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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].  According to the SID [3], 
· The benefits of NOMA, particularly when enabling grant-free transmission, may encompass a variety of use cases or deployment scenarios, including eMBB, URLLC, mMTC.
· In RRC_CONNECTED state, it saves the scheduling request procedure assuming UE is already uplink synchronized.
· In RRC_INACTIVE state, data can be transmitted even without RACH procedure or with 2-step RACH.
· The saving of the signaling naturally also saves UE’s power consumption, reduces latency and increases system capacity.
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 for given combination of per UE spectral efficiency (SE) and total number of UEs
b. Sum throughput vs total SNR at given BLER, for given combination of per UE SE and total number of UEs
c. Maximal coupling loss (MCL)

· Implementation Metrics
a. PAPR or cubic metric
b. Receiver complexity and processing latency
Still, there remains several issues in LLS for clarification [5], including:
· Evaluation of implementation related metrics including configuration/scheduling flexibility
· Timing offset for grant free transmission without perfect TA
· Frequency offset
· Definition of SNR per UE
In this contribution, we discuss the remaining details of LLS evaluation. The LLS results for calibration and evaluation are also presented.
2. Clarification of LLS Evaluations
2.1 Scenarios for Link Level Performance Evaluation

[bookmark: _Ref510797561]Table 1: NR NOMA Use Cases and Features Supported by Different Operation Modes
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Table 1 summarizes the use cases, features, and operation modes of NR NOMA. In particular, the highlighted features in the fourth column reflect the major benefits of NOMA [3], which should be considered in the design, evaluation and comparison of NOMA Tx/Rx schemes. As shown by Table 1, grant free (GF) transmission can be associated with both RRC_INACTIVE and RRC_CONNECTED states. However, there are differences regarding MA signature selection and synchronization status for different modes of GF. 

On the other hand, different modes of GF have been defined in NR Rel-15. For example, the PRACH preamble transmission for initial access involves random sequence selection and is asynchronized (without timing advance), whereas the type I/II GF operates in synchronized modes with semi-static assignment of DMRS sequence.

 Specifically,
· GF Transmission in RRC_INACTIVE State
· It is referred to as two-step RACH in the SID [3], wherein a NOMA UE sends its MA signature and small payload without timing advance operation.
· The timing offset for two-step RACH is in the range of , where  and  denote the max round trip delay and root mean square delay spread, respectively.
·  Similar to NR PRACH transmission for initial access, the MA signature selection is random and contention based. 
· GF Transmission in RRC_CONNECTED State
· It is similar to the Type I/II GF in Rel-15 NR, wherein a NOMA UE sends its MA signature and small payload with timing advance operation.
· The MA signature selection is similar to the semi-static DMRS sequence assignment in Type I/II GF of Rel-15 NR, which can be made contention free, or contention based but with limited contention.
On the other hand, when UL transmission operates in synchronized 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 proposals:

Proposal 1: NR NOMA should support GF transmission in both RRC_CONNECTED and RRC_INACTIVE states, which correspond to different modes of MA signature selection and synchronization. 
In RRC_INACTIVE state, GF NOMA needs to consider:
· 2-step RACH without timing advance operation. The timing offset for 2-step RACH is in the range of  , where  and  denote the max round trip delay and root mean square delay spread, respectively;
· random selection of MA signature;

In RRC_CONNECTED state, GF NOMA needs to consider:
· synchronized mode with timing advance;
· MA signature selection similar to the semi-static DMRS sequence assignment in Type I/II GF of Rel-15 NR.

[bookmark: _Hlk510804222]Proposal 2:  NR MU-MIMO should be considered as a baseline in evaluating and comparing the link level performance of NR NOMA. 

