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Background
The link-level performance metrics and simulation assumptions for NOMA study were agreed in RAN1#92, RAN1#92bis and RAN1#93 meetings [1][2][3]. 
In this contribution, we present some preliminary link-level evaluation results for the QAM-sequence based symbol-level spreading scheme (MUSA) based on the agreed LLS assumptions. MMSE hard-SIC receiver is assumed.
Preliminary link-level evaluation results for MUSA
Simulation parameters
The spreading sequences used for the simulation are listed in the Appendix 1. For each set of TB size and number of UEs, the spreading factor, and modulation order are adjusted in some of the simulation cases to achieve better performance. In addition, as analyzed in [4], multi-layer transmission per UE could be adopted to further enhance the performance for very high per UE spectral efficiency.
Linear MMSE with hard-SIC receiver is adopted where the details can be found in [5]. For realistic channel estimation, NR DMRS design with 1/7 overhead is assumed as the starting point. For mMTC and eMBB with 14 OFDM symbols, NR DMRS can support up to 12 ports in the case of DMRS type 2. For the case of more than 12 UEs, we simply double the number of FDM combs 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. 
Preliminary simulation results
1) mMTC, fixed MA signature allocation 
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	(a). Ideal channel estimation 
	(b). Realistic channel estimation



[bookmark: _Ref510736206]Figure 1 Performance evaluation of symbol-level linear spreading for mMTC with 20 Byte and equal avg. SNR.
The results for mMTC with 20-Byte TBS under different number of UEs are shown in Figure 1. Compared with OMA single user which is the upper bound of per UE performance, 20 UEs can be multiplexed with less than 2dB SNR loss for ideal channel estimation and about 2.5dB SNR loss for realistic channel estimation. The achievable sum throughput corresponding to 20 UEs @ BLER = 0.1 is 2.67 bps/Hz where the per UE SE = (20*8bits)/(6*12*15kHz)/1ms.
Figure 1 shows the results with the same assumptions at ideal and realistic channel estimation. It can be found that for TDL-A model, there will be about 0.5 dB loss for realistic channel estimation (RCE) compared with ideal channel estimation (ICE) based on NR DMRS for up to 12 UEs, and about 1dB loss for RCE based on NR DMRS with double number of ports , e.g.,  up to 24 UEs.
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	(a). Ideal channel estimation 
	(b). Realistic channel estimation



[bookmark: _Ref510736857]Figure 2 Performance evaluation of symbol-level linear spreading for mMTC with 40 Byte and equal avg. SNR.
For lager TBS, the overloading capability of NOMA is expected to be reduced since the total spectral efficiency the system can achieve is limited. For example as shown in Figure 2, 12 UEs can be multiplexed with less than 3 dB SNR loss compared to the OMA single user case. The achievable sum throughput corresponding to 12 UEs @ 0.1 BLER is 3.2 bps/Hz where the per UE SE = (40*8bits)/(6*12*15kHz)/1ms.

2) mMTC, random MA signature allocation
· Data-only based
Data-only based symbol-level spreading scheme is considered for the evaluation in the case of random MA signature allocation. Random collision of MA signatures (i.e. spreading sequences and DMRS/preamble) is allowed so that NOMA can operate in “true” grant-free settings. For data-only solution, there is no dedicated DMRS involved in the transmitter side processing. The user identification and channel estimation are based on the data signal itself with the only prior information being modulation order. As shown in our companion contribution [5], the receiver implementation for the NOMA transmission operates in more “blind” fashion, without the aid of DMRS/preamble detection. 
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(a) TBS = 10bytes, TDL-A 30ns
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(b) TBS = 10bytes, TDL-C 300ns
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(c) TBS = 20bytes, TDL-A 30ns
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 (d) TBS = 20bytes, TDL-C 300ns 


[bookmark: _Ref510808749]Figure 3 Performance evaluation of mMTC with random MA signature allocation, equal avg. SNR.
Figure 3 shows some preliminary simulation results on BLER vs SNR for data-only based NOMA scheme with symbol-level linear spreading. From these simulation results we can observe that high loading of users can be achieved with limited per UE performance loss respected to single user upper bound. Figure 3(e)(f) shows some preliminary results for data-only based NOMA scheme with realistic TO&FO exists in random scenario. More results of data-only solution can be found in the Appendix 2.
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	(e). TBS=10, TDLC-300ns, 1T2R
	(f). TBS=20, TDLA-30ns, 1T2R


[bookmark: OLE_LINK3]Figure 3(e)(f)  Performance evaluation of mMTC with TO&FO in random scenario, unequal avg. SNR, Realistic CE, TO = (1/2)*CP, FO = 70Hz, Realistic TO/FO estimation

