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1. Introduction
In RAN1#92~#93 meeting, the assumptions of link-level evaluation for uplink NOMA (Non-orthogonal multiple access) were agreed and provided in the Appendix. 
In this contribution, we provide the link-level evaluation results of UGMA in mMTC and eMBB scenario based on the agreed parameters.
2. LLS evaluation results of UGMA in mMTC
In the evaluations, generalized welch-bound equality (GWBE) sequences designed for unequal SNR {-3dB,+3dB} are used. Both equal and unequal SNR are evaluated. The evaluation assumptions can be found in Table 1.
2.1. Equal SNR
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(a) 8UE, Grant-based (Fixed sequence allocation)            (b) 8UE, Grant-free (Random sequence allocation)
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(c) 12UE, Grant-based (Fixed sequence allocation)            (d) 12UE, Grant-free (Random sequence allocation)
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(e) 16UE, Grant-based (Fixed sequence allocation)            (f) 16UE, Grant-free (Random sequence allocation)
Figure 1 BLER vs. SNR of UGMA under equal SNR in mMTC
2.2. Unequal SNR
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(a) 8UE, Grant-based (Fixed sequence allocation)            (b) 8UE, Grant-free (Random sequence allocation)
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(c) 12UE, Grant-based (Fixed sequence allocation)            (d) 12UE, Grant-free (Random sequence allocation)
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(e) 16UE, Grant-based (Fixed sequence allocation)            (f) 16UE, Grant-free (Random sequence allocation)
Figure 2 BLER vs. SNR of UGMA under unequal SNR in mMTC
3. LLS evaluation results of UGMA in eMBB
3.1. Equal SNR
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(a) 8UE, Grant-based (Fixed sequence allocation)            (b) 8UE, Grant-free (Random sequence allocation)
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(c) 12UE, Grant-based (Fixed sequence allocation)            (d) 12UE, Grant-free (Random sequence allocation)
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(e) 16UE, Grant-based (Fixed sequence allocation)            (f) 16UE, Grant-free (Random sequence allocation)
[bookmark: _GoBack]Figure 3 BLER vs. SNR of UGMA under equal SNR in eMBB
3.2. Unequal SNR
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(a) 8UE, Grant-based (Fixed sequence allocation)            (b) 8UE, Grant-free (Random sequence allocation)
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(c) 12UE, Grant-based (Fixed sequence allocation)            (d) 12UE, Grant-free (Random sequence allocation)
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(e) 16UE, Grant-based (Fixed sequence allocation)            (f) 16UE, Grant-free (Random sequence allocation)
Figure 4 BLER vs. SNR of UGMA under unequal SNR in eMBB
4. Conclusion
In this contribution, we provide our link level simulation results of UGMA with following observation.
Observation 1: UGMA can achieve the BLER target of mMTC and eMBB, and can provide the capability of high overloading.
Appendix: 
Agreed link-level evaluation assumptions in RAN1#92~#93 [1][2][3].
Table 1 Link-level evaluation assumptions
	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 Case 1; 24 for Case 2 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.
	#bits per RE calculation does not include DMRS overhead (e.g., REs of one every 7 symbols for DMRS would not be used to carry the data)


	Target BLER for one transmission
	10%
	0.1%
	10%
	

	Number of UEs multiplexed in the same allocated bandwidth
	To be reported by companies. 

	Companies are encouraged to perform evaulations 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,
4Rx or 8 Rx for 4 GHz 
8Rx as optional
	CDL model in 38.901 should be considered for 8Rx

	UE antenna configuration
	1Tx  
	

	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, 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
	

	Frequency error
	0 as starting point. 
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.
	


Note: for the case when a parameter has a “OR” condition, companies are encouraged to evaluate all the corresponding values

DMRS overhead
· For ideal channel estimation, DMRS overhead is 1/7 for #OS 7 and 14, and 1/4 for #OS 4.
· For realistic channel estimation with number of DMRS ports <= 12
· Reuse the NR design for evaluation purpose
· Other DMRS designs are not precluded for the NOMA study
· For realistic channel estimation with number of DMRS ports > 12
· The DMRS overhead should not be less than NR design for evaluation purpose.
· FFS extending DMRS design for the NOMA study
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