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1. 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 (SI) for NR Rel-15 [2]. In particular, uplink (UL) NOMA will be studied for both grant-based and grant-free transmissions for eMBB, URLLC and mMTC [2-5]. To obtain a unified and NR-compliant framework for link level simulation (LLS), link level assumptions and evaluations have been discussed in RAN1-92. According to the agreements in [4-5], the following metrics will be adopted for link level evaluation:
· Performance Metrics
a. BLER vs. per UE SNR at given combination of per UE spectral efficiency (SE) and total number of UEs
b. Sum throughput vs SNR at given BLER level, for given combination of per UE SE and total number of UEs
c. Maximal coupling loss (MCL)

· Implementation Metrics
d. PAPR or cubic metric
e. Receiver complexity and processing latency
f. FFS: Configuration/Scheduling Flexibility
According to the guidance of RAN1 chairman [5], email discussion on Tx/Rx clarification and system level simulation (SLS) assumptions have been conducted after RAN1-92. The design details of our NOMA transmission scheme, multi-layer hybrid resource spreading multiple access (ML-RSMA), are presented in [22, 24].

Based on the agreements and discussions in [4, 6, 22], this contribution provided additional views on link and system level evaluations and methodologies for NR NOMA. Specifically, we have the following proposals:
· The differentiator uses cases for NR NOMA, and their corresponding features and operation modes should be identified and supported in the design, evaluation and comparison of Tx/Rx schemes (see Table 1 in Section 2 of this paper). 
· For a unified evaluation and comparison of different transmission and reception schemes, we should consider the trade-off among various performance metrics including error performance, sum throughput, scalability, flexibility, PAPR and transceiver complexity. Compatibility with Rel-15 NR specification and agreements should be taken into account.
· Summaries for the proposed LLS/SLS assumptions and evaluation methodologies are listed in the Appendix of this paper. 

2. Link and System Level Performance Evaluation

[bookmark: _Ref510797561]Table 1: NR NOMA Use Cases and Features Supported by Different Operation Modes
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In NOMA UL transmission, multiple UEs share the same time/frequency resources in a non-orthogonal way. The major benefits of NR NOMA include the following:
· signaling overhead reduction enabled by scheduling request (SR) free transmission;
· reduced power consumption and latency;
· flexibility and scalability of system configuration;
· system capacity enhancement.
Table 1 summarizes the use cases, features, and operation modes of NR NOMA. In particular, the highlighted features in the fourth column reflect the benefits of NOMA, which should be considered/prioritized in the design, evaluation and comparison of NOMA Tx/Rx schemes. Therefore, we have the following proposal:

Proposal 1:  NR NOMA SI should prioritize the differentiator features and benefits of different operation modes. The Tx/Rx design, link and system level performance evaluations should consider the best trade-off among the following design objectives: 
· error performance
· conditioned on per UE SE and the number of multiplexing UEs
· sum throughput vs SNR for a given BLER target 
· conditioned on per UE SE and the number of multiplexing UEs
· scalability
· easy adaptation of spreading codes configuration to accommodate N NOMA UEs with spreading factor K, where N and K can be configured dynamically
· transceiver complexity and latency 
· transmitter side and receiver side processing, including computation and memory requirements for successful data decoding
· latency of advanced receiver 
· flexibility
· joint support of DFT-s-OFDM waveform and CP-OFDM waveform
· joint support for different operation modes and use cases
· PAPR and ACLR
On the other hand, when UL transmission operates in synchronized (with timing advance) and grant-based mode, the implementation of NR MU-MIMO is immediately applicable. Therefore, NR MU-MIMO should be considered as a baseline in evaluating the performance gains of NR NOMA. Considering this, we have the following proposal:
[bookmark: _Hlk510804222]Proposal 2:  NR MU-MIMO should be considered as a baseline in evaluating and comparing the link level performance of NR NOMA. 

