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1. Introduction

Downlink superposition transmission (MUST) in Rel 13 in [1] is defined as a scheme which allows multiple users to share the same resource elements without spatial separation. It has been agreed in RAN1 #82 that multiuser superposition transmission schemes can be categorized as follows [2]: 

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

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

· MUST Category 3: Superposition transmission with label-bit assignment on composite constellation and Gray-mapped composite constellation
Simulation assumptions for receivers, baseline scheme, and other details were agreed in RAN1 #81 and summarized in [3]. In this contribution, we present our system level evaluation results of downlink MUST schemes with potential enhancements. 
2. Scheduling Methodology for Downlink Multiuser Superposition 

· Scheduling methodology for MUST evaluations
Step1: Separate all active UEs into three groups for pairing, cell-center, cell-edge, in-between according to their reported CQI.
Step2: Find one optimal match by comparing PF metrics (e.g. UE1-UE1 match is considered as SU, UE1-UE2 match is considered as MUST), and stops when no match could be found for the remaining UEs. If both UEs have information to transmit, they are paired for MUST transmission. Otherwise, they will be scheduled for transmission in the SU-MIMO mode.
Step3: For the transmission of each subframe, fix each UE’s role and power allocation, i.e. a UE could only be either 1) far UE in MUST or 2) near UE in MUST or 3) in SU-MIMO transmission mode. These UEs’ role and allocated transmission power will not be changed during the whole subframe of transmission.
Step4: Allocate PRBs for either a pair of UEs for MUST or a single UE for SU-MIMO transmission by following the multi-user proportional fairness (PF) metric, with which the scheduling of a UE-pair considers not only the contribution of such a UE-pair on the system performance gain but also takes into account the history of scheduling of UEs. The metric tends to give UEs with less scheduled time more chances to be scheduled next. 
3. System Level Evaluation Results 
System-level evaluations were carried out for both full buffer and non-full buffer traffic models in MUST scenario 1 (homogenous deployment scenario) with category 1 MUST transmission scheme. Two MUST receiver structures were applied to suppress interference from MUST layers – R-ML and Ideal CWIC. The ideal CWIC receiver assumes that the MUST layer of near UE interfered by the far UE’s signal could be perfectly removed from the received signal. The R-ML receiver implements symbol-level interference suppression during joint demodulation of two signals transmitted on the MUST layers.  Both near UE and far UE are assumed to work with TM2. Please note that some kind of ideal feedback mechanism, e.g. the effective SINR used for scheduling, has been assumed so that the feedback has taken into account hypothetical power splitting of MUST schemes, residual interference of MUST cancellation, and etc. 
The system-level simulation results for the full buffer traffic model are shown in Table 1. The system-level simulation results for FTP traffic model type 1 with medium load and high load under subband scheduling and wideband scheduling are shown in Table 2-Table 5. 
Table 1: MUST Category 1 with 2 transmit antenna and full-buffer traffic in MUST Scenario 1, subband scheduling
	Source
	Throughput (Mbps)
	Baseline
	MUST Category 1

	
	
	
	R-ML
	Gain
	Ideal CWIC
	Gain

	Source 1
	Cell average
	8.474
	8.721
	2.9%
	8.725
	2.69%

	
	Cell edge
	0.50
	0. 571
	14.2%
	0.573
	14.6%

	
	Note
	Total number of simulated subframes=10000


Table 2: MUST Category 1 with 2 transmit antenna and FTP traffic type 1 with medium load in MUST Scenario 1, subband scheduling
	Source
	Throughput (Mbps)
	Medium Load (~60% RU) with packet size of 100 KB

	
	
	Baseline
	MUST Category 1

	
	
	
	R-ML
	Gain
	Ideal CWIC
	Gain

	Source 1
	Mean UPT
	6.986
	7.245
	3.71%
	7.254
	3.84%

	
	5%ile UPT
	1.060
	1.153
	8.77%
	1.155
	8.95%

	
	50%ile UPT
	4.211
	4.337
	2.99%
	4.352
	3.35%

	
	95%ile UPT
	20.513
	20.713
	0.97%
	20.714
	0.98%

	
	RU
	0.5795
	0.5586
	
	0.5583
	

	
	Served/Offered
(# of subframes simulated)
	98.76%
	98.72%
	
	98.72%
	

	
	λ/packet size
	8/100KB

	
	Note
	Total number of simulated subframes=50000


Table 3: MUST Category 1 with 2 transmit antenna and FTP traffic type 1 with high load in MUST Scenario 1, subband scheduling
	Source
	Throughput (Mbps)
	High Load (~80% RU) with packet size of 100 KB

	
	
	Baseline
	MUST Category 1

	
	
	
	R-ML
	Gain
	Ideal CWIC
	Gain

	Source 1
	Mean UPT
	4.394
	4.589
	4.43%
	4.593
	4.54%

	
	5%ile UPT
	1.039
	1.186
	14.15%
	1.194
	14.96%

	
	50%ile UPT
	2.996
	3.086
	3.11%
	3.088
	3.17%

	
	95%ile UPT
	14.035
	14.200
	1.18%
	14.203
	1.20%

	
	RU
	0.8653
	0.8385
	
	0.8381
	

	
	Served/Offered
(# of subframes simulated)
	98.58%
	98.56%
	
	98.55%
	

	
	λ/packet size
	12/100KB

	
	Note
	Total number of simulated subframes=50000


Table 4: MUST Category 1 with 2 transmit antenna and FTP traffic type 1 with high load in MUST Scenario 1, subband scheduling
	Source
	Throughput (Mbps)
	High Load (~90% RU) with packet size of 100 KB

