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1 Introduction
In the RAN#67 plenary meeting a 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 (MUST) within one cell. More specifically, the potential gain of schemes enabling simultaneous transmission of more than one layer of data to 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 details of the system-level simulation methodology of the downlink multi-user superposition scheme using the maximum-likelihood (ML) receiver. We also provide statistics on the most useful modulation and power offset combination selected by the MUST scheduler at the system level.
2 Discussion
Channel state information (CSI) feedback
To assist scheduling and link adaptation at the eNB, the UE measures the downlink channel using CRS or CSI-RS depending on the transmission mode. Based on the channel and interference measurements, the UE calculates the CSI report which comprises CQI, PMI and RI. In conventional MU-MIMO schemes, CSI is calculated assuming SU-MIMO transmission mode, which prior to MCS selection is further updated at the eNB depending on its scheduling decisions. Such approach of CSI reporting facilitates flexible MU-MIMO pairing that typically depends on the instantaneous traffic and link conditions. For downlink multi-user superposition schemes (MUST), the same principle can be applied. More specifically, CSI feedback may be provided assuming no superposition transmission. In this case, the MCS should be further updated at the eNB depending on the scheduling decisions. In the MUST system-level evaluations, the CSI is reported assuming SU-MIMO transmission without multi-user interference from the super-imposed layers. However, in order to increase the dynamic range of the reported effective SINR (derived from the CQI) and more accurately account for receiver non-idealities, e.g., EVMs, multiple CQI reports for the same serving cell were considered. More specifically, multiple CQI values were derived at the UE under different power offset values Pd which are applied for post processing SINR for CQI.
Power offsets

In the system-level simulations the power offset subset for the near UE (denoted as Pd1) was uniformly quantized in the log domain from -13 dB to -6 dB with a step size of 1 dB, i.e., Pd1 = {-13,-12,-11,-10,-9,-8,-7,-6} dB. The power offset for the far UE (denoted as Pd2) was calculated assuming that the total power between the two MUST layers should remain constant and equal to the power offset of PDSCH relative to CRS (i.e., Pa) in SU-MIMO. In the current system level evaluations, it is assumed that Pa = 1, i.e., Pd1 + Pd2 = 1. 
The possible composite constellations after superposition of the different modulation schemes for the near and far UEs are shown in the table below. It can be seen that due to the overlap of some constellation points, ML processing for a MUST layer would not achieve perfect interference cancellation for some combinations of modulation schemes and power offsets. Such non-ideal cancellation should be considered during MUST scheduling and MCS assignment as discussed in the next subsection.
	Power offset:

{Pd1, Pd2}
	Constellation: {6,4}
	Constellation: {4,4}
	Constellation: {6,2}
	Constellation: {4,2}
	Constellation: {2,2}
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	{0.1995 0.8005}
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	{0.1585,  0.8415}
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	{0.1259, 0.8741}
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	{0.1000, 0.9000}
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	{0.0794, 0.9206} 
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	{0.0631, 0.9369} 
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	{0.0501, 0.9499}
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Scheduling methodology for MUST
Once the CSI report is received at the eNB, a proportional fair (PF) scheduling algorithm is applied and the transmission MCS is calculated for each scheduled UE. To reduce the complexity of the scheduling process, a greedy scheduling algorithm with a maximum of two MUST layers was considered in the evaluation. 
The main steps of the PF scheduler are summarized below:
1. Initialize set A with a set of all active users connected to a given serving cell and set S as an empty set. 
2. Pick UE ‘u’ from set A subject to the “same” beam constraint (see Note 1)
For the MUST layers with the “same” precoding, calculate the instantaneous throughput for each user in set {S, u}:
	



Scheduling SINR for UE1 (near UE) with ML receiver:





SINR(UE1) = CE(M1,M2,Pd1,Pd2)×SINR(CQIUE1(Pd1))









     Scheduling SINR for UE2 (far UE) without ML receiver: 


SINR(UE2) = SINR(CQIUE2(Pd2)) / ( SINR(CQIUE2(Pd1)) + 1)





Scheduling SINR for single-user 


SINR(UE1) = SINR(CQIUE1(Pd1=1))


