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Introduction
In RAN1 #92 meeting, the evaluation assumptions for link-level evaluation have been agreed [1]. 
This contribution focuses on LLS for NoMA. Evaluation results for various NoMA schemes including IGMA [2] are demonstrated to show the potential benefits of NoMA schemes under different scenarios.
LLS evaluation results for NoMA schemes
The evaluation assumptions for LLS are listed in appendix, which are based on the agreements made in RAN1 #92 meeting.
Several schemes are evaluated to observe the potentials of different NoMA schemes, with best effort for this meeting, and more evaluations are continued. IGMA proposed in [2] is evaluated. Both ESE detector and chip-by-chip MAP detector are applied. The details of these two detectors can be found in [3]. The sparsity density for IGMA is set to 0.5. For IGMA, QPSK is applied in evaluation.
Some other candidate NOMA schemes under our study are also evaluated, which are labeled as scheme A, B, C, D.
Scheme A is a codebook based NoMA scheme. The codebooks used in simulation are shown in Appendix. This scheme directly maps bit group to symbol group and applies advanced MPA detector to improve the performance.
Scheme B and C are low coding rate based schemes. For scheme B, symbol-level scrambler used in WCDMA is used with ESE detector at receiver, while for scheme C, bit-level scrambling is applied and MMSE-SIC detector is used.
Scheme D is a spreading based scheme with complex symbol-level spreading. The spreading sequence used in simulation is also shown in Appendix. At receiver, MMSE-SIC is applied. 
Various scenarios are evaluated, including mMTC, eMBB, URLLC, as well as multi-cell scenario.
2.1 Evaluation results for mMTC scenario
In this sub-section, the initial evaluation results for mMTC scenario are shown. 
· 9-UE case with TDL-A channel and TBS {10, 20, 40, 60, 75} Bytes. 
[image: ][image: ]
                      (a)                                          (b)
[image: ][image: ]
                     (c)                                          (d)
[image: ] 
                      (e)
Fig. 1: Evaluation results for 9UEs case with TDL-A
In Fig. 1(d) and (e), the BLER curves for scheme C and D are not shown, because their BLERs are approaching 1.
First, the performance of proposed IGMA is analyzed. From Fig. 1 (a) and (b), it can observe that for small TBS, ESE detector is good enough to achieve close-optimal performance which is nearly the same with that of chip-by-chip MAP detector. This is due to the fact that with large coding gain, the residual multi-user interference can be well compensated. However, when the TBS increases, the performance of ESE detector is degraded, due to the decreasing coding gain. Under such cases, the performance of ESE detector becomes unacceptable due to high coding rate with QPSK modulation, which can be found in Fig. 1(c), (d) and (e). The MAP detectors still perform well at the cost of certain level of detection complexity. 
For high UE spectrum efficiency region with a given time-frequency resource (i.e., number of REs) and TBS, the coding rate can be reduced by increasing the modulation order, or by using multi-layer transmission. In this way, the performance of ESE detector can get improved. As can be observed in Fig. 1 (c), when using 16QAM instead of QPSK, the IMGA with ESE detector also shows acceptable performance. This benefits from the reducing coding rate and although detection performance can be degraded due to higher modulation order, the overall performance can still be improved by lower coding rate.
For even larger TBS, i.e. 60 bytes and 75 bytes, smaller number of UEs are also evaluated to test the ability of ESE detector, which is shown in Fig. 2.
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Fig. 2: Evaluation results for larger TBS with smaller UE number
As shown in Fig. 2, with smaller number of UEs, IGMA with ESE can provide acceptable performance even with larger TBS. In this case, IGMSA with 6 UEs sharing 6 PRB may still provide better sum throughput than OFDMA OMA with each UE occupying 1 PRB since such larger TBS over 1 PRB may result in very high coding rate, which can be evaluated in future.
For other schemes, we can observe that for small TBS, various schemes have nearly identical BLER performance, especially for 10 bytes TBS case, which is due to the low coding rate applied. Meanwhile, from all figures, it shows that spreading-based scheme (e.g., the scheme D) always has worse performance. One reason could be the spreading operation decreases the channel coding gain, leading to the performance degradation. It has been widely recognized in literatures that devoting bandwidth expansion to channel coding may achieve better performance than the schemes with spreading after channel coding for spectrum spreading.