· Enhanced DMRS + data
Figure 4 shows some preliminary simulation results on BLER vs SNR for with Enhanced DMRS NOMA scheme with symbol-level linear spreading. In this scheme Enhanced DMRS with overhead 1/7 is used for UE detection, TO/FO estimation and channel estimation. More results of Enhanced DMRS solution can be found in the Appendix 2.
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	(a). TBS=10, TDLC-300ns, 1T2R
	(b). TBS=20, TDLA-30ns, 1T2R


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 4 Performance evaluation of mMTC with Enhanced DMRS in random scenario, unequal avg. SNR, Realistic CE, TO =(1/2)*CP, FO = 70Hz, Realistic TO/FO estimation

Observation 1: With MMSE hard-SIC receiver, NOMA with QAM-sequence based symbol-level linear spreading can achieve excellent overloading capability with very limited per UE performance loss in all the interested use scenarios. 
Proposal 1: Support QAM-sequence based symbol-level linear spreading for NOMA.
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.
Observation 1: With MMSE hard-SIC receiver, NOMA with QAM-sequence based symbol-level linear spreading can achieve excellent overloading capability with very limited per UE performance loss in all the interested use scenarios. 
Proposal 1: Support QAM-sequence based symbol-level linear spreading for NOMA.
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Appendix 1
Table A1 Simulation assumptions used for preliminary evaluations
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz 
	4 GHz, 
700 MHz as optional
	

	Waveform 
(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM as starting point
	CP-OFDM as starting point
	

	Channel coding
	URLLC: NR LDPC
eMBB: NR LDPC 
mMTC: NR LDPC
	The choice of channel coding here is only for the performance evaluation purpose for NOMA study

	Numerology (data part)
	SCS = 15 kHz, #OS = 14
	Case 1: SCS = 60 kHz, #OS = 7 (normal CP), optionally 6 (ECP)
Case 2: SCS = 30 kHz, #OS = 4
	SCS = 15 kHz
#OS = 14
	

	Allocated bandwidth
	6 as the starting point
	12 for 60 kHz SCS and 24 for 30kHz SCS as the starting point
	12 as the starting point
	For high payload such as 75 bytes, larger number of RBs can be considered.

	TBS per UE
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
Lower than 0.1 bits/RE is optional
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
	At least five TBS that are [20, 40, 80, 120, 150] bytes. Other values higher than 20 bytes are not precluded.
	For ideal channel estimation, DMRS overhead is 1/7 for #OS 7 and 14, and 1/4 for #OS 4

	Target BLER for one transmission
	10%
	0.10%
	10%
	

	Number of UEs multiplexed in the same allocated bandwidth
	Indicated in the figures

	Companies are encouraged to perform evaluations with various number of UEs
Note: refined set of numbers of UEs should be further discussed in the next meeting. 

	BS antenna configuration
	2 Rx or 4 Rx for 700MHz,
4 Rx or 8 Rx for 4 GHz 
8 Rx as optional
	CDL model in 38.901 should be considered for 8Rx

	UE antenna configuration
	1 Tx  
	

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

	Max number of HARQ transmission
	1 as starting point. 
	1 as starting point. More values, 2 for URLLC can be used.
	1 as starting point.
	

	Channel estimation
	Ideal channel estimation results should be reported for calibration

Realistic channel estimation
	

	MA signature allocation (for data and DMRS)
	Fixed/Random
	Proponents report the details of  random MA signature allocation (whether without or with collision)

	Distribution of avg. SNR
	Both equal and unequal
	Equal
	Both equal and unequal
	Uniform discrete values for unequal case,, range [x - a, x + a] (dB) with 1 dB step, where x is the average SNR among UEs, and the deviation  [a=3]

	Timing offset
	0 as starting point. 
For grant-free without perfect TA (asynchronous), timing offset is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:
• Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS
• Case 2: 2*CP>=y > CP, with detailed value FFS
	Additional value(s) for y are not precluded
Possible down-selection can still be discussed 

	Frequency error
	0 as starting point. 
Also evaluate uniform distribution between -70 and 70 Hz for 700MHz carrier frequency, and uniform distribution between [-140] and [140] Hz for 4GHz carrier frequency.
	

	Traffic model for link level
	Full buffer as starting point. 
Non-full-buffer model (like Poisson arrival of fixed packet size) is optional.
	

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA. 
AWGN curves can be provided also.
	