2.1 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 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: 
· based on the goals of performance optimization and overhead reduction, as well as the compatibility with NR URLLC standardization, the mini-slot configuration with SCS 30 kHz, 4 OFDM symbols and normal CP should be prioritized in NR NOMA URLLC evaluation;
· for NR NOMA URLLC evaluation, the BLER target for 1st transmission should be 10%, at least for grant free operation;
· for the evaluation of power control (PC) error, the impacts of “intentional” PC differences should 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:  To reflect features and operation modes of the differentiator use cases of NR NOMA, link level evaluations for NR NOMA should cover a comprehensive range of configurations, such as spreading factors, overloading ratios, spectral efficiencies, resource size (number of RB, number of OFDM symbols) and UE number. In particular:
· NR NOMA URLLC evaluation should prioritize mini-slot configuration of SCS 30kHz, 4 OFDM symbols and normal CP;
· NR NOMA URLLC evaluation should prioritize 10% BLER target for 1st transmission of URLLC data, at least for grant free mode;
· NR NOMA evaluation should consider different distribution of power control errors/differences; 
· NR NOMA evaluation should consider a larger number of gNB receiver antennas to support the use of massive MIMO.

[bookmark: _Ref510804403]2.2 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. Therefore, DFT-s-OFDM waveform should be adopted as a baseline for mMTC use case. In [6, 22], we proposed a multi-layer linear hybrid resource spreading and scrambling scheme (ML-RSMA) for NOMA UL transmission. In general, the framework of multi-layer linear hybrid spreading and scrambling also applies to other solutions such as WSMA, MUSA, NCMA and ACMA [22]. As shown by Figures 1-2, the joint use of linear spreading and symbol-wise scrambling can achieve reduced PAPR performance, which is comparable to that of QPSK. 
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[bookmark: _Hlk506449750]Figure 1. PAPR Reduction by Symbol-Wise Scrambling, CP-OFDM, 6 RB, Codebook Size 4 by 6
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Figure 2. PAPR Reduction by Symbol Scrambling, DFT-s-OFDM, 6 RB, Codebook Size 4 by 6

On the other hand, we noted that some nonlinear spreading scheme such as SCMA has worse PAPR/ACLR performance than solutions based on linear hybrid spreading/scrambling/interleaving [22, 24].  Besides, the sparsity in transmission leads to inefficient resource utilization, especially under the constraints of peak power limit. Therefore, we have the following observation and proposals:
Observation 1:  Nonlinear spreading scheme with sparsity has worse PAPR performance, worse resource utilization efficiency and high transceiver complexity than solutions based on linear hybrid spreading/scrambling/interleaving. 
Proposal 4: The capability/flexibility to support DFT-s-OFDM waveform should be considered as a key performance metric. In evaluating the PAPR and link budget performances of mMTC use case, DFT-s-OFDM waveform should be considered as a baseline.

[bookmark: _Ref510804409]2.3 Transmitter/Receiver Complexity
In addition to BLER and PAPR performances, the complexity of transmitter side and receiver side processing, including the computation complexity and memory size required by scalable and flexible configurations, should be taken into account.
Figure 3 shows the computation complexity for different types of multi-user detectors (MUD) when the overloading factor is 150%, wherein the overloading factor can be calculated as the ratio of spreading factor divided by the product of UE number and RX antenna number. As shown in Figure 2, message passing algorithm (MPA) suffers from high complexity, and the situation gets much worse with a moderate increase of spreading factor and UE number. 
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Figure 3. Computational Complexity of Multi-User Detectors (MUD) for NR NOMA 

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 [4-5, 22-23, 25]. Therefore, in link level performance evaluation for NR NOMA, the error performance, configuration flexibility, scalability, 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:  Compared to MPA/MAP receivers, LMMSE/ESE/MF receivers have much lower complexity and comparable/better performance in fading channels.
[bookmark: _Hlk510804849][bookmark: _Hlk506580022]Proposal 5:  For NR NOMA LLS, the complexity, configuration flexibility and scalability of transmitter and receiver side configuration, as well as the memory requirements, should be evaluated and compared. As an example, we propose the following categorization method for NR NOMA transmission schemes in LLS evaluation.
Table 2: Categorization of NR NOMA Tx Schemes for LLS Evaluation
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2.4 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:

