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Introduction
In RAN#67 meeting, a new Study item of Downlink Multiuser Superposition Transmission for LTE has been approved [1], This study will consider potential enhancements for downlink multiuser transmission using superposition coding.In particular, the objectives of the study item are the following:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2] Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques.
· [bookmark: _GoBack]Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above.
· The study should consider realistic deployment scenarios, traffic model and trade-offs between system-level gain, UE complexity, signalling overhead as well as specification impact. The study will consider UE and eNB feasibility for the possible enhanced schemes, with realistic UE and eNB impairments modelling (e.g. EVM, imperfect CSI feedback), channel estimation errors. 
· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided.
· The study will not consider enhancements to spatial precoder for the downlink.
· The study should be applicable to both TDD and FDD.
In this contribution, we give the initial evaluation results of the non-orthogonal multiple access scheme.
Non-orthogonal multiple access concept
The realization of non-orthogonal multiple access is mainly based on the power domain multiple access at BS side and the SIC receiver at UE side. 
[image: ]
Figure 1 simple non-orthogonal multiple access system
A simple non-orthogonal multiple access system is shown as in figure 1, UE1 is the user with better received SINR, and UE2 is the user with worse received SINR, the eNodeB simultaneous schedule two users in the same time and frequency resource, and allocate different transmission power to two users, with the lower transmission power allocated to UE1 and higher transmission power allocated to UE2. From UE2 side the signal of UE1 is seen as interference, and then it demodulate its own signal, on the other hand from UE1 side, it firstly demodulate the signal of UE2, and subtract it from the whole received signal by using SIC receiver, and then the useful signal of its own can also be demodulated.
Compared to the orthogonal multiple access, the non orthogonal access can fully use the resources of time and frequency, by scheduling multiple users in the same resource, which can obviously improve the spectrum efficiency of users and then satisfy the increasing requirement of spectrum efficiency. On the other hand, since the transmission power is shared among multiple users, the interference signal cannot be clearly demodulated and subtracted, which may reduce the received SINR of UEs, and finally affect the system throughput. 
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]So the important factor affected the performance of non-orthogonal multiple access is the multi-user transmission power allocation, there are two main power allocation methods, the first is full search power allocation (FSPA), and the other is pre-defined user grouping and per-group fixed power allocation (FPA). Full search power allocation carry out exhaustive full search of user pairs and transmit power allocations, which means all possible combinations of power allocations are considered for each candidate user set, by using this power allocation method, it may achieve the best performance of non-orthogonal multiple access, but the computation complexity is large. In case of pre-defined user grouping and per-group fixed power allocation, users are divided into different user groups according to their channel gains and the pre-defined thresholds, only users belonging to different groups can be paired together, e.g. small power (e.g. 0.2P) is allocated to the user group with good channel condition and large power (e.g. 0.8P) is allocated to the user group with bad channel condition, and the total power assigned to different user groups is still kept equal to P. Pre-defined user grouping and per-group fixed power allocation can effectively decrease the amount of downlink signalling.

System level evaluation
In this section, we showed initial system evaluation results of non-orthogonal multiple access scheme with two paired users. Our simulation assumptions are 2 by 2 MIMO systems with sounding feedback of TDD system, the detailed simulation assumptions are shown in the appendix.
Table I. Throughput performance with non-orthogonal multiple access
	
	Cell average SE (bps/Hz)
	Gain
	Cell edge SE (bps/Hz)
	Gain

	orthogonal multiple access
	2.0094
	0%
	0.59213‍
	0%

	non-orthogonal multiple access (FPA)
	2.7438
	36.5%
	0.61462
	3.8%

	non-orthogonal multiple access (FSPA)
	2.7863
	38.7%
	0.62596
	5.7%



From the results, we observed that with fixed power allocation, non-orthogonal multiple access can achieve 36.5% average SE gain and 3.8% cell edge SE gain compared with orthogonal multiple access, with full search power allocation, non-orthogonal multiple access can achieve 38.7% average SE gain and 5.7% cell edge SE gain compared with orthogonal multiple access .To be mentioned here is that full search power allocation, we just select 5 groups of power allocation with{0.1P 0.9P}, {0.2P 0.8P},{0.3P 0.7P},{0.4P 0.6P} and {0.5P 0.5P}, for fixed power allocation, only 1 group of power allocation is selected with{0.2P 0.8P}.
Conclusion
In this contribution, we give initial evaluation results of performance gain of non-orthogonal multiple access compared with orthogonal multiple access.
From the results, we observed that with fixed power allocation, non-orthogonal multiple access can achieve 36.5% average SE gain and 3.8% cell edge SE gain compared with orthogonal multiple access, with full search power allocation, non-orthogonal multiple access can achieve 38.7% average SE gain and 5.7% cell edge SE gain compared with orthogonal multiple access .
Appendix
Simulation assumptions
	Cell layout
	Hexagonal grid, 19 sites, 3 cells per site

	Inter-site distance
	500 m

	Minimum distance between UE and cell site
	35 m

	Distance dependent path loss
	128.1 + 37.6log10(r) dB

	Shadowing standard deviation
	8 dB

	Channel model
	3GPP Spatial Channel Model (SCM), Urban Macro

	Channel estimation
	Ideal

	UE speed (Max. Doppler frequency)
	3 km/h (5.55 Hz)

	BS total transmission power
	46 dBm

	Transmit antenna gain & cable loss
	[bookmark: OLE_LINK40][bookmark: OLE_LINK41]14 dBi

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm /Hz

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Number of transmitter antennas
	2

	Number of receiver antennas
	2

	Number of UEs per cell
	10

	Maximum number of multiplexed UEs
	2 

	Number of subbands
	8

	Scheduling algorithm
	Proportional Fairness (PF)

	Control delay in scheduling & AMC
	4.0 ms

	HARQ combining scheme
	Incremental Redundancy

	Traffic model
	Full buffer model
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