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In RAN1#92bis, the system-level evaluation parameters for NOMA have been agreed as in the Appendix [1]. In this contribution, we present the system-level evaluation results in mMTC scenario. 
[bookmark: _Ref129681832]SLS Evaluation Results
Evaluation Method
Evaluation Parameters
For SLS in mMTC scenario, inter-site distance (ISD) of 1732m and carrier frequency of 700MHz are assumed. The total bandwidth is 6 PRB, and each transmit block (TB) is allocated with a resource unit of 1 PRB+6 slots. Compared with 6 PRB+1 slot, 1 PRB+6 slots can have higher power spectral density (PSD) for cell-edge UEs and improve the overall performance. The waveform is CP-OFDM, and 2-symbol DMRS overhead is assumed for each slot. To support more UEs than the number of orthogonal DMRS ports, more frequency comb patterns, time domain OCCs, or DMRS sequences can be introduced. In the following simulation, the DMRS pool size is 24 for each resource unit, which can support 24 potential UEs. 
The number of UEs per cell is assumed to be 100. Each UE is pre-configured with one resource unit for every 6 slots. Since there are 6 PRBs, there will be 16 or 17 UEs for each PRB. As the potential UEs are less than the DMRS pool size, there will be no DMRS collision between the UEs. Packet segmentation with fixed TB size (TBS) is considered in the simulation. The TBS can be 20 bytes or 60 bytes. The retransmission is non-adaptive, with a maximum 8 retransmissions. The number of repetitions can be 1 or 2 depending on the path loss of each UE. The detailed simulation assumptions are summarized in the Appendix. 
Tx and Rx schemes
Among the NOMA schemes proposed up to RAN1#94bis, SCMA [2], MUSA [3], RSMA [4], and LCRS [5] are evaluated. The detailed design of the NOMA schemes is further described in [6]. Multi-branch transmission is considered for SCMA and RSMA. For fair comparison, the receiver is EPA for all the NOMA schemes, and the physical layer abstraction method has been proposed in [7].
As grant-free transmission is assumed, the configuration of MCS, SF (spreading factor), and number of branches is fixed during the simulation for each NOMA scheme. For each NOMA scheme, different configurations can be considered in the simulation.  
Performance Metrics
In RAN1#92bis, the performance metric is agreed as higher layer packet drop rate (PDR) versus higher layer packet arrival rate (PAR) per cell for mMTC scenario [1]. The packet will be dropped if it is not transmitted successfully after the maximum number of retransmissions or the latency is larger than 1 second. In RAN1#94, it was agreed that the target higher layer system PDR to evaluate the supported high layer system PAR for mMTC scenario is 1% [8]. 
Evaluation Results and Observations 
To evaluate the system-level performance, the curves of PDR versus PAR are generated, and the PAR values at 1% target PDR are compared for different NOMA schemes and configurations. The PDFs of the number of multiplexed UEs at the PAR corresponding to about 1% target PDR are also presented to show how many number of UEs can be multiplexed in the same PRB with practical multi-cell deployments. With the PDFs, the link-level evaluation results for different number of multiplexed UEs can be applied to validate the SLS results. 
Configurations of NOMA schemes
Table 1 presents the configurations of evaluated NOMA schemes for SLS. For each configuration in terms of TBS, SF, and code rate (CR) for a NOMA scheme, the setting is the same for all the UEs and will keep unchanged during the simulation.
Table 1. Configurations of NOMA schemes 
	
	SCMA
	MUSA
	SL-RSMA
	ML-RSMA
	LCRS

	TBS = 20 bytes
	CR=0.204
	CR=0.204
	CR=0.204
	/
	CR=0.102

	TBS = 60 bytes
	CR=0.287
	CR=0.574
	CR=0.574
	CR=0.287
	CR=0.287


Link-level performance 
The LLS results of NOMA schemes can be applied to validate the SLS results. Figure 1 presents the required SNR curves versus the # of UEs of different NOMA schemes. In the link-level simulation, random active with realistic channel estimation is assumed. Base on the LLS results, smaller TBS can support larger number of multiplexed UEs. From system-level perspective, there will be more packets with smaller TBS due to packet segmentation, and the number of multiplexed UEs will increase in the system. Therefore, it is unclear that which TBS is the best choice.
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(a) TB size = 20 Bytes
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(b) TB size = 60 Bytes 
Figure 1. Required SNR @ BLER=0.1 for different # of UEs

PDR vs PAR performance
The system-level performance results on PDR vs PAR are provided below. Figure 2 presents the curves of PDR versus PAR for different NOMA schemes and TBS. Table 2 presents the PAR at 1% PDR of different NOMA schemes and the relative gain of SCMA over other NOMA schemes. 
When TBS is 20 bytes, 
· The performance of SCMA and LCRS are similar 
· The performance of MUSA and SL-RSMA are similar, and 1.7% worse than SCMA
When TBS is 60 bytes,
· The performance of SCMA, and LCRS are similar, 2.8% better than ML-RSMA
· The performance of SL-RSMA and MUSA are similar, and 19% worse than SCMA
Observation 1: When TBS is 20 bytes, the simulated NOMA schemes have similar performance 
[bookmark: _GoBack]Observation 2: With TBS is 60 bytes, SCMA and LCRS have similar performance, and are better than the sequence spreading based NOMA schemes.
Observation 3: All of the simulated NOMA schemes perform better with TBS=60 bytes than that with TBS=20 bytes.
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(a) TB size = 20 bytes
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(b) TB size = 60 bytes


