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1 Introduction
In the RAN#68 plenary meeting, a revised study item on Downlink Multiuser Superposition Transmission for LTE was approved [1]. The main objective of the study item is to identify and study possible enhancements of downlink multiuser transmission schemes within one cell. More specifically, the potential gain of schemes enabling simultaneous transmission of more than one layer of data for more than one UE using the same spatial precoding vector or transmit diversity scheme over the same REs should be investigated. In this contribution, we provide additional link level simulation results demonstrating the performance of the MUST schemes with R-ML receiver and blind detection of the signal parameters.
2 Discussion
The parameters for the link-level simulations in this contribution are based on the agreed link-level simulation assumptions in [2], which are also summarized in the Appendix of this contribution. Since it was agreed that N-Tx eNB supports up to N spatial layers within a cell [3], TM4 with rank 1 is used for both near and far UEs.
Effects of Tx/Rx RF impairments

One of the objectives of this study item is to consider UE and eNB feasibility for the MUST schemes, with realistic UE and eNB impairment modelling such as Tx/Rx EVM and channel estimation errors. 
The main source for Tx/Rx RF impairments are Tx/Rx filters, non-linearity/clipping in the power amplifier, phase noise, and I/Q imbalance. Those impairments can be modelled by using EVM as a measure, which captures the error vector between a measured signal and its corresponding ideal signal. In Figure 1, we show the performance degradation of the MUST scheme in the presence of Tx/Rx EVM using a rate region for near UE and far UE. For Tx/Rx RF impairments, 8% and 4% EVM values are used for the Tx and Rx, respectively. R-ML is used at the near UE for interference handling from the MUST layer of the far UE. Since the Tx EVM noise appears as a spatially-colored noise at the receiver, noise-whitening filtering considering non-zero Tx EVM is applied to the received signal prior to MIMO detection to mitigate the performance loss due to EVM. Rx EVM noise estimation is captured in the existing CRS-based noise estimator. For channel estimation, practical 2D-MMSE is used in all MUST simulations.
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Figure 1: Effects of Tx/Rx impairments 
The points in Figure 1 correspond to MUST with 6, 8, 10, or 12 dB transmit power ratio between the two UEs. As can be seen in the figure, there is a significant impact of Tx/Rx RF impairments on the performance gains of MUST, especially of those of the near UE. 
Observation:
· There is a significant impact of Tx/Rx RF impairments on the performance gains of MUST especially of those of the near UE
Multiuser superposition schemes with and without Gray mapping
For downlink multiuser superposition transmission, the modulated symbols from superimposed UEs are power weighted; typically, large power is allocated to far-UE symbols with low modulation order and low power to near-UE symbols with high modulation order. An example of the resulting constellation mapping is shown in Figure 2 (left), where 16QAM (4 bits) and QPSK (2 bits) are used for the near and far UE, respectively. Symbols within a group of symbols sharing the same 2 bits for the far UE, e.g., upper-right 16 points sharing bits 00 for the far UE, are Gray mapped with traditional 16QAM modulation, while symbols across different groups differ in at least two bits (one bit from 16QAM for near UE and one bit from QPSK for far UE), i.e., Gray labeled constellation is not achieved for MUST.  
On the other hand, instead of power weighting two modulated symbols, encoded bits from superposed UEs can be jointly modulated to achieve Gray labeled constellation for MUST. This can be achieved by flipping the upper-right points as shown in Figure 2 (right), where the symbols with the same color have the same 4 bits for near UE. This joint modulation is expected to improve the reception performance of near UE.
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Figure 2: MUST modulation with (right) and without (left) Gray mapping
Next, we compare the rate region for MUST schemes with and without Gray mapping under different receiver assumptions at the near UE. Three receivers, R-ML, SLIC, and CWIC, are compared in Figure 3. In general, R-ML and CWIC show similar performance without Gray mapping, while SLIC starts to show degradation at 6 dB transmit power ratio. With Gray mapping, there is no significant performance improvement for R-ML and CWIC, while SLIC benefits from Gray mapping at the 6 dB transmit power ratio, and, as a result, all three receivers show similar performance with Gray mapping. Note that we expect Gray mapping to be beneficial when power allocations to near UE and far UE are relatively comparable, i.e., the four groups of points in Figure 2 are closely located.
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Figure 3: Rate regions of different schemes and receiver assumptions
Observation:

· There is no significant performance difference between R-ML and CWIC, and also with and without Gray mapping for both receivers
· For SLIC, near UE performance degradation is observed at low transmit power ratios, which can be recovered by Gray mapping
· The useful transmit power ratio range is 6 to 10 dB for QPSK for far UE and 16QAM for near UE
Multiuser superposition performance under BLER constraint
The MUST link level evaluations result in Figure 3 were obtained by maximizing the total throughput performance without consideration of the actual BLER performance. In practice CQI reporting at the UE and MCS scheduling at the eNB tries to ensure the certain level of the BLER performance on PDSCH. For example, in the system level simulations the target BLER is always set to 10%. In this case the possible BLER constraint may affect the achievable gains of the MUST schemes.  

Figure 4 shows the MUST performance evaluation for ML receiver with consideration of the 10% target BLER. For benchmarking the performance of OMA and MUST without consideration of BLER constraint are also provided. As can be seen in the figure, there is a significant impact of the 10% BLER constraint on the performance of the MUST scheme.
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Figure 4: Rate regions of different BLER assumptions
Observation:

· There could be performance difference between MUST schemes operating with and without 10% BLER constraint

Multiuser superposition performance with blind detection of the signal parameters
One of the approach of supporting MUST operation may rely on the UE receiver with blind detection of the serving and interfering signal parameters potentially with higher layer signaling assistance of the parameter subset.  Such approach of MUST may be used with R-ML receiver and would allow more flexible MUST pairing of the UEs on RB level. The performance comparison of MUST with blind detection of the serving and interfering power offsets is shown in Figure 5. 

In the evaluations, the blind detection of the power offsets was performed on RB basis only by the near UE. It is assumed that the far UE is served by QPSK modulation, so the blind detection of the interfering signal modulation was not used by the near UE. Furthermore, the far UE due to QPSK modulation, receives PDSCH without additional processing associated with blind detection of the signal parameters.
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Figure 5: Rate region for R-ML with genie aided and blind detection of the signal parameters
From Figure 5, it can be seen that there is almost no performance difference between the genie-aided R-ML receiver with perfect knowledge of the serving and interfering signal power offsets and the practical UE receiver with blind detection of these parameters. This can be explained by high interference power that makes estimation of the interfering signal parameter feasible. More specifically, the considered transmit power ratios between the far and near UEs of 6 dB, 8dB, 10dB and 12 dB result into interference over noise rations INRs (the serving signal is considered as part of the noise) for the interfering signal of 5.8dB, 7.7dB, 9.5dB and 11.3dB respectively. Such relatively high INR values are typically sufficient to provide a reliable detection of the interfering signal parameters including power offsets.
Observation:

· There almost no performance difference between MUST scheme operating with genie-aided and blind detection of the interfering signal parameters.
3 Summary

In this contribution, we studied the effects of Tx/Rx RF impairments on the link-level performance and compared multiuser superposition schemes with and without Gray mapping under different receiver assumptions. Based on the link level performance results the following observations were made:
· There is a significant impact of Tx/Rx RF impairments on the performance gains of MUST especially of those of the near UE
· There is no significant performance difference between R-ML and CWIC, and also with and without Gray mapping for both receivers

· For SLIC, near UE performance degradation is observed at low transmit power ratios, which can be recovered by Gray mapping

· The useful transmit power ratio range is 6 to 10 dB for QPSK for far UE and 16QAM for near UE
· There could be performance difference between MUST schemes operating with and without 10% BLER constraint

· There almost no performance difference between  MUST scheme operating with genie-aided and blind detection of the interfering signal parameters
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Appendix: Simulation Assumptions

	Parameters
	Values

	Carrier frequency
	2 GHz

	System BW
	10 MHz

	Allocated resource
	3 MHz (15 PRBs)

	Downlink power allocation
	
	3 dB

	
	
	3 dB

	Cell-specific reference signals
	Antenna ports 0,1

	Propagation channel & UE velocity
	EPA-5Hz

	Channel Correlation
	Low

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

	Cyclic Prefix
	Normal

	Number of control OFDM symbols
	3

	Transmission scheme(s)
	2Tx: CRS based transmission scheme(s)

	Link adaptation
	Fixed

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

	HARQ
	Maximum 4 retransmissions
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