The MPA-based scheme, e.g., scheme A, continuously provides acceptable BLER performance. This is because the detector is a near-optimal detector with much high computational complexity, compared to ESE and MMSE-SIC. In Fig. (c) and (d), there is performance gap between scheme A and IGMA with MAP. This may be caused by the spreading operation, which increases the LDPC coding rate thus decreases the obtained coding gain. The performance of scheme A, which takes much time for simulation due to significantly increased computational complexity from higher modulation order, cannot be shown in Fig. 1 (e) in this time. 
· 12-UE case with TDL-A channel and TBS {10, 20, 40, 60} Bytes. 
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Fig. 3: Evaluation results for 12UEs case with TDL-A
Fig. 3 shows the BLER performance for 12-UE case. The observations are nearly the same with previous 9 users case. With more UEs, the multi-user interference becomes higher. Thus for larger TBS, the performance degradation is getting worse, which can be observed from Fig.3 (c) and (d).
· 18-UE case with TDL-A channel and TBS {10 } Bytes. 
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Fig. 4: Evaluation results for 18UEs case with TDL-A
In Fig. 4, the evaluation results of 18-UE case are shown. For larger UE number case, the multi-user interference becomes even more severe, and the performance will be degraded significantly with the increase of coding rate. Meanwhile, the computational complexity for multi-user detection will also increase, especially for MAP or MPA detectors. As a result, here only the results of 10 bytes TBS are provided in this time. From Fig. 4, we can observe that owing to the low coding rate, for such a high UE overloading case, the performances of ESE based schemes, (IGMA with ESE and scheme B) are nearly identical with IGMA with MAP detector. The MMSE-SIC based schemes achieve a bit worse performances, since SIC-type receiver may not be proper for larger UE number case. 
Based on above evaluation results, we have following observations.
Observation 1: For low UE spectral efficiency, almost all evaluated NoMA schemes can provide good capability of user multiplexing (e.g. >=300% overloading) with good BLER performance, even with low complexity detectors.
Observation 2: In case of supporting high UE spectral efficiency, advanced receiver with higher computational complexity (e.g. MPA/MAP) or enabling of higher order modulation/ multi-layer transmission from single UE is required for NOMA. 
2.2 Evaluation results for eMBB scenario
The evaluation results for eMBB scenario are shown in this sub-section. Due to limited time, only 9-UE cases with 10, 20, 40, 60 bytes are evaluated as shown in Fig. 4.
· 9-UE case with TDL-A channel and TBS {10, 20, 40, 60} Bytes. 
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[bookmark: OLE_LINK3]Fig. 5. Evaluation results for eMBB scenario
For eMBB case, more PRBs are used for evaluation. As a result, even with the same coding rate, longer coding length is applied, which means coding gain is better compared with simulated mMTC case. As a result, the low coding rate based schemes, for example, scheme B and scheme C, may achieve better performance in some cases, which can be observed in Fig. 5 (b) and (c). However, since sparsity for IGMA can be configurable, if density approaching 1 is configured for IGMA, its performance can also be improved in such simulation cases. In addition, IGMA could provide power gain via sparse mapping when channel coding gain is too low to overcome the interference, thus IGMA can outperform purely low coding rate based NOMA in relatively higher spectrum efficiency case, as shown in Fig. 5(d). 
For spreading based schemes, for example, scheme A and scheme D, the performance is not good, due to the higher coding rate. If higher modulation order is used to reduce the coding rate, the computational complexity will be dramatically increased, especially for scheme A.
Based on above analysis, we have following observations.
Observation 3: By configuring mapping density, proposed IGMA can achieve good trade-off between sparsity and channel coding gain.
2.3 Evaluation results for URLLC scenario
In this sub-section, evaluation results for URLLC scenario are demonstrated to show the potential application of NoMA schemes. The BLER performances for various schemes are shown in Fig. 5.
· 9-UE case with TDL-A channel and TBS 10 Bytes. 
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Fig. 6. Evaluation results for URLLC scenario
From Fig. 6, we can observe that all evaluated schemes, including IGMA with ESE detector, scheme B, C, and D, can achieve the target 10-3 BLER assuming ideal channel estimation. In this case, the performance of IGMA with ESE is still among the best of all the schemes. Note that IGMA can achieve similar performance with scheme B because the mapping density of IGMA could be configurable, as explained before. However, the reliability of URLLC is very high and NOMA may be much susceptive to imperfection of channel estimation, so careful evaluation with realistic channel estimation is MUST to conclude the potential of NOMA for URLLC scenario.
Based on above analysis, we have following observation.
Observation 4: NOMA based on low coding rate and ESE detection, including IGMA, has great potential to support URLLC scenario. 
2.4 Evaluation results for multi-cell scenario
The performance of IGMA under multi-cell scenario is analysed in this sub-section. Here 9-UE case with TDL-A channel model is considered. Meanwhile, IGMA with two mapping densities, namely, 0.5 and 1, are considered to observe the abilities against ICI. One inter-cell interference UE with the same transmit power is considered. Note that this UE is a normal UE without sparsity mapping. The scenario can be regarded as the case that PUSCH transmission from other cell is interfering to the cell-edge UEs with NoMA transmission (unknown interference).
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Fig. 7. Evaluation results for multi-cell scenario.
From Fig. 7, it can be observed that by configuring sparse mapping, the performance of IGMA under inter-cell interference can be improved. At BLER = 10-1, the improvement is about 2 dB. The randomized sparse mapping via symbol-level interleaving with zero padding [2] not only randomize the interference, but also provide power gain (RE power increase) then accordingly improve the SINR of the target UE.
Based on above evaluation results, we have following observation.
Observation 5: Sparsity introduced by grid-mapping is important against inter-cell interference.
In sum, the IGMA performance is among the best of evaluated schemes for all the simulated cases. And it has been shown that IGMA provides good flexibility to achieve the trade-off between power gain and channel coding gain, and has strong inter-cell interference immunity.
Observation 6: the proposed IGMA can well suit for mMTC, URLLC and eMBB, even with low complexity ESE detector. The performance of IGMA is among the best of evaluated NOMA schemes. 
Conclusion
In this contribution, we analyze the performance of various NoMA schemes under different scenarios. Based on the evaluation results and analysis, we have following observations.
Observation 1: For low UE spectral efficiency, almost all evaluated NoMA schemes can provide good capability of user multiplexing (e.g. >=300% overloading) with good BLER performance, even with low complexity detectors.
Observation 2: In case of supporting high UE spectral efficiency, advanced receiver with higher computational complexity (e.g. MPA/MAP) or enabling of higher order modulation/ multi-layer transmission from single UE is required for NOMA.
Observation 3: By configuring mapping density, proposed IGMA can achieve good trade-off between sparsity gain and channel coding gain.
Observation 4: NOMA based on low coding rate and ESE detection, including IGMA, has great potential to support URLLC scenario.
Observation 5: Sparsity introduced by grid-mapping is important against inter-cell interference.
Observation 6: the proposed IGMA can well suit for mMTC, URLLC and eMBB, even with low complexity ESE detector. The performance of IGMA is among the best of evaluated NOMA schemes.
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Appendix
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]A.1 Evaluation assumptions
The evaluation assumptions for LLS are shown in Table 1 as follows.
Table 1. LLS evaluation assumptions
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency
	700 MHz
	4 GHz 
	4 GHz

