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New multiple access schemes are discussed in New Radio study item. Several new multiple access schemes are proposed, targeting to improve capacity and better support grant-free/contention based uplink. A LS [1] is agreed in RAN # 72, that, 
Within the scope of the NR Study, NB-IoT and eMTC should be used as the reference benchmark for assessing the performance of new proposals according to mMTC use case.  
In this contribution, we provide benchmark with NB-IoT with non-orthogonal multiple access technique.  
Evaluation assumption
Two settings are considering to compare NOMA and OMA over NB-IoT structure.
· Case 1: Total Resource: 1 PRB x 4 TTI. 
· NOMA: 2UE and each over 12 subcarrier x 2 RU x 2 repetition
· OMA (TDM): 2 UE and each over 12 subcarrier x 2 RU x 1 repetition 
· Case 2: Total Resource: 6 subcarrier x 8 TTI
· NOMA: 2 UE and each over 6 subcarrier x 2 RU x 2 repetition
·  OMA (FDM): 2 UE and each over 3 subcarrier x 2RU x 1 repetition.

For both case 1 and case 2, the total radio resource to deliver two UE are the same, therefore, with same TBS, the spectrum efficiency is the same. For case 1, the data rate of OMA is double of NOMA because the transmission for OMA is half of NOMA. And Case 2 provide same per UE data rate for both NOMA and OMA. Other simulation assumption can be found in Table 1. 
Evaluation Result 
Table 1 and Table 2 summarize SNR gain of NOMA over OMA under NB-IoT structure given the same sum throughput. With realistic channel estimation, the SNR gain is less than with ideal channel estimation. The SNR gain with high code rate (per UE SE) is larger than low code rate case. This is because OMA’s code rate is much high than NOMA, and the channel coding gain obtained by NOMA is large. 
Observation # 1: NOMA provide 2-3dB gain over OMA under NB-IoT frame work. 
Table 1 Sum throughput (Ideal Channel Estimation) SNR gain in dB @ BLER=0.1
	SE per UE (bps/Hz)
	Number of UEs
	Baseline 
	MA signature selection
	

	
	
	
	
	1T2R, TDL-C, DS=300ns

	[bookmark: _Hlk463009261]0.5
	2
	Case 1: TDM, QPSK, TBS=360, RU=2,Repitition=1 ,SC=12
	fixed
	3.7dB 

	
	
	
	random
	**

	
	2
	Case2: FDM,  QPSK, TBS=360, RU=2,Repitition=1 ,SC=3
	fixed
	3.9dB

	
	
	
	random
	**

	0.25
	2
	Case 1: TDM, QPSK, TBS=180, RU=2,Repitition=1 ,SC=12
	fixed
	2.7dB

	
	
	
	random
	**

	
	2
	Case2: FDM,  QPSK, TBS=180, RU=2,Repitition=1 ,SC=3
	fixed
	3.1dB

	
	
	
	random
	**



Table 2 Sum throughput (Realistic Channel Estimation) SNR gain in dB @ BLER=0.1
	SE per UE (bps/Hz)
	Number of UEs
	Baseline 
	MA signature selection
	 

	
	
	
	
	1T2R, TDL-C, DS=300ns

	0.5
	2
	Case 1: TDM, QPSK, TBS=360, RU=2,Repitition=1 ,SC=12
	fixed
	3.3dB 

	
	
	
	random
	**

	
	2
	Case2: FDM,  QPSK, TBS=360, RU=2,Repitition=1 ,SC=3
	fixed
	2.8dB

	
	
	
	random
	**

	0.25
	2
	Case 1: TDM, QPSK, TBS=180, RU=2,Repitition=1 ,SC=12
	fixed
	2.3dB

	
	
	
	random
	**

	
	2
	Case2: FDM,  QPSK, TBS=180, RU=2,Repitition=1 ,SC=3
	fixed
	1.7dB

	
	
	
	random
	**



Figure 2 and 3 shows sum SE vs MCL and per UE data rate vs MCL of NOMA and OMA with realistic channel estimation. The scheme with smaller occupied bandwidth provides a better MCL given sum spectrum efficiency. FDM OMA provides the best MCL but the lowest code rate (i.e., Case 2 OMA SC=3).  That is because the UE transmission power boosts to a narrow bandwidth. TDM OMA (Case 1 OMA SC=12) provide the worst MCL but highest per UE data rate. Targeting to the same sum SE, NOMA provides better MCL compared with TDM OMA (Case 1), however the performance of NOMA (i.e., Case 1 NOMA SC=6) has poor or similar MCL than FDM OMA (i.e., Case 2 OMA SC=3) with the same sum SE.  In cell edge or extended coverage (i.e., larger MCL), FDM OMA provide better sum SE by sacrificing per UE data rate. In good coverage, NOMA can provide larger MCL than OMA TDM with given sum SE. 
Observation #2: NOMA has better performance in good coverage. 
Proposal: For mMTC, support NOMA at least in cell center coverage.  NB-IoT frame work can be a starting point for mMTC. 


