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Introduction
In RAN1 #84b, it was agreed that non-orthogonal multiple access (NOMA) schemes should be investigated [1].  In 3GPP Plenary #78, NOMA was agreed as a study item for NR Rel-15. Besides, it was agreed that uplink (UL) NOMA should be studied for both grant-based and grant-free transmissions. In NR, use cases of NOMA will include eMBB, URLLC and mMTC [2-4]. To combat the interference between non-orthogonal transmissions, transmitter side schemes such as spreading and interleaving [5-16] are employed to improve the performance and ease the burden of advanced receivers.

This contribution discusses the link and system level performance evaluation for NOMA UL transmission and reception. For the evaluation of NOMA UL transmission/reception schemes, the relevant uses cases and the corresponding features should be identified and supported (see Table 1 in Section 2 of this paper). For the evaluation and comparison of different UL transmission schemes, we should consider the trade-off among various performance metrics including BLER, scalability, flexibility, PAPR and receiver complexity. Moreover, for the completeness of the 3GPP NR NOMA study, a comprehensive range of configuration parameters, which reflect the features and operation modes of the typical use cases for NR NOMA, have to be considered and evaluated. Furthermore, compatibility with Rel-15 NR specification and agreements should also be taken into account. 

The transmitter side signal processing schemes, procedures, and receiver design for NOMA UL are discussed in companion proposals [16-18]. 
Link and System Level Performance Evaluation
In NR NOMA UL transmission, multiple UEs share the same time/frequency resources via non-orthogonal resource allocation. The NOMA operation can take different modes. To illustrate, Table 1 summarizes the use cases and features for different operation modes of NOMA.
Table 1: Use Cases and Features Supported by Different Operation Modes of NR NOMA
[image: ]
As described in Table 1, NR use cases of eMBB, URLLC and mMTC need to be considered for NOMA. The corresponding features, such as synchronized/asynchronized (free of timing advance for UL), grant-based/grant-free/semi-persistent scheduling, of NOMA schemes can vary depending on the operation modes.
Moreover, prior to the evaluation of NR NOMA UL transmission and reception schemes, the performance of NOMA should be compared with that of NR MU-MIMO. In particular, when the UL transmission operates in synchronized (with timing advance) and grant-based mode, NR MU-MIMO is also immediately applicable. Therefore, NR MU-MIMO should be considered as a baseline in evaluating the performance gains of NR NOMA and we have the following proposal:
Proposal 1:  NR MU-MIMO should be considered as a baseline in evaluating and comparing the link level performance of NR NOMA. 
The metrics for link level performance evaluation of NR NOMA UL should at least include the following:
· error performance
· BLER vs SNR vs per UE spectral efficiency
· scalability
· support for a wide range of overloading ratios
· for spreading-based NOMA UL transmission, easy adaptation of transmission schemes to accommodate N NOMA UEs with spreading factor K, where N and K can be configured dynamically
· complexity
· transmitter side and receiver side processing, including computation and memory requirements for successful data decoding
· flexibility
· joint support of DFT-s-OFDM waveform and CP-OFDM waveform
· [bookmark: _Hlk506567601]joint support for different operation modes and use cases
· PAPR and ACLR
NOMA schemes should be able to support different number of UEs with different spectral efficiency, by proper adaptation of spreading factors and transmission schemes. Flexibility of NOMA schemes to support different waveforms of DFT-s-OFDM and CP-OFDM, TA free, Grant-based and Grant-free transmission should also be considered. Therefore, we propose the following criteria for a fair comparison of NOMA schemes.

Proposal 2:  The standardization of NOMA UL transmission should consider the best trade-off among the design objectives of error performance, scalability, complexity, flexibility, PAPR and ACLR.

Range of Simulation Parameters
As mentioned above, NOMA UL design needs to be scalable and flexible. Therefore, the capability to support various number of UEs and various spectral efficiency is an important evaluation metric for NOMA UL solutions. However, most of the simulation results reported so far [5-15] focused on the special case of 6 UEs. For the completeness of the NR NOMA study, we propose to consider a comprehensive set of spreading factors, overloading ratios, spectral efficiency and UE number, which reflect the features and operation modes of the typical use cases for NR NOMA, as shown in Table 1.
Particularly, for NR use cases of eMBB/URLLC/mMTC, the typical TCP header size ranges from 20 to 60 bytes. Therefore, the number of allocated RBs should be sufficiently large, at least for the payload size of TCP header. Furthermore, we also need to consider the following in link level simulation/evaluation: 
· different size of RB allocation and different number of OFDM symbols (for both CP-PFDM and DFT-s-OFDM waveform) should also be taken into account;
· for URLLC use case, the mini-slot configuration with subcarrier spacing = 30 kHz and number of OFDM symbols = 4 should be considered;
· for the evaluation of power control (PC) error, the impacts of “intentional” PC differences should also be investigated;
· when massive MIMO is in use, a larger number of gNB receive antennas have to be considered and evaluated.