	Waveform (data part)
	CP-OFDM
	CP-OFDM
	CP-OFDM

	Channel coding
	URLLC: NR LDPC
 eMBB: NR LDPC 
mMTC: NR LDPC

	Numerology 
(data part)
	SCS = 15 kHz, #OS = 14
	SCS = 60 kHz, #OS = 7 
	SCS = 15 kHz
#OS = 14

	Allocated bandwidth
	6 
	12 
	12 

	TBS per UE
	[10, 20, 40, 60, 75] bytes. 

	[10, 20, 40, 60, 75] bytes. 
	[20, 40, 80, 120, 150] bytes.

	Target BLER for one transmission
	10%
	0.1%
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	[9 12 15 18 21]

	BS antenna configuration
	2 Rx for 700MHz,
4Rx for 4 GHz 

	UE antenna configuration
	1Tx  

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h.

	Max number of HARQ transmission
	1 
	1 
	1 

	Channel estimation
	Ideal & realistic channel estimation

	MA signature allocation (for data and DMRS)
	Fixed

	Distribution of avg. SNR
	Equal

	Equal
	Equal

	Timing offset
	0

	Frequency error
	0 

	Traffic model for link level
	Full buffer.



[bookmark: OLE_LINK6]A.2 Codebook for scheme A
2 REs out of 4 REs are used for data transmission. The 2 non-zero REs use different mapping relationship, which are shown as follows.
4-point codebook:
	Bit group
	00
	01
	10
	11

	1st non-zero RE
	+1
	0
	0
	-1

	2nd non-zero RE
	0
	+1
	-1
	0



8-point codebook:
	Bit group
	000
	001
	010
	011
	100
	101
	110
	111

	1st non-zero RE
	
	
	
	
	
	
	
	

	2nd non-zero RE
	
	
	
	
	
	
	
	



