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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#84bis, the evaluation metrics for multiple access evaluation were discussed and the following has been agreed [1]:
· For LLS, consider the following as evaluation metrics
· General
· BLER vs SNR reported for UL and DL calibration 
· BS and UE receiver complexity reported
· DL:
· Sum rate region
· Optional: Sum normalized user throughput (normalized by throughput in orthogonal case); Sum throughput with minimum throughput constraint for some users
In [2], we proposed a sparse code multiple access (SCMA) method for further studies and considerations for the NR. In this contribution, some preliminary LLS studies for the downlink are presented. 
  
[bookmark: _Ref129681832]Simulation Setup
In RAN1#84bis, the evaluation parameters of LLS for DL are agreed by email discussion [3], shown in the first two columns in Table 1. Parameters used in our simulation are described in the corresponding third column.

Table 1 Evaluation parameters – LLS for DL
	Parameters 
	Values or assumptions 
	Parameters for this paper

	Carrier Frequency 
	2 GHz 
	  2 GHz

	Waveform 
	OFDM /SC-FDMA 
Other waveform is not precluded 
	  OFDM

	Channel coding
	LTE Turbo as starting point, other coding schemes are not precluded
	LTE Turbo

	Numerology 
	Same as Release 13 
	  Same as Release 13

	System Bandwidth 
	10 MHz 
	  10 MHz

	Total allocated bandwidth for transmission
	Companies need to report this value.
	  12 RBs

	Overhead
	2 PDCCH symbols, 2 CRS ports for TM2 , i.e., 132 REs per RB for data transmission, or equivalent overhead
	  132 REs per RB for data transmission

	Target spectral efficiency 
	Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed 
	  

	BS antenna configuration 
	2/4 Tx as baseline 
8Tx optional 
	  2 Tx

	UE antenna configuration 
	2 Rx 
	  2 Rx

	Transmission mode 
	TM2 as start point (refer to TS36.213) 
	  TM2

	SNR distribution of Multiple UEs 
	Fixed gap {0, 5, 10, 15, 20} dB between UEs
	  {10, 15, 20} dB

	Number of UEs
	2 UEs as start point
	  2, 3

	SNR of the reference UE 
	0dB  (The SNR of the other UE would be 0, 5, 10, 15, or 20dB)
	  0dB, 5dB, 10dB

	Power allocation between UEs
	Dynamic
	  Dynamic

	Propagation channel & UE velocity 
	CDL for in TR38.900 as mandatory 
EPA, EVA, ETU as optional 
3km/h, 30km/h, 120km/h 
	  EPA, ETU, 3km/h

	Max number of HARQ transmission 
	1, 4 
	1

	Given BLER level (to calculate sum rate region)
	0.1 for 1 transmission as starting point 
	  BLER can be higher than 0.1


 
SNR Distribution and Power Allocation
With sparse spreading in the DL, multiple UEs are multiplexed in a non-orthogonal way and each UE occupies the whole transmit bandwidth. In this paper, two scenarios with different number of UEs are studied. In scenario 1, two UEs, denoted by UE1 and UE2, are multiplexed. The SNR distribution of the two UEs [SNR_UE1, SNR_UE2] is set to be [0, 10], [10, 20], [5, 15] and [0, 20] dB. In scenario 2, three UEs, denoted by UE1, UE2 and UE3, are multiplexed. The SNR distribution of the three UEs [SNR_UE1, SNR_UE2, SNR_UE3] is set to be [0, 0, 10] and [0, 0, 20] dB. 
Proper power allocation among the UEs is required to optimize the overall performance. In scenario 1 of this paper, the power ratios of (P_UE1, P_UE2) are set to be (1.0, 0.0), (0.95, 0.05), (0.90, 0.10), (0.80, 0.20), (0.70, 0.30), (0.60, 0.40), (0.50, 0.50) and (0.0, 1.0). When the power ratio of one UE is 1.0, it means all the transmit power is allocated to this UE and the other UE doesn’t transmit any signal. In this case, two-UE scenario falls back to single-UE scenario.

Evaluation Metrics
In the simulation of this paper, both rate region and sum throughput are used as the evaluation metrics. For scenario 1 in which two UEs are multiplexed, rate region is used to show the performance of OFDMA and SCMA. The vertexes of the rate region are the throughput pairs of two UEs under different power allocation schemes. As only limited power ratios are considered, these rate regions can be considered as preliminary results. Further studies with different power ratios would be needed. For scenario 2 in which three UEs are multiplexed, sum throughput with minimum throughput constraint for either the center or edge users is used to show the performance of OFDMA and SCMA.

