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1. Introduction
The concept of more than one user served in each orthogonal block is gaining more recognition for potential use case in NR scenario, as many evaluations and proposals from academia and industry are growing. As study item for NR [1] is initiated, we discuss some aspects and limits about multiplexing capacity of NOMA due to channel effects. NOMA not only enables more multiplexing capability than the conventional orthogonal multiplexing schemes, but also delivers enhanced link level performance in multi-carrier system due to frequency diversity gain obtainable from typically large bandwidth.  Recent study shows that the exact boost in NOMA UL user multiplexing capability depends on channel conditions of UL signals, especially for a multi-carrier based system.  Here, we discuss evaluation considerations for the NOMA system (and possibly link-level) level evaluation scenario.
2. Multi-carrier based NOMA multiplexing capability as a function of channel frequency diversity 
2.1. Frequency diversity of multi-carrier transmission
In contrast to conventional orthogonal multiple access schemes such as TDMA and OFDMA, one of the key characteristic from NOMA is the utilization of common bandwidth independent from user fairness regardless of user channel conditions.  For example, if one user in OMA system with very poor channel conditions need to be served due to fairness issues, an orthogonal time and frequency resource must be dedicated despite the bad CSI condition.  Thus, this leads to negative effect in terms of system spectrum efficiency and throughput, if a user with good channel condition is not served due to the prioritized user with very poor channel conditions.  NOMA enables that both users with very poor condition and good condition are served with the same (typically wider) bandwidth.  Since both users with very poor and good channel conditions are utilizing full bandwidth in NOMA, additional performance gain can be expected from multi-carrier based NOMA schemes, where gain from frequency diversity is more pronounce than FDMA systems.  Due to frequency diversity, the essential part of successive or parallel interference cancellation in NOMA works even better than channel conditions with lacking frequency selectivity.  
2.2. Single user performance model and multiplexing capability in system level 
In [2], a physical layer abstraction method was proposed to map link level performance to system level.  The essence of the proposal is that perfect interference cancellation receiver is assumed.  The perfect interference cancellation (PIC) receiver is equivalent to single user UL transmission performance as if there are no multi-user interference (MUI) present at the receiver side. However, this assumption is acceptable for limited number of cases when total spectrum efficiency of simultaneously transmitting UL users do not exceed a certain threshold number.  In other words, if number of multiplexing users in the UL time/frequency resource exceeds, PIC is no longer valid.  The PIC assumption also varies with the channel condition too.  Below is a comparison of link level simulation results that describes the single user performance depending on channel condition.  The simulation assumption of noise power level at the receiver side is fixed and SNR is not affected by the number of UL transmitting signals (SNR per average UE signal power not SNR per total input sum power).  Detailed simulation conditions, using the NOMA scheme described in [3], are listed in Table 1.
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Figure 1. Comparison of LLS results in different channel models
Figure 1a shows BLER results under TDL-A channel (average delay spread about 117.3ns) as the number of simultaneously transmitting UL users varies.  It is observed that PIC assumption is valid up to eight simultaneous UL transmissions.  When more than eight users are transmitting, overall BLER performance start to deviate from the single user performance.  For 9 to 10 simultaneous UL transmission case, linear degradation is observed, and exponential performance degradation is noticed for more than 10 users sharing UL resource at the same time/frequency.  On the other hand, the gap between single user transmission and 10 users in case figure 1b (TDL-C) is narrower than the environment in figure 1a (TDL-A).  
In the perspective of multiplexing capability comparison to the conventional orthogonal multiple access (OMA), results are much more pronounced.  In TDL-A case, eight simultaneous user UL transmission in NOMA BLER is roughly similar to OFDMA with six user UL transmission, while 11 simultaneous user UL transmission in NOMA case is still superior than six user OFDMA UL transmission in TDL-C case.  
3. Conclusion

In this contribution, we discussed some evaluation considerations for the NOMA system that multiplexing capability by PIC assumption and linear effective SNR loss calculation for system level evaluation depends on channel conditions.  If overloading of UL transmission occurs, degradation of effective SNR mapping (ESM) should be taken into account in the system level evaluation process. Following is our observation: 

Observation 1: For assessing NOMA in system level, many link level channel profile such as delay spread should be taken account to accurately decide whether single user performance for NOMA is achieved or not.  
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Table 1. Evaluation parameters – LLS for UL
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM 

	Numerology 
	Same as Release 14

	System Bandwidth 
	Total system 10 MHz, occupied BW: 6 PRBs

	Target spectral efficiency 
	Proponents report per UE spectral efficiency and the number of UEs multiplexed if multi-UEs LLS is assumed 
Target SE per UE: 0.244

	Required transmission bits per user
	176 bits (without CRC)

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1Tx 

	Transmission mode 
	TM1 (refer to TS36.213) 

	SNR distribution of Multiple UEs 
	Proponents report if single-user or multi-user LLS is used, and what SNR distribution is assumed. 
Equal average SNR (short-term variation remains)

	Propagation channel & UE velocity 
	TDL-A (117.3ns) and TDL-C (DS: 1295.2ns) in TR38.900 
3km/h 

	Max number of HARQ transmission 
	0 (initial transmission only)

	Receiver type
	Single user target MMSE parallel interference cancellation


Localized subcarrier allocation is assumed for OFDMA transmission case.  For OFDMA transmission, each user occupies 1 PRB bandwidth, whereas the non-orthogonal scheme shares the entire designated frequency and time resource for the system, as illustrated in figure 2.  A two-dimensional comparison of orthogonal vs non-orthogonal transmission scheme, in terms of resource allocation, for 12 user UL transmission case is shown.
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Figure 2 Comparison of orthogonal vs non-orthogonal user resource allocation schemes
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