	
	
	Baseline
	MUST Category 1

	
	
	
	R-ML
	Gain
	Ideal CWIC
	Gain

	Source 1
	Mean UPT
	4.053
	4.256
	5.07%
	4.262
	5.17%

	
	5%ile UPT
	0.876
	1.104
	26.03%
	1.107
	26.38%

	
	50%ile UPT
	2.632
	2.740
	4.10%
	2.744
	4.25%

	
	95%ile UPT
	10.989
	11.249
	2.28%
	11.325
	2.36%

	
	RU
	0.9025
	0.8853
	
	0.8769
	

	
	Served/Offered
(# of subframes simulated)
	98.61%
	98.62%
	
	98.60%
	

	
	λ/packet size
	15/100KB

	
	Note
	Total number of simulated subframes=50000


Table 5: MUST Category 1 with 2 transmit antenna and FTP traffic type 1 with medium load in MUST Scenario 1, wideband scheduling
	Source
	Throughput (Mbps)
	Medium Load (~60% RU) with packet size of 100 KB

	
	
	Baseline
	MUST Category 1

	
	
	
	R-ML
	Gain
	Ideal CWIC
	Gain

	Source 1
	Mean UPT
	6.986
	7.245
	3.71%
	7.246
	3.98%

	
	5%ile UPT
	0.40
	0.466
	16.5%
	0.471
	17.85%

	
	50%ile UPT
	1.983
	2.032
	2.47%
	2.033
	2.56%

	
	95%ile UPT
	17.329
	17.517
	1.09%
	17.533
	1.18%

	
	RU
	0.7682
	0.7443
	
	0.7439
	

	
	Served/Offered
(# of subframes simulated)
	98.75%
	98.75%
	
	98.76%
	

	
	λ/packet size
	8.5/100KB

	
	Note
	Total number of simulated subframes=50000


Table 6: MUST Category 1 with 2 transmit antenna and FTP traffic type 1 with high load in MUST Scenario 1, wideband scheduling
	Source
	Throughput (Mbps)
	High Load (~80% RU) with packet size of 100 KB

	
	
	Baseline
	MUST Category 1

	
	
	
	R-ML
	Gain
	Ideal CWIC
	Gain

	Source 1
	Mean UPT
	2.317
	2.489
	7.43%
	2.494
	7.65%

	
	5%ile UPT
	0.233
	0.286
	22.70%
	0.288
	23.96%

	
	50%ile UPT
	1.328
	1.397
	5.21%
	1.399
	5.36%

	
	95%ile UPT
	5.850
	6.017
	2.86%
	6.021
	2.94%

	
	RU
	0.8536
	0.8097
	
	0.8085
	

	
	Served/Offered
(# of subframes simulated)
	98.57%
	98.53%
	
	98.54%
	

	
	λ/packet size
	12/100KB

	
	Note
	Total number of simulated subframes=50000


4. Conclusions

In this contribution, we presented our system-level evaluation results in Table 1-5 for the performance of the category 1 MUST transmission scheme with R-ML and ideal CWIC receivers in MUST Scenario 1.Therefore we have following observations by comparing MUST scheme #1 with the baseline of SU-MIMO with MMSE-IRC: 

· The SLS results show a very small performance improvement by MUST schemes for cell average UPT for 2Tx, even with high network loading.    
· The SLS results show a moderate performance improvement by MUST schemes for cell edge UPT for 2Tx when network loading is significantly high, e.g. above 80%RU. 

· With the same data arrival rate, wideband scheduling is more beneficial for MUST transmission than subband scheduling. 

Proposal: Capture above observations into TR. 
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Annex

	Layout
	Hexagonal grid, 3 sectors per site, 7 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: 0 dB
For indoor UEs: (20+0.5d_in) dB (d_in: independent uniform random value between [0, 25] 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
	FTP: 0.1 MByte, RU= 90%

Full buffer (10 UEs/cell)

	UE receiver
	For baseline, MMSE-IRC;

For MUST, near UE uses R-ML or ideal CWIC, for others, MMSE-IRC

	Transmission  mode 
	2x2 TM2 

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Cell selection criteria
	RSRP

	Handover margin
	3 dB

	Scheduling algorithm
	Proportional fairness maximization

	Control delay (scheduling, AMC)
	5 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	Granularity of CSI feedback 
	5 msec

	Granularity of rank adaptation
	100 msec

	CQI quantization 
	Yes

	Power ratio sets
	Table 1 [5]

	Number of superposed signals in superposition transmission
	2

	Receiver impairment modeling for demodulation

	Non-ideal CRS-based channel estimation

	EVM
	Tx EVM: 8%, FFS smaller values

UE Rx EVM: 4%