Figure 2 Sum SE vs MCL with realistic channel estimation

Figure 2 per UE data rate vs MCL with realistic channel estimation
Conclusion
In this paper, we provided evaluations on NB-IoT system with and without overloading, and in normal or extreme coverage case. We observed that: 
Observation # 1: NOMA provide 2~3dB gain over OMA under NB-IoT frame work. 
Observation #2: NOMA has better performance in good coverage. 
Proposal: For mMTC, support NOMA at least in cell center coverage.  NB-IoT frame work can be a starting point for mMTC. 
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	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	SC-FDMA 

	Channel coding
	Turbo

	Numerology 
	15kHz subcarrier spacing 

	System Bandwidth 
	Case 1: 1 PRB 
Case 2: 6 subcarriers

	Total allocated resource for 
transmission 
	Case 1: 1 PRB x 4 subframes
Case 2: 6 subcarriers x 8 subframes

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

	Target spectral efficiency 
	0.5bps/Hz and 1bps/Hz 

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

	Suggested SNR distribution of multiple UEs
	Equal average SNR 

	Propagation channel & UE velocity 
	TDL-C (400ns) 3km/h for multi-tone 

	Max number of HARQ transmission 
	1

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

	Overloading factor
	100%, 200%

	MA signature random [fixed/random]
	fixed

	Channel estimation [ideal/realistic]
	ideal, realistic

	Timing offset [within CP/beyond CP]
	within CP

	Receiver
	SIC




(a)

(b)
Figure 2 BLER performance of NOMA and OMA in Case I with sum SE = 0.25 and 0.5


(a)

(b)
Figure 3 BLER performance of NOMA and OMA in Case 2 with sum SE = 0.25 and 0.5
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Table 4 Sum spectral efficiency v.s. MCL 
	
	2UE in 4 PRB OMA Ideal CE
	2UE in 4PRB  NOMA Ideal CE
	2 UE in 4 PRB OMA Real CE
	2 UE in 4PRB NOMA Real CE

	Scheme
	TBS=360; RU=2; Rep=1; SC=3
	TBS=360; RU=2; Rep=1; SC=12
	TBS=180; RU =2; Rep=1; SC=3
	TBS=180; RU=2; Rep=1; SC=12
	TBS=360; RU =2; Rep=2; SC=6
	TBS=360; RU =2; Rep=2; SC=12
	TBS=180; RU =2; Rep=2; SC=6
	TBS=180; RU =2; Rep=2; SC=12
	TBS=360; RU=2; Rep=1; SC=3
	TBS=360; RU=2; Rep=1; SC=12
	TBS=180; RU =2; Rep=1; SC=3
	TBS=180; RU=2; Rep=1; SC=12
	TBS=360; RU =2; Rep=2; SC=6
	TBS=360; RU =2; Rep=2; SC=12
	TBS=180; RU =2; Rep=2; SC=6
	TBS=180; RU =2; Rep=2; SC=12

	overloading
	100%
	100%
	100%
	100%
	200%
	200%
	200%
	200%
	100%
	100%
	100%
	100%
	200%
	200%
	200%
	200%

	(sum) Spectrum Efficiency (bit/s/Hz)
	1
	1
	0.5
	0.5
	1
	1
	0.5
	0.5
	1
	1
	0.5
	0.5
	1
	1
	0.5
	0.5

	Transmitter
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(1) Tx Power (dBm)
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23

	Receiver
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) eNB receiver noise figure (dB)
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	45000
	180000
	45000
	180000
	90000
	180000
	90000
	180000
	45000
	180000
	45000
	180000
	90000
	180000
	90000
	180000

	(6) Effective noise power
= (2)+(3)+(4)+10 log ((5)) (dBm)
	-124.5
	-118.4
	-124.5
	-118.4
	-121.5
	-118.4
	-121.5
	-118.4
	-124.5
	-118.4
	-124.5
	-118.4
	-121.5
	-118.4
	-121.5
	-118.4

	(7) Required SINR (dB)
	4.1
	2.1
	0.2
	-1.6
	-1.3
	-1.8
	-2.9
	-4.4
	5.9
	3.5
	1.4
	-0.5
	3.0
	0.1
	-0.4
	-2.9

