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1 Introduction

In RAN1 #86 meeting [1], the following agreement on UL non-orthogonal multiple access (NOMA) has been made:
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.

In this contribution, we present some initial studies on the coverage performance for UL NOMA with low code rate spreading (LCRS), where the information bits are spread over the entire non-orthogonal transmission zone with rate matching, i.e. channel coding is combined with spreading via low rate codes to maximize the coding gain [2]. 
2 Link-level evaluation for UL NOMA with LCRS
In this section, we present the link-level simulation results for UL NOMA with LCRS scheme. To improve the coverage, we use the technique same as Rel-13 NB-IoT, by transmitting a TB over multiple subframes for performance improvement. Figure 1 illustrates the BLER curves and sum spectrum efficiency (SE) with 8 multiplexed UEs for TBS of 120 bits transmitted over 1 PRB in frequency domain and multiple subframes in time domain, with both practical channel estimation (cross-subframe channel estimation) and perfect channel estimation. The BLER results are averaged over the BLER of all multiplexed UEs.
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Figure 1. Link level performance for LCRS with 1 PRB over multiple subframes, with 8 UEs.
For comparison, we also study the BLER and sum SE for OMA scheme, where UE is allocated with orthogonal physical resource. Figure 2 illustrates the link-level performance for OMA with TBS of 120 bits transmitted over 1 PRB in frequency domain and multiple subframes in time domain, with both practical channel estimation (cross-subframe channel estimation) and perfect channel estimation. 
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Figure 2. Link level performance for LCRS with 1 PRB over multiple subframes, with 1 UE.
Comparing Figure 2 to Figure 1, it can be observed that NOMA scheme with LCRS substantially improves the sum SE compared to OMA scheme. It can also be seen that the BLER is improved as more number of subframes are allocated for data transmission, while the sum SE decreases in a certain SNR range (e.g., SNR larger than -10dB) as the number of subframes increases, which indicates a tradeoff between coverage and throughput. On the other hand, for very low SNR, the sum SE can be improved by transmitting over more subframes, since in the case the coverage is the bottleneck and the transmission becomes more reliable when more resource is allocated for data transmission. 
For the coverage analysis, taking the transmission over 32 subframes at BLER=10% with perfect channel estimation as an example, Table 1 provides the MCL calculation based on the simulation results. Following the same steps, the MCL for transmission over various number of subframes are summarized in Table 2.
Table 1. Example of MCL calculation with 1-PRB allocation over 32 subframes at BLER=10%.
	Physical channel name
	PUSCH

	Transmitter
	 

	(0) Max Tx power(dBm)
	23

	(1) Actual Tx power (dBm)
	23

	Receiver
	 

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

	(3) Receiver noise figure (dB)
	5

	(5) Occupied ch bandwidth (Hz)
	180000

	(6) Effective noise power
= (2) + (3) + 10 log((5))  (dBm)
	-116.45

	(7) Required SINR (dB)
	-12.70

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-129.15

	(9) Baseline MCL
= (1) - (8) (dB)
	152.15


Table 2. The MCL (dB) for PUSCH with 1 PRB. The elements with “n/a” refer to cases with the required SNR greater than 0dB, which are not considered in this study. 
	BLER 
	Number of subframes carrying the payload, 
practical channel estimation, 8 UEs

	
	4
	32
	64
	128
	256
	512
	1024

	1%
	n/a 
	146.15
	149.85
	153.65
	157.15
	160.35
	163.25

	10%
	141.45
	150.25
	153.35
	156.55
	159.35
	161.75
	164.35


	BLER 
	Number of subframes carrying the payload, 
perfect channel estimation, 8UEs

	
	4
	32
	64
	128
	256
	512

	1%
	n/a 
	147.85
	152.55
	157.15
	161.65
	165.85

	10%
	141.85
	152.15
	155.95
	159.95
	163.85
	167.45


	BLER 
	Number of subframes carrying the payload, 
practical channel estimation, 1 UE

	
	4
	32
	64
	128
	256
	512
	1024

	1%
	 n/a
	146.25
	150.35
	153.55
	157.35
	160.15
	162.65

	10%
	142.25
	150.45
	153.45
	156.65
	159.35
	161.75
	164.05


	BLER 
	Number of subframes carrying the payload, 
perfect CE, 1 UE

	
	4
	32
	64
	128
	256
	512

	1%
	 n/a
	147.35
	152.65
	157.55
	161.45
	165.85

	10%
	142.55
	152.25
	156.05
	159.85
	163.85
	167.35


From the above evaluation results, it can be observed that the coverage is improved by transmitting the TB over more subframes. To achieve 164dB coverage, the needed number of subframes to carry the 120-bit payload is about 1024, which may result in significant delay. Comparing the practical channel estimation to perfect channel estimation, the MCL reduction from practical channel estimation gets worse as the number of subframes increases. This is due to the fact that the SNR operating point for the target BLER becomes lower as the number of subframes increases, and the impact from noise increases with limited number of DMRS REs available for channel estimation with 1-PRB allocation. The performance can be improved by increasing the number of DMRS REs available for channel estimation, e.g. in frequency domain by allocation more PRBs or in time domain by extending the cross-subframe channel estimation window.
In summary, we make the following observations based on the evaluation results.

Observation 1:
· LCRS based NOMA scheme substantially improves sum spectrum efficiency compared to OMA scheme.

Observation 2:
· There is a tradeoff between coverage and throughout:

· The coverage can be improved by transmitting the TB over multiple subframes.
· In certain SNR range (e.g. SNR>-10dB), the sum SE is reduced as the number of subframes for the transmission increases.
· In very low SNR region, the sum SE can be improved by transmitting over more subframes, as the coverage becomes the bottleneck in this case. With increased subframes carrying the payload, the transmission becomes more reliable. 
3 Conclusion

In this contribution, we provided link-level evaluation results on the coverage and sum SE of UL NOMA with LCRS. Based on the evaluation results, we make the following observations:
Observation 1:
· NOMA with LCRS substantially improves sum spectrum efficiency compared to OMA scheme.

Observation 2:
· There is a tradeoff between coverage and throughout:

· The coverage can be improved by transmitting the TB over multiple subframes.
· In certain SNR range (e.g. SNR>-10dB), the sum SE is reduced as the number of subframes for the transmission increases.
· In very low SNR region, the sum SE can be improved by transmitting over more subframes, as the coverage becomes the bottleneck in this case. With increased subframes carrying the payload, the transmission becomes more reliable. 
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Appendix A: Simulation Assumptions

Table 3. Simulation assumptions 
	Parameter
	Value

	Carrier frequency
	2.0 GHz

	Channel coding
	Turbo

	Numerology
	Same as Release 13

	System bandwidth
	10 MHz

	Allocated PRBs
	1 PRB

	TBS
	120 bits

	Number of subframes carrying the TB
	4, 32, 64, 128, 256, 512, 1024

	Number of multiplexed UEs
	8, 1

	Antenna configuration
	1x2 with low correlation

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

	Channel model
	TDL-A (30ns)

	Residual frequency offset
	0Hz 

	Max number of HARQ transmissions
	1

	Receiver structure
	MMSE-PIC

	Channel estimation
	Perfect channel estimation, and cross-subframe channel estimation using 2D-MMSE

	Performance target
	1% BLER and 10% BLER


PAGE  
1/5

