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Introduction
In RAN1#84bis meetings [1], it was agreed that

· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases 

In [2], sparse coded multiple access (SCMA) has been proposed as a multiple access scheme for NR. In [3], SL simulation assumptions for MA in some eMBB scenarios have been agreed. In this contribution, we provide some SL evaluation results for DL SCMA in the eMBB scenario. We consider both full buffer and non-full buffer traffic. For full buffer traffic, open-loop (OL)-MIMO is used where we show significant throughput gain of multi-user SCMA (MU-SCMA) over OFDMA. In non-full buffer scenario, we highlight benefits of interference whitening provided by SCMA for DL small packet transmission. 
Motivation
In lightly loaded non-full buffer traffic scenario, some of the RBGs in an OFDMA system are not scheduled due to the limited buffer at the time of scheduling. This is illustrated in Figure 1. Thus, high power fluctuation exists which causes a high fluctuation of interferences. This is especially true for small packet transmission. By “small packets” here we mean packets that do not need full bandwidth to be transmitted in one TTI. When the exact knowledge of the interference is only partially known, there is a significant penalty in system performance, as shown in Figure 2.  With SCMA, due to the multiple-layer design, SCMA can split layers/power and be spread over a larger bandwidth, thus whiten the interference of the network and improve the link-adaptation.  In addition, SCMA can use less total power than OFDMA by spreading over larger bandwidth to achieve the same BLER performance, thus further reduce interference to neighboring cells. 
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[bookmark: _Ref458735162]Figure 1: Sketch of SCMA spreading for interference whitening
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[bookmark: _Ref458604324]Figure 2: Performance penalty of knowing only partial knowledge of colored interference 

[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Observation 1: For small packet non-full buffer scenario, colored interferences occur over frequency bands, and there is performance penalty if the perfect knowledge of colored interference is not known.   
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Proposal 1:  For the evaluation of multiple access schemes, performance impact of colored interference for small packets in DL eMBB scenario should be studied.

Simulation methodology and assumptions
Full buffer transmission
The MU pairing algorithm for MU-SCMA is to pair multiple users in the code/power domain similar to MUST scheme [4] where the target is to maximize the weighted sum-rate.  For each RBG, maximum two users can be paired.  The near UE uses ideal code-word level interference cancellation (CWIC) receiver to cancel the interference of the far UE, then it decodes its own information.  The far UE decodes its own information by treating the near UE as interference. For baseline OFDMA, MMSE-IRC receiver is used. 
Non-full buffer transmission
In non-full buffer scenario, using measurement of past transmissions is not accurate as some TPs are not scheduled to transmit in some frequency resources. Therefore, feedback measurement can be based on estimated interference averaged over time to minimize the inaccuracy of feedback.  Single-user SCMA is utilized where the number of layers and power are adjusted to be spread over a larger bandwidth, creating a whiter interference. Note that the benefit from MU pairing is small in lightly loaded scenario. 
Performance modelling for colored-interference
With the nature of non-full buffer scheduling in non-full traffic, the OFDMA interference to neighboring cell shows a random on-off pattern which causing a severe colored interference across frequency bands.  A model is proposed to capture the performance penalty, quantitatively defined by a signal to interference plus noise ratio (SINR) penalty at a target block error rate (BLER) performance by assuming that only average power, rather than the perfect knowledge of colored interference is known at the receiver. LL simulator is used to obtain such SINR penalty for various MCSs and different severities of colored interferences. The severity of colored interference depends on the fluctuation levels of interference power. In system level simulation, a metric  is calculated based on the variation of the interference power over different frequency bands. Then, the SINR penalty associated with and MCS provided by LL study is applied on the post-processing (PP)-SINR before decoding. 
The above is one way for modeling the performance gain towards colored interference when SCMA is applied. To encourage sufficient study for this issue, we have
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Proposal 2: The effect of interference whitening of multiple access schemes should be evaluated with appropriate modeling of performance penalty. 

Simulation assumptions 
We consider dense urban for full buffer simulation and non-full buffer simulation. OL-MIMO is considered as it is more robust to feedback inaccuracies. For non-full buffer simulation, the packet size of 6k bits is used for simulation assuming a 10MHz system bandwidth. A similar conclusion can be drawn for larger packet size when a larger system bandwidth is used. The detailed configuration is shown in the Appendix. 

Preliminary system level simulation results
Full buffer simulation results
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Figure 3 shows the TRP spectral efficiency (throughput) and 5%ile user spectral efficiency (coverage) gain of MU-SCMA over OFDMA in full buffer under dense urban (macro-only) scenario. Both wide-band scheduling (WB) and sub-band scheduling (SB) are considered. It can be seen that MU-SCMA can offer 24% to 32% gain over the baseline OFDMA.
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Observation 2: SCMA provides significant spectral efficiency gain (24% to 32%) over OFDMA in full buffer traffic.


