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1	Introduction
In the meeting #82, MUST schemes were categorized into 3 groups [1]. In this contribution we investigate the system level performance of Category 2 and Category 3 that is schemes based on Gray mapping and label-bit assignment. These two categories have similar characteristics. Category 3 is allowed to employ only LTE uniform constellations while Category 2 can be treated same as category 3, with additional definition of non-uniform constellations. 

2	System performance results with full buffer traffic
This section presents the results obtained by LTE system-level simulator. We perform wideband scheduling and we restrict feedback to rank-1 only. The RML L2S has been described in detail in our previous contribution [2]. We simulate the full-buffer traffic with 10UEs per sector and Gray encoding is enforced to all super-constellation, no overlapping constellations have been simulated. Detailed simulation assumptions can be found in Appendix. 
The goal of these simulations is to answer following questions:
1. Are existing LTE uniform constellations sufficient for MUST operation?
2. Can far-UE be restricted in QPSK only?
We have simulated MUST with the constellation combinations and power offsets cases summarized in Table 1. Cases 2,6,8,9 and 10 are employing uniform constellations, the rest employs non-uniform constellations. 
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	Case
	Near UE power
	Super-constellation
	Far-MOD
	Near-MOD

	1
	0.10
	Non-uniform 16QAM
	2
	2

	2
	0.20
	LTE 16QAM
	2
	2

	3
	0.10
	Non-uniform 64QAM
	2
	4

	4
	0.15
	Non-uniform 64QAM
	2
	4

	5
	0.20
	Non-uniform 64QAM
	2
	4

	6
	0.238
	LTE 64QAM
	2
	4

	7
	0.15
	Non-uniform 256QAM
	2
	6

	8
	0.247
	LTE 256QAM
	2
	6

	9
	0.059
	LTE 256QAM
	4
	4

	10
	0.048
	LTE 64QAM
	4
	2

	11
	0.012
	LTE 256QAM
	6
	2




Three setups have been considered:
· Setup #1: uses uniform constellations cases 2, 6 and 8, allowing only cases where far-UE can be scheduled only in QPSK. This is the baseline MUST scheme, requiring the least signalling and network assistance. 
· Setup #2: uses uniform constellation cases 2, 6, 8, 9, 10 and 11, allowing far-UE to enter higher modulation orders. 
· Setup #3: uses constellation cases 1 to 8, allowing as well non-uniform constellation cases, however restricting far-UE to QPSK only.
The results are summarized in Table 2. It can be observed that difference between three different cases is small.  The baseline-MUST scheme can deliver majority of MUST gain. The small loss of baseline-MUST scheme can be partially recovered by employing non-uniform constellation cases, allowing flexible power ration between Near- and Far-UE. 
Observation 1:  Forcing far-UE into QPSK brings most of MUST gains. 
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	Throughput (Mbps)
	Baseline
	MUST Category 2/3

	
	
	MUST w Case 2,6, 8
	Gain
	MUST w Case 2,6,8,9,10,11
	Gain
	MUST w Case  1 to 8
	Gain

	Cell average
	1.46
	1.583
	8.3 %
	1.608
	10.0 %
	1.597
	9.3%

	Cell edge
	0.2658
	0.2991
	12.5 %
	0.2960
	11.4 %
	0.3039
	14.4%

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


3	System performance results with FTP traffic
This section presents the results obtained by LTE system-level simulator by considering FTP1 traffic with λ = 8 and  packets/s call arrival rate and 100 kB packet size. Gray encoding is enforced to the super-constellation in Table 3-Table 5. Detailed simulation assumptions can be found in the Appendix. 
Table 3 shows the 2Tx performance of baseline SU-MIMO with wide-band scheduling and MUST Setup #2 with and without PMI forcing. The gains are modest due to very low MUST utilization.  PMI forcing assisted with 2nd best CQI and PMI feedback improves the performance of MUST in low and middle percentile.
Table 4 shows the same setup as Table 3, except RU is around 80%. eNBs starts to drop low performing packets after 1.6s. These packets would benefit from MUST, therefore MUST gains are not improved compared to Table 3.  PMI forcing assisted with 2nd best CQI and PMI feedback improves the performance of MUST in low and middle percentile.
Table 5 shows the same setup as Table 3, except eNB is equipped with 4Tx antennas. Gains are modest due to low MUST utilization. PMI forcing assisted with 2nd best CQI and PMI feedback improves the performance of MUST in coverage.
Table 6 and Table 7 shows Category 1 results with ideal CWIC receiver and RU ~65% and ~82%.  Gains are similar to Category 2/3  with RML.
Observation 2: System with FTP1 traffic and medium/high loads does not benefit from MUST operation.
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	Throughput (Mbps)
	Low Load (~64% RU) with packet size of [100] KB

	
	Baseline WB
	MUST Category 2/3 (rank 1 limited) WB

	
	
	MUST with
cases 1 to 8
	Gain
	MUST with 
cases 1 to 8
PMI forcing
	Gain

	Mean UPT
	9.92
	10.09
	+1.7%
	10.12
	+1.9%

	5%ile UPT
	1.26
	1.34
	+6.3%
	1.42
	+12.7%

	50%ile UPT
	8.42
	8.70
	+3.3%
	8.79
	+4.4%

	95%ile UPT
	23.5
	23.53
	0.1%
	28.86
	-2.7%

	RU
	65.8%
	64.7%
	63.8%

	Server/offered
	99.29%
	99.37%
	99.44%

	λ
	8 packet/s

	Note
	 Rank 1 limited results, 10s simulated in all cases.
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Table 4: MUST category 2/3 results for 2Tx with R-ML receiver and FTP traffic
	Throughput (Mbps)
	Medium Load (~80% RU) with packet size of [100] KB

	
	Baseline WB
	MUST Category 2/3 (rank 1 limited) WB

	
	
	MUST with
cases 1 to 8
	Gain
	MUST with 
cases 1 to 8
PMI forcing
	Gain

	Mean UPT
	8.67
	8.76
	+1.0%
	8.76
	+1.0%

	5%ile UPT
	0.78
	0.81
	+4.4%
	0.83
	+7.3%

	50%ile UPT
	6.72
	6.96
	+3.3%
	7.02
	+4.4%

	95%ile UPT
	22.22
	22.22
	0%
	22.22
	0%

	RU
	81.8%
	81.2%
	80.8%

	Server/offered
	97.99%
	98.23%
	98.27%

	λ
	10 packet/s

	Note
	 Rank 1 limited results, 10s simulated in all cases.
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	Throughput (Mbps)
	Medium Load (~64% RU) with packet size of [100] KB

	
	Baseline WB
	MUST Category 2/3 (rank 1 limited) WB

	
	
	MUST with
cases 1 to 8
	Gain
	MUST with 
cases 1 to 8
PMI forcing
	Gain

	Mean UPT
	11.54
	11.65
	+1.0%
	11.66
	+1.1%

	5%ile UPT
	1.68
	1.75
	+4.4%
	1.79
	+6.5%

	50%ile UPT
	10.13
	10.39
	+2.6%
	10.013
	+2.6%

	95%ile UPT
	25.81
	25.81
	0%
	25.81
	0%

	RU
	65.5%
	64.9%
	64.6%

	Server/offered
	99.74%
	99.78%
	99.78%

	λ
	10 packet/s

	Note
	 Rank 1 limited results, 10s simulated in all cases.
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	Throughput (Mbps)
	Low Load (~65% RU) with packet size of [100] KB

	
	Baseline WB
	MUST Category 2/3 (rank 1 limited) WB

	
	
	MUST with
cases 1 to 8
	Gain

	Mean UPT
	9.81
	9.87
	+0.6%

	5%ile UPT
	1.25
	1.32
	+5.6%

	50%ile UPT
	8.25
	8.51
	+3.2%

	95%ile UPT
	23.53
	22.86
	-2,85%

	RU
	66.5%
	65.6%

	Server/offered
	99.39%
	99.32%

	λ
	8 packet/s

	Note
	 Rank 1 limited results, 10s simulated in all cases.
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Table 7: MUST category 1 results for 2Tx with CWIC receiver and FTP traffic
	Throughput (Mbps)
	Low Load (~82% RU) with packet size of [100] KB

	
	Baseline WB
	MUST Category 1 (rank 1 limited) WB

	
	
	MUST with
cases 1 to 8
	Gain

	Mean UPT
	8.47
	9.64
	+2.0%

	5%ile UPT
	0.71
	0.77
	+8.5%

	50%ile UPT
	6.40
	6.90
	+7.8%

	95%ile UPT
	23.53
	21.62
	-2,7%

	RU
	83.3%
	82.1%

	Server/offered
	97.47%
	97.91%

	λ
	10 packet/s

	Note
	 Rank 1 limited results, 10s simulated in all cases.


¨

4	Conclusions
In this contribution we have been presenting system-level results of MUST performance for schemes classified under categories 1,2 and 3. The following observations can be summarized:
Observation 1:  Forcing far-UE into QPSK brings most of MUST gains. 
Observation 2: System with FTP1 traffic and medium/high loads does not benefit from MUST operation.
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Appendix
Table 4 Simulation Assumptions FB
	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
	IRC (CRS based) + 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/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%




Table 5 Simulation Assumptions FTP
	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: 2(4)Tx, cross-polarized
UE: 2Rx, cross-polarized

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	Minimum distance from macro-cell to UEs
	35 m

	Traffic model
	FTP1

	UE receiver
	IRC (CRS based) for rank 1 + RR-ML/CWIC

	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/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%