[bookmark: _Hlk510804971]Proposal 6:  For NR NOMA link and system level evaluations, all companies should provide their Tx/Rx schemes and the corresponding performance for both grant-free and grant-based operations. 
For NOMA transmission schemes based on linear hybrid spreading and scrambling, both short spreading codes and long scrambling codes have been proposed [22].  Regarding the performance of grant-free and synchronized operation (see Table 1 of this paper), a main determining factor is the size of codebook, which is shared by the NOMA UEs in uncoordinated and contention-based transmission. For solutions using long scrambling codes, such as ML-RSMA and ACMA [22], it is much simpler to construct a large codebook, which helps to reduce the probability of collision in grant-free transmissions. Compared with solution using long scrambling codes, schemes based solely on short spreading codes exhibit significant performance degradation [6]. As a result, we have the following observation:
Observation 3: For grant-free and synchronized UL transmissions in NR NOMA, transmission schemes using long scrambling codes, such as ML-RSMA and ACMA, significantly outperform solutions employing short spreading codes only.

3. [bookmark: _Ref510800151]Preliminary LLS Results for Multi-Layer RSMA 
Based on the LLS agreements in RAN1-92 [4-5], the preliminary LLS results for ML-RSMA [24-25] are presented for eMBB, URLLC and mMTC. Moreover, further suggestions on LLS parameter configuration and evaluation priority are summarized and shown in the Appendix of this paper.
As shown in the last column of Table 1, ML-RSMA is capable of supporting both grant-based and grant-free transmissions through flexible configuration of layers, spreading codes and scrambling codes. Furthermore, the closed-form, low complexity generation of MCP (short spreading codes proposed in [22, 24]) provide a WBE [27] set for arbitrary number of UEs and spreading factor (SF). Besides, the generation of long scrambling codes can reuse the NR-compliant Gold sequences according to 3GPP TS 38.211 [22, 24].  For example, the following configurations are considered for the LLS in this contribution (Note that ML-RSMA configurations are NOT limited to the examples below.):

· Grant-based Transmission:
· Single-Layer Hybrid RSMA
· Cell-Specific Long Scrambling Sequences common to all UEs
· UE-Specific Short Spreading Sequences from MCP (modified chirp sequence) codebook
· Size of Codebook is set to be the number of UEs
· Grant-Free Transmission: 
· Single-Layer Hybrid RSMA
· UE-Specific Long Scrambling Sequences different across UEs
· Default Spreading Sequences with all one elements
· Multi-Layer Hybrid RSMA
· UE-Specific Long Scrambling Sequences different across UEs
· Layer-Specific Short Spreading Sequences
· Size of Codebook is set to be the number of layers
· If (number of layers) ≤(SF), orthogonal codebook
· If (number of layers) <(SF), MCP codebook

To focus on the evaluation of NR NOMA Tx scheme [22], the LLS for ML-RSMA are limited to ideal channel estimation in this contribution. Furthermore, ESE with soft IC receiver is considered as a baseline receiver for ML-RSMA transmissions. However, the receiver type for ML-RSMA is not limited to ESE with soft IC. Other receivers with various combinations of MUD and interference cancellation algorithms shown in [25] can also be adopted and optimized for ML-RSMA decoding. For example, LMMSE with hard IC is also considered for the simulation.
3.1 eMBB
[image: ]
[bookmark: _Ref510801147][bookmark: _Ref510800906]Figure 4. ML-RSMA BLER performance for eMBB with 40 bytes payload
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[bookmark: _Ref510801149]Figure 5. ML-RSMA BLER performance for eMBB with 120 bytes payload
Figure 4 and Figure 5 show ML-RSMA BLER performances for eMBB use case with different SE and the number of UEs. All three configurations of ML-RSMA (1-Layer Grant-based, 1-Layer Grant-free, 4-Layer Grant-free) provides stable BLER performances regardless of the payload size and the number of UEs. Therefore, for both grant-free and grant-based transmissions, ML-RSMA can seamlessly support wide range of SE and the number of NOMA UEs.
· For small sum throughput case, all three configurations of ML-RSMA shows comparable performances. 
· Desirable to use 1-Layer Grant-free RSMA which requires lowest Tx-Rx complexity and control overhead.