Therefore, we propose the following:
Proposal 3: For NR NOMA link level evaluation, the simulations should cover a comprehensive range of configurations for spreading factors, overloading ratios, spectral efficiency, resource size (number of RB, number of symbols) and UE number, which reflect the features and operation modes of the typical use cases for NR NOMA. In particular, the following scenarios should be considered:
· URLLC mini-slot configuration with SCS 30kHz and 4 OFDM symbols
· different distribution of power control errors/differences 
· a larger number of gNB receiver antennas to support the use of massive MIMO

PAPR and Link Budget
In NR NOMA UL, the PAPR and link budget (MCL) of the candidate transmission schemes should be evaluated, since they determine the performance of cell edge and/or power-limited UEs. To match the coverage requirements of LTE NB-IoT and NR eMBB, DFT-s-OFDM waveform should be adopted as a baseline, especially for mMTC use case. In [16], we propose a linear hybrid spreading scheme for NOMA UL transmission, which applies to linear spreading solutions such as MUSA, WSMA and NCMA [6-8]. As shown by Figure 1, the joint use of linear spreading and symbol scrambling can achieve reduced PAPR comparable to that of QPSK. 
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[bookmark: _Ref506554018][bookmark: _Hlk506449750]Figure 1: PAPR Reduction by Symbol Scrambling, DFT-s-OFDM, 6 RB
On the other hand, we noted that some nonlinear spreading scheme such as SCMA [10] does not support DFT-s-OFDM waveform, and has worse PAPR/ACLR performance than solutions based on linear spreading [5-9, 15-16]. Therefore, we have the following observation and proposals:
Observation 1:  Nonlinear spreading solution such as SCMA does not support DFT-s-OFDM waveform.
Proposal 4:  For NR NOMA link level evaluation and comparison, PAPR and link budget of the transmission schemes should be considered. 
Proposal 5: The capability/flexibility to support DFT-s-OFDM waveform should be considered as a key performance metric.
Proposal 6: In evaluating the PAPR and link budget performances of NR mMTC use case, DFT-s-OFDM waveform should be considered as a baseline.

Tx/Rx Complexity
In addition to BLER and PAPR performances, the complexity of transmitter side and receiver side processing, including the computation and memory requirements for successful data decoding, should also be taken into account.
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[bookmark: _Ref506556544]Figure 2: BLER Performance of NOMA Schemes with Grant-based and Synchronized Transmission

Figure 2 shows link level BLER performances for different NOMA schemes with grant-based and synchronized transmission. As we can observe in the figure, there is no significant difference in BLER performance across the several of the different NOMA proposals, though in this particular case we can see some benefit from RSMA.
Figure 3 shows the computational complexity for different types of multi-user detectors when the overloading ratio is 150%. We observe that the non-linear algorithms based on message passing suffer from higher complexity, and the situation gets much worse with a moderate growth of spreading factor and UE number. 
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[bookmark: _Ref506556546]Figure 3: Computational Complexity of Multi-User Detectors 

Usually, the receiver implementation is viewed as standard transparent in orthogonal multiple access systems. However, the successful deployment of NOMA depends heavily on advanced receivers with inter-UE interference cancellation capabilities [15]. Therefore, in NOMA link level performance evaluation, the error performance, transceiver complexity and memory requirements of each candidate solution should be jointed considered and compared. To summarize, we have the following observations and proposals:
Observation 2:  Linear multi-user detectors (LMMSE/ESE/MF) have much lower complexity compared to non-linear multi-user detectors (MPA/MAP).
[bookmark: _Hlk506580022]Proposal 7:  For NR NOMA UL link level evaluation, the complexity of transmitter and receiver side processing, as well as the memory requirements, should be considered.
Proposal 8: For NR NOMA UL link level evaluation, companies should present their transmission and reception schemes, together with the error performance and complexity analysis corresponding to their proposed transmission and reception scheme.
Grant-free Transmission 
One of the most pronounced features of NR NOMA is the UE and gNB capabilities to operate in RRC inactive/idle states without a UL grant. The support for grant-free transmission can significantly reduce the power consumption and latency, which is a desirable property for NR mMTC and URLLC. Therefore, we propose the following:

Proposal 9:  For NR NOMA link and system level evaluation, all companies should provide their transmission schemes for both grant-free and grant-based cases and the corresponding performance. 
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[bookmark: _Ref506557024]Figure 5. BLER performance of NOMA schemes with Grant-free and Synchronized Transmission.