3. Update set S as {S,u} with the UE(s) (if any) that maximize the total proportional fair metric.
4. Repeat Steps from 1 to 3 for all RBGs
5. Calculate MCS and assign precoding based on the RBG allocation to the scheduled UEs
Note 1: The candidate user ‘u’ should have the precoding vector(s) in the PMI report which are subset of the precoding vector(s) corresponding to the PMI of the scheduled user ‘s’ in set S.
Note 2: ‘Far’ and ‘Near’ classification of the UEs (i.e., UE1 and UE2) is based on the comparison of SINR(CQIUEx, Pd1) and SINR(CQIUEy, Pd2).
The parameter CE used to calculate the SINR for the near UE indicates the cancellation efficiency from the MUST layer allocated to the far UE. In principle, CE depends on the modulation schemes (i.e., M1 and M2) and power offsets (i.e., Pd1 and Pd2) applied to the MUST layers. CE can be obtained from the link level simulations or mutual information functions calculated for every modulation and power offset combination on the MUST layers of the near and far UEs. In the MUST simulations, the CE was derived as the SNR difference between the mutual information functions for the ideal and practical ML receivers. The SNR difference between the mutual information curves may be obtained at some reference point close to the maximum value of the mutual information function, e.g., at M1/2 b/s/Hz. An example of such mutual information curves used to obtain the CE parameter is shown in Figure 1. {16QAM, 16QAM} modulations and all possible power offsets in the range of {-13,…,-6} dB are considered. It can be seen that the cancellation efficiency of the ML receiver for {16QAM, 16QAM} modulations is typically far the ideal unless the power offsets on the MUST layers have large difference between each other.
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Figure 1: Example of the mutual information functions to derive cancellation efficiencies
Table 1: ML cancellation efficiency for different modulation combinations on MUST layers 

	{Pd1,Pd2}
	{6,4}
	{4,4}
	{6,2}
	{4,2}
	{2,2}

	{0.2512, 0.7488}
	-14.5
	-10.5
	0.0
	-1.0
	-3.0

	{0.1995 0.8005}
	-13.5
	-∞
	0.0
	0.0
	0.0

	{0.1585,  0.8415}
	-11.0
	-8.5
	0.0
	0.0
	0.0

	{0.1259, 0.8741}
	-7.5
	-7.5
	0.0
	0.0
	0.0

	{0.1000, 0.9000}
	-10.5
	-∞
	0.0
	0.0
	0.0

	{0.0794, 0.9206}
	-∞
	-5.5
	0.0
	0.0
	0.0

	{0.0631, 0.9369}
	-1.0
	-1.0
	0.0
	0.0
	0.0

	{0.0501, 0.9499}
	0.0
	0.0
	0.0
	0.0
	0.0


Receiver modelling

The receiver modelling including interference handling from the MUST layer of the far UE on the system level is performed using an embedded link-level model of the receiver. Channel estimation errors and other transmitter and receiver imperfections are accounted for directly by modelling of the EVM and channel estimation at the link level.
Statistics of the power offsets for different modulation combinations
Table 2 shows the statistics of the power offset selection at the eNB for different combination of the modulation schemes on the MUST layers. The statistics has been collected for MUST scenario 1 for full buffer traffic, which would correspond to the scenario with high traffic loading. No impairments and strict definition of the same beam (i.e., the same precoding matrix of the same rank) were assumed. It can be seen that modulation combinations {6,4}, {4,4} are not frequently used and, therefore, may be omitted from the following considerations. It can be also seen that the most frequently used power offset combination for a given combination of modulations after superposition of the MUST layers would result into composite constellation with uniform spacing between constellation points. Although this uniform constellation is most frequently selected after superposition, there is noticeable contribution of other power offset combinations.   
Table 2: Statistics of power offset selection for different modulation combinations 
	{Pd1,Pd2}
	{6,4}
	{4,4}
	{6,2}
	{4,2}
	{2,2}

	{0.2512, 0.7488}
	0.0
	0.0
	18.1
	11.5
	1.1

	{0.1995 0.8005}
	0.0
	0.0
	9.8
	14.5
	4.5

	{0.1585,  0.8415}
	0.0
	0.0
	3.7
	10.1
	4.9

	{0.1259, 0.8741}
	0.0
	0.0
	1.6
	7.0
	2.0

	{0.1000, 0.9000}
	0.0
	0.0
	0.8
	4.5
	0.6

	{0.0794, 0.9206}
	0.0
	0.0
	0.3
	2.0
	0.2

	{0.0631, 0.9369}
	0.1
	0.6
	0.1
	0.3
	0.1

	{0.0501, 0.9499}
	0.5
	0.9
	0.1
	0.0
	0.0


3 Summary

In this contribution we have provided the evaluation methodology of MUST schemes with the ML receiver. Power offset statistics for different modulation schemes on the MUST layers were also collected. 
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