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Introduction
In RAN1 #85 meetings [1], it was agreed that
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics.
· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB
· Multiple UEs can share the same time and frequency resources
· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied.
· Collision of  time/frequency resources from different UEs, solutions potentially including 
E.g., code, sequence, interleaver pattern
In this contribution, the system performance of a spreading based non-orthogonal multiple access schemes (i.e. SCMA) is studied following the methodology introduced in [2], and compared with OFDMA based multiple access scheme, both with grant-free contention based transmissions. This study shows the gains of non-orthogonal spreading-based multiple access especially in overloaded traffic environments such as mMTC service scenarios. 
  
Evaluation Assumptions
In RAN1 #85 meeting [1], the principal evaluation assumptions for mMTC scenarios were agreed; however, many system level evaluation details are still not yet determined (and to be FFS). For example, the link-system mapping methodology such as PHY abstraction scheme and the baseline system(s) are not clearly defined yet so far. As a result, this system level performance evaluation is preliminary based on a more commonly used PHY abstraction scheme [2] and will employ LTE-like OFDMA based scheme as a reference system [2][4]. 
In this study of grant-free transmission, a radio frequency resource of 4RB is reserved for the control/data transmissions in any time slots (e.g., LTE transmission time slots).  The baseline is OFDMA (without spreading) whereby a user with 20 bytes of data will randomly choose one of the 4RBs 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. Spreading-based non-orthogonal multiple accesses, is codebook based and adopts advanced receiver at the eNB for effective blind multi-user detection of the grant-free transmissions. 
Other assumptions include 15 kHz subcarrier spacing with 1ms sub-frame structure, and fractional power control and keeping the power usage per user the same between the two schemes, and ideal channel estimations (as a starting point). Other evaluation assumptions can be found in appendix A. 

SLS Performance Evaluation
[bookmark: OLE_LINK175]In the evaluation, by varying the system traffic loading 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.    
We provide preliminary 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 system loading as a function of receive antenna configurations.


           (a)                                                                             (b)
Figure 1 SCMA and OFDMA baseline SLS performance 
Figure 1 (a) provides the evaluation performance of SCMA and OFDMA with 1Tx and 2 Rx configuration, where the repetition of 8 is applied to some cell edge users with severe coupling loss, and no repetition to the other users; and all users apply a maximum retransmission times of 6. Figure 1 (b) provides performance with 1 Tx and 4 Rx configuration, where the repetition of 4 is applied to some cell edge users with severe coupling losses, and no repetition to the other users; and all users apply a maximum retransmission times of 4.  
[bookmark: OLE_LINK171][bookmark: OLE_LINK172]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 97% gain over the OFDMA baseline (or almost two times of OFDMA capability) in 1Tx/2Rx case, and SCMA has demonstrated 233% gain over the OFDMA baseline (or more than three times of OFDMA capability) in 1Tx/4Rx case. 
The SLS initial 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. The equivalent gains have also been illustrated from our link level simulation study in [3]. 

Observation:  Under the grant-free transmission and evaluation assumptions, SCMA can achieve almost 2~3 times system traffic loading over the OFDMA baseline @PDR 1% in the mMTC scenario.

Other performance considerations that should be taken into considerations in the system level evaluations for future study are:  
· Collision robustness  and channel estimation impacts in overloading traffic environments, and
· Connection density such as the NR requirement of 1 million devices per square kilometres for mMTC scenarios.
	
Conclusions:
In this contribution, we provided some preliminary 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 an implementation of grant free with OFDMA. The results showed promising and significant gains of non orthogonal multiple access with grant free transmissions in terms of supported system loading versus Packet Drop Rate. We have the following observation based on our assumptions.
Observation:  Under the grant-free transmission and evaluation assumptions, SCMA can achieve almost 2~3 times system traffic loading over the OFDMA baseline @PDR 1% in the mMTC scenario.
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Appendix A
Based on RAN1#85 agreements for mMTC scenario, more detail evaluation assumptions are listed in Table 1.
Table A1 Assumptions for system level simulation of mMTC and MAs
	Attributes
	Values or assumptions

	Layout
	Single layer
- Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700MHz

	Simulation bandwidth
	4RB

	Channel model
	3D UMa

	Tx power
	UE: Max 23dBm

	BS antenna configuration
	Rx  2,4

	BS antenna pattern
	Follow the modeling of TR36.873

	BS antenna height
	25m

	BS antenna tilt
	6 degree

	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  traffic, packet size=20 bytes

	UE distribution
	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
	OL Power Control

	Channel estimation
	Ideal




SCMA vs OFDMA: 1Tx/2Rx
SCMA, Rx Ant 2	4.6189376443417745	2.3094688221708819	1.1547344110854498	0.76982294072363355	0.57736720554272458	0.38491147036182022	21.094999999999999	4.74	0.91500000000000004	0.57000000000000062	0.43000000000000038	0.4	OFDMA, Rx Ant 2	4.6189376443417745	2.3094688221708819	1.1547344110854498	0.76982294072363355	0.57736720554272458	0.38491147036182022	31.189999999999987	10.54	2.0449999999999999	1.21	0.97500000000000064	0.89000000000000035	System traffic loading (k packets/km2/s)

System outage (%)


SCMA vs. OFDMA: 1Tx/4Rx 
SCMA, Rx Ant 4	4.6189376443417745	2.3094688221708819	1.1547344110854498	0.76982294072363355	0.57736720554272458	0.46189376443418018	0.38491147036182022	5.3219999999999965	1.1839999999999931	0.61800000000000344	0.51800000000000002	0.47000000000000008	0.46600000000000008	0.44600000000000006	OFDMA, Rx Ant 4	4.6189376443417745	2.3094688221708819	1.1547344110854498	0.76982294072363355	0.57736720554272458	0.46189376443418018	0.38491147036182022	11.038	2.27	1.218	1.0619999999999898	0.98599999999999988	0.96400000000000063	0.94400000000000062	System traffic loading (k packets/km2/s)

System outage (%)