· For large sum throughput case, 4-Layer Grant-free RSMA shows 1-2 dB performance gains over 1-Layer RSMA. 
· Consider trade-off between Tx-Rx complexity increase due to ML processing and Link-level performance gain

Appendix B of this paper lists more ML-RSMA simulation results for different channel models, gNB antenna configuration and unequal power control.
Observation 4: ML-RSMA can provide scalable and flexible configurations for different SE and different number of multiplexing UEs in both grant-based and grant-free transmissions. Furthermore, ML-RSMA shows 1-2 dB gain over single-layer RSMA for large sum throughput cases.

3.2 URLLC
[image: ]
[bookmark: _Ref510803425]Figure 6. ML-RSMA BLER performance for URLLC with 20 bytes payload
Figure 6 shows ML-RSMA BLER performance for URLLC. All three configurations of ML-RSMA (1-Layer Grant-based, 1-Layer Grant-free, 4-Layer Grant-free) achieve 0.1% of BLER target. ML-RSMA can also support URLLC use cases. We refer Appendix B for the further ML-RSMA simulation results with different payload size.
Observation 5: ML-RSMA can achieve 0.1% BLER target for URLLC in both grant-free and grant-based transmissions. 

3.3 mMTC
[image: ]
[bookmark: _Ref510803900]Figure 7. ML-RSMA BLER performance for mMTC with 20 bytes payload
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[bookmark: _Ref510803901]Figure 8. ML-RSMA BLER performance for mMTC with DFT-s-OFDM and CP-OFDM waveforms

In the LLS agreements in RAN1-92 [4-5], it is agreed to consider DFT-s-OFDM waveform for mMTC to guarantee the coverage and throughput for cell edge and/or power-limited UEs. 
Figure 7 and Figure 8 show ML-RSMA BLER performance with CP-OFDM and DFT-s-OFDM waveforms for mMTC. Regardless of waveform types, ML-RSMA can flexibly support different number of UEs and SE for all three configurations (1-Layer Grant-based, 1-Layer Grant-free, 4-Layer Grant-free). The link-level performance loss due to DFT-spread precoding is negligible. 
We refer Appendix B for the further ML-RSMA simulation results with different payload size.
Observation 6: ML-RSMA provides flexible support for DFT-s-OFDM waveform used by mMTC. 
4. 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 7:  Both discrete and uniform distribution model for intended power control and power control errors should be considered in link and system level performance evaluation for NR NOMA. Unequal power control should be considered for all use cases including URLLC.

5. 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 codes 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 codes, the chip-level alignment across the UEs are crucial. It is unclear yet how to apply the short-codes based NOMA schemes for asynchronous transmission. Therefore, we propose the following:
Proposal 8: For NR NOMA link/system level evaluation, companies should provide NOMA transmission and reception schemes for asynchronized transmission without timing advance.

6. SLS Considerations
For system level evaluation of NR NOMA, the simulation assumptions from 3GPP Rel-14 TS38.802 can be reused with the following considerations.
6.1 General Considerations
· At least for 4 GHz carrier frequency, the BS antenna configuration should include 64 TXRU as an option to cover the massive MIMO case
· The UE antenna configuration should include 2 TXRU as an option
· Companies should report the power control parameters assumed and the statistics of the inter-cell interference-over-thermal (IOT) observed at each gNB antenna
· Massive connectivity should be considered as the evaluation metric for mMTC case.