A.3 Spreading sequence for scheme D
The sequence used for scheme D is generated from sequence set below.
  [1.0000             1.0000             1.0000             1.0000          
   1.0000             1.0000            -1.0000            -1.0000          
   1.0000            -1.0000             1.0000            -1.0000          
   1.0000            -1.0000            -1.0000             1.0000          
   1.0000             1.0000                  0 + 1.0000i        0 - 1.0000i
   1.0000             1.0000                  0 - 1.0000i        0 + 1.0000i
   1.0000            -1.0000                  0 + 1.0000i        0 + 1.0000i
   1.0000            -1.0000                  0 - 1.0000i        0 - 1.0000i
   1.0000                  0 + 1.0000i   1.0000                  0 - 1.0000i
   1.0000                  0 + 1.0000i  -1.0000                  0 + 1.0000i
   1.0000                  0 - 1.0000i   1.0000                  0 + 1.0000i
   1.0000                  0 - 1.0000i  -1.0000                  0 - 1.0000i
   1.0000                  0 + 1.0000i        0 + 1.0000i  -1.0000          
   1.0000                  0 + 1.0000i        0 - 1.0000i   1.0000          
   1.0000                  0 - 1.0000i        0 + 1.0000i   1.0000          
   1.0000                  0 - 1.0000i        0 - 1.0000i  -1.0000          
   1.0000             1.0000             1.0000            -1.0000          
   1.0000             1.0000            -1.0000             1.0000          
   1.0000            -1.0000             1.0000             1.0000          
   1.0000            -1.0000            -1.0000            -1.0000          
   1.0000             1.0000                  0 + 1.0000i        0 + 1.0000i
   1.0000             1.0000                  0 - 1.0000i        0 - 1.0000i
   1.0000            -1.0000                  0 + 1.0000i        0 - 1.0000i
   1.0000            -1.0000                  0 - 1.0000i        0 + 1.0000i
   1.0000                  0 + 1.0000i   1.0000                  0 + 1.0000i
   1.0000                  0 + 1.0000i  -1.0000                  0 - 1.0000i
   1.0000                  0 - 1.0000i   1.0000                  0 - 1.0000i
   1.0000                  0 - 1.0000i  -1.0000                  0 + 1.0000i
   1.0000                  0 + 1.0000i        0 + 1.0000i   1.0000          
   1.0000                  0 + 1.0000i        0 - 1.0000i  -1.0000          
   1.0000                  0 - 1.0000i        0 + 1.0000i  -1.0000          
   1.0000                  0 - 1.0000i        0 - 1.0000i   1.0000          
   1.0000             1.0000             1.0000                  0 + 1.0000i
   1.0000             1.0000            -1.0000                  0 - 1.0000i
   1.0000            -1.0000             1.0000                  0 - 1.0000i
   1.0000            -1.0000            -1.0000                  0 + 1.0000i
   1.0000             1.0000                  0 + 1.0000i   1.0000          
   1.0000             1.0000                  0 - 1.0000i  -1.0000          
   1.0000            -1.0000                  0 + 1.0000i  -1.0000          
   1.0000            -1.0000                  0 - 1.0000i   1.0000          
   1.0000                  0 + 1.0000i   1.0000             1.0000          
   1.0000                  0 + 1.0000i  -1.0000            -1.0000          
   1.0000                  0 - 1.0000i   1.0000            -1.0000          
   1.0000                  0 - 1.0000i  -1.0000             1.0000          
   1.0000                  0 + 1.0000i        0 + 1.0000i        0 - 1.0000i
   1.0000                  0 + 1.0000i        0 - 1.0000i        0 + 1.0000i
   1.0000                  0 - 1.0000i        0 + 1.0000i        0 + 1.0000i
   1.0000                  0 - 1.0000i        0 - 1.0000i        0 - 1.0000i
   1.0000             1.0000             1.0000                  0 - 1.0000i
   1.0000             1.0000            -1.0000                  0 + 1.0000i
   1.0000            -1.0000             1.0000                  0 + 1.0000i
   1.0000            -1.0000            -1.0000                  0 - 1.0000i
   1.0000             1.0000                  0 + 1.0000i  -1.0000          
   1.0000             1.0000                  0 - 1.0000i   1.0000          
   1.0000            -1.0000                  0 + 1.0000i   1.0000          
   1.0000            -1.0000                  0 - 1.0000i  -1.0000          
   1.0000                  0 + 1.0000i   1.0000            -1.0000          
   1.0000                  0 + 1.0000i  -1.0000             1.0000          
   1.0000                  0 - 1.0000i   1.0000             1.0000          
   1.0000                  0 - 1.0000i  -1.0000            -1.0000          
   1.0000                  0 + 1.0000i        0 + 1.0000i        0 + 1.0000i
   1.0000                  0 + 1.0000i        0 - 1.0000i        0 - 1.0000i
   1.0000                  0 - 1.0000i        0 + 1.0000i        0 - 1.0000i
   1.0000                  0 - 1.0000i        0 - 1.0000i        0 + 1.0000i ]
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