Figure 3:  Performance gain of MU-SCMA over OFDMA in full buffer

Non-full buffer simulation results
Figure 4 shows the CDF of user perceived throughput (UPT) of SCMA and OFDMA. The packet arrival rate is 480 packets/TRP/second. Figure 5 illustrates the different percentile UPT performance gain of SCMA over OFDMA at different loads, with packet arrival rates of 480, 795, 1260 packets/cell/second, which gives resource utilization (RU)s close to 25%, 50% and 80%, respectively.  It is shown that a significant improvement on UPT can be observed for SCMA over OFDMA. At ~25% RU, the gain of 5%ile UPT is 35%.  This attributes to a whiter interference as well as using less total power for SCMA. At higher load, the gain of SCMA over OFDMA can still be observed, but it is lower than in low loads. This is because in higher load, OFDMA has less interference fluctuation over different frequency bands and the benefits of SCMA from interference whitening become smaller. 
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Observation 3: SCMA provides significant gain over OFDMA in terms of user perceived throughput for small packet transmission in non-full buffer traffic. 
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[bookmark: _Ref458602463]Figure 4: CDF of UPT of SCMA vs OFDMA, RU~25%


Figure 5: UPT performance of SCMA vs OFDMA at different loads

Conclusions
In this contribution, we provide some SL evaluation results for SCMA in the DL eMBB scenarios.  The following observations can be drawn:
Observation 1: For small packet non-full buffer scenario, colored interferences occur over frequency bands, and there is performance penalty if the perfect knowledge of colored interference is not known.  
Observation 2: SCMA provides significant spectral efficiency gain (24% to 32%) over OFDMA in full buffer traffic.
Observation 3: SCMA provides significant gain over OFDMA in terms of user perceived throughput for small packet transmission in non-full buffer traffic. 

In addition to the above observations, to encourage further comparisons of simulation results from companies, we propose the followings to be agreed:
Proposal 1:  For the evaluation of multiple access schemes, performance impact of colored interference for small packets in DL eMBB scenario should be studied.
Proposal 2: The effect of interference whitening of multiple access schemes should be evaluated with appropriate modeling of performance penalty. 
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Appendix: Simulation assumptions

Table 2: Simulation assumptions 
	Attributes
	Values or assumptions

	
	Dense Urban (Macro Only)

	Carrier frequency
	4 GHz

	ISD
	200m

	BS antenna height
	25 m

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8,2,2,1,1), X-pol (+/-45), 0.5λ H and 0.8λ V, θetilt = 102 degrees

	BS port mapping
	(Mtxru, N, P, Mg, Ng) = (1,2,2,1,1), the mapping matrix following TR36.873 Table 7.1-1

	Max Tx Power
	44dBm

	UE distribution
	According to Table 6-1 in TR36.873, 80% indoor (3km/h), 20% outdoor (30km/h)
Full buffer: uniform 10 UE/sector

	Traffic Model
	FTP 3, full buffer

	Packet size
	6000 bits

	Traffic load (Resource utilization)
	25%, 50%, 80%

	Transmission scheme
	4x2 Transmit diversity

	Scheduler
	Proportional Fair scheduling, Sub-band (5RBs per RBG) for non-full buffer, Wideband and Subband for full buffer

	Layout
	Hexagonal grid, 19 sites, 3 sector/site

	System bandwidth
	10MHz (50RBs)

	Channel model
	3D UMa

	UE antenna configurations
	2Rx X-pol (0/+90)

	UE receiver noise figure
	9 dB

	UE attachment
	Based on RSRP (formula) from CRS port 0

	Wrapping method
	Geographical distance based

	Handover margin (for calibration)
	0 dB

	Feedback
	CQI reporting every 5ms 

	HARQ scheme
	IR with up to 3 retransmissions

	OLLA
	Enabled with 10% BLER target for first transmission

	Receiver
	MU-SCMA near UE: CWIC+MMSE-MPA   far UE: MMSE-MPA,
OFDMA: MMSE-IRC




UPT performance of SCMA vs OFDMA at different loads
5%ile TP Gain	
RU~25%	RU~50%	RU~80%	0.3500000000000002	0.26	0.2	10%ile TP Gain	
RU~25%	RU~50%	RU~80%	0.2900000000000002	0.2100000000000001	0.1800000000000001	



MU-SCMA vs OFDMA gain in dense urban (macro-only) scenario
Throughput Gain	
WB	SB	0.32000000000000056	0.24000000000000021	Coverage Gain	
WB	SB	0.30000000000000032	0.29000000000000031	
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