6.2 eMBB Small Payload Use Cases
The primary motivation for NR NOMA in considering eMBB use cases with small payload is to save on latency and signalling overhead.
6.2.1 Signalling overhead
Cell-edge UEs which are power-limited may be allocated a small transmission bandwidth to ensure good SINR. Even for cell-center UEs, if they only have small payloads, then it is likely that they are allocated only a small number of RBs. If the system bandwidth is large (e.g., 100 MHz), then to get good system utilization, several UEs may need to be scheduled in FDM-manner in one slot. 
Similarly, in the spatial domain, the number of antennas at the gNB may be large, but each UE’s rank may be small either because the UE is at the cell-edge or because it has small payloads. Then, several UEs may be scheduled together using multi-user MIMO to enhance the system capacity. 
In such scenarios, the total number of UEs scheduled in one slot may be high. The downlink control signalling overhead associated with the corresponding uplink grants could be quite high and may become the bottleneck for uplink performance. 
The following CDF shows the distribution of the number of UL grants in a slot. This is derived from a full-buffer system simulation with 10 UEs per cell in the 200 m. ISD UMi layout, where the system bandwidth was assumed to be 100 MHz. The scheduler used FDMA over 5 sub-bands and MU-MIMO. The gNB is assumed to have 64 ports.
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Figure 9: Distribution of UL Grant Number Within a Slot
In such scenarios, we expect grant-free operation, possibly combined with NR NOMA, to provide significant savings in the downlink control overhead. Therefore, the evaluation of the benefits of NOMA should consider the signalling overhead as one of the performance metrics.
6.2.2 Latency
Besides signalling overhead, the other potential benefit of NR NOMA is to reduce the latency associated with waiting for the grant. To evaluate this aspect, the per-packet latency should be used as a performance metric, where the latency includes the time between the arrival of the packet at the UE and the successful decoding at the gNB. For grant-based schemes, the latency should include the waiting time for the next SR opportunity as well as the network-side and UE-side processing delay. For a TDD-based system, the uplink small-packet latency could be impacted by the TDD downlink uplink configuration used. The delay resulting from having to wait for the uplink opportunity should be taken into account.
Based on this discussion, we have the following summary regarding system-level evaluation for eMBB small-packet scenario:
· The uplink per-packet latency should be reported as a function of the arrival rate. Results should be reported ensuring that the packet error rate of every UE is within 1%.
· The TDD configuration needs to be specified. We propose to use the 3:1 DL:UL ratio, specifically, the DDDU pattern. This is to account for delay associated with waiting for the uplink data transmission opportunities. 
· Downlink control signalling overhead should be included as one of the performance metrics. The average number of UEs scheduled in each slot at each gNB can be used as the metric to represent the signalling overhead. 

[bookmark: _Hlk510774594]Proposal 9: The performance metrics and assumptions for system-level simulations can be reused from Release 14 multiple access scheme evaluations, together with the following additions:
· For gNB antenna configuration for 4GHz scenarios, 64 TXRU should be included as an option
· For the UE antenna configuration, 2 TXRU should be included as an option

Proposal 10:
For the system-level evaluation of the eMBB use case with small payload:
· The uplink per-packet latency should be reported as a function of the arrival rate. 
· The TDD configuration used for eMBB small payload use case needs to be modelled and reported to account for the resulting impact on latency.
· For eMBB small payload use case, downlink control signalling overhead should be included as one of the performance criteria. The average number of UEs scheduled in each slot at each gNB can be used as the performance metric representing the signalling overhead for grants.

Proposal 11: The following traffic models should be prioritized in NR NOMA SLS:
· eMBB: FTP model 3, small packet size;
· URLLC: FTP model 3, small packet size (e.g. 32 bytes);
· mMTC: as specified in 45.820
7. Conclusion
In this contribution, we considered link and system level performance evaluation of NOMA schemes. We have the following observations:
Observation 1:  Nonlinear spreading scheme with sparsity has worse PAPR performance, worse resource utilization efficiency and high transceiver complexity than solutions based on linear hybrid spreading/scrambling/interleaving. 
Observation 2:  Compared to MPA/MAP receivers, LMMSE/ESE/MF receivers have much lower complexity and comparable/better performance in fading channels.
Observation 3: For grant-free and synchronized UL transmissions in NR NOMA, transmission schemes using long scrambling codes, such as ML-RSMA and ACMA, significantly outperform solutions employing short spreading codes only.
Observation 4: ML-RSMA facilitates scalable and flexible configurations for different SE and different number of multiplexing UEs in both grant-based and grant-free transmissions. Furthermore, ML-RSMA shows 1-2 dB gain over single-layer RSMA for large sum throughput cases.
Observation 5: ML-RSMA can achieve 0.1% BLER target for URLLC in both grant-free and grant-based transmissions. 
Observation 6: ML-RSMA provides flexible support for DFT-s-OFDM waveform used by mMTC.
Based on these observations and our simulation results, we have the following proposals:
Proposal 1:  NR NOMA SI should prioritize the differentiator features and benefits of different operation modes. The Tx/Rx design, link and system level performance evaluations should consider the best trade-off among the following design objectives: 
· error performance
· conditioned on per UE SE and the number of multiplexing UEs
· sum throughput vs SNR for a given BLER target 
· conditioned on per UE SE and the number of multiplexing UEs
· scalability
· easy adaptation of spreading codes configuration to accommodate N NOMA UEs with spreading factor K, where N and K can be configured dynamically
· transceiver complexity and latency 
· transmitter side and receiver side processing, including computation and memory requirements for successful data decoding
· latency of advanced receiver 
· 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:  NR MU-MIMO should be considered as a baseline in evaluating and comparing the link level performance of NR NOMA. 
Proposal 3:  To reflect features and operation modes of the differentiator use cases of NR NOMA, link level evaluations for NR NOMA should cover a comprehensive range of configurations, such as spreading factors, overloading ratios, spectral efficiencies, resource size (number of RB, number of OFDM symbols) and UE number. In particular:
· NR NOMA URLLC evaluation should prioritize mini-slot configuration of SCS 30kHz, 4 OFDM symbols and normal CP;
· NR NOMA URLLC evaluation should prioritize 10% BLER target for 1st transmission of URLLC data, at least for grant free mode;
· NR NOMA evaluation should consider different distribution of power control errors/differences; 
· NR NOMA evaluation should consider a larger number of gNB receiver antennas to support the use of massive MIMO.

