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Introduction
In RAN1 #86 meetings [1], it was agreed that

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Conclusion:
· Target the following in RAN1#86bis:
· Summary of preliminary LLS comparisons 
· Summary of preliminary SLS comparisons 

There were several email discussion related to NR MA evaluation after RAN1#86 meeting, including [86-15~86-17] and [86-22~86-25]. Throughout those, there are updates for the UL SLS evaluation assumptions as listed in Appendix A.
In this contribution, we continue our study on the system performance of a spreading based non-orthogonal multiple access schemes (i.e. SCMA) following the methodology introduced in [3]. UL DMRS overhead and realistic channel estimation in addition to idea channel estimation is considered for simulation. And such non-orthogonal multiple access scheme is compared with CP-OFDMA based multiple access scheme, both with grant-free contention based transmissions. Study shows the gains of the non-orthogonal spreading-based multiple access over OFDMA, especially in overloaded traffic environments such as mMTC service scenarios.   
Evaluation Assumptions
In RAN1 #86 meeting [1], some agreements are made for PHY abstraction scheme of UL MA scheme with ML-type receiver. Verified in [2], the PHY abstraction scheme [3] has been shown accurate enough to be used in the system level simulation.
The baseline is CP-OFDMA (without spreading) whereby a user with packet size of 40 bytes will randomly choose one of the 6RBs for grant-free transmissions in the uplink. Depending on the system traffic loading in mMTC service scenarios, there is a good chance that two or more users may choose a same RB resource for their packet transmissions in a same time slot when the system loading increases, leading to multi-user signal collisions.  As a baseline, we employ LTE-like receiver, MMSE-IRC, for the signal detection at eNB. On the other hand, SCMA is codebook based NoMA and adopts ML-type receiver at the eNB for effective blind multi-user detection in the grant-free transmissions. For both CP-OFDMA, MCS with TB size 20 bytes is chosen. Then, each packet applies segmentation and needs two transmissions to finish it. For SCMA, MCS is chosen such that 40 bytes can be transmitted in 1TTi using all the 6RB bandwidth. The signal collision means MA signature collision of codebooks.
Other assumptions include 15 kHz subcarrier spacing with 1ms sub-frame structure; the fractional power control while keeping the transmit power usage per user the same between the two schemes; other evaluation assumptions can be found in appendix B. 
SLS Performance Evaluation
[bookmark: OLE_LINK175]In the evaluation, by varying the system traffic loading (packet arrival rate, PAR) in the simulations, we evaluate the system outage, defined here as system packet drop rate (PDR); a user packet will be dropped, if, for example in this evaluation, the packet transmissions failed after the retransmissions exceed a certain time limit. Finally, we will check and compare the performance at given system outage points, e.g., @PDR 1% of interest.    
With ideal channel estimation and the signature collision, we provide SLS results below based on system level simulation.  Figure 1 illustrates the performance of SCMA and OFDMA for grant-free contention based transmission, where it shows the system outage (PDR) vs PAR for receive antenna configurations of 1 Tx and 2 Rx.
         
Figure 1 SCMA and OFDMA SLS performance with ideal channel estimation
In Figure 1, a maximum repetition of 32 is applied to some cell edge users with severe coupling loss, and no repetition to the other users. It is observed that SCMA has shown the significant performance enhancement over the OFDMA baseline. Specifically, @PDR 1% point of interest in terms of supported system loading, SCMA has demonstrated 350% gain over the OFDMA baseline (or about 3.5 times of OFDMA capability) in 1Tx/2Rx case.

The SLS results have shown that a spreading based non-orthogonal multiple access such as SCMA is able to achieve significant gains over OFDMA under different traffic loading scenarios in the grant-free transmission framework. These gains have also been illustrated from the link level simulation performance in [4]. 

Observation 1:  Under the grant-free transmission and evaluation assumptions, SCMA can achieve substantial system traffic loading over OFDMA baseline
· ~ 3.5 times overloading @PDR 1% in the mMTC scenario with realistic channel estimation

Conclusions:
In this contribution, we provided further SLS results of spreading based non orthogonal multiple access with grant-free contention based transmissions. The study considers the mMTC scenarios.  These results are compared with grant free CP-OFDMA. The results showed promising and significant gains of non orthogonal multiple access with grant free transmissions in terms of supported PAR versus Packet Drop Rate. We have the following observation based on our assumptions.
Observation 1:  Under the grant-free transmission and evaluation assumptions, SCMA can achieve substantial system traffic loading over OFDMA baseline
· ~ 3.5 times overloading @PDR 1% in the mMTC scenario with realistic channel estimation
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Appendix A: SLS related assumptions (agreements)
	Table A1. SLS parameters for UL mMTC scenario in urban coverage for massive connectionAttributes  
	Values or assumptions  

	Layout  
	Single layer - Macro layer: Hex. Grid  

	Inter-BS distance  
	1732m  

	Carrier frequency  
	700MHz  

	Simulation bandwidth  
	Companies report simulation bandwidth used in evaluation  

	Channel model  
	3D Uma. Take 5GCM output into account if applicable.  

