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1 Introduction
At the RAN1#86bis meeting, the initial system-level evaluation results for grant-free NOMA have been reported in [1]. In this contribution, we present the updated SLS evaluation results for grant-free NOMA following the methodology introduced in [1]. Note that time-domain spreading was assumed as an example in [1], but frequency-domain spreading is adopted in this contribution.
2 Evaluation assumptions
The system-level simulations are conducted with UL mMTC scenario in urban coverage for massive connection. The detailed simulation parameters are shown in Table A-I in the Annex A. We assume 1 x 2 antenna configuration in UL transmission. When in grant-free transmission, different users can be multiplexed non-orthogonally without or with orthogonal sequences spreading. 
For the baseline scheme, OFDMA without spreading is assumed. A UE randomly selects one of the 6RBs for grant-free transmission. For NOMA with grant-free, spreading with orthogonal sequences is adopted for grant-free UEs, where each UE randomly selects one of the orthogonal sequences to transmit data on the whole 6RBs bandwidth. At the receiver side, MMSE-IRC is assumed for the signal detection for baseline scheme. For NOMA with grant-free, if different spreading sequences are used among different UEs on the same time-frequency resources, ideal IC with linear MMSE-IRC is assumed for both inter-cell and intra-cell interference, while only MMSE-IRC is conducted if the same spreading sequences are used. 

In the evaluations, MAR traffic model as in [2] with fixed packet size 40 bytes are considered. Packet dropping is modeled by packet dropping time. For performance metrics, packet drop rates with given packet arrival rates are evaluated. 
3 SLS evaluation results
In this section, we provide the updated SLS evaluation results of grant-free NOMA for mMTC. Figure 1 shows the system packet drop rate (PDR) with different packet arrival rates (PAR), with ideal channel estimation. For grant-free transmission of different UEs, UE randomly selects physical resources. Besides, orthogonal spreading sequences can be randomly selected by UEs with spreading length = 6. Packet drop time is set as 1s. From the results, we can observe that for a given system PDR, NOMA with spreading can achieve significant performance gain compared to baseline scheme. For example, with 1% target system PDR, NOMA with spreading shows around 320% performance gain of packet arrival rate (or capacity gain) over baseline scheme.
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Figure 1. system PDR vs Packet arrival rate (PAR)
Observation 1: In grant-free transmission, NOMA with spreading can achieve significant capacity gain over baseline scheme

· Around 3 times overloading at 1% target system PDR for NOMA with spreading in mMTC with ideal channel estimation.
Proposal 1: Capture the updated evaluation results into TR 38.802
Table 1. Updated source 8 of Table A.9.1.2-7 in TR38.802

	Source
	Source 8 

	Multiple access scheme
	NOMA

	Inter-BS distance
	1732m

	Simulation bandwidth
	6 PRB

	BS antenna tilt
	No Mechanical downtilt

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

	BS antenna configuration
	(M,N,P,Mg,Ng) = (10,1,2,1,1), 2 TXRU, one TXRU maps to one antenna element

	UE antenna gain
	-4dBi

	UL power control
	Alpha=1, P0= -90 dBm

	Channel estimation
	ideal

	Packet size
	Fixed to 40 bytes as TBS, and the reference scheme is segmented to 2 packets

	Packet dropping timer
	1s

	NoMA receiver type
	MMSE-IRC + SIC

	HARQ signaling combining or not?
	Yes

	HARQ/Repetition
	HARQ random back-off until the fixed dropping timer.

	OFDMA PAR at target PDR (Packets/ms/sector)
	1 (@PDR = 1%)

	
	

	
	

	Reported scheme PAR at target PDR (Packets/ms/sector)
	3.2 (@PDR = 1%) 

	MA signature setting
	Random

	Gain (reported scheme divided by its reference scheme)
	320%

	
	


4 Conclusion
In this contribution, we provided the updated SLS evaluation results for grant-free NOMA following the evaluation assumptions of mMTC. The observation and proposal are summarized as follows.
Observation 1: In grant-free transmission, NOMA with spreading can achieve significant capacity gain over baseline scheme

· Around 3 times overloading at 1% target system PDR for NOMA with spreading in mMTC with ideal channel estimation.
Proposal 1: Capture the updated evaluation results into TR 38.802
Table 1. Updated source 8 of Table A.9.1.2-7 in TR38.802
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	Multiple access scheme
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	Inter-BS distance
	1732m

	Simulation bandwidth
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	BS antenna tilt
	No Mechanical downtilt

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

	BS antenna configuration
	(M,N,P,Mg,Ng) = (10,1,2,1,1), 2 TXRU, one TXRU maps to one antenna element

	UE antenna gain
	-4dBi

	UL power control
	Alpha=1, P0= -90 dBm

	Channel estimation
	ideal

	Packet size
	Fixed to 40 bytes as TBS, and the reference scheme is segmented to 2 packets

	Packet dropping timer
	1s

	NoMA receiver type
	MMSE-IRC + SIC

	HARQ signaling combining or not?
	Yes

	HARQ/Repetition
	HARQ random back-off until the fixed dropping timer.

	OFDMA PAR at target PDR (Packets/ms/sector)
	1 (@PDR = 1%)

	
	

	
	

	Reported scheme PAR at target PDR (Packets/ms/sector)
	3.2 (@PDR = 1%) 

	MA signature setting
	Random

	Gain (reported scheme divided by its reference scheme)
	320%
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Annex A. Evaluation assumption for system evaluation
Table A1. Evaluation assumption for system level
	Attributes
	Values

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700MHz

	Simulation bandwidth 
	6 PRBs 

(Baseline: 1 RB for each transmission; NOMA: 6 RBs for each transmission)

	Channel model
	3D Uma (single floor for both indoor and outdoor UEs)

	Tx power
	UE: Max 23dBm

	BS antenna configuration
	(M,N,P,Mg,Ng) = (10,1,2,1,1) 2 TXRU, one TXRU maps to one antenna element

	BS antenna pattern
	Follow the modeling of TR36.873

	BS antenna height
	25m

	BS antenna tilt
	No Mechanical downtilt

	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
	NB-IoT traffic model [5]

	UE distribution
	20% of users are outdoors (3km/h)

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

	
	Users dropped uniformly in entire cell

	Channel estimation
	Ideal

	Packet size
	Fixed packet size [40] Bytes

	HARQ method
	With/without HARQ combining

	MCS selection
	Baseline scheme: fixed MCS for each segmentation of 20 Bytes

NOMA scheme: fixed MCS for segmentation of 40 Bytes

	Packet dropping timer
	1s

	Spreading factor
	6
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