Table A2 Sequence pool (before normalization) used for the symbol-level linear spreading scheme.
	Linear spreading codebook for SF=2 (the table is repeated for the simulation with more than 6 UEs)
	


	Linear spreading codebook for SF=3 (the table is repeated for the simulation with more than 9 UEs)
	


	Linear spreading codebook for SF=4
	See Table A3

	Linear spreading codebook for SF=6
	See Table A4



Table A3 Example of QPSK sequence with SF = 4, pool size = 64 (before normalization).
	No.
	c1
	c2
	c3
	c4
	No.
	c1
	c2
	c3
	c4

	1
	1
	1
	1
	1
	33
	1
	1
	1
	-j

	2
	1
	1
	-1
	-1
	34
	1
	1
	-1
	j

	3
	1
	-1
	1
	-1
	35
	1
	-1
	1
	j

	4
	1
	-1
	-1
	1
	36
	1
	-1
	-1
	-j

	5
	1
	1
	-j
	j
	37
	1
	1
	-j
	1

	6
	1
	1
	j
	-j
	38
	1
	1
	j
	-1

	7
	1
	-1
	-j
	-j
	39
	1
	-1
	-j
	-1

	8
	1
	-1
	j
	j
	40
	1
	-1
	j
	1

	9
	1
	-j
	1
	j
	41
	1
	-j
	1
	1

	10
	1
	-j
	-1
	-j
	42
	1
	-j
	-1
	-1

	11
	1
	j
	1
	-j
	43
	1
	j
	1
	-1

	12
	1
	j
	-1
	j
	44
	1
	j
	-1
	1

	13
	1
	-j
	-j
	-1
	45
	1
	-j
	-j
	j

	14
	1
	-j
	j
	1
	46
	1
	-j
	j
	-j

	15
	1
	j
	-j
	1
	47
	1
	j
	-j
	-j

	16
	1
	j
	j
	-1
	48
	1
	j
	j
	j

	17
	1
	1
	1
	-1
	49
	1
	1
	1
	j

	18
	1
	1
	-1
	1
	50
	1
	1
	-1
	-j

	19
	1
	-1
	1
	1
	51
	1
	-1
	1
	-j

	20
	1
	-1
	-1
	-1
	52
	1
	-1
	-1
	j

	21
	1
	1
	-j
	-j
	53
	1
	1
	-j
	-1

	22
	1
	1
	j
	j
	54
	1
	1
	j
	1

	23
	1
	-1
	-j
	j
	55
	1
	-1
	-j
	1

	24
	1
	-1
	j
	-j
	56
	1
	-1
	j
	-1

	25
	1
	-j
	1
	-j
	57
	1
	-j
	1
	-1

	26
	1
	-j
	-1
	j
	58
	1
	-j
	-1
	1

	27
	1
	j
	1
	j
	59
	1
	j
	1
	1

	28
	1
	j
	-1
	-j
	60
	1
	j
	-1
	-1

	29
	1
	-j
	-j
	1
	61
	1
	-j
	-j
	-j

	30
	1
	-j
	j
	-1
	62
	1
	-j
	j
	j

	31
	1
	j
	-j
	-1
	63
	1
	j
	-j
	j

	32
	1
	j
	j
	1
	64
	1
	j
	j
	-j



Table A4 Example of BPSK or {+1/-1} sequence with SF = 6, pool size = 16 (before normalization).
	No.
	c1
	c2
	c3
	c4
	c5
	c6

