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Introduction
A set of candidate MultiUser Superposition Transmission (MUST) schemes have been proposed in RAN#66, RAN1#80bis and RAN1#81 [1][2][3][4][5][6][7].
In this contribution, we consider the three candidate MUST schemes described in [2] and present the results of their link-level performance evaluation.

Simulation 
Simulation is performed considering the LTE downlink using codebook-based MIMO Transmission Mode 4 (TM4).
The simulated system consists of an eNB transmitter and two UEs. The first UE is characterized by a higher SINR (i.e., it is likely located near the eNB transmitter). The second UE is characterized by a lower SINR (i.e., it is likely located far from the eNB transmitter).
Channel State Information (CSI) is reported to the eNB by both UEs. CSI reports include
· Channel Quality Indicator (CQI)
· Precoder Matrix Indicator (PMI)
· Rank Indicator (RI) 
Based on CSI reports, the eNB decides whether to pair the UEs for MUST transmission or not.
Pairing of UEs in LTE codebook-based MIMO transmission is performed according to the following rules: 
· Superposed UEs use the same transmission scheme (TM4)
· The same precoder for the superposed UEs is considered
· The case when rank-K1 precoder matrix for UE1 is [v1,1, …, v1,K1] and rank-K2 precoder matrix for UE2 is [v2,1, …, v2,K2] and {v1,a1 = v2,b1, … , v1,aK = v2,bK}, where 1 ≤ aj ≤ K1, 1 ≤ bj ≤ K2 and K ≤ min(K1, K2), is considered as using the same spatial precoding matrix.
In other words, UEs are paired for superposed transmission when
· UEs report the same RI and the same PMI: the precoder matrix corresponding to the reported PMI and RI is selected for transmission;
· UEs report different RIs/PMIs, but the two precoder matrices have a common subset of columns: one of the two precoder matrices corresponding to the reported PMIs is used for transmission to both UEs.
In this evaluation, we assume that the transmitter and receivers are equipped with at most two antennae, therefore the maximum transmission rank is 2. Table 1 summarizes the rules used for pairing UEs that report a RI=2 or lower.
[bookmark: _Ref426305263]Table 1. UE pairing.
	UE 1
↓
	UE 2

	
	Rank 1
	Rank 2

	Rank 1
	Same PMI
	(*)

	Rank 2
	(*)
	Same PMI


(*) Pairing is possible when the precoding vector of the rank-1 UE coincides with one of the 
columns of the precoding matrix of the rank-2 UE.

When two UEs reporting RI=1 and same PMI are paired, the MUST configuration shown in Figure 1 is used. The MUST transmitter encodes, combines and modulates the transport blocks (TB) of the paired UEs. Here, TBi,j refers to the ith transport block of the jth UE. The layer mapper processes the MUST signal according to Section 6.3.3 of LTE Rel. 12 specification TS 36.211 []. MIMO precoding is performed using the precoding vector that was selected by both UEs through their reported PMI. The precoded signals are mapped to REs and then transmitted.
[image: ]
[bookmark: _Ref426305544]Figure 1. MUST configuration used for transmission to paired UEs reporting RI=1.

When two UEs reporting RI=2 and same PMI are paired, the MUST configuration shown in Figure 2 is used. The MUST transmitters encode, combine and modulate the transport blocks (TB) of the paired UEs. The layer mapper processes the MUST signal according to Section 6.3.3 of LTE Rel. 12 specification TS 36.211 [8]. MIMO precoding is performed using the precoding matrix that has been indicated by both UEs through their reported PMI. The precoded signals are mapped to REs and then transmitted.

[image: ]
[bookmark: _Ref426305706]Figure 2. MUST configuration used for transmission to paired UEs reporting RI=2.

Table 2 summarizes the parameters used for performance evaluation.
[bookmark: _Ref426305944]Table 2. Simulation parameters.
	Parameter
	Value

	System bandwidth 
	10 MHz (50 PRBs) 

	PRB group size 
	5 PRBs 

	TX mode/MIMO configuration 
	TM4/2T2R 

	UE pairing rule 
	Same RI & PMI 

	Channel model 
	TU, 3km/h 

	Carrier frequency 
	2GHz 

	CSI feedback type 
	Wideband PMI&CQI 

	CQI delay 
	5 TTIs 

	MUST-MIMO configuration 
	One MUST signal per spatial layer



Table 3 shows the characteristics of the MUST signals considered in our evaluation.

