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1. Introduction
In RAN1#85 meeting, more non-orthogonal MA schemes are proposed and some preliminary link-level simulation results are provided. In addition, some link-level and system-level evaluation assumptions for MA were discussed and concluded [1]. 
In this contribution, we update our simulation results according to the latest LLS evaluation assumptions. And we also discuss two remaining issues on LLS for facilitating future down selection and harmonization which have not been agreed in the last meeting. 
2. Link-level simulation results
Preliminary LLS results are provided in the last 3GPP RAN1 meeting [2]. In this section, we compare the link level performance of SCMA and OFDMA according to the updated evaluation assumptions. And we also evaluate different SCMA codebooks [3] overloading 150% with per user target SE 0.2bps/Hz and 0.5bps/Hz under different frequency selective fading channel, as shown in Fig.1 and Fig.2. The major simulation parameters are listed in Table A1.
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(a) Results of total SNR v.s. BLER                                   (b) Results of total SNR v.s. sum rate
Fig.1 LLS performance curves for UL SCMA overloading 150% with total SE=1.2bps/Hz 
Observation 1: SCMA outperforms OFDMA in most of the SNR region and the demodulation threshold of SCMA at BLER=0.1 is 1.5dB and 4dB lower than OFDMA (1.5dB and 4dB SNR gain) for C43 and C84 codebook respectively with TDL-A-30ns and the given system target spectrum efficiency of 1.2 bps/Hz. 
Observation 2: With the same sparse pattern matrix (factor graph), higher modulation order (C84) has better performance benefiting from the low code rate design (C43).

Observation 3: SCMA provides better demodulation performance than OFDMA under a larger frequency selective fading channel in the low code rate case.
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(a) Results of total SNR v.s. BLER                                   (b) Results of total SNR v.s. sum rate
Fig.2 LLS performance curves for UL SCMA overloading 150% with total SE=3bps/Hz and 1.2bps/Hz 
Observation 4: The demodulation performance of SCMA becomes worse in the high code rate case with the C84 codebook. By selecting a higher modulation order and low code rate codebook, the BLER performance can be improved while without sacrificing the sum rate. 
Proposal 1: Non-orthogonal MAs demonstrate better performance for UL multiple users in link level. It is proposed to further verify the gain in system level, meanwhile consider how to specify it for at least UL multiple access in NR.
3. Remaining issues on LLS evaluation
Although most of evaluation assumptions were discussed and concluded by the RAN1 #85 meeting, some details for LLS evaluation still not be captured. And further discussion is needed to facilitate the comparison of performance results of different MA schemes.

3.1 SNR definition

In traditional point-to-point communication LLS, the SNR is defined as the average power ratio of transmitted signal to received noise of the only scheduled user on each allocated resources, where the transmitted signal is normalized to “1” in average and then noise power is generated according to SNR. But the non-orthogonal MA system is a point-to-multipoint (DL) or multipoint-to-point (UL) LLS. And different with the traditional orthogonal MA LLS, several users can be scheduled on the same time/frequency/spatial resource in the non-orthogonal MA system. Therefore, there are multiple ways to normalize the transmitted signals.

According to different normalization method of signal and noise, e.g. the normalization is based on all of multiplexing users or each user, and the normalization is based on each resource element or each MA encoding layer, various form of SNR can be defined. In Table 1, several possible SNR definitions and their relationship are shown. 
In our simulation, the SNR is defined as  
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 is assumed to be “1” on each resource element, that means the per-user signal power on each resource element is 
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 is the ith row weight (the freedom degree) in a codebook. And the noise power 
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.  This method corresponds to the first column of table 1.
However, some other SNR definition may exist. For example, the power of each user, instead of total power, can be normalized on each RE, which corresponds to the second column of table 1. It is also possible to normalize power on each MA codebook layer instead of each RE, which corresponds to the third and fourth column of table 1.
Typical way of noise generation is aligned with signal power normalization method, which corresponds to the diagonal elements of table 1. However, it is also possible to use noise generation method that is different from signal power normalization method, which corresponds to the non-diagonal elements of table 1.
Table 1: Possible SNR definitions used for non-orthogonal MA LLS evaluation
	
	Tx Signal Power

	
	Total tx signal power is normalized to “1” on each RE
	Each user tx signal power is normalized to “1” on each RE
	Total tx signal power is normalized to “1” on each layer
	Each user tx signal power is normalized to “1” on each layer

	Noise Power
	Based on superposed  Tx signals is normalized to “1” on each RE
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 EMBED Equation.DSMT4  [image: image11.wmf]1

