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1. 
Introduction

Massive machine type communication (mMTC) is a key service to be enabled by NR as identified by the RAN requirements study item [1]. There are at least three key KPIs for mMTC services, extended link budget, UE battery life and device density. 
Compared to OMA, NOMA can potentially have several benefits, including reduced overhead by allowing grant-free transmission, allowing lower code rate transmission to break the gap to Shannon, etc.

Resource Spread Multiple Access (RSMA) is a NOMA technique that can be the used to exploit the aforementioned benefit in order to improve mMTC performance. [2]
In this contribution, we provide LLS results comparing RSMA with pure OFDMA.

2. 
RSMA transceiver and LLS settings

The RSMA transceiver diagram is shown in Figure 1.At the transmitter side, the signals from different UEs are spreaded and scrambled before transmitted over the air. Note that CP and OFDM modulation can be added before OTA transmission to facilitate the synchronization between different users. At the receiver side, after depreading and descrambling, a low complexity iterative joint demapper can be used to extract LLR before passing to the channel decoder.
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Figure 1 RSMA transceiver diagram

The following LLS setting was used to evaluate the performance of RSMA compared to OFDMA following the agreement in [3] [4].

Table 1: LLS Settings 
	Parameters  
	Values or assumptions  

	Carrier Frequency  
	2 GHz  

	Waveform  
	OFDM /SC-FDMA  

	
	Other waveform is not precluded  

	Channel coding 
	LTE Turbo. 

	Numerology  
	Same as Release 13  

	System Bandwidth  
	10 MHz  

	Total allocated bandwidth for transmission  
	4PRB 

	Overhead  
	2 DMRS symbols, no SRS, i.e., 144 available RE per RB for data transmission, or equivalent overhead  

	Target spectral efficiency  
	Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed  

	BS antenna configuration  
	2, 4 Rx

	
	  

	UE antenna configuration  
	1Tx  

	Transmission mode  
	TM1 (refer to TS36.213)  

	SNR distribution of Multiple UEs  
	4 UE 

	Suggested SNR distribution of multiple UEs  
	Equal average SNR (short-term variation remains)  

	
	Unequal average SNR (the SNR distribution is FFS, e.g., uniformly distributed within a range of 3dB, and proponents should report their assumption)?  

	Propagation channel & UE velocity 
	TDL-A 30ns, 3km/h

	
	TDL-C 300ns, 3km/h

	
	

	Max number of HARQ transmission  
	1  

	Given BLER level (to calculate sum throughput)  
	0.1 for 1 transmission 

	
	 


In addition, we also specify the MCS and UE spectral efficiency as the follows. Not that here per UE spectral efficiency is computed as the sum spectral efficiency divided by the total number of users 

Table 2 MCS Table for LLS

	Per UE SE
 (bps/Hz)
	OFDMA 1RB
	RSMA 2RB
	RSMA 4RB

	
	k
	n
	modulation
	k
	n
	modulation
	k
	n
	modulation

	0.25
	144
	288
	QPSK
	144
	576
	QPSK
	144
	1152
	QPSK

	0.375
	216
	288
	QPSK
	216
	576
	QPSK
	216
	1152
	QPSK

	0.5
	288
	576
	16QAM
	288
	576
	QPSK
	288
	1152
	QPSK

	0.75
	432
	576
	16QAM
	432
	576
	QPSK
	432
	1152
	QPSK

	1
	576
	864
	64QAM
	576
	1152
	16QAM
	576
	1152
	QPSK


3. 
LLS results for RSMA vs OFDMA: Equal Average SNR
Below we provide the BLER vs SNR performance comparison between RSMA and OFDMA. SNR is defined as the long term received SNR per RE per Rx antenna at eNB.
3.1 Per UE SE (0.25 bps/Hz)
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3.2 Per UE SE (0.375 bps/Hz)
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3.3 Per UE SE (0.5 bps/Hz)
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3.4 Per UE SE (0.75 bps/Hz)
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3.5 Per UE SE (1 bps/Hz)
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4. 
LLS results for RSMA vs OFDMA: Unequal Average SNR, uniform [-3 +3] dB
Below we provide the BLER vs SNR performance comparison between RSMA and OFDMA.

3.1 Per UE SE (0.25 bps/Hz)
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3.2 Per UE SE (0.375 bps/Hz)
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3.3 Per UE SE (0.5 bps/Hz)
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3.4 Per UE SE (0.75 bps/Hz)
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3.5 Per UE SE (1 bps/Hz)
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5. 
SNR gain summary

Based on the decoding results reported in the previous section, we summarize the SNR gain of RSMA over OFDMA in table below
Table 3 Summary of SNR gain of RSMA over OFDMA with equal average SNR
	SE per UE 
(bps/Hz)
	Number of UEs
	SNR gain at the same sum throughput 
(10% after 1 transmission)

	
	
	1T2R, 
TDL-A, DS=30ns
	1T2R, 
TDL-C, DS=300ns
	1T4R,
TDL-A, DS=30ns
	1T4R, 
TDL-C, DS=300ns

	0.25
	4
	1.15
	1.34
	0.88
	1.15

	0.375
	4
	1.7
	1.9
	2.08
	2.49

	0.5
	4
	2.3
	2.12
	2.56
	2.71

	0.75
	4
	2.15
	2
	4.3
	4.23

	1
	4
	1.42
	2
	5.86
	5.95


Table 4 Summary of SNR gain of RSMA over OFDMA with unequal average SNR, uniform [-3 +3] dB
	SE per UE 
(bps/Hz)
	Number of UEs
	SNR gain at the same sum throughput 
(10% after 1 transmission)

	
	
	1T2R, 
TDL-A, DS=30ns
	1T2R, 
TDL-C, DS=300ns
	1T4R,
TDL-A, DS=30ns
	1T4R, 
TDL-C, DS=300ns

	0.25
	4
	1.46
	1.67
	1.64
	1.58

	0.375
	4
	2.28
	2.49
	2.48
	2.79

	0.5
	4
	2.07
	2.26
	3.29
	3.34

	0.75
	4
	1.91
	1.98
	4.87
	4.95

	1
	4
	1.5
	2.5
	6.25
	6.46


Observation 1: RSMA can provide significant performance gain over OFDMA especially at high spectral efficiency

6.
Conclusion

In this contribution, we provide the LLS results to compare RSMA with OFDMA. Below summarizes the observation

Observation 1: RSMA can provide significant performance gain over OFDMA especially at high spectral efficiency
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