[bookmark: _Ref426306232]Table 3. Characteristics of MUST signals.
	MUST scheme 
	Component constel-
lations
	Far-Near power split*
(PF/P, PN/P) 
	Composite
constellation 
	Composite constellation mapping
	Label bit allocation 

	SOMA 
	{QPSK, 16QAM, 64QAM} 
	(0.6, 0.4), (0.7, 0.3), 
(0.8, 0.2), (0.9, 0.1) 
	All combinations of com- ponent constellations w/ at most 256 points
	Gray 
	Based on component constellations 

	NOMA
	{QPSK, 16QAM, 64QAM} 
	(0.6, 0.4), (0.7, 0.3), 
(0.8, 0.2), (0.9, 0.1) 
	All combinations of com- ponent constellations w/ at most 256 points 
	Non-Gray 
	Based on component constellations 

	REMA 
	Not applicable 
	Not applicable
	{16QAM, 64QAM, 256QAM}
	Gray
	On the composite constellation 


(*) P is the total transmitted power; PN is the power allocated to the near UE; PF is the power allocated to the far UE.

The selection of component/composite constellations, power split (where applicable) and label bit allocation is performed jointly for the near and far UEs according to a proportional-fair criterion, whereby the weighted sum rate 
	
	
	(1)


is maximized over all possible choices of constellations, power split values and label bit allocations. Here,
the near (resp. far) UE rate  (resp. ) depends on the chosen composite constellation, on the power split and label bit allocation. The near UE rate in the  sub-band is computed as

	
	
	(2)


where  if the  bit of the composite constellation is allocated to the near UE and  otherwise;   is the bit-level capacity [9] of the  bit of the composite constellation and  is the SINR experienced by the near UE in the  sub-band.

When wideband scheduling is employed, the near UE rate is computed as the average of the near UE rates as 
	
	
	(3)



The far UE rates are computed in a similar way.

The near UE weight is computed as
	
	
	(4)



where  is the SINR reported by the near UE in the  TTI before the current TTI ( is the CQI delay). The far UE weight is obtained in a similar way.
Receivers at the near and far UE have perfect knowledge of the employed composite constellation, of the component constellations (where applicable), of the far-near power split (where applicable) and of the bit allocation of composite constellation label to UEs. The employed MIMO receiver type is MMSE. Receivers can employ CodeWord-level Interference Cancellation (CWIC).

Figure 3(a) shows the block scheme of the far UE MUST receiver. The receiver computes Log-Likelihood Ratios (LLRs) of the coded bits of the near and far UE, then it collects LLRs of the far UE coded bits and sends them to the far codeword decoder, which computes an estimate of the transmitted far UE message.

Figure 3(b) shows the block scheme of the near UE MUST receiver. The receiver computes Log-Likelihood Ratios (LLRs) of the coded bits of the near and far UE, then it collects LLRs of the far UE coded bits and sends them to the far codeword decoder, which provides updated LLRs of far-UE coded bits. These updated LLRs are used to update the coded bit LLRs. The near-UE coded bit LLRs are then collected and sent to the near UE codeword decoder which generates an estimate of the transmitted near UE message. When CWIC is not used at the near UE, the dashed blocks of Figure 3(b) are disabled.
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	(a)
	(b)


[bookmark: _Ref426411383]Figure 3. MUST receivers. (a) Far UE receiver. (b) Near UE receiver. Dashed blocks are part of the CWIC receiver.