Proposal 4: The capability/flexibility to support DFT-s-OFDM waveform should be considered as a key performance metric. In evaluating the PAPR and link budget performances of mMTC use case, DFT-s-OFDM waveform should be considered as a baseline.
Proposal 5:  For NR NOMA LLS, the complexity, configuration flexibility and scalability of transmitter and receiver side configuration, as well as the memory requirements, should be evaluated and compared. As an example, we propose the following categorization method for NR NOMA transmission schemes in LLS evaluation.
An Example for Categorization of NR NOMA Tx Schemes 
[image: ]

Proposal 6:  For NR NOMA link and system level evaluations, all companies should provide their Tx/Rx schemes and the corresponding performance for both grant-free and grant-based operations. 
Proposal 7:  Both discrete and uniform distribution model for intended power control and power control errors should be considered in link and system level performance evaluation for NR NOMA. Unequal power control should be considered for all use cases including URLLC.
Proposal 8: For NR NOMA link/system level evaluation, companies should provide NOMA transmission and reception schemes for asynchronized transmission without timing advance.
Proposal 9: The performance metrics and assumptions for system-level simulations can be reused from Release 14 multiple access scheme evaluations, together with the following additions:
· For gNB antenna configuration for 4GHz scenarios, 64 TXRU should be included as an option
· For the UE antenna configuration, 2 TXRU should be included as an option
· 
Proposal 10:
For the system-level evaluation of the eMBB use case with small payload:
· The uplink per-packet latency should be reported as a function of the arrival rate. 
· The TDD configuration used for eMBB small payload use case needs to be modelled and reported to account for the resulting impact on latency.
· For eMBB small payload use case, downlink control signalling overhead should be included as one of the performance criteria. The average number of UEs scheduled in each slot at each gNB can be used as the performance metric representing the signalling overhead for grants.

Proposal 11: The following traffic models should be prioritized in NR NOMA SLS:
· eMBB: FTP model 3, small packet size;
· URLLC: FTP model 3, small packet size (e.g. 32 bytes);
· mMTC: as specified in 45.820

To conclude, the appendices of this paper summarize our proposals on the LLS/SLS assumptions and parameters.

