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1. Introduction

Downlink superposition transmission 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 understanding of potential enhancements to support downlink multiuser superposition. 
2. Evaluation Methodologies for Downlink Multiuser Superposition 

· Scheduling Methodology for MUST 
The scheduling algorithm used for evaluation in this contribution is described as follows at high level: 
· Step1: Categorize all UE candidates into three groups for MU pairing including cell-center, cell-edge, in-between,  according to their CQI reporting
· Step2: Select two UEs from cell-center group and cell-edge group with the most significant difference in terms of the values of CQI. If both UEs have data waiting for transmission, they will be paired for MUST transmission. In our evaluation TM2+TM2 is considered. Otherwise, they will be scheduled for transmission in the SU-MIMO mode.
· Step3: Fix UE’s role (e.g. UE category) and power allocation during one subframe, i.e. a UE can only be far UE in MUST, or near UE in MUST, or a SU UE. These UE’s role and power splitting strategy will not be updated until next subframe. 

· Step4: Allocate PRBs for scheduling UEs paired for MUST and SU-MIMO UE based on multi-user proportional fairness (PF) metric. Such PF metric will schedule a UE-pair taking into account the contribution of UE pairing on the system performance gain and also the UPT history of UE scheduling. The metric tends to provide a UE more opportunity to be scheduled at current TTI if it has a relatively lower historical average UPT.  
· CSI feedback for MUST

The interference cancellation capability of near UE is the most critical to ensure MUST transmission successful.  For example, in case of category 2 MUST scheme with R-ML, any error of demodulation of far UE symbol at near UE may cause serious loss and retransmission of near UE data. 

UE specific interference suppression capability is considered as an UE implementation issue and embedded within UE CSI reporting. Similar with conventional MU-MIMO which will try to minimize inter-UE and inter-layer interference, MUST-type PMI/RI/CQI reporting shall target minimizing the residual interference of far UE and increasing the possibility of MUST UE pairing. In this contribution, CSI/MUST pairing is assumed be ideal during current evaluations by assuming perfect estimation of symbol modulation for R-ML or perfect symbol cancellation for CWIC. 
3. Evaluation Results 
System-level evaluations were carried out for 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, R-ML and Ideal CWIC, were applied to suppress interference from MUST layers. The Ideal CWIC receiver demodulates the MUST layer of the near UE under the assumption that 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 MUST layers.  All UEs are assumed to be with TM2.
The system-level simulation results for full buffer traffic model are shown in Table 1:
Table 1: MUST Category 1 with 2Tx and full-buffer traffic in MUST Scenario 1

	Source
	Throughput (Mbps)
	Baseline
	MUST Category 1

	
	
	
	Rx Scheme #1
	Gain
	Rx Scheme #2
	Gain

	Source 1
	Cell average
	0.8474
	0.8721
	2.9%
	
	

	
	Cell edge
	0.05
	0.0571
	14.2%
	
	

	
	Note
	


Table 2: MUST Category 1 with 2Tx and FTP traffic in MUST Scenario 1
	Source
	Throughput (Mbps)
	High Load (~90% RU) with packet size of 100 KB

	
	
	Baseline
	MUST Category 1

	
	
	
	Rx Scheme #1
	Gain
	Rx Scheme #2
	Gain

	Source 1
	Mean UPT
	5.121
	5.235
	2.22%
	
	

	
	5%ile UPT
	1.085
	1.226
	12.99%
	
	

	
	50%ile UPT
	4.004
	4.026
	3.04%
	
	

	
	95%ile UPT
	11.474
	12.093
	5.39%
	
	

	
	RU
	91.47%
	87.18%
	4.81%
	
	

	
	Served/Offered

(# of SF)
	
	
	
	
	

	
	λ
	4

	
	Note
	


Note: More results will be updated. 
4. Conclusions

In this contribution, we presented initial system-level evaluation results for the performance of the category 1 MUST transmission scheme with R-ML and Ideal IC receivers in MUST Scenario 1. The initial results show moderate performance improvement of MUST for both full buffer and non-full buffer traffic models compared to the baseline of SU-MIMO with MMSE-IRC. 
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Annex  Simulation Assumptions
	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+0.5din) dB (din: 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%