For NOMA transmission schemes based on spreading, both short codes and long codes have been proposed [5-10, 15].  Regarding the performance of grant-free and synchronized transmission, a main determining factor is the size of codebook shared by the NOMA UEs in uncoordinated and contention-based UL transmission. For linear spreading solutions using long codes [5, 15], it is much simpler to construct a large codebook, which helps to reduce the probability of collision in grant-free transmissions. To illustrate, Figure 5 shows the BLER performance of NOMA schemes where the short-code-based NOMA schemes (NCMA, WSMA and SCMA) [7-9, 10] are extended by random hopping of spreading codes. Since the hopping pattern is randomly chosen by UE, there is a high collision probability for grant-free transmission. Compared with NOMA transmission solution using long spreading codes, short-code-based schemes suffer from significant performance degradation. As a result, we have the following observation:
Observation 3: For grant-free and synchronized NOMA UL transmission, long code based multi-layer RSMA outperforms short-code-based NOMA schemes.
Coding Scheme
Regarding the receiver side signal processing for NOMA UL, the advanced receiver schemes allow soft-information exchange between multi-user detector and channel decoder. As a result, the properties and characteristics of channel coding can affect the performance of NOMA transmission and receiver schemes.
In 3GPP Rel-15 for NR [1, 3], it is agreed to adopt LDPC as the channel coding scheme for eMBB data transmission. In addition, according to the guidance of 3GPP Plenary #78 [3], it is decided that LDPC should be considered for URLLC data transmission as well. Furthermore, in terms of decoding latency and complexity, LDPC outperforms Turbo, which is an appealing property for low-cost and power-limited mMTC devices. Therefore, for NR NOMA UL, LDPC is a preferred baseline over LTE Turbo for all NR use cases. Considering this, we have the following proposal:
Proposal 10:  For NR NOMA UL link level evaluation and comparison, LDPC should be considered as a baseline of channel coding schemes of data transmission, for use cases of mMTC, URLLC and eMBB.

Power Control Model
For power control across the NOMA UEs, two simple models have been considered:
· Option (a): the uniform distribution model, which assumes the UE’s power which is controlled to be x dB is uniformly distributed among [x-a, x+a] dB with an error of ± a dB.
· Option (b): the probabilistic model, which models unequal power control across NOMA UEs, where y% of UEs are controlled to b dB, z% of UEs are controlled to c dB and etc. 
Both options should be considered and evaluated. Option (a) can be used to model power control error. Partial pathloss compensation can be also modelled by Option (a). Meanwhile, Option (b) can be used to model unequal power control by gNB. As we know, unequal power-control and rate-adaptation are important transmission techniques to achieve the multiple-access channel capacity and have been proven to be beneficial in practice. Therefore, Option (b) should be also considered in link/system level evaluations. Furthermore, unequal power control should be considered as an important design option for all three scenarios including URLLC.
Therefore, we have the following proposal:
Proposal 11:  Both discrete and uniform distribution model for intended power control and power control error should be considered in link and system level performance evaluation for NOMA. Unequal power control should be considered for all use cases including URLLC.