References
[1]. [bookmark: _Ref462859139][bookmark: _Ref471479747][bookmark: _Ref462921140][bookmark: _Ref471480026][bookmark: _Ref446333722][bookmark: _Ref458067121][bookmark: _Ref458093355][bookmark: _Ref462751848][bookmark: _Ref462859211][bookmark: _Ref470450042]Chairman Notes, 3GPP TSG RAN1 #84b, Busan, Korea.
[2]. Chairman Notes, 3GPP TSG RAN #78, Lisbon, Portugal.
[3]. RP-171043, “Revision of Study on 5G Non-orthogonal Multiple Access”, 3GPP TSG RAN #76, ZTE.
[4]. R1-1803412, “Link Level Simulation Assumptions and Evaluation Metrics for NR NOMA,” ZTE.
[5]. Chairman Notes, 3GPP TSG RAN1 #92, Athens, Greece.
[6]. [bookmark: _Hlk510732250]R1-1802859, “Link and System Level Performance Evaluation for NOMA,” Qualcomm Inc., RAN1 #92, Athens, Greece.
[7]. [bookmark: _Hlk510618882]R1-1802770, “Link and System Level Performance Evaluation for NOMA,” Ericsson.
[8]. R1-1801418, “Link and System Level Performance Evaluation for NOMA,” ZTE.
[9]. R1-1802232, “Link and System Level Performance Evaluation for NOMA,” LG Electronics.
[10]. R1-1801887, “Link and System Level Performance Evaluation for NOMA,” Hughes Network. 
[11]. R1-1802500, “Link and System Level Performance Evaluation for NOMA,” NTT DOCOMO.
[12]. R1-1802428, “Link and System Level Performance Evaluation for NOMA,” Intel Inc.
[13]. R1-1802639, “Link and System Level Performance Evaluation for NOMA,” InterDigital Inc.
[14]. R1-1802008, “Link and System Level Performance Evaluation for NOMA,” Samsung.
[15]. R1-1802030, “Link and System Level Performance Evaluation for NOMA,” Nokia.
[16]. R1-1802048, “Link and System Level Performance Evaluation for NOMA,” CMCC.
[17]. R1-1801553, “Link and System Level Performance Evaluation for NOMA,” VIVO.
[18]. R1-1802070, “Link and System Level Performance Evaluation for NOMA,” ETRI.
[19]. R1-1802806, “Link and System Level Performance Evaluation for NOMA,” Vodafone.
[20]. R1-1801364, “Link and System Level Performance Evaluation for NOMA,” Huawei.
[21]. R1-1801756, “Link and System Level Performance Evaluation for NOMA,” CATT.
[22]. Email discussions on Tx/Rx Clarifications for NOMA, Coordinated by ZTE.
[23]. R1-1801413, “Draft Skeleton of TR 38.812 (NOMA),” ZTE.
[24]. [bookmark: _Ref510797170]R1-1804823, “Transmitter Side Signal Processing Schemes for NOMA,” Qualcomm Inc.
[25]. [bookmark: _Ref510799384]R1-1804824, “Receivers for NOMA,” Qualcomm Inc.
[26]. R1-1804825, “Procedures Related to NOMA,” Qualcomm Inc.
[27]. L.R. Welch, “Lower Bounds on the Maximum Cross Correlation of Signals,” IEEE Transactions on Information Theory, pp. 397-399, May 1974.



Appendix A.
This appendix summarizes our proposals on the suggested modification of LLS assumptions and parameters.
Table A1: LLS Assumptions and Parameters
	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
	SCS = 30 kHz, #OS = 4
NCP should be prioritized

	SCS = 15 kHz
#OS = 14
	

	Allocated bandwidth
	6 PRB as the starting point for TBS equal to or less than 40 bytes;
	12 as the starting point for TBS equal to or less than 40 bytes;
	12 as the starting point for TBS equal to or less than 80 bytes
	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%
	10 %
	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 
	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, value is TBD
	

	Frequency error
	0 as starting point. The value(s) is TBD. 
	

	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.

	

	Performance metrics 
	· BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs};  
· Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs};
· MCL 

	

	Implementation related metrics
	· PAPR/cubic metric
· Rx complexity and processing latency
· System configuration flexibility and scalability
	



Note: if 2-step RACH is evaluated, the assumption for TA estimation is that it should be within +/- 5us
[bookmark: _GoBack]Appendix B
In this appendix, we present additional LLS simulation results for Section 3. The identical ML-RSMA configurations and simulation parameters are chosen as Section 3.
eMBB
[image: ]
Figure 10. ML-RSMA BLER performance for eMBB with unequal power
[image: ]
Figure 11. ML-RSMA BLER performance for eMBB with 700MHz Carrier Frequency and 2 gNB antennas
[image: ]
Figure 12. ML-RSMA BLER performance for eMBB with TDL-A 30ns
URLLC
[image: ]
Figure 13. ML-RSMA BLER performance for URLLC with 10 bytes payload
mMTC
[image: ]
Figure 14. ML-RSMA BLER performance for mMTC with 10 bytes payload
[image: ]
Figure 15. ML-RSMA BLER performance for mMTC with DFT-s-OFDM and CP-OFDM waveforms and 10bytes payload



