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1. Introduction

In RAN1#82, MUST schemes and categorization were discussed and the following agreement was captured in chairman note. 

Agreement:

· Multiuser superposition transmission schemes can be categorized as follows

· MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation

· R1-153044 (MediaTek), R1-153798 (Huawei), R1-153985 (Intel), R1-154282 (LGE), R1-154535 (NTT DoCoMo), R1-154701 (Xinwei)

· MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation

· R1-153798 (Huawei), R1-154055 (ZTE), R1-154184 (Samsung), R1-154282 (LGE), R1-154454 (MediaTek), R1-154535 (NTT DoCoMo)

· MUST Category 3: Superposition transmission with label-bit assignment on composite constellation and Gray-mapped composite constellation

· R1-153798 (Huawei), R1-153891 (Qualcomm), R1-154656 (Nokia)
Unlike Category 3, Category 1 and 2 support flexible power allocation so that the scheduler can conduct power optimization. In this contribution, we evaluate performance impact of power optimization through system level simulation.
2. Discussion
2.1. Superposition coding scheme and Rx Type
In this contribution, we consider Category 1 or 2 MUST scheme for evaluation. In this scheme, the eNB may co-schedule two UEs with different geometry, i.e., UE1 is located near to eNB and the other UE, UE2, is located far from the eNB, and each UE pair is separated by the power allocation factor
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. For example, assuming 2 by 2 MIMO and a single layer transmission, the received signal at each user can be expressed as
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where 
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are channel matrix, 
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is a precoding vector for UE
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, 
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is transmit power, and
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is data symbol with a unit power. Note that we have 
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 since the same beam restriction is imposed in simulation. 
For far UE2, MMSE-IRC receiver is used to mitigate inter-cell and inter-layer interference. For near UE1, Ideal CWIC without channel estimation error is considered to cancel signal from UE2, and MMSE-IRC receiver can be used to mitigate inter-cell and inter-layer interference. 
2.2. Evaluation results

Table 1. System level evaluation results of MUST depending on power allocation flexibility
	10 UE / cell
	TPUT(kbps)
	GAIN

	
	AVG UE
	5% edge UE
	AVG UE
	5% edge UE

	Baseline
	1677
	341
	　

	MUST
	0.01~0.3 (adaptive 
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)
	1936
	388
	15.4%
	13.8%

	
	0.01 (fixed 
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)
	1647
	339
	-1.79%
	-0.59%

	
	0.025
	1714
	354
	2.21%
	3.81%

	
	0.05
	1784
	375
	6.38%
	9.97%

	
	0.075
	1840
	381
	9.72%
	11.73%

	
	0.1
	1881
	381
	12.16%
	11.73%

	
	0.125
	1896
	394
	13.06%
	15.54%

	
	0.15
	1917
	390
	14.31%
	14.37%

	
	0.175
	1917
	394
	14.31%
	15.54%

	
	0.2
	1933
	382
	15.27%
	12.02%

	
	0.225
	1928
	384
	14.97%
	12.61%

	
	0.25
	1950
	374
	16.28%
	9.68%

	
	0.275
	1918
	383
	14.37%
	12.32%

	
	0.3
	1929
	376
	15.03%
	10.26%
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Figure 1. MUST gain vs. fixed power allocation factor
Note that exhaustive scheduling algorithm described in [1] is used and simulation assumptions are presented in Appendix of this paper.
Table 1 shows system level evaluation results of MUST depending on power allocation flexibility. Specifically, in case of adaptive power allocation, the scheduler optimizes power allocation factor
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from 0.01 to 0.3 with 0.025 granularity to maximize PF metrics. Note that we set maximum range of 
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to be 0.3 since it does not lead to performance gain to extend the range over 0.3 in our simulation. One of the reasons could be that large 
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causes performance degradation of far UE. Also, if near UE uses non-ideal IC receiver, large 
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 may lead to IC performance degradation of near UE. On the other hand, in case of fixed power allocation, the scheduler cannot optimize power allocation and uses one fixed value.
Figure 1 shows MUST gain over baseline when scheduler optimizes
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and when it uses fixed
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values. Comparing to adaptive power allocation achieving 14.9 % average gain and 14.3% edge gain, fixed 
[image: image18.wmf]a

from 0.125 to 0.225 achieve very similar performance; For example, 
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= 0.175 shows 14.3 % average gain and 15.5% edge gain. Note that Figure 1 does not show the gain when fixed 
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value increases larger than 0.3 but we observe MUST gain decreases in that case.
Observation 1: fixed power allocation can achieve similar MUST performance to adaptive power allocation.

Further study on scheduling optimization including power allocation may be needed, but based on Observation 1, it seems that adaptive power optimization is not critical to enhance MUST performance so that assistance information on power allocation may not have to be signalled or blindly detected.
3. Conclusion
In this contribution, we discussed performance impact of power optimization. Further study on scheduling optimization including power allocation may be needed, but based on the current evaluation results, we have the following observation:

Observation 1: fixed power allocation can achieve similar MUST performance to adaptive power allocation.
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Appendix A: Detailed evaluation assumptions

Table A-1. System-level simulation parameters
	Parameters
	Values

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Inter-macro-eNB distance 
	500 m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total eNB TX power 
	46 dBm

	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 pattern
	3D 

	eNB antenna height 
	25 m

	eNB antenna gain + connector loss
	17 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	eNB: 2 Tx, cross-polarized 0.5-wavelength spacing between antenna
UE: 2 Rx, cross-polarized 0.5-wavelength spacing between antenna

	Traffic model
	Full buffer traffic model (10UE/Cell)

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

	Minimum distance (2D distance)
	Macro – UE : > 35m

	Number of superposed signals in superposition transmission
	2

	UE receiver
	Baseline : MMSE-IRC for inter-cell and inter-layer interference suppression
MUST : MMSE-IRC for inter-cell interference suppression

· For MUST near UE 
Ideal CWIC for intra-layer interference is assumed

MMSE-IRC for inter-cell and inter-layer interference is assumed

· For MUST far UE, 
MMSE-IRC is assumed

	UE noise figure
	9 dB

	UE speed
	3 km/hr

	Cell selection criteria
	RSRP

	Unified handover margin
	3 dB

	Performance metrics
	5/50/95%ile and mean user throughput

	Transmission schemes 
	SU-MIMO and MU superposition transmission based on TM4 
(Dynamic SU/MUST switching)

	Beam restriction
	Same beam for MUST paired UEs

	MUST rank
	Rank 1(near UE) + Rank 1(far UE),
Rank 2 + Rank 1,
or Rank 2 + Rank 2

	Feedback assumption
	CRS channel/interference estimation
Release 8 CSI feedback schemes

Feedback periodicity: 5 ms

Feedback delay: 5 ms
Feedback granularity: wideband 

	Receiver impairment modeling for demodulation
	Ideal CRS channel estimation

	EVM
	Tx EVM: 8%
UE Rx EVM: 4%


PAGE  
1

[image: image1.wmf]a

_1501049188.unknown

_1504528851.unknown

_1504528887.unknown

_1504694898.unknown

_1501074444.unknown

_1504508238.unknown

_1501049315.unknown

_1501049421.unknown

_1501049138.unknown

_1501049169.unknown

_1501012156.unknown

