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1. Introduction

Downlink superposition transmission in Rel 13 is defined as a scheme which allows multiple users to share the same resource elements without spatial separation.  RAN1 #81 agreements have introduced following agreements or clarification for link-level simulations of DL MUST [1]: 

· Companies are recommended to submit throughput curves in the form of Option 2 or Option 3.
· Option 2 and Option 3 and the purpose of this link level simulation are described in Appendix
· Proposals on link-level simulation assumptions (described in Appendix)
In this contribution, we present our some initial link-level simulation results for two variant DL MUST transmission schemes, with ideal and non-ideal CWIC receivers.
2. Link-Level Simulations for DL MUST 
2.1 MUST Transmission Schemes and CWIC Receivers
In this contribution, we consider two variant MUST transmission schemes:
· Amplitude-weighted superposition of coded and modulated signals without Gray mapping

· Amplitude-weighted superposition of coded and modulated signals with Gray mapping
For the first variant of MUST transmission schemes, transmitted signals of both the near UE and the far UE paired for superposition transmission are linearly combined, with allocated transmit power to each UE.
For the MUST transmission with Gray mapping, one of the paired UEs’ signal could be Gray converted or flipped, then combined with another UE’s signal with each allocated transmit power. Therefore, the combined signal for MUST transmission is normally with Gray labeled superposed constellation.
Since the far UE’s signal is normally allocated with much larger transmit power than the near UE, thereby generates significant interference at the near UE. Hence, it is essential to remove the far UE’s signal before decoding the near UE’s signal. Since hard codeword interference cancellation (CWIC) provides the best interference suppression and be relatively easy to be modelled, it is chosen as reference receiver in this contribution. 
2.2 Ideal and Non-ideal hard CWIC for LLS
For the modelling of the non-ideal CWIC receiver, the far UE’s signal is first decoded and then reconstructed back to symbol level for hard Turbo L-CWIC if CRC passed. If CRC fails, the near UE uses MMSE-IRC to recover its own signal,  as shown in Figure 1.  For ideal CWIC receiver, the far UE’s signal is considered with 100% CRC pass rate at the near UE so that only residual interference of channel measurement will be added to the decoding process of the near UE. 
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Figure1. A block diagram of the non-ideal CWIC receiver
We consider both near and far UEs paired in MUST use the same transmission mode, e.g. TM2 in our link-level simulation. Modelling the interference from far UE to near UE is as shown in the following figure. Both near and far UE’s signals are separately generated, channel coded, modulated and then layer mapped with Alamouti codes, before superposed with or without Gray mapping. Therefore, the received signal at the near UE could be represented as:
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Where hN represents the channel matrix from eNB to the near UE, 
[image: image3.wmf]a

 is the power splitting factor among near- and far-users, P is the eNB transmitted power, sN and sF are the unit average power modulated symbols intended for the near UE and far UE, respectively, wN is the white Gaussian vector with the identity covariance matrix I due to the contribution of the thermal noise.
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Figure2. MUST transmission with two superposed spatial layers

In this contribution, we have investigated the performance of DL MUST transmission in TM2 with antenna configuration of 2X2.  The throughput of MUST transmission with and without Gray mapping are shown in the following figures, with the near UE allocated 10%, 20% or 30% of the total eNB transmission power, and the remaining power allocated to the far UE. Two MCS combinations of near UE and the far UE were used in the link-level simulations, respectively: (CQI 3: Rate 1/2 QPSK, Rate 1/2 QPSK), and (CQI7: Rate 1/3 16QAM, Rate 1/3 16QAM).
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Figure 3. Throughput of Ideal CWIC for MUST with and without Gray mapping
Figure 3 shows the throughput of both MUST transmission with and without Gray mapping with ideal CWIC and CQI 3, i.e. Rate 1/2 QPSK, Rate 1/2 QPSK. With the increasing of the transmit power allocated to the near UE, throughout at the near UE increases. Under the same power allocation (e.g. 80% vs 20%), MUST with Gray mapping with MMSE-IRC (since no IC is required for Gray mapping) could achieve similar throughput to that of without Gray mapping with ideal CWIC.
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Figure4. Throughput of ideal CWIC and realistic CWIC for MUST without Gray mapping

Figure 4 shows the throughput of MUST without Gray mapping using ideal CWIC and realistic CWIC with CQI 7, Rate 1/3 16QAM, Rate 1/3 16QAM. It is observed that the difference between ideal CWIC and realistic CWIC is quite small. With the increasing of the transmit power allocated to the near UE, the difference between ideal CWIC and realistic CWIC becomes obvious. In this case, the far UE’s signal may be too weak to be correctly decoded at the near UE with given geometry of near UE. 
In summary we have following observations:
· Observation #1: Under the same power allocation (e.g. 80% vs 20%), MUST with Gray mapping with MMSE-IRC (since no IC is required for Gray mapping) could achieve similar throughput to that of without Gray mapping with ideal CWIC at certain conditions.

· Observation #2: With the increasing of the transmit power allocated to the near UE, the difference between ideal CWIC and realistic CWIC becomes obvious for MUST without Gray mapping.

3. Conclusions

In this contribution we have investigated the link-level performance of two variant DL multiuser superposition transmission schemes, using CWIC receivers.   We have following observations:

· Observation #1: Under the same power allocation (e.g. 80% vs 20%), MUST with Gray mapping with MMSE-IRC (since no IC is required for Gray mapping) could achieve similar throughput to that of without Gray mapping with ideal CWIC.

· Observation #2: With the increasing of the transmit power allocated to the near UE, the difference between ideal CWIC and realistic CWIC becomes obvious for MUST without Gray mapping.
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Appendix: Simulation Parameters
	Parameters
	Values

	Carrier frequency
	2GHz 

	System BW
	10MHz

	Allocated resource
	50PRB 

	Cell-specific reference signals
	Antenna ports 0,1

	Propagation channel & UE velocity
	EVA, (3km/h)

	Channel Correlation
	Low

	(# of Tx antennas, # of Rx antennas)
	(2, 2)


	Cyclic Prefix
	Normal

	Number of control OFDM symbols
	3

	Transmission scheme(s)
	2Tx: TM2

	Link adaptation
	fixed

	EVM requirement (Tx, Rx)
	(8%, 4%)

	HARQ
	Maximum 4 retransmission
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