Appendix C

Table C1: NR NOMA SLS Assumptions for eMBB 
	Parameters
	Dense urban (eMBB)
	Rural

	Layout
	Single layer
Two layers not precluded
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	Macro layer: 200m
	1732m

	Carrier frequency 
	4 GHz for the single layer
	700MHz

	System bandwidth
	100 MHz
	20 MHz (DL + UL)

	BS antenna configuration
	4, 8, 16, 32, 64 TXRUs
	2, 4, 8 ports 

	BS scheduler
	Both subband and wideband scheduler can be considered

	UE antenna configuration
	2, 1 TXUs
	2Tx, 1Tx port

	Traffic model
	[bookmark: _Hlk510808609]Full buffer model for spectral efficiency
FTP model 1/3 for user experienced data rate and latency, with packet size 100 bytes (other values not precluded)

NOTE: full buffer evaluation is not used for technical scheme down selection

	Traffic load (Resource utilization)
	50%, 80%
25% (optional)

	UE density for full buffer model
	10 UE per TRP
20 or other values are not precluded
	10 UE per TRP
other values are not precluded




Table C2: NR NOMA SLS Assumptions for mMTC
	Parameters
	Values/assumptions

	Data packet arrival rate per UE
	Poisson arrival with arrival rate λ

	Number of UEs per cell
	Companies report the number of UEs per cell and companies are encouraged to report λ to achieve the connection density target.

	Packet size
	Option 1: Follow TR45.820 
Option 2: Fix 40 Bytes 

	Simulation Bandwidth 
	Companies report the simulation bandwidth

	Target packet drop rate
	0.01

	Packet dropping timer
	Baseline: 1s, 10s 
Other values are not precluded. 










Table C3:NR NOMA Assumptions for URLLC
	Parameters
	Urban Macro
	Indoor Hotspot

	Layout
	Single layer
Macro layer: Hexagonal Grid
	Single-layer
Indoor floor: (3, 6, 12) BSs per 120 m x 50 m

	Inter-BS distance 
	500 m
	Follow TRP placement from 38.802

	Carrier frequency 
	4 GHz
	4 GHz

	Aggregated system bandwidth
	4 GHz: Up to 200 MHz (DL+UL)
	4 GHz: Up to 200 MHz (DL+UL)

	Simulation bandwidth
	20 MHz per CC below 6 GHz 
Note: For FDD, simulation BW is split equally between UL and DL
Other bandwidths are not precluded

	Channel model
	38.901

	BS Tx power
	46 dBm per 20 MHz
	24 dBm per 20 MHz

	UE Tx power 
	23 dBm

	BS antenna configurations
	See 38.802, table A.2.1-4.

	BS antenna height 
	25 m
	3 m

	BS antenna element gain + connector loss
	See 38.802, table A.2.1-4.

	BS receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna configurations
	See 38.802, table A.2.1-4.

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	Follow the modelling of TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	
FTP Model 3 (with Poisson arrival) with packet size 32 bytes.

	Traffic load (Resource utilization)
	URLLC: Packet arrival to achieve URLLC capacity

	UE distribution
	Follow Urban Macro user distribution for URLLC UEs

URLLC: 10 UE/sector

	Follow Indoor Hotspot user distribution for URLLC UEs

URLLC: 10 UE/floor/TRP


	BS receiver
	Reported by companies, Baseline is ESE-IRC

	Feedback assumption & Link adaptation assumptions 
	Reported by companies

	Channel estimation
	Reported by companies; Perfect and practical channel estimation

	Others
	Companies report the assumption on admission control used
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, NOMA was agreed as 


a study item (SI) for NR Rel
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To obtain 
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-


compliant framework for link leve


l simulation (LLS), link level


 


assumptions and evaluations 


have been discussed in RAN1
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92. According to the agreements in [4
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5


], the following metrics will be adopted for 


link level evaluation:


 


·


 


Performance Metrics
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Receiver complexity and processing latency
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