	1
	1
	1
	1
	1
	1
	1

	2
	1
	1
	1
	1
	-1
	-1

	3
	1
	1
	1
	-1
	1
	-1

	4
	1
	1
	1
	-1
	-1
	1

	5
	1
	1
	-1
	1
	1
	-1

	6
	1
	1
	-1
	1
	-1
	1

	7
	1
	1
	-1
	-1
	1
	1

	8
	1
	1
	-1
	-1
	-1
	-1

	9
	1
	-1
	1
	1
	1
	-1

	10
	1
	-1
	1
	1
	-1
	1

	11
	1
	-1
	1
	-1
	1
	1

	12
	1
	-1
	1
	-1
	-1
	-1

	13
	1
	-1
	-1
	1
	1
	1

	14
	1
	-1
	-1
	1
	-1
	-1

	15
	1
	-1
	-1
	-1
	1
	-1

	16
	1
	-1
	-1
	-1
	-1
	1



Appendix 2 Evaluation results
a. mMTC scenario, fixed MA signature
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-1. BLER Performance for mMTC (Equal SNR, TDL-A, CP-OFDM, Ideal CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-2. BLER Performance for mMTC (Equal SNR, TDL-C, CP-OFDM, Ideal CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-3. BLER Performance for mMTC (Equal SNR, TDL-A, CP-OFDM, Realistic CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-4. BLER Performance for mMTC (Equal SNR, TDL-C, CP-OFDM, Realistic CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-5. BLER Performance for mMTC (Unequal SNR, TDL-A, CP-OFDM, Ideal CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-6. BLER Performance for mMTC (Unequal SNR, TDL-C, CP-OFDM, Ideal CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-7. BLER Performance for mMTC (Unequal SNR, TDL-A, CP-OFDM, Realistic CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-8. BLER Performance for mMTC (Unequal SNR, TDL-C, CP-OFDM, Realistic CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-9. BLER Performance for mMTC (Equal SNR, TDL-A, DFT-s-OFDM, Ideal CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-10. BLER Performance for mMTC (Equal SNR, TDL-C, DFT-s-OFDM, Ideal CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-11. BLER Performance for mMTC (Equal SNR, TDL-A, DFT-s-OFDM, Realistic CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-12. BLER Performance for mMTC (Equal SNR, TDL-C, DFT-s-OFDM, Realistic CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
	(f). TBS=75


Figure A2.a-13. BLER Performance for mMTC (Unequal SNR, TDL-A, DFT-s-OFDM, Ideal CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
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Figure A2.a-14. BLER Performance for mMTC (Unequal SNR, TDL-C, DFT-s-OFDM, Ideal CE)
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Figure A2.a-13. BLER Performance for mMTC (Unequal SNR, TDL-A, DFT-s-OFDM, Realistic CE)
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	(a). OMA reference
	(b). TBS=10
	(c). TBS=20
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	(d). TBS=40
	(e). TBS=60
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Figure A2.a-14. BLER Performance for mMTC (Unequal SNR, TDL-C, DFT-s-OFDM, Realistic CE)

b. mMTC scenario, random MA signature
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	(a). TBS=10
	(b). TBS=20
	(c). TBS=40


Figure A2.b-1. BLER Performance for mMTC (DataOnly, Equal SNR, TDL-A, CP-OFDM, Realistic CE, without TO/FO)
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	(a). TBS=10
	(b). TBS=20
	(c). TBS=40


Figure A2.b-2. BLER Performance for mMTC (DataOnly, Equal SNR, TDL-C, CP-OFDM, Realistic CE,, without TO/FO)
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	(a). TBS=10, TDLC-300ns, 1T2R
	(b). TBS=20, TDLA-30ns, 1T2R



Figure A2.b-3. BLER Performance for mMTC (Enhanced DMRS, Unequal SNR, CP-OFDM, Realistic CE, TO =(1/2)*CP, FO = 70Hz, Realistic TOFO estimation)
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	(a). TBS=10, TDLA-30ns, 1T2R 
	(b). TBS=20, TDLA-30ns, 1T2R



Figure A2.b-4. BLER Performance for mMTC (Enhanced DMRS, Unequal SNR, DFT-s-OFDM, Realistic CE, TO =(1/2)*CP, FO = 70Hz, Realistic TOFO estimation)

c. mMTC fix scenario, Sum-throughput vs total SNR
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	(a). TDLA-30ns 
	(b). TDLC-300ns


Figure A2.c-1. Sum-throughput vs total SNR for mMTC (Equal SNR, CP-OFDM, Ideal CE)
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	(a). TDLA-30ns 
	(b). TDLC-300ns


Figure A2.c-2. Sum-throughput vs total SNR for mMTC (Equal SNR, DFT-s-OFDM, Ideal CE)
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	(a). TDLA-30ns 
	(b). TDLC-300ns


Figure A2.c-3. Sum-throughput vs total SNR for mMTC (Equal SNR, CP-OFDM, Realistic CE)
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	(a). TDLA-30ns 
	(b). TDLC-300ns


Figure A2.c-4. Sum-throughput vs total SNR for mMTC (Equal SNR, DFT-s-OFDM, Realistic CE)
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	(a). TDLA-30ns 
	(b). TDLC-300ns


Figure A2.c-5. Sum-throughput vs total SNR for mMTC (Unequal SNR, CP-OFDM, Ideal CE)
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	(a). TDLA-30ns 
	(b). TDLC-300ns


Figure A2.c-6. Sum-throughput vs total SNR for mMTC (Unequal SNR, DFT-s-OFDM, Ideal CE)
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	(a). TDLA-30ns 
	(b). TDLC-300ns


Figure A2.c-7. Sum-throughput vs total SNR for mMTC (Unequal SNR, CP-OFDM, Realistic CE)
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	(a). TDLA-30ns 
	(b). TDLC-300ns


Figure A2.c-8. Sum-throughput vs total SNR for mMTC (Unequal SNR, DFT-s-OFDM, Realistic CE)
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