RE

total

S

=


	
[image: image12.wmf], 

/

RERERE

usertotalusertotal

SN

g

=
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	Based on each user tx signal power is normalized to “1” on each RE
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	Based on superposed  Tx signals is normalized to “1” on each layer
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	Based on each user tx signal power is normalized to “1” on each layer
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	Relationship
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NOTE1:  J is the number of separate MA encoding layers. N is the column weight (the number of non-zero elements) of each MA codebook. And considering the non-uniform column weight case, N can be presented as
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 is the freedom degree. Take the (4, 6) SCMA codebook as an example, at this time 
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. K is the number of resource, e.g. K = 4.
As listed in Table 1, there are so many various SNR definitions in the non-orthogonal MA system. Although some of definitions maybe not fair and reasonable when considering a comparison among different MA schemes, it is better to align SNR definition among companies for a fair comparison
Proposal 2: It is preferred to study a common SNR definition which can be used for fair comparison not only between orthogonal MA and non-orthogonal MA scheme, but also among different non-orthogonal MA schemes.
3.2 Resource mapping mode
In the latest LLS evaluation assumptions, the number of allocated bandwidth is concluded. But the allocated mode of bandwidth and minimum granularity does not addressed, such as localized or distributed, one sub-carrier or one PRB. These details may have great influence on the MA performance based on our study. The LLS results based on above two resource mapping modes are depicted in Fig.3.
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Fig.3 LLS performance with different resource mapping mode
Proposal 3: The specific resource mapping mode and minimum granularity may have significant impact to the LLS performance of non-orthogonal MA that depend on the allocated bandwidth and channel fading characteristic. The details should be aligned for LLS comparison and optimized schemes which can select or adjust according to different scenarios should be studied.
4. Conclusions
In this contribution, we present the updated LLS evaluation results including the OFDMA and different SCMA codebooks according to the latest simulation assumptions. In addition, two remaining issues for future LLS performance comparison have been addressed. Based on the above link-level evaluation and analysis, we would like to put forward the following observations and proposals:
 Observation 1: SCMA outperforms OFDMA in most of the SNR region and the demodulation threshold of SCMA at BLER=0.1 is 1.5dB and 4dB lower than OFDMA (1.5dB and 4dB SNR gain) for C43 and C84 codebook respectively with TDL-A-30ns and the given system target spectrum efficiency of 1.2 bps/Hz. 
Observation 2: With the same sparse pattern matrix (factor graph), higher modulation order (C84) has better performance benefiting from the low code rate design (C43).

Observation 3: SCMA provides better demodulation performance than OFDMA under a larger frequency selective fading channel in the low code rate case.
Observation 4: The demodulation performance of SCMA becomes worse in the high code rate case with the C84 codebook. By selecting a higher modulation order and low code rate codebook, the BLER performance can be improved while without sacrificing the sum rate.

Proposal 1: Non-orthogonal MAs demonstrate better performance for UL multiple users in link level. It is proposed to further verify the gain in system level, meanwhile consider how to specify it for at least UL multiple access in NR.

Proposal 2: It is preferred to study a common SNR definition which can be used for fair comparison not only between orthogonal MA and non-orthogonal MA scheme, but also among different non-orthogonal MA schemes.

Proposal 3: The specific resource mapping mode and minimum granularity may have significant impact to the LLS performance of non-orthogonal MA that depend on the allocated bandwidth and channel fading characteristic. The details should be aligned for LLS comparison and optimized schemes which can select or adjust according to different scenarios should be studied.
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6. Annex: Simulation parameters
Table A1: LLS Evaluation assumptions 
	Parameters
	Values or assumptions

	Transmission Mode
	Uplink

	Carrier Frequency
	2 GHz

	Waveform
	OFDM

	Numerology & Frame Structure
	2 DMRS symbols per TTI, so in total 144 REs/PRB

	Bandwidth
	LTE: 2 PRBs for 1 user;  
SCMA: continuous 12PRBs for 6 users, 1 RE minimum granularity

	Antenna Configuration
	UE 1 Tx, BS 2 Rx (SIMO)

	Channel Model
	TDL-A: 30ns; TDL-C: 300ns; 3km/h 

	Target Spectral Efficiency
	1.5bits/tone (0.2bps/Hz/user), 3.75bps/tone(0.5bps/Hz/user)

	Modulation and Coding
	LTE: QPSK: 3/4,   16QAM:3/8, 15/16
SCMA: C43: 1/2 ,   C84: 1/3, 5/6

	Src size
	LTE: 408+24=432bits/user

	Layer distribution
	1 layer per user (6 users total)

	Receiver
	LTE: MMSE Equalization + soft demodulation
SCMA: Turbo + MPA (in-iter: 5; out-iter: 3)

	Channel Estimation
	Ideal

	HARQ
	No

	Tx power
	0.6667W/user(1W/resource)

	Noise power
	Based on superposed signal(1W)


~ 4.0dB





~ 1.5dB





~ 8.0dB
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