
	QPSK + 16QAM
	QPSK + 64QAM

	Power ratio


	0.8
	0.762
	0.753

	
	0.875
	0.875
	0.85

	
	0.95
	0.9
	0.875



Table 3 Performance for full buffer model, wideband scheduling
	Power ratio sets
	
	Cell spectral efficiency (bps/Hz/cell)
	Cell edge user spectral efficiency(bps/Hz/cell/user)

	Baseline(SU-MIMO)
	SE value
	1.3350
	0.0186

	Scheme 1
	SE value
	1.4516 
	0.0231 

	
	Gain
	8.73%
	24.53%

	Scheme 2
	SE value
	1.4455 
	0.0238 

	
	Gain
	8.28%
	28.03%




Figure 1 Cell throughput gains of different power ratio sets compared to SU-MIMO.

The system level evaluation results are shown in Table 3 and Figure 1. The number of power ratios of Scheme 2 is 3, power ratio set of Scheme 2 is {0.753 0.762 0.8 0.85 0.875 0.9 0.95}. Power ratios of Scheme 2 are evenly spaced for non-uniform composite constellations.

Observations: 
· The average spectral efficiency of all schemes is close to each other.
· Compared with Scheme 1, the edge spectral efficiency of Scheme 2 is noticeably better.
Proposal:
· Power ratios generating non-uniform composite constellation are selected from evenly spaced power ratio set.
Implementation complexity 
The signal received in the i-th sub-carrier is described as follows [6]

                                                                                                                                 （1）







where, is mapped into modulation symbol , is the complex channel frequency response in the i-th sub-carrier and is the complex AWGN noise with variance . The k-th soft bit values of modulation symbol   is calculated as :

                                          （2）






whereis the constellation points set for which the k-th bit of  the corresponding points is ,.It is observed from formula (2) that there is one complex multiplier used for. In-phase channel value and quadrature channel value of superposition constellation point are closely related to power ratio .If In-phase channel value and quadrature channel value of superposition constellation point are not integer, which need more bit-width than the case of document [2]。In document [2], it is described that the bit-width of affect the implementation complexity of multiplier.The subtle difference of implementation complexity when different schemes of power ratio selection are adopted is analyzed as follows.








Considering that the real part and imaginary part of  are represented by 8 bit respectively. One case is power ratio  is selected from document [2], in-phase component and quadrature component of are integer and represented by no greater than 5 bit respectively, then is a 8 bit multiply 5 bit operation. Another case is that power ratio  is selected from document [3], real part and imaginary part of are represented by 8 bit respectively, then is a 8 bit multiply 8 bit operation. There is just only 3bit difference between two cases. If using general DSP multiplier，for example 16*16 or even 8*8， there is no difference in terms of implementation complexity.  Formula (2) is converted to formula (3)

                                                 （3）

where .





In Eq. (3), even though the division operationis performed, the calculation for each bit’s LLR, for example, and  becomes much simpler than by using Eq.（2）. More specifically, considering that there are 2M points in the composite constellation, each processing of andrequires the calculation of distance between received symbol and half of the constellation points, total of 2M-1and then find the smallest distance. In real implementation，Such operation can be simplified, to decouple along I and Q, such as。

                                                                                                           （4）

wheredenotes the minimum distance based on the search in I component. That is, min. operation over 2M-1 is decoupled into a min. operation over sqrt(2M-1) plus a min. operation over sqrt(2M-1)/2。For example, min over 32 decoupled into min over 8 and a min over 4，as shown in Fig. 2. Because of the decoupling, no square operation is needed to calculate the Euclidean distance. Instead, absolute calculation can be used as Eq. (5)
 

                                                                      （5）
。
[image: ][image: ]
Figure 2 Determination of the nearest point in the regular constellation
If the constellation is not regular, for example rotated， the above simplification cannot be achieved when Eq（2） is used, because it is difficult to decouple I and Q operation. Square operation is still needed as shown in Eg. 6）

                                                               （6）

Where 。
[image: ][image: ]
Figure 3 Determination of the nearest point in the irregular constellation
From the above example, it is observed that by using Eq. (3), the min operation can be much simplified compared to Eq. (2). The overall computation complexity of Eq. (3) is quite low. Hence, the complexity difference between the using power ratio in [3] and the power ratio in [2] is quite small.

Observations: 
· 



In case of DSP architecture, There is no difference in implementation complexity between power ratio is the value of document [3] and power ratio is the value of document [4]. In case of FPGA/ASIC architecture, There is negligible difference in implementation complexity between power ratio is the value of document [3] and power ratio is the value of document [4]

Conclusions  


[bookmark: OLE_LINK17]In this contribution, the system performance of evenly spaced scheme and super constellation are compared. And the difference in implementation complexity between power ratio  in document [2] and power ratio in document [3] are discussed. From the discussion, we have the following proposal.

Proposal:
· Power ratios generating non-uniform composite constellation are selected from evenly spaced power ratio set.
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Table A1:  System-level simulation assumptions of MUST 
	Cellular Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Inter-site distance
	500 m

	Minimum distance between BS and UE
	25m

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

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

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna gain + connector loss
	17 dBi

	UE antenna gain
	0 dBi

	Channel Estimation
	Realistic

	Channel Measurement
	Realistic

	UE speed
	3 km/h

	Carrier Frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Antenna configuration
	eNB: 2Tx, 0.5 lambda, cross-polarized
UE: 2Rx, 0.5 lambda, cross-polarized

	Number of UEs per cell
	10

	Maximum number of multiplexed UE
	2, up to 2 layers per UE

	Delay time of scheduling
	5 ms

	Traffic model
	Full buffer, wideband scheduling

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Total BS TX power (total per carrier)
	46 dBm

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	Antenna Height
	25 m

	UE antenna Height
	1.5 m

	Codebook
	LTE Rel. 8

	OLLA
	Yes

	Receiver
	MMSE with IRC and RML

	EVM
	EVM is modeled, 8% TX, 4% RX

	Duration of the simulation 
	5s for full buffer




Scheme 1	Cell spectral efficiency 	Cell edge user spectral efficiency	8.7340823970037548E-2	0.24528301886792631	Scheme 2	Cell spectral efficiency 	Cell edge user spectral efficiency	8.2771535580524427E-2	0.28032345013477272	- 4/7 -
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