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1. Introduction
MUST technique allows the simultaneous transmission of more than one layer of PDSCH for more than one UE without time, frequency or spatial domain separation. Different layers of data can be separated by utilizing interference cancellation at the receiver. On one hand, the point-to-point link performance of LTE is quite close to the single user channel capacity, thus the improvement in link performance would be limited. On the other hand, MUST can be used to further enhance the spectral efficiency over orthogonal multiple access technique, in order to achieve the multiple user channel capacity, as shown in [1].
There are various candidate MUST schemes, including power-domain MUST (e.g., NOMA [2] [3]), constellation-domain MUST (e.g., REMA [3]), code-domain MUST (e.g., SCMA [4]). This contribution mainly discusses the NOMA scheme and provides preliminary system-level evaluation results.
2. NOMA scheme
In power-domain MUST (NOMA) system, at the transmitter side, the complex-valued modulated symbols of different UEs are superposed with different transmission power setting, using the same resource. At the receiver side, the symbols of different UEs can be recovered by interference cancellation. 

2.1
Transmitter side
As illustrated in Fig. 1, UE 1 and UE 2, belonging to the same cell, are scheduled on same resource and the modulated symbols of the two UEs are superposed directly. Thus the DL transmission symbol can be expressed by:
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where 
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 represents the complex-valued symbol after linear superposition, i is the symbol index, 
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 denote the complex-valued modulated symbols of UE1 and UE2 respectively, and 
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 is ratio of transmission power allocated to UE 1.
Without loss of generality, we assume that the channel condition (e.g., RSRP) of UE 1 is better than that of UE 2, i.e., UE 1 is located at cell center and UE 2 is located at cell edge. To facilitate the UEs’ signal separation at receiver, the power allocated to cell center UE should be lower than that to cell edge UE, i.e., 
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< 0.5 in equation (1). In addition, the sum of the two UEs’ power is subject to the constraint of BS maximum transmission power. 
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Fig. 1. Illustration of NOMA Transmitter

2.2
Receiver side

As discussed in section 2.1, the signal power of UE 1 is lower than that of UE 2. Thus at UE 1 receiver side, in order to decode its desired signal, UE 2’s signal should be reconstructed and cancelled at first, as shown in Fig. 2 (a). Considering that UE 2’s MCS is selected based on its own channel condition and the channel condition of UE 1 is usually better than UE 2, there is a quite high possibility that UE 1 can correctly obtain UE 2’s signal. Therefore, we assume UE 2’ signal can be perfectly cancelled, and the relationship between UE 1’s received SINR in NOMA mode and orthogonal multiple access (OMA) mode can be expressed as:
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At UE 2 receiver side, although the signal intended for UE 1 is contained in the received signal, with 
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< 0.5, it is still possible for UE 2 to correctly decode the desired signal. So UE 2 can treat UE 1 signal as noise and decode its desired signal directly, as shown in Fig. 2 (b). In such case, the relationship between UE 2’s received SINR in NOMA mode and OMA mode can be denoted as:
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(a) UE1 Receiver
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(b) UE2 Receiver
Fig. 2. Illustration of NOMA Receiver
3. Preliminary system-level evaluation results
System-level simulations are carried out for MUST scenario 1 (i.e., homogeneous network) with 2Tx/2Rx and full buffer traffic model. Detailed simulation parameters are listed in the Annex.
BS scheduling and power allocation

Let 
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 be the coupling loss between UE k and its serving cell. To facilitate the NOMA UE pairing, we set one coupling loss threshold 
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 to divide all the UEs into two sets: 
· If 
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, UE k is a cell center UE; If 
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, UE k is a cell edge UE.
· Each NOMA candidate UE set is composed of one cell center UE and one cell edge UE.
Considering the power allocation for two co-scheduled NOMA UEs, there are four candidate values 
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= {0.1, 0.2, 0.3, 0.4}, where 
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 is ratio of transmission power allocated to the cell center UE. 
Dynamic switching between OMA and NOMA is supported, based on the proportional fairness criterion. 
CSI feedback
CQI and PMI enhancements are not considered in our simulation. To select the MCS and estimate the instantaneous throughput for NOMA UE, NOMA CQI is updated from the existing OMA CQI according to equation (2) and (3).
Simulation results
Two cases are simulated: average 10 UEs or 20 UEs per cell. Simulation results are shown in Fig. 3. It can be seen that when there are 10 UEs per cell, NOMA can bring 13.4% cell average throughput gain and 18.5% cell edge throughput gain. When the average number of UEs per cell increases to 20, the cell average and cell edge throughput gain are 19.4% and 29.1% respectively.
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Fig. 3. Cell average and 5%-tile cell edge throughput gain of NOMA over OMA
4. Conclusion
This contribution discussed power-domain MUST (i.e., NOMA) scheme and conducted system-level evaluation to show the NOMA gain over OMA. It is seen that when there are 10 UEs per cell, NOMA can bring 13.4% cell average throughput gain and 18.5% cell edge throughput gain. When the average number of UEs per cell increases to 20, the cell average and cell edge throughput gain are 19.4% and 29.1% respectively.
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Annex
Table A-1. Simulation parameters
	Parameters
	MUST Scenario 1

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Inter-macro-eNB distance 
	500 m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total eNB TX power 
	46 dBm

	Channel between eNB and UE
	ITU UMa

	eNB antenna pattern
	3D 

	eNB antenna height 
	25 m

	eNB antenna gain + connector loss
	17 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	2Tx/2Rx

	Traffic model
	Full buffer

	Number of superposed signals in superposition transmission
	2

	UE noise figure
	9 dB

	UE speed
	3 km/hr

	Cell selection criteria
	RSRP for intra-frequency

	Transmission schemes 
	Single point transmission schemes, i.e. SU-MIMO and MU superposition transmission

	Feedback assumption
	Feedback periodicity: 5 ms
Feedback delay: 6 ms
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