2.2 Clarification of LLS Assumptions
2.2.1 Definition of Average SNR per UE
In RAN1-92 and RAN1-92b, the BLER vs SNR per UE and the sum throughput vs total SNRs have been agreed as two performance metrics for link level evaluation [4-5]. However, there is not yet a unified SNR definition per UE. Due to the differences in resource utilization, the effective bandwidth used by different transmission schemes are different. For example, the following graphs illustrate two different mapping patterns across four consecutive and equally spaced frequency resource units (RU) indexed by RU1, RU2, RU3 and RU4. Without loss of generality, assume:
· TX side
· each RU spans  Hz in frequency domain;
· parameter  measure frequency resource utilization factor, which is 50% and 100% for case A and B, respectively;
· transmit power over 4 RUs are the same for Case A and B, i.e.
· 
· RX side
· noise power per RU is a constant, say N;
· same pathloss and antenna gains, say ;

If the frequency resource utilization factor is considered, the average SNR can be defined by
[bookmark: _Hlk513813940]                                                                          (1)
If the frequency resource utilization factor is ignored, the average SNR can be defined by
                                                                            (2)

For the sparse mapping in Case A, we have
                                                                            (3)
For the dense mapping in Case B, we have
                                                                            (4)
Under the same Tx power constraint and different frequency mapping pattern, it turns out
                                                                      (5.1)
                                                                                    (5.2)
Therefore, the effective SNR of case A is 3 dB higher than that of case B (5.1), which is caused by the smaller resource utilization factor . However, if the differences in resource utilization factor are ignored, we will get similar SNR for two cases (5.2). For clarification, it is necessary to unify the SNR definition per UE, and we have the following proposal:
Proposal 3:  To align the performance of different transmission schemes, it is necessary to unify the definition of average SNR per UE by normalizing the received power with UE-specific resource utilization factor. 

Case A:  Sparse Frequency Mapping (only RU1 and RU2 occupied)
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Case B:  Dense Frequency Mapping (all RU occupied)
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2.2.2 Modelling of Link Level Impairments
For comprehensive LLS evaluation, impairments such as timing offset, frequency offset, imperfect channel estimation, and power control errors need to be modelled in LLS. In addition, the ACLR of some sparse mapping schemes (e.g. Case A in Section 2.2.1) proposed for NOMA has never been evaluated for NR, which employs smaller guard bands and has tighter spectral mask requirements. Therefore, it is reasonable to consider the following:
Proposal 4:  The evaluation and comparison of different Tx/Rx schemes should be conducted with realistic modelling of link level impairments, including: 
· large timing offset beyond the normal CP (see Proposal 1 for the range)
· frequency offset of 50Hz or 0.1 ppm.
· PC errors in the range of [-5, 5] dB.
· realistic channel estimation.

2.2.3 Update of LLS Parameters
In LLS evaluations, we also need to consider the following update of parameters. 
[bookmark: _Hlk513830943]Proposal 5:  The following update of LLS parameters needs to be considered:
· DMRS overhead
· for mMTC and eMBB, a DMRS overhead of 1/7 should be considered as the starting point for slot with 14 OFDM symbols;
· for URLLC, DMRS overhead of 1/4 should be considered as the starting point for mini-slot with 4 OFDM symbols.
· URLLC
· NOMA simulation for URLLC should be aligned with the URLLC study in NR;
· mini-slot configuration with SCS 30 kHz, 4 OFDM symbols and normal CP should be prioritized;
· the BLER target for 1st transmission should be 10%, at least for grant free operation;
· for performance comparison with different numerology, the BW requirement should be aligned. For example, 12 RBs with 60 kHz SCS occupies the same bandwidth as 24 RBs with 30 kHz SCS.

3. [bookmark: _Ref510804403]LLS Results
4.1 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], 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 [5]. 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. 
[image: ]
[bookmark: _Hlk506449750]Figure 1. PAPR Reduction by Symbol-Wise Scrambling, CP-OFDM, 6 RB, Codebook Size 4 by 6

[image: ]
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 6: 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.

4.2 [bookmark: _Ref510804409]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. 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: _Ref510800151]4.3 Performance for ML-RSMA 
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. 
Before RAN1-93, the link level simulators of all companies have not been fully calibrated yet. Therefore, we only present the LLS results for ML-RSMA with ideal channel estimation. 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 IC algorithms [5] can also be adopted for ML-RSMA. 

