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1. Introduction

In RAN#67, the SID titled Study on Downlink Multiuser Superposition Transmission for LTE was approved [1] and the following describes SI objectives:
This study will consider potential enhancements for downlink multiuser transmission using superposition coding.
In particular, the objectives of the study item are the following:
·  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.
· 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 describe multiuser superposition schemes and several types of receiver for intra-cell interference cancellation. As an initial link level simulation result, we present the throughput region for superposition coding for a pair of high geometry UE with IC receiver and a low geometry UE, and discuss the further study points that should be considered.
2. Multiuser Superposition Schemes and Receiver Types
First of all, we elaborate two multiuser superposition schemes for the downlink multiuser superposition transmission for LTE:

· Amplitude-weighted superposition of coded and modulated signals
· Amplitude-weighted superposition of coded and modulated signals with gray labeled.
Fig. 1 shows the amplitude-weighted superposition of coded and modulated signals. Using the constellations in 3GPP TS 36.211 [2], a base station (e.g., eNB) allocates the signal power for center UE (UE1) and edge UE (UE0), respectively. Then, the modulated symbol of edge UE is superposed by the modulated symbol of center UE.
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Figure 1. Amplitude-weighted superposition of coded and modulated signals
In Fig. 1, since there are two bits differences between close points of combined constellation which are located on both side of real axis and imaginary axis, it would be concern for the performance degradation depending on receiver types (e.g., ML (maximum likelihood) receiver) when decoding the desired signal.
Fig. 2 shows the amplitude-weighted superposition of coded and modulated signal with gray labeled. Using the constellations in 3GPP TS 36.211 [2], a base station (e.g., eNB) assigns the signal power for center UE (UE1) and edge UE (UE0), respectively. Then the modulated symbol of edge UE is superposed by the modulated symbol of center UE which is modified by a certain rule. 

[image: image2.emf]XNOR

Modulation

Power setting

Combined constellation

2

2a

2

2b

10 00

11 01

10 00

11 01

a b

10111001

10101000

01000110

01010111

00010011

00000010

11101100

11111101

UE1 Data

UE0 Data

Figure 2. Amplitude-weighted superposition of coded and modulated signals with gray labeled
For example, when the center UE and the edge UE use the QPSK modulation, the last two bits of combined constellation in Fig. 2 are decided by the results of XNOR operation (not exclusive OR, same value = 1, different value = 0) between two bits of center UE and two bits of edge UE. Since there is one bit difference between all closed points (gray labeled), using the combined constellation in Fig. 2 could be expected for performance improvement depending on receiver types, compared to using the combined constellation in Fig. 1.
Next, we briefly elaborate two types of receiver for the downlink multiuser superposition transmission for LTE:
· Maximum Likelihood (ML) receiver

· Code-Word Interference Cancellation (CWIC) receiver

Maximum likelihood (ML) receiver conducts joint detection of desired signals and interference signals in accordance to the ML criterion [4]. Since the ML receivers do not decode the edge UE signals in codeword level, using the ML receivers does not need decoding information (e.g., C-RNTI etc.) of edge UE signals as a result saving signaling overhead. Code-word interference cancellation (CWIC) receiver utilizes successive applications of detection, decoding, re-encoding, and cancellation [4]. 
In our view, at least ML receivers and CWIC receivers need to be studied in terms of receiver complexity, signaling overhead, and performance, and the other receiver types might be studied further. 

Proposal 1: Amplitude-weighted superposition of coded and modulated signals with or without gray labeled should be studied and at least ML receivers and CWIC receivers should be investigated as candidate receiver types.
3. Multiuser Throughput Region
When multiple users utilize the resources non-orthogonally, throughput region of those users has been widely studied since it can improve the throughput region compared to utilizing the resources orthogonally, which is shown in Fig. 3, [3]. In Fig. 3, x-intercept and y-intercept are achievable throughputs when each user occupies the resources solely, respectively. The triangle region under the straight line drawn from x-intercept to y-intercept is the throughput region when two users utilize the resources orthogonally. The curve over the straight line is the enhanced throughput region when two users utilize the resources non-orthogonally.
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Figure 3. Multiuser throughput region (bits/s/Hz), SNR of UE1 is 0dB, SNR of UE2 is 20dB [3].
In realistic, however, it is hard to draw a boundary of achievable throughput as a curve like Fig. 3, since practical impairments such as quantized the MCS levels are used in 3GPP LTE system. As a result, the actual throughput region can be founded as a set of points, according to a few combinations of MCS levels and power allocation factors. Fig. 4 shows a few selected points we achieve through link simulation, which is located over the straight line drawn from x-intercept to y-intercept. MCS levels and power allocation factors corresponding to these points are considered as meaningful combinations for superposition coding. In this document, the power allocation factor is given by (power allocation factor) = (transmit power for center UE signal) / (total transmit power of eNB).
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Figure 4. Multiuser throughput region in realistic 

(Geometry of UE1 and UE0 are 15dB and 0dB, respectively)
Furthermore, in Fig. 4, we could find the throughput enhancement according to the receiver types and superposition schemes. It could be expected that using the ML receiver with the gray labeled superposition scheme enhances the decoding performance compared to using the ML receiver with the non-gray labeled superposition scheme. Also, it could be expected that using the non-gray labeled superposition scheme with CWIC receiver enhances the decoding performance compared to using the non-gray labeled superposition scheme with ML receiver.
Finally, in order to evaluate the potential gain of the downlink multiuser superposition transmission, it is important to find out a proper set of certain MCS levels and certain power allocation factors, achieving points over the straight line. So, we should further study on a proper combination of MCS levels and certain power allocation factors when above-mentioned receiver types might be used for downlink multiuser superposition transmission.
Proposal 2: The available set of MCS levels and power allocation factors that achieve throughput gain should be studied.
4. Conclusion
In this contribution, we described valuable multiuser superposition schemes and receiver types to be considered in the downlink multiuser superposition transmission for LTE. Also, we present an initial link level simulation result showing the throughput gain of superposition coding. Based on the above discussion, our proposals are:
Proposal 1: Amplitude-weighted superposition of coded and modulated signals with or without gray labeled should be studied and at least ML receivers and CWIC receivers should be investigated as candidate receiver types.
Proposal 2: The available set of MCS levels and power allocation factors that achieve throughput gain should be studied.
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Appendix: Detailed evaluation assumptions

Link-level simulation parameters are listed as below.
	Parameter
	Unit
	Value

	System bandwidth
	RB
	6

	RB utilization
	RB
	2

	Carrier frequency
	GHz
	2

	Data modulation
	-
	Center UE
	QPSK, 16QAM, 64QAM

	
	
	Edge UE
	QPSK

	Power allocation factor
	-
	0.09, 0.1, 0.15, 0.2

	Number of Tx antennas
	-
	1

	Number of Rx antennas (MRC)
	-
	2

	Channel model
	-
	AWGN

	HARQ
	-
	Off

	TM
	-
	4
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