Figure 2. PDR vs PAR with given TB size 

Table 2. PAR @1% PDR with given TB size 
	TBS (bytes)
	NOMA schemes
	PAR @1%PDR
	Gain of SCMA over other NOMA schemes

	20
	SCMA
	590
	/

	
	MUSA
	580
	1.7%

	
	SL-RSMA
	580
	1.7%

	
	ML-RSMA
	/
	/

	
	LCRS
	590
	0

	60
	SCMA
	740
	0

	
	MUSA 
	620
	19.4%

	
	SL-RSMA
	620
	19.4%

	
	ML-RSMA
	720
	2.8%

	
	LCRS
	740
	0



PDFs of Multiplexed UEs
In this subsection, we provide some details to understand the SLS performance in the previous subsection. From Figure 3, we can observe that the number of multiplexed UEs at the PAR corresponding to near 1% target PDR is less than 10 for most cases. Table 3 provides the average, 95-percentile and 99-percentile number of multiplexing UEs at the PAR with near 1% PDR.
Observation 4: With the PAR corresponding to near 1% target PDR, the number of multiplexed UEs at the PAR corresponding to near 1% target PDR is small for most cases 
· When TBS is 20 bytes, the number of multiplexed UEs is not larger than 10 with a probability of 99%.
· When TBS is 60 bytes, the number of multiplexed UEs is not larger than 8 with a probability of 99%
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(a) TBS = 20 bytes
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(b) TBS = 60 bytes


Figure 3. PDF of Multiplexed UEs

Table 3. Average, 95-percentile and 99-percentile of Multiplexed UEs
	TBS (bytes)
	NOMA schemes
	Average
	95-percentile
	99-percentile

	20
	SCMA
	4.64
	8
	10

	
	MUSA
	4.69
	8
	10

	
	SL-RSMA
	4.66
	8
	10

	
	ML-RSMA
	/
	/
	/

	
	LCRS
	4.64
	8
	10

	60
	SCMA
	2.95
	6
	7

	
	MUSA 
	2.77
	5
	7

	
	SL-RSMA
	2.78
	5
	7

	
	ML-RSMA
	2.56
	5
	6

	
	LCRS
	2.98
	6
	8



Conclusions
In this contribution, we present the system-level evaluation results for mMTC scenario. Based on the discussion, we have following observations: 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: When TBS is 20 bytes, the simulated NOMA schemes have similar performance 
Observation 2: With TBS is 60 bytes, SCMA and LCRS have similar performance, and are better than the sequence spreading based NOMA schemes.
Observation 3: All of the simulated NOMA schemes perform better with TBS=60 bytes than that with TBS=20 bytes.
Observation 4: With the PAR corresponding to near 1% target PDR, the number of multiplexed UEs at the PAR corresponding to near 1% target PDR is small for most cases 
· When TBS is 20 bytes, the number of multiplexed UEs is not larger than 10 with a probability of 99%.
· When TBS is 60 bytes, the number of multiplexed UEs is not larger than 8 with a probability of 99%
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Appendix
A.1 System-level evaluation parameters
[bookmark: _Ref505757384]Table 2. System-level evaluation assumptions
	[bookmark: OLE_LINK30]Parameters
	mMTC

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700MHz

	Simulation bandwidth
	6 PRBs as starting point

	Number of UEs per cell
	100

	Channel model
	UMa in TR 38.901;
The building penetration model defined in Table 7.4.3-3 in TR 38.901 is used for SLS with frequencies below 6 GHz.

	UE Tx power
	Max 23 dBm

	BS antenna configurations
	2 Rx 
 (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU;
dH = dV = 0.5λ;
BS antenna downtilt: 92

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, 0dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx as starting point

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi as starting point

	UE distribution
	For mMTC:
20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell

	UE power control
	Open loop PC, P0=-110, a=1

	HARQ/repetition
	maximum number of HARQ transmission=8, repetition dependents on coupling loss, can be 1,2

	Channel estimation
	Realistic

	BS receiver
	Advanced receiver with physical layer abstraction method in [7]

	Traffic model
	Packet arrival per UE: Poisson arrival with arrival rate λ;
Packet size: 20~200 bytes Pareto + higher layer protocol overhead of 29 bytes, as defined in TR 45.820 to be the starting point; Other packet sizes are not precluded.
In the case of packet segmentation, use 5 bytes packet segmentation overhead for each TB in the SLS evaluation of the NoMA schemes. 

	Packet dropping criterion
	8 HARQ transmission or 1s latency
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