Timing Advance and Asynchronized Transmission
For mMTC use case, managing timing advance and maintaining synchronization across all NOMA UEs requires large power consumption and incur large latency. Therefore, the ability to operate asynchronously without any TA is an important feature for NOMA schemes. For long code based RSMA with DFT-s-OFDM waveform, time domain processing, e.g. Rake receiver, can be immediately applicable for NOMA multi-user detection, even for asynchronous scenario.  However, for other NOMA schemes especially the ones based on short NOMA code, the chip-level alignment across the UEs are crucial. It is unclear yet how to apply the short-code based NOMA schemes for asynchronous transmission. Therefore, we propose the following:
Proposal 12: For NR NOMA UL link level evaluation and comparison, companies should provide NOMA transmission and reception schemes for asynchronized transmission without timing advance.
Conclusion
In this contribution, we considered link and system level performance evaluation of NOMA schemes. We have the following observations:
Observation 1:  Nonlinear spreading solution such as SCMA does not support DFT-s-OFDM waveform.
Observation 2:  Linear multi-user detectors (LMMSE/ESE/MF) have much lower complexity compared to non-linear multi-user detectors (MPA/MAP).
Observation 3: For grant-free and synchronized NOMA UL transmission, long code based multi-layer RSMA outperforms short-code-based NOMA schemes.
Based on these observations and our simulation results, we have the following proposals:
Proposal 1:  NR MU-MIMO should be considered as a baseline in evaluating and comparing the link level performance of NR NOMA. 
The metrics for link level performance evaluation of NR NOMA UL should at least include the following:
· error performance
· BLER vs SNR vs per UE spectral efficiency
· scalability
· support for a wide range of overloading ratios
· for spreading-based NOMA UL transmission, easy adaptation of transmission schemes to accommodate N NOMA UEs with spreading factor K, where N and K can be configured dynamically
· complexity
· transmitter side and receiver side processing, including computation and memory requirements for successful data decoding
· flexibility
· joint support of DFT-s-OFDM waveform and CP-OFDM waveform
· joint support for different operation modes and use cases
· PAPR and ACLR

Proposal 2:  The standardization of NOMA UL transmission should consider the best trade-off among the design objectives of error performance, scalability, complexity, flexibility, PAPR and ACLR.
Proposal 3: For NR NOMA link level evaluation, the simulations should cover a comprehensive range of configurations for spreading factors, overloading ratios, spectral efficiency, resource size (number of RB, number of symbols) and UE number, which reflect the features and operation modes of the typical use cases for NR NOMA. In particular, the following scenarios should be considered:
· URLLC mini-slot configuration with SCS 30kHz and 4 OFDM symbols
· different distribution of power control errors/differences 
· a larger number of gNB receiver antennas to support the use of massive MIMO

Proposal 4:  For NR NOMA link level evaluation and comparison, PAPR and link budget of the transmission schemes should be considered. 
Proposal 5: The capability/flexibility to support DFT-s-OFDM waveform should be considered as a key performance metric.
Proposal 6: In evaluating the PAPR and link budget performances of NR mMTC use case, DFT-s-OFDM waveform should be considered as a baseline.
Proposal 7:  For NR NOMA UL link level evaluation, the complexity of transmitter and receiver side processing, as well as the memory requirements, should be considered.
Proposal 8: For NR NOMA UL link level evaluation, companies should present their transmission and reception schemes, together with the error performance and complexity analysis corresponding to their proposed transmission and reception scheme.
Proposal 9:  For NR NOMA link and system level evaluation, all companies should provide their transmission schemes for both grant-free and grant-based cases and the corresponding performance. 
Proposal 10:  For NR NOMA UL link level evaluation and comparison, LDPC should be considered as a baseline of channel coding schemes of data transmission, for use cases of mMTC, URLLC and eMBB.
Proposal 11:  Both discrete and uniform distribution model for intended power control and power control error should be considered in link and system level performance evaluation for NOMA. Unequal power control should be considered for all use cases including URLLC.
Proposal 12: For NR NOMA UL link level evaluation and comparison, companies should provide NOMA transmission and reception schemes for asynchronized transmission without timing advance.
To conclude, the Appendix summarizes our proposal on the modification of LLS assumptions and parameters.
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Appendix
The Appendix below summarizes our proposal on the modification of LLS assumptions and parameters.
Table 1: Link-level evaluation assumptions
	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 = 30 kHz, #OS = 14
	SCS = 30kHz
#OS = 4
	SCS = 15 kHz, 30kHz
#OS = 14
	

	Channel Coding
	LDPC
	LDPC
	LDPC
	

	Allocated bandwidth
	Payload dependent bandwidth based on use cases

Other values are not excluded
	Payload dependent bandwidth based on use cases

Other values are not excluded
	Payload dependent bandwidth based on use cases

Other values are not excluded
	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/4Rx as baseline
8Rx as optional
Other values are not excluded
	2Rx/4Rx as baseline
8Rx as optional
Other values are not excluded
	2Rx/4Rx as baseline
8Rx as optional
Other values are not excluded
	

	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
	Timing Asynchronization
	0 as starting point
	0 as starting point
	

	Distribution of avg. SNR
	Both equal and unequal

	Both equal and unequal
	Both equal and unequal
	Both Discrete / Uniform Distribution model for Power Control

	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
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