	(8) Receiver sensitity =(6)+(7) (dBm)
	-120.3
	-116.4
	-124.3
	-120.1
	-122.8
	-120.3
	-124.3
	-122.8
	-118.6
	-115.0
	-123.1
	-119.0
	-118.4
	-118.3
	-121.8
	-121.3

	(9) Reciever processing gain
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	(10) MCL = (1) - (8) + (9) (dB)
	143.3
	139.4
	147.3
	143.1
	145.8
	143.3
	147.3
	145.8
	141.6
	138.0
	146.1
	142.0
	141.4
	141.3
	144.8
	144.3



Case I: 12 subc & SUM SE = 0.25
OMA IdealCE	-7	-5	-3	-1	1	3	0.57600000000000007	0.35400000000000004	0.16600000000000001	6.8728999999999998E-2	2.7640000000000005E-2	1.0030000000000001E-2	OMA RealCE	-7	-5	-3	-1	1	3	0.67300000000000015	0.4230000000000001	0.24500000000000002	0.11799999999999998	4.3084999999999998E-2	2.2371000000000002E-2	NOMA Ideal	-7	-5	-3	-1	0.26950000000000002	0.12250000000000001	4.8707000000000007E-2	2.0653499999999998E-2	NOMA RealCE	-7	-5	-3	-1	1	3	0.39333350000000006	0.20900000000000005	0.10466650000000002	5.3430000000000012E-2	2.7296000000000004E-2	1.4125E-2	SINR

BLER



Case I: 12 subc & SUM SE=0.5
OMA IdealCE	-4	-2	0	2	4	6	0.66700000000000015	0.41800000000000004	0.21500000000000002	0.10199999999999998	4.8757000000000009E-2	1.7596000000000001E-2	OMA RealCE	-4	-2	0	2	4	6	0.78400000000000003	0.57199999999999995	0.3650000000000001	0.18400000000000002	6.9300000000000014E-2	4.4583000000000012E-2	NOMA Ideal CE	-4	-2	0	2	0.25600000000000001	0.11349999999999998	4.6284000000000006E-2	1.4799E-2	0	0	NOMA RealCE	-4	-2	0	2	4	6	0.39900000000000008	0.18566700000000003	0.10400000000000002	5.4401500000000005E-2	3.0391000000000001E-2	1.9865000000000004E-2	SINR

BLER



Case2: 6 subc & SUM SE = 0.25
OMA IdealCE	-7	-5	-3	-1	1	3	0.7350000000000001	0.52200000000000002	0.28900000000000003	0.14500000000000002	7.0921999999999999E-2	3.0248000000000004E-2	OMA RealCE	-7	-5	-3	-1	1	3	0.82600000000000007	0.60400000000000009	0.3650000000000001	0.221	0.11	5.3419000000000001E-2	NOMA Ideal	-7	-5	-3	-1	0.43500000000000005	0.23650000000000002	0.10350000000000002	4.9140999999999997E-2	NOMA RealCE	-7	-5	-3	-1	1	3	0.6120000000000001	0.37400000000000005	0.21500000000000002	0.12300000000000001	6.5074999999999994E-2	3.83335E-2	SINR

BLER



Case2: 6 subc & SUM SE = 0.5
OMA IdealCE	-4	-2	0	2	4	6	0.87000000000000011	0.62400000000000011	0.41100000000000003	0.21400000000000002	0.10400000000000001	3.7580000000000002E-2	OMA RealCE	-4	-2	0	2	4	6	0.91100000000000003	0.7380000000000001	0.53700000000000003	0.2990000000000001	0.18500000000000003	9.4877000000000017E-2	NOMA Ideal	-4	-2	0	2	0.46100000000000002	0.21900000000000003	9.1426000000000007E-2	4.0062500000000008E-2	NOMA RealCE	-4	-2	0	2	4	6	0.59633299999999989	0.40233350000000001	0.22700000000000001	0.126	8.0333500000000002E-2	4.3529499999999992E-2	SINR

BLER



sum SE vs MCL with real CE
OMA FDM	141.57787486224655	146.11787486224654	1	0.5	OMA TDM	137.98727494896698	141.96727494896695	1	0.5	NOMA SC=3	141.41257490560673	144.81457490560675	1	0.5	NOMA sc=12	141.32567494896693	144.31427494896695	1	0.5	MCL (dB)

sum SE(bps/Hz)



Per UE data  vs MCL with real CE
OMA FDM	141.57787486224655	146.11787486224654	45	22.5	OMA TDM	137.98727494896698	141.96727494896695	180	90	NOMA SC=3	141.41257490560673	144.81457490560675	45	22.5	NOMA sc=12	141.32567494896693	144.31427494896695	90	45	MCL (dB)

per UE data (bps)



