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1. Introduction

In RAN1#80b, the following agreements for receiver types on evaluation methodology were made:
· The same receivers for inter-cell interference suppression and for inter-spatial layer interference suppression should be considered to both baseline and MUST.
· The following receiver studied in Rel-12 NAICS should be used as candidates for superposed UE’s interference suppression as the starting point.

· For the CWIC,
· L2S mapping based on hard CWIC is used as the starting point.
· Assumptions including resource alignment between superposed UEs, detailed receiver assumptions and rate matching alignment between superposed UEs should be provided by companies.
· The other assumptions, e.g., HARQ, channel estimation, blind detection, etc., should be provided by each company.

· For the symbol level IC/R-ML,

· L2S mapping for multiuser superposition transmission should be further investigated.

· Resource alignment between superposed UEs is not necessarily assumed.

· The other assumptions, e.g., HARQ, channel estimation, blind detection, etc., should be provided by each company.
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 normalized throughput region for superposition coding for a pair of high geometry UE 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 [1], a base station (e.g., eNB) allocates the signal power for near UE (UE1) and far UE (UE0), respectively. Then, the modulated symbol of far UE is superposed by the modulated symbol of near 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 [1], a base station (e.g., eNB) assigns the signal power for near UE (UE1) and far UE (UE0), respectively. Then the modulated symbol of far UE is superposed by the modulated symbol of near UE which is modified by a certain rule. 
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Figure 2. Amplitude-weighted superposition of coded and modulated signals with gray labeled
For example, when the near UE and the far 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 near UE and two bits of far 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 [3]. Since the ML receivers do not decode the far UE signals in codeword level, using the ML receivers does not need decoding information (e.g., C-RNTI etc.) of far UE signals as a result saving signaling overhead. Code-word interference cancellation (CWIC) receiver utilizes successive applications of detection, decoding, re-encoding, and cancellation [3]. 
Proposal 1: Amplitude-weighted superposition of coded and modulated signals with or without gray labeled should be studied.
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, [2]. 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 [2]
Fig. 4 shows normalized throughput regions we achieved from link level simulation, depending on UE geometry, MUST schemes and receiver types. 2x2 antenna configuration, TM2, and dynamic link adaptation are assumed in this simulation and further detail simulation assumptions can be found in the AppendixⅠ. Note that SNR 0dB, 10dB, 15dB, and 20dB correspond to about 20%, 68%, 85%, 97% tile UE geometry under full buffer macro cell deployment, which can be found in the Appendix Ⅱ. In this document, the power allocation factor is given by (power allocation factor) = (transmit power for near UE signal) / (total transmit power of eNB).
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Figure 4. Normalized throughput region

From Fig 4, we have two types of observations regarding performance and effective combinations of power allocation and MCSs, respectively.

Firstly, the results show the performance gain of MUST over OMA while considering scheduling fairness. By comparing achieved rate points on the fairness line in red, we observe 7.91% to 23.33% gain from CWIC and 5.95% to 22.61% gain from ML, depending on UE geometry. Also, we observe 0.72% to 1.96% performance gap between CWIC and ML on the fairness line and the same performance when power allocation factor is less than 0.2. The reason for the ML performance degradation in case of high power allocation factor is related to minimum distance among superposed constellation points. When near UE constellation power becomes larger than a certain value as power allocation factor increases, minimum distance among superposed constellation points starts to decrease. Furthermore, as power allocation factor increases, there comes a moment when one-bit difference among the minimum distance constellation points is not guaranteed any more even if gray label is applied as described in Fig 2.
Secondly, a proper range of the power allocation factors can be found with link simulation. In case of ML, the results show that the maximum value of the power allocation factor is around 0.3 and its performance becomes worse than OMA when power allocation factor is over this maximum value. On the other hand, a proper power allocation factor range becomes larger in CWIC case. A proper range of the MCS levels can be also found with link simulation depending on power allocation factor. We observe that QPSK is always used for far UE (0dB SNR) and when power allocation factor is 0.05, 64QAM is not used for near UE (10/15/20dB SNR). In this way, we can initially select the effective combinations of power allocation factors and MCS levels achieving MUST rate pairs over OMA rate region. Given that these effective power allocation factors and MCS levels achieve different UE fairness, some of them can be further selected based on system level gain each combination leads to.
Link simulations provide merits in a sense that we can compare the performance of MUST schemes and identify useful combinations of MCS level and power allocation factor, with exact impairments. System level simulation shows the impact of impairments on system performance but abstraction models are used, instead of exact impairments. Of course, the modelling can be validated for several cases with accuracy, but not sure for every case. In addition, given that MUST performance is quite sensitive to those impairments such as channel estimation error, EVM and so on, the performance should be also evaluated with exact impairment through link simulation not only through system simulation. In this way, system level results can be complemented by the performance results from link simulation. 
Given that we compare performances and identify effective power allocation factors and MCS levels for a few given UE geometry, more results assuming other useful environments with more impairments such as EVM seems to be needed to draw a link level conclusion.
Proposal 2: In link level simulation, rate pairs on the two users throughput region should be investigated with different MUST schemes and receiver types and with practical impairments (e.g. channel estimation and EVM, etc.).
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 results showing the normalized throughput region of MUST. 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.
Proposal 2: In link level simulation, rate pairs on the two users throughput region should be investigated with different MUST schemes and receiver types and with practical impairments (e.g. channel estimation and EVM, etc.).
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Appendix Ⅰ: 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

	UE velocity
	km/h
	3

	UE geometry
	dB
	Near UE
	10, 15, 20

	
	
	Far UE
	0

	Power allocation factor (Near UE signal power / Total transmit power)
	-
	0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.5

	Number of Tx antennas
	-
	2

	Number of Rx antennas 
	-
	2

	Channel model
	-
	LTE ETU(Extended Typical Urban)

	HARQ
	-
	ON (Max 4 re-Tx)

	Transmission mode
	-
	TM 2

	Link adaptation
	-
	Dynamic

	Cyclic prefix
	-
	Normal

	Downlink power allocation
	ρA
	dB
	3

	
	ρB
	
	3

	Channel Correlation
	-
	Uncorrelated

	Number of control OFDM symbols
	Symbol
	2

	CQI delay
	ms
	5

	Cell-specific reference signals
	-
	Antenna port 0,1


Appendix Ⅱ: Full-buffer geometry calibration for NAICS scenario-1

[image: image5.png]100

920

80

C.D.F.[%]
[ N i SN
& © © o o

N
=}

10

——NTT
| DOCOMO
—— Intel

—— Huawei

—— samsung

— LG

——— MediaTek

—— Naokia/NSN

-15 -10

-5

5
Esl/lot[dB]

10

15

20

25




Figure 5. Full-buffer geometry calibration for NAICS scenario-1 [3]
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