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Background
In the previous meeting, the performance metric and simulation assumption were agreed [1][2]. Agreement on #94bis meeting and email discussion on the assumption of the four newly added cases (32~35) are as follows:
Agreements made in R1-1812095:
· The following options of SNR distribution can be considered for case 32-35, 
· Opt 1: keep the current value with Gaussian distribution;
· Opt 2: update 5dB to [9]dB for case 32 and 34; 
· Opt 3: use CDF statistics in SLS; 
· Opt 4: mixed Gaussian and Deterministic
In this contribution, link-level evaluation results for the QAM-sequence based symbol-level spreading scheme (MUSA) based on the agreed LLS assumptions are presented. Both MMSE hard-SIC receiver and EPA are considered for corresponding cases. Some results for EPA-based SCMA are also provided. All results are included in the attached excel following the format of Template-1.
Additional link-level evaluation results for MUSA
For the mMTC/URLLC and eMBB scenarios, typical cases listed in the aforementioned Template 1 are evaluated with detailed assumptions shown in Table 1 in appendix. The spreading sequences, together with the TBS size, SF and modulation order are elaborated in [4]. Single branch transmission per UE is conducted in this contribution. 
W.r.t the receiver, linear MMSE with hard-SIC receiver is assumed for all the cases where the details can be found in [6]. EPA is also implemented for performance comparison for some cases. For both realistic and ideal channel estimation, NR DMRS Type 2 with 1/7 overhead is adopted if the number of UEs is less than 12. Otherwise, the number of FDM combs is simply doubled to increase the number of orthogonal ports to e.g. 24. Consequently, the accuracy of channel estimation would suffer due to the less number of estimation samples in frequency domain. 
Results for additional cases with MMSE-SIC receiver
[bookmark: OLE_LINK2]For mMTC, Opt 2 is considered in the simulations of 4 new cases added in Template 1. For case 32 and 34, average SNR follows Gaussian distribution with standard deviation of 9 dB truncated to [-36, 36] dB, for case 33 and 35, average SNR follows Gaussian distribution with standard deviation of 4 dB truncated to [-16, 16] dB and 5 dB truncated to [-20, 20] dB, respectively.
As the results by MMSE-SIC shown in Figure 1~Figure 4, it can be found that BLER can go below 10% both for low spectral efficiency (20 bytes as in Figure 1) and high spectral efficiency (60 bytes as in Figure 2). Performance gap between ICE and RCE is up to 2 dB for Case 32 and smaller for Case 33.
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	[bookmark: _Ref525925595]Figure 1 LLS results of ICE (left) and RCE (right) for Case 32 (TBS = 20 Bytes with Gaussian distributed avg. SNR, Rx = 2) with MMSE-SIC receiver

	[image: ]
	[image: ]

	[bookmark: _Ref525934268]Figure 2 LLS results of ICE (left) and RCE (right) for Case 33 (TBS = 60 Bytes with Gaussian distributed avg. SNR, Rx = 2) with MMSE-SIC receiver



When the number of Rx antennas is increased to 4, less performance gap (up to 1dB) is observed between RCE and ICE as shown in Figure 3 and Figure 4. 
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	Figure 3 LLS results of ICE (left) and RCE (right) for Case 34 (TBS = 60 Bytes with Gaussian distributed avg. SNR, Rx = 4) with MMSE-SIC receiver
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	Figure 4 LLS results of ICE (left) and RCE (right) for Case 35 (TBS = 20 Bytes with Gaussian distributed avg. SNR, Rx = 4)  with MMSE-SIC receiver



Observation 1: BLER < 10% can be achieved for Case 32~Case 35 (of 9 dB standard deviation of Gaussian distributed avg. SNR) with realistic channel estimation and MMSE-SIC receiver.
Results for additional cases via EPA
From the results with EPA receiver shown in Figure 5~Figure 8, it can be found that BLER can go below 10% both for low spectral efficiency (20 bytes as in Figure 5) and high spectral efficiency (60 bytes as in Figure 6). 
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	Figure 5 LLS results of ICE (left) and RCE (right) for Case 32 (TBS = 20 Bytes with Gaussian distributed avg. SNR Rx = 2) with EPA receiver
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	Figure 6 LLS results of both ICE (left) and RCE (right) for Case 33 (TBS = 60 Bytes with Gaussian distributed avg. SNR Rx = 2) with EPA receiver.



[bookmark: _GoBack]Similarly, with the increased number of Rx antennas (i.e., 4 Rx), the BLER performance is improved as shown in Figure 7 and Figure 8. Besides, the performance gap between ICE and RCE is less than 0.5 dB.
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	Figure 7 LLS results of ICE (left) and RCE (right) for Case 34 (TBS = 60 Bytes with Gaussian distributed avg. SNR, Rx = 4) with EPA receiver.
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	Figure 8 LLS results of ICE (left) and RCE (right) for Case 35 (TBS = 20 Bytes with Gaussian distributed avg. SNR, Rx = 4) with EPA receiver.



Observation 2: 
BLER < 10% can be achieved for Case 32~Case 35 (of 9 dB standard deviation of Gaussian distributed avg. SNR) with realistic channel estimation and EPA receiver.
Conclusion
In this contribution, we provided some link level simulations and preliminary performance comparisons among different NOMA schemes from various aspects. Some proposals and observations were made as follows.
[bookmark: OLE_LINK4]Observation 1: BLER < 10% can be achieved for Case 32~Case 35 (up to 9 dB standard deviation of Gaussian distributed avg. SNR) with realistic channel estimation and MMSE-SIC receiver

Observation 2: BLER < 10% can be achieved for Case 32~Case 35 (up to 9 dB standard deviation of Gaussian distributed avg. SNR) with realistic channel estimation and EPA receiver
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Appendix
[bookmark: _Ref525893380]Table 1 Simulation assumptions used for preliminary evaluations
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz
	4 GHz

	Waveform
	CP-OFDM and DFT-s-OFDM
	CP-OFDM
	CP-OFDM

	Channel coding
	LDPC

	Numerology (data part)
	SCS = 15 kHz,
	Case 1: SCS = 60 kHz, #OS = 7
Case 2: SCS = 30 kHz, #OS = 4
	SCS = 15 kHz

	Allocated bandwidth
	6 RB
	12 for SCS = 60 kHz
24 for SCS = 30kHz
	12 RB

	TBS per UE
	[10, 20, 40, 60, 75] Bytes.
	[10,60] Bytes
	[20, 40, 80, 150] Bytes.

	Target BLER for one transmission
	10%
	0.10%
	10%

	RS overhead
	1/7
	1/7 for #OS 7, and 1/4 for #OS 4
	1/7

	BS antenna configuration
	2 and 4 Rx
	4 Rx
	4Rx

	UE antenna configuration
	1 Tx

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

	Max number of HARQ 
	1
	1
	1

	Channel estimation
	Both ICE and RCE are considered

	MA signature allocation (for data and DMRS)
	Random/Fixed
	Fixed
	Random/Fixed

	Distribution of avg. SNR
	Both equal and unequal
	Equal
	Both equal and unequal

	Timing offset
	0 or uniform distribution between [0, 0.5/1.5NCP]
	0
	0 or uniform distribution between [0, 0.5/1.5NCP]

	Frequency error
	0 Hz or uniform distribution between -70 and 70 Hz for 700MHz
	0 Hz
	0 Hz or uniform distribution between -140 and 140 Hz for 4GHz

	Traffic model 
	Full buffer
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