Other Parameters
In the simulation, the BS antenna configuration is 2Tx, the UE antenna configuration is 2Rx, and the transmission mode is TM2. The transmit bandwidth is 12 RBs. The channel models we used are EPA and ETU, and the mobility is 3 km/h. For OFDMA, the modulation and TBS table 2 defined in [4] is used, and for each UE, the Modulation and Coding Scheme (MCS) level with highest SE is chosen without the restriction of BLER<0.1. Retransmission is not supported in the simulation. 

Simulation Results
Scenario 1 with two UEs multiplexed
In this scenario, two UEs with SNR gap are multiplexed in a non-orthogonal way with different power ratios for SCMA. For OFDMA, single UE with several SNRs is simulated. Figure 1 to Figure 4 show the rate regions of OFDMA and SCMA when SNR distribution of the two UEs is [0 20], [5, 15], [10 20] and [0 10] dB in ETU channel, respectively. Figure 5 shows the rate regions of OFDMA and SCMA in EPA channel. In all of the figures, the green circles represent the throughput of single UE in OFDMA, and the green dashed line is the bound of the rate region of OFDMA by resource sharing. The red circles represent the throughput pairs of two UEs in SCMA under different power allocation schemes, and the red curve is the bound of the rate region of SCMA by power allocation and resource sharing.
As shown in Figure 1, SCMA has much larger rate region than OFDMA in ETU channel when SNR distribution is [0 20] dB. For the single-UE case when all the transmit power is allocated to one of the two UEs (this corresponds to the circles on the x-axis and y-axis), simulation results show that SCMA can provide 3.3% throughput gain for UE1 when SNR is 0dB and 6.8% throughput gain for UE2 when SNR is 20dB. This is attributed to the SCMA codebook design, which provides gain relative to the QAM modulation.
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Figure 1. Rate region of two UE scenario in ETU channel (SNR of UE1=0dB, SNR of UE2=20dB)

For the two-UE case when the transmit power as well as other resources such as bandwidth are shared by the two UEs through scheduling, SCMA can provide much more gain over OFDMA. Assume that scheduling scheme of round-robin is used for OFDMA, i.e., the resources are equally allocated to the two UEs, the throughput of UE1 and UE2 can be represented by the coordinates of the black circle in Figure 1. Then if the throughput of UE1 is kept the same, the throughput of UE2 can be improved by 68% with SCMA, and if the throughput of UE2 is kept the same, the throughput of UE1 can be improved by 81% with SCMA. The throughput gain comes from the non-orthogonal UE multiplexing and the SCMA codebook design. There are also many other scheduling schemes, e.g., maximum sum rate, maximum minimum rate, and so, on. If another scheduling scheme is applied, the throughput gain of SCMA over OFDMA could be different and needs to be re-evaluated.
Figure 2 shows the rate regions of OFDMA and SCMA in ETU channel when SNR distribution is [5 20] dB. As can be seen from the figure, for the single-UE case, SCMA can provide 3.4% and 6.8% throughput gain over OFDMA when the SNR is 5dB and 20dB, respectively. For the two-UE case with round-robin scheduling scheme, SCMA can provide 63% throughput gain to UE2 if the throughput of UE1 is kept the same, and 69% throughput gain to UE1 if the throughput of UE2 is kept the same. 
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Figure 2. Rate region of two UE scenario in ETU channel (SNR of UE1=5dB, SNR of UE2=20dB)

Figure 3 shows the rate regions of OFDMA and SCMA in ETU channel when SNR distribution is [10 20] dB. For the single-UE case, SCMA can provide 4.2% and 6.8% throughput gain over OFDMA when the SNR is 10dB and 20dB, respectively. For the two-UE case with round-robin scheduling scheme, SCMA can provide 47% throughput gain to UE2 if the throughput of UE1 is kept the same, and 58% throughput gain to UE1 if the throughput of UE2 is kept the same. 
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Figure 3. Rate region of two UE scenario in ETU channel (SNR of UE1=10dB, SNR of UE2=20dB) 

Figure 4 shows the rate regions of OFDMA and SCMA in ETU channel when SNR distribution is [0 10] dB. For the single-UE case, SCMA can provide 3.3% and 4.2% throughput gain over OFDMA when the SNR is 0dB and 10dB, respectively. For the two-UE case with round-robin scheduling scheme, SCMA can provide 35% throughput gain to UE2 if the throughput of UE1 is kept the same, and 40% throughput gain to UE1 if the throughput of UE2 is kept the same. 
 (
35
%
) (
40
%
)[image: ]
Figure 4. Rate region of two UE scenario in ETU channel (SNR of UE1=0dB, SNR of UE2=10dB)

