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1. Introduction
The study item on downlink multiuser superposition transmission (MUST) on PDSCH was formally approved in RAN#67 (c.f. [1]). An updated SID was approved in RAN#68 to include additional studies on PMCH (c.f. [2]).  In this contribution we present some initial system-level performance evaluation of superposition coding on PDSCH, under a set of ideal assumptions.
2. System-level simulation

2.1. Superposition scheme
An amplitude-weighted superposition scheme is evaluated in this contribution. At any time/frequency/spatial domain resource, the eNB may co-schedule two UEs with different transmit power, designated as UE 1 and UE 2. UE 1 is farther from the eNB and UE 2 is nearer to the eNB. When superposition is scheduled on each PRB, a single layer is scheduled to each superposed user with power allocation of 
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 is the power allocated to the far UE. The received signal is therefore given as 
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 are the effective propagation channel including both large-scale and small-scale fading, [image: image11.png]¥y, X7



 are the unit-norm data symbol of user 1 and 2, and [image: image13.png]ny,ny



are inter-cell interference plus noise. 
· If there is a single Tx antenna at the eNB, [image: image15.png]hy. b,y



 are scalar channel coefficients to two users (assuming single Rx antenna). 
· If there are multiple Tx antennas at the eNB, Rel.12 baseline performance can be SU-MIMO or MU-MIMO. For SU-MIMO based superposition coding, the data symbols of multiplexed UEs are precoded with the same beamforming vector, where [image: image17.png]hy. b,y



 denote the effective / precoded channel seen by the UEs. For MU-MIMO based superposition coding, a similar system model can be used where the interference/noise component [image: image19.png]
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 further includes intra-cell interference from spatial domain MU-MIMO.
Assume UE 1 applies MMSE-IRC receiver by treating the signal of UE 2 as co-channel interference, the effective post-equalization SNR can be denoted as 
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Assume UE 2 (near UE) has interference cancellation receiver, and always perform interference cancellation of signal from UE 1. With ideal interference cancellation, the post equalization SNR is given as  
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 denotes the total noise and inter-cell interference, plus intra-cell interference from spatial domain MU-MIMO (if scheduled).
2.2. Simulation results
Detailed simulation assumptions are summarized below:  
· 2Tx or 4Tx at the eNB, 2Rx antennas at UE.
· Superposition transmission is applied on top of SU-MIMO with rank-1 transmission for of two UEs sharing the same PMI.
· Full-buffer traffic: 10 users dropped per cell

· Ideal interference cancellation at the near UE 

· Link adaptation at the eNB:

· eNB is able to exhaustively search a finite set of candidate power allocations. 

· For each candidate power allocation, eNB recalculates post-equalization SNR based on CQI and PMI reported by UE.

Other simulation assumptions are aligned with the agreement in RAN1#80bis [6]. 

In Table I, the performance of  UST is compared to Rel.12 SU-MIMO as the baseline performance.  
Table I: Performance of MUST and Rel.12 baseline
	Scheduling
	Transmission Scheme
	Tx config
	MUST
	Rel.12 baseline (orthogonal multiplexing)

	
	
	
	5% SE
	5% SE gain
	Cell-average SE
	Cell-average gain
	5% SE
	5% SE gain
	Cell-average SE
	Cell-average gain

	Wideband
	SU-MIMO
	2Tx
	0.0235
	31.0%
	1.658
	13.9%
	0.0179
	0.0%
	1.456
	0.0%

	
	
	4Tx
	0.0300
	20.3%
	1.718
	8.1%
	0.0249
	0.0%
	1.590
	0.0%

	Subband
	SU-MIMO
	2Tx
	0.0293
	18.5%
	1.912
	11.8%
	0.0247
	0.0%
	1.712
	0.0%

	
	
	4Tx
	0.0365
	10.1%
	1.929
	5.8%
	0.0332
	0.0%
	1.823
	0.0%


From the simulation results we come to the following conclusions: 
· With 2Tx and wideband scheduling, up to 30% cell-edge and 14% cell average performance gain is observed, compared to Rel.12 SU-MIMO.

· With 4Tx and wideband scheduling, the gain of superposition coding decreases to 20% for cell-edge and 8% for cell-average, compared to Rel.12 SU-MIMO.
· With 4Tx and subband scheduling, the gain further decreases to 10% cell-edge performance and 6% for cell average throughput, for 4Tx eNB.

However it should be borne in mind that these results are obtained under a set of ideal simulation assumptions (e.g. full-buffer traffic, ideal interference cancellation). Additional evaluation is to be implemented in the future to identify the performance gain of superposition coding under more realistic assumptions, including
· Finite buffer traffic with a limited number of candidate UEs

· Realistic interference cancellation 

· Better Rel.12 baseline performance (e.g. MU-MIMO)

· Better Rel.12 baseline receiver (e.g. R-ML)

3. Conclusions
In this contribution we presented a set of initial simulation results of amplitude-weighted superposition transmission scheme.
Conclusion:
· With 2Tx and wideband scheduling, up to 30% cell-edge and 14% cell average performance gain is observed, compared to Rel.12 SU-MIMO.

· With 4Tx and wideband scheduling, the gain of superposition coding decreases to 20% for cell-edge and 8% for cell-average, compared to Rel.12 SU-MIMO.

· With 4Tx and subband scheduling, the gain further decreases to 10% cell-edge performance and 6% for cell average throughput, for 4Tx eNB.

It is noted that some simulation assumptions are rather ideal (e.g. full-buffer, ideal interference cancellation).  The conclusions may be different under more realistic simulation setups. 
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