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Introduction
The downlink multiuser superposition transmission (MUST) study item was formally approved in RAN#67 (c.f. [1]). An updated SID was approved in [2] to include superposition of PMCH as part of the study. 
A few candidate superposition transmission schemes have been discussed in the previous meetings, where simulation assumptions were been agreed and captured in the draft TR. Initial system-level simulation results are presented in a companion contribution (c.f. [3]) to identify the performance gain of downlink superposition transmission under different antenna configuration and scheduling setup. 
It was agreed in [10] that link-level simulation can be used to  
· Compare performance among different MUST schemes and receiver types
· Investigate the impact of practical impairments (e.g. channel estimation and EVM) on the performance of MUST schemes and receiver types
· For MUST schemes based on power allocation, investigate a set of MCS and power allocation that MUST schemes can use to achieve throughput gain over OMA
· For MUST schemes based on rate allocation, investigate a set of MCS and rate allocations that MUST schemes can use to achieve throughput gain over OMA 
In this contribution we present a set of initial link-level simulation results of power domain superposition scheme. 
Discussion
Superposition scheme 



Power domain superposition is considered in this paper, where the eNB may co-schedule two UEs with different transmit power, designated as UE 1 and UE 2. UE 1 is near the eNB and UE 2 is far from the eNB. Without loss of generality, it is assumed that a single layer is scheduled to each superposed user with power allocation , where  is the total transmit power, and  is of power allocated to the near UE. The received signal is therefore given as 


where ,  are the effective propagation channel including both large-scale and small-scale fading,  are the unit-norm modulated data symbol of user 1 and 2, and are inter-cell interference plus noise. 
For demodulation:
· The far UE demodulates its own signal , subject to interference from superposed transmission of near UE . Since the power of  is small, suppressing/canceling interference from the near UE likely does not help the performance of the far UE. Hence, the far UE may simply reuse MMSE-IRC receiver. 
· The near UE may choose to suppress/cancel interference from the far UE’s signal , if  is strong enough so that it can be successfully decoded at the near UE. This procedure assumes that the far UE is equipped with SIC receiver, and can correctly make the decision of cancelling or not cancelling, depending on the relative signal strength and decoding result of the far UE’s signal.

Link level simulation results
In this section, the throughput of the near UE is depicted under different power allocation and MCS combinations of the (near, far) UEs. Realistic channel estimation is used in the simulation. Furthermore, assuming the near UE demodulates with a SIC receiver, the following two cases are compared:
· Case 1: ideal CWIC at near UE
· The near UE can perfectly demodulate and cancel interference arising from the far UE’s signal. This reveals the performance upper bound. 
· Case 2: realistic CWIC at near UE 
· Realistic demodulation of far UE’s signal is modeled at the near UE, assuming that any necessary transmission parameter of the far UE is perfectly known to the near UE (e.g. RV, transmit power, rank, RNTI). It is further assumed that the near UE is able to detect whether demodulation of far UE’s signal is correct or not through CRC check. If CRC check passes, the near UE cancels the far UE’s signal with SIC receiver. Otherwise if CRS check fails, the near UE falls back to MMSE-IRC receiver. 

Simulation results are summarized in the following.
· Fig. 1-3 depict the near UE throughput,  when MCS  = 5 is assigned to the far UE
· In general, the performance of ideal CWIC and realistic CWIC is either similar (MCS = 5 for the near UE), or completely identical (MCS =14 or 25 for the near UE). This is consistent with the expectation that CWIC decoding of a high-power low-MCS interference source is successful with a high probability. 
· 
The only exception is for MCS 5, power allocation  (for the near UE) in the very low geometry range (e.g. SNR <= 2dB), where up to 3dB performance gap is observed between ideal CWIC and realistic CWIC. In this case, eNB can fall back to non-MUST transmission, select a different MCS combination, or increase the transmission power to the far UE, to improve CWIC decoding performance. This however comes at the expense of reduced power and throughput of the near UE, so the sum system throughput is not necessarily improved by MUST.
· Fig. 4-5 depict the near UE throughput , when MCS = 14 is assigned to the far UE
· 
With power allocation  or  to the near UE, CWIC decoding of interference signal always fails. Due to high intra-cell interference, the near UE throughput is always 0. 
· 
If more power is allocated to the far UE (e.g. ), interference decoding successful probability improves and the gap between ideal/realistic CWIC decoding decreases. However there still can be a performance gap up to 4dB, for near MCS = 14 at the low SNR range. For near MCS = 25, the gap between ideal CWIC and realistic CWIC is negligible, in the interested geometry range (SNR > 10dB). However, whether the sum throughput improves is still to be investigated.
· Fig. 6 depicts the near UE throughput when MCS = 25 is assigned to both UEs. As can be seen, interference cancellation is always unsuccessful, resulting in no throughput for the near user. Clearly this is a MCS combination that should not be scheduled by the eNB.
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Fig. 1: near UE MCS 5, far UE MCS 5   		Fig. 2: near UE MCS 14, far UE MCS 5
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Fig. 3: near UE MCS 25, far UE MCS 5   		Fig. 4: near UE MCS 14, far UE MCS 14
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Fig. 5: near UE MCS 25, far UE MCS 14   		Fig. 6: near UE MCS 25, far UE MCS 25

Conclusions
In this contribution we provided initial link-level simulation results for power domain superposition transmission between two users, focused on the performance gap between ideal and realistic CWIC receiver at the near UE. Based on the simulation results we came to the following conclusions:
Conclusion: The performance gap between realistic and ideal CWIC receiver varies in a very wide range, depending on the MCS combination of the (near, far) UEs, power allocation and the operational geometry of the near UE. 
· With low MCS at the far UE, the gap between ideal and realistic CWIC at the near UE is small, except for very low geometry range and high power of the near UE.
· 
With modest MCS at the far UE, realistic CWIC at the near UE is only operable when most of the transmit power is allocated to the far UE (); otherwise CWIC decoding always fails, resulting in no throughput at the near UE.
· With high MCS at the far UE, realistic CWIC receiver fails in all geometry range and power assignment scenarios, resulting in no throughput for the near UE.
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Table A.1: Simulation assumptions
	Parameter
	Value

	Channel
	ETU5

	System bandwidth
	10 MHz

	Antenna configuration
	2x2, low correlation

	Receiver Types
	CWIC,  ideal and realistic

	Channel Estimation
	Practical channel estimation in all simulations

	Number of control OFDM symbols
	2

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Transmission mode 
	TM4

	Resource allocation 
	50 PRB

	RI
	1

	Modulation and code rates
	MCS5, 14, 25

	(Tx, Rx) EVM
	Not modelled
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