Figure 5 shows the rate regions of OFDMA and SCMA in EPA channel. The results are quite similar as in Figure 1 to Figure 4. SCMA shows a much larger rate region and provides throughput gain over OFDMA in either the single-UE case or the two-UE case.
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(a) SNR of UE1=5dB, SNR of UE2=20dB              (b) SNR of UE1=10dB, SNR of UE2=20dB
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(b) SNR of UE1=0dB, SNR of UE2=20dB 	 	  	(c) SNR of UE1=0dB, SNR of UE2=10dB
Figure 5. Rate region of two UE scenario in EPA channel

From the LLS results of two-UE scenario, the following are observed:
Observation 1: In the downlink, SCMA has much larger rate region than OFDMA.
Observation 2: SCMA can provide throughput gain over OFDMA in either single-UE case or two-UE case.

Scenario 2 with three UEs multiplexed
In this scenario, three UEs with SNR distribution of [0, 0, 10] and [0, 0, 20] dB are multiplexed. Sum throughput with minimum throughput constraint for either edge or center UEs is used as the evaluation metric. As shown in Figure 6, for OFDMA, the total transmit bandwidth is equally allocated to the UEs, i.e., each UE occupies 4RBs. For SCMA, the UEs are multiplexed in a non-orthogonal way with proper power allocation.  


Figure 6. Resource allocation of OFDMA and SCMA in scenario 2

[bookmark: _GoBack]Simulation results are summarized in Table 2 and Table 2. It can be seen from the results that with SCMA, the sum throughput of the three UEs can be improved by around 30% to 103% compared to OFDMA with minimum throughput constraint for edge UEs (UE1 and UE2), depending on the SNR gap and the channel type; and its counterparts in the case of minimum throughput constraint for center UE (UE3) varies from 10% to 15%.

Table 2.  Simulation results for scenario 2 in ETU channel
	ETU Channel

	[0, 0, 10]
	OFDMA

	
	Thp of UE1
	Thp of  UE2
	Thp of UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	399
	399
	1309
	2107
	-

	
	SCMA with minimum throughput constraint for edge users (UE1 and UE2)

	
	Thp of UE1
	Thp of  UE2
	Thp of UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	407
	411
	2334
	2152
	50%

	
	SCMA with minimum throughput constraint for center user (UE3)

	
	Thp of UE1
	Thp of  UE2
	Thp of UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	552
	552
	1326
	2430
	15%

	[0, 0, 20]
	OFDMA

	
	Thp of  UE1
	Thp of  UE2
	Thp of  UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	399
	399
	2544
	3342
	-

	
	SCMA with minimum throughput constraint for edge users (UE1 and UE2)

	
	Thp of  UE1
	Thp of  UE2
	Thp of  UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	411
	411
	5960
	6782
	103%

	
	SCMA with minimum throughput constraint for center user (UE3)

	
	Thp of  UE1
	Thp of  UE2
	Thp of  UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	621
	617
	2613
	3851
	15%



Table 3. Simulation results for scenario 2 in EPA channel
	EPA Channel

	[0, 0, 10]
	OFDMA

	
	Thp of UE1
	Thp of  UE2
	Thp of UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	393
	393
	1278
	2064
	-

	
	SCMA with minimum throughput constraint for edge users (UE1 and UE2)

	
	Thp of UE1
	Thp of  UE2
	Thp of UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	397
	396
	1881
	2674
	30%

	
	SCMA with minimum throughput constraint for center user (UE3)

	
	Thp of UE1
	Thp of  UE2
	Thp of UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	477
	480
	1308
	2265
	10%

	[0, 0, 20]
	OFDMA

	
	Thp of  UE1
	Thp of  UE2
	Thp of  UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	393
	393
	2681
	3467
	-

	
	SCMA with minimum throughput constraint for edge users (UE1 and UE2)

	
	Thp of  UE1
	Thp of  UE2
	Thp of  UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	397
	398
	5374
	6169
	78%

	
	SCMA with minimum throughput constraint for center user (UE3)

	
	Thp of  UE1
	Thp of  UE2
	Thp of  UE3
	Sum Thp
	Gain of SCMA over OFDMA

	
	551
	553
	2728
	3832
	11%



From the LLS results of three-UE scenario, the following is observed:
Observation 3: SCMA can also provide throughput gain over OFDMA in three-UE case even when two of the users have the same SNR condition.

Conclusions
From the above LLS results, the following are observed:
Observation 1: In the downlink, SCMA has much larger rate region than OFDMA.
Observation 2: SCMA can provide throughput gain over OFDMA in either single-UE case or two-UE case.
Observation 3: SCMA can also provide throughput gain over OFDMA in three-UE case even when two of the users have the same SNR condition.
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