	Tx power  
	UE: Max 23dBm or optional 10dBm 

	BS antenna configuration  
	Rx: 2 and 4 ports (8 as optional)  

	BS antenna pattern  
	Follow the modeling of TR36.873  

	BS antenna height  
	25m 

	BS antenna tilt  
	Companies report tilt  

	BS antenna element gain + connector loss  
	8 dBi, including 3dB cable loss  

	BS receiver noise figure  
	5 dB  

	UE antenna elements  
	1Tx 

	UE antenna height  
	1.5m  

	UE antenna gain  
	-4dBi  

	Traffic model  
	Non-full buffer small packet. Consider future trend of mMTC traffic  

	UE distribution  
	20% of users are outdoor in cars (100km/h) or 20% of users are outdoors (3km/h) 

	
	80% of users are indoor (3km/h)  

	
	Users dropped uniformly in entire cell  

	BS receiver  
	MMSE-IRC as baseline, Advanced receiver is not precluded 

	UL power control  
	Companies report power control scheme  

	Channel estimation 
	Realistic 

	Notes: The same table is also agreed to be used for general assumption for mMTC for UL
Additionally, it was agreed to additionally define the minimum packet size is [20] bytes 
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	Attributes
	Values or assumptions

	Data packet arrival rate per UE 
	Poisson arrival with arrival rate  λ 

	Number of UEs per cell 
	Companies report the number of UEs per cell  

	Packet size 
	•  Option 1: Follow TR45.820 

	
	•  Option 2: Fix 40 Bytes 

	
	Companies report the option used, but are encouraged to evaluate both options. Decide on which option(s) is used to draw the conclusion of MA at RAN1#86bis meeting. Companies report details on packet segmentation assumption.

	Simulation Bandwidth  
	Companies report the simulation bandwidth

	Target packet drop rate 
	0.01
•  Packet drop rate = (Number of packet in outage) / (number of generated packets), where a packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer” 

	
	•  Companies report HARQ/retransmission assumption. 

	
	•  Companies are encouraged to provide CDF of packet drop rate per UE. 

	Packet dropping timer 
	Baseline: 1s, 10s 

	
	Other values are not precluded. 

	For the SLS evaluation for grant-free UL MA applied to mMTC, 
− Companies report 
     •  packet drop rate vs. packet arrival rate per cell curve
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Table B1. Assumptions for system level simulation of OFDMA and SCMA
	Attributes
	Values or assumptions

	Simulation bandwidth
	6RB

	Tx power
	UE: Max 23dBm

	BS antenna configuration
	Rx  2

	BS antenna pattern
	Follow the modeling of TR36.873, 
(M,N,P,Mg,Ng) = (10,2/4,2,1,1) 2 TXRU, one TXRU maps to one antenna element

	BS antenna tilt
	2 degree

	Traffic model
	Non-full buffer  traffic, 
packet size=fixed 40 bytes


	Number of UEs per cell 
	20 UEs per cell  

	Packet dropping timer
	1s

	HARQ/Repetition
	maximum repetition of 32

	UE distribution
	Follow TR36.873, i.e. to use multiple floors
20% of users are outdoors (3km/h)
80% of users are indoor (3km/h)
Users dropped uniformly in entire cell

	BS receiver
	OFDMA: MMSE-IRC;  SCMA: MPA

	UL power control
	P0: -90dBm
alpha:0.9

	Channel estimation
	[bookmark: _GoBack]Ideal



SCMA vs OFDMA, 1Tx/2Rx
OFDMA	4	2	1	0.5	0.25	0.2	0.1	0.3939300000000005	8.2220000000000043E-2	1.5420000000000012E-2	8.7300000000000069E-3	8.3500000000000258E-3	SCMA	4	2	1	0.5	0.25	0.2	0.1	3.7737840000000092E-2	8.2763940000000046E-3	6.5802860000000107E-3	PAR [arrivals/ms/sector]

PDR[%]