4.3.1 eMBB

[bookmark: _Ref513825408]Figure 4:  ML-RSMA BLER performance for eMBB with TDL-C 300ns and 1T4R


[bookmark: _Ref513825410]Figure 5: ML-RSMA BLER performance for eMBB with TDL-A 30ns and 1T4R

Figure 4 and Figure 5 show the BLER performances for eMBB with different SE, overloading ratio and channel propagations. Based on these results, we have the following observation:
Observation 3:
· At low SE per UE, it is desirable to use single-layer RSMA. 
· At large SE per UE or large overloading ratio, it is desirable to use multi-layer RSMA.

[image: ]
[bookmark: _Ref513825973]Figure 6: ML-RSMA BLER performance for eMBB with unequal power (x + Unif[3,-3] dB power control error)

Figure 6 shows the BLER of ML-RSMA with power control errors with uniform distribution in the range of [-3, 3] dB[footnoteRef:2], indicating ML-RSMA is robust against the power control error. [2:  For realistic modeling of PC errors, we proposed to evaluate in a larger range of [-5, 5] dB.] 

Observation 4: ML-RSMA can provide scalable and flexible configuration for different SE and different overloading ratios in both grant-based and grant-free transmissions. Furthermore, ML-RSMA shows performance gain over single-layer RSMA for large SE and overloading ratios.

[bookmark: _Hlk513822259]4.3.2 URLLC

[bookmark: _Ref513826071]Figure 7: ML-RSMA BLER performance for URLLC with TDL-C 300ns and 1T4R

Figure 7 shows ML-RSMA BLER performance for URLLC with different SE and different number of UEs. SCS of 30kHz with #OS = 4 is used for the simulation. As shown in the figure, ML-RSMA can achieve 0.1% of BLER target. 
Observation 5: ML-RSMA can achieve 0.1% BLER target for URLLC in both grant-free and grant-based transmissions. 

4.3.3 mMTC

[bookmark: _Ref513826252]Figure 8: ML-RSMA BLER performance for mMTC with TDL-C 300ns and 1T4R


[bookmark: _Ref513826253]Figure 9: ML-RSMA BLER performance for mMTC with TDL-C 300ns and 1T2R
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[bookmark: _Ref513826301]Figure 10: ML-RSMA BLER performance for mMTC with DFT-s-OFDM and CP-OFDM waveforms

Figure 8 and Figure 9 show BLER performance for CP-OFDM waveform with different number of gNB antennas. Figure 10 shows the BLER performance for DFT-s-OFDM waveforms. Regardless of waveform types, ML-RSMA can flexibly support different number of UEs and SE. The link-level performance loss due to DFT-spread precoding is negligible. 
Observation 6: ML-RSMA support both CP-OFDM and DFT-s-OFDM waveform. 

5 Conclusion
In this contribution, we considered link and system level performance evaluation of NOMA schemes. We have the following conclusions and observations:
Proposal 1: NR NOMA should support GF transmission in both RRC_CONNECTED and RRC_INACTIVE states, which correspond to different modes of MA signature selection and synchronization. 
In RRC_INACTIVE state, GF NOMA needs to consider:
· 2-step RACH without timing advance operation. The timing offset for 2-step RACH is in the range of  , where  and  denote the max round trip delay and root mean square delay spread, respectively;
· random selection of MA signature;

In RRC_CONNECTED state, GF NOMA needs to consider:
· synchronized mode with timing advance;
· MA signature selection similar to the semi-static DMRS sequence assignment in Type I/II GF of Rel-15 NR.

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 align the performance of different transmission schemes, it is necessary to unify the definition of average SNR per UE by normalizing the received power with UE-specific resource utilization factor. 

Proposal 4:  The evaluation and comparison of different Tx/Rx schemes should be conducted with realistic modelling of link level impairments, including: 
· large timing offset beyond the normal CP (see Proposal 1 for the range)
· frequency offset of 50Hz or 0.1 ppm
· PