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1. Introduction
This document provides some observations regarding link level simulation (LLS) in UL NOMA for mMTC scenario, especially the number of UEs multiplexed on the same time/frequency resource.
2. LLS assumptions
Through the NOMA workshop and e-mail discussions regarding LLS assumptions for NR UL NOMA, we reached some consensus on LLS assumptions as shown in Table 1[1] below. Basically, we support to use this table for mMTC scenario as the LLS assumptions.
Table 1: Link-level evaluation assumptions[1]
	Parameters
	mMTC
	URLLC
	eMBB
	Further specified values 

	Carrier Frequency
	2 GHz
	2 GHz
	2 GHz
	

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

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

	Channel Coding
	Turbo
	Turbo
	LDPC
	

	Allocated bandwidth
	4 or 6 RB as baseline, single-tone, 1 RB as optional
	4 or 6 RB as baseline, 12 RB as optional
	4 or 6 RB as baseline, and 12 RB as optional
	The same for non-orthogonal MA and baseline OFDMA

	Target per UE spectral efficiency 
	[0.1-0.5] for normal coverage, [0.01-0.1] for extended coverage
	[0.1-0.5]
	[0.1-0.5]
	The same total spectral efficiency (per UE SE * number of UEs) for non-orthogonal MA and OFDMA baseline.
Company reports the MCS.
Without short-term (per TTI) MCS adaptation.

	Target BLER for one transmission
	10%
	0.1%
	10%
	

	Number of UEs multiplexed in the same allocated bandwidth
	
To be reported by companies. 
	
To be reported by companies
	
To be reported by companies
	For OFDMA baseline, either simulate 1 UE per PRB (FDM for multiple UEs) and increase the MCS (per UE SE) accordingly, or keep the same number of UEs and MCS (resource collision is allowed).

	BS antenna configuration
	2Rx as baseline
4Rx as optional
	2Rx  as baseline
4Rx as optional
	2Rx  as baseline
4Rx as optional
	

	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 as baseline
	1

	Channel estimation
	Realistic channel estimation, 
Ideal channel estimation results should also be reported 
	

	MA signature allocation (for data)
	Fixed/Random
	Fixed/Random
	Fixed/Random
	Proponents report the details of  random MA signature allocation

	DMRS allocation
	Proponents report the details of DMRS, and whether DMRS is randomly selected by UE or pre-configured by gNB with potential DMRS collision.
	NR Rel-15 DMRS overhead for the baseline OMA

	Timing/frequency offset
	0 as starting point, 
	0 as starting point
	0 as starting point
	Non-zero timing and/or frequency offset to be considered later 

	Distribution of avg. SNR
	Both equal and unequal

	Equal
	Both equal and unequal
	For example, for unequal case, the long term SNR can have [3] values,30% users with x dB, 40% users with y dB, and 30% users with z dB

	Receiver algorithm
	Proponents provide details of receiver algorithms
	MMSE-IRC for the baseline OMA


Note: if 2-step RACH is evaluated, the assumption for TA estimation is that it should be within +/- 5us

In order to investigate how many UEs multiplexed on the same time/frequency resource should be supported for mMTC scenario, we evaluate block error rate (BLER) vs number of UEs multiplexed on the same time/frequency resource by computer simulation. Assumptions details for this simulation are summarized in Appendix.
Figure 1 shows the simulation results. 2 UE-multiplexing performance is almost the same as the case of 1 UE (i.e.. no multiplexing on the same time/frequency resource). For the case of more than 2-UE multiplexing, BLER performance has error floor. However, degradation of BLER performance is slow up to the case of 6 UE-multiplexing (overloading factor = 600%).
[image: ]
Figure 1 BLER vs SNR for 1 to 6 UEs multiplexed on the same time/frequency resource

Based on this simulation results, we have following observation.
Observation 1.  For the case of QPSK modulation and Turbo coding with code rate 1/3, degradation of BLER performance is slow up to 6 UE-multiplexing on the same resource. We should consider the number of UEs multiplexed on the same time/frequency resource as large as possible.

3. Summary
Observation 1.  For the case of QPSK modulation and Turbo coding with code rate 1/3, degradation of BLER performance is slow up to 6 UE-multiplexing on the same resource. We should consider the number of UEs multiplexed on the same time/frequency resource as large as possible.

4. References
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Appendix

Parameters of LLS for UL NOMA are summarized in Table 2.
Table 2: Simulation Assumptions
	Parameters
	Value or scheme
	Remarks

	Multiple Access Scheme
	power-domain multiple acsess 
	no spreading to multiple resources

	Carrier Frequency
	2 GHz
	

	Waveform (data part)
	DFT-s-OFDM
	

	Numerology (data part)
	SCS = 15 kHz, # of symbols = 6 (#0,#1,#2,#3,#4,#5)
	same as the symbol structure of LTE eCP

	Modulation
	QPSK
	same for all UEs

	Channel Coding
	Turbo coding (code rate = 1/3)
	

	Allocated bandwidth
	6 RB (1.08 MHz BW)
	

	Number of UEs multiplexed in the same allocated bandwidth
	1 to 6
	Overloading factor: 100 % to 600 %

	BS antenna configuration
	2 Rx 
	

	UE antenna configuration
	1 Tx 
	

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

	Max number of HARQ transmission
	1 (no retransmission)
	

	Repetition
	available
	

	Channel estimation
	realistic channel estimation
	

	DMRS allocation
	2 symbols @#2 and  #3 are allocated for DMRS
	Zadoff-Chu sequence with 6 different cyclic shifts

	Timing/frequency offset
	0 
	

	Distribution of avg. SNR
	Unequal 
	SIR=3 [dB] (Refer to Fig.2)

	Receiver algorithm
	SIC utilizes user-specific channel impulse response (CIR) and power difference between UEs to separate superimposed signals.
	



Definitions of horizontal axis(SNR) in Fig.1 and distribution of avg. SNR in Table 2 (correspoinding to SIR) are described in Fig.2
[image: ]
Figure 2  SNR and SIR (“distribution of avg. SNR” in Table 2)

In this simulation, we adopt the multiple access scheme [2] by utilizing the differences of received power and CIR of each UE without spreading to multiple resources. Slot structure is shown in Fig.3.
[image: ]
Figure 3  Slot structure for LLS for NR UL NOMA

DMRS is composed of Zadoff-Chu sequence with different cyclic shifts in frequency domain. Channel impulse response (CIR) is obtained by multiplying  conj(Z) and performing IDFT in gNB as shown in Fig.4.
[image: ]
Figure 4  DMRS generation and channel estimation

Signal separation sheme is shown in Fig.5. SIC is adopted as receiver algorithm. Difference of CIR and received power between UEs are utilized to separate superimposed signals.
[image: ]
Figure 5  Signal sepration scheme by SIC algorithm
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