Simulation results
Results are shown in Figure 4 for a system with receivers employing CWIC and Figure 4 for a system with receivers not employing CWIC. Figure 4 and Figure 5 show the region of throughput pairs achieved by two UEs. The near-UE SINR is SINRN{10dB, 15dB, 20dB}. The far-UE SINR is SINRF= SINRN-10dB.
The dashed lines show the throughputs achieved with orthogonal transmission (OFDMA). In particular, each point on the dashed line corresponds to a throughput pair that can be achieved by time-multiplexing of OFDMA transmissions to the near UE with OFDMA transmissions to the far UE.
 Solid lines are obtained by linear interpolation between the throughputs of near UE and far UE with OFDMA transmission and the throughput pair achieved by MUST transmission. These lines form the boundary of the region of achievable throughput pairs, hereinafter called throughput region Each of the points on the solid lines corresponds to a throughput pair achievable by time-multiplexing of MUST transmissions with OFDMA transmissions to the near UE and far UE.
We observe that, when CWIC is employed at the near receiver (Figure 3), the regions of achievable throughput pairs for SOMA and NOMA almost coincide. The region of achievable throughput pairs with REMA is almost coincident with SOMA and NOMA for SINRN{10dB, 15dB}. When SINRN=20dB, REMA exhibits a slightly larger throughput region. The difference could be explained by the fact that REMA performs the label bit allocation directly on the composite constellation, thereby featuring a high flexibility in choosing the bit allocation scheme (see Table 3). With SOMA and NOMA, four power split values have been considered in these simulations (see Table 3); larger throughput regions could be obtained for SOMA and NOMA by letting them use more power split values. An accurate analysis of the sensitivity to these parameters needs further investigation and will be provided in future contributions. 




[image: ]
[bookmark: _Ref426312215]Figure 4. Region of achievable throughputs (CWIC at near receiver).

When CWIC is not employed (Figure 5), the regions of achievable throughput pairs for SOMA and REMA are almost the same for all three values of SINRN{10dB, 15dB, 20dB}. However, the region of achievable throughput pairs with NOMA is slightly smaller. Moreover, we observe that NOMA has a lower throughput for the near UE and a higher throughput for the far UE.
[image: ]
[bookmark: _Ref426312216]Figure 5. Region of achievable throughputs (non CWIC receivers).

The fact that NOMA without CWIC exhibits a lower throughput for the near UE can be explained by the fact that the NOMA composite constellations result in a lower capacity for the label bits allocated to the near UE because their mapping is not Gray. This is better explained by the following example: we compare the bit-level capacities of Gray-mapped 16QAM shown in Figure 6(a) – as in REMA and SOMA with QPSK component constellations and default power allocation– and the 16QAM constellation of NOMA where mapping is not Gray (shown in Figure 7(a)). Their corresponding bit-level capacities are shown in Figure 6(b) and Figure 7(b). The bit-level capacity of the near-UE bits (bit 3 and bit 4) of the NOMA constellation is lower than the corresponding bit-level capacity for the SOMA/REMA constellation. As a result, the near-UE throughput is reduced.

	[image: ]
(a)
	[image: ]
(b)


[bookmark: _Ref415063833]Figure 6. Example of SOMA/REMA constellation (16QAM with Gray mapping) (a) and corresponding bit-level capacities (b).

The far-UE throughput of NOMA is slightly higher than SOMA/REMA. This is explained by the fact that the proportional-fair weighted sum-rate maximization (1) used for the selection of transmission parameters compensates for the lower near-UE rate by assigning a higher rate to the far UE.
	 [image: ]
(a)
	[image: ]
(b)


[bookmark: _Ref426316094]Figure 7. Example of NOMA constellation (16QAM with a non-Gray mapping) (a) and corresponding bit-level capacities (b).

Conclusion
In this contribution, we present the results of the link-level performance evaluation of NOMA, SOMA and REMA candidate MUST schemes when used in a  LTE 2T2R SU-MIMO downlink using codebook-based precoding (TM4).
Results show that, when CWIC is employed at the near UE receiver, the region of achieved throughput pairs is similar for the three schemes when the near-UE SINR is 15dB or less. Only when the near-UE SINR is 20dB, the throughput region of REMA is slightly larger. The difference could be explained by the fact that REMA performs the label bit allocation directly on the composite constellation, thereby allowing higher flexibility in choosing the bit allocation scheme (see Table 3).
When CWIC is not employed, results show that the throughput regions of SOMA and REMA are almost the same, while NOMA is characterized by a smaller throughput region. The difference between SOMA/REMA and NOMA can be explained by the fact that, when CWIC is not employed, the Gray mapping of the SOMA and REMA composite constellation provides larger bit-level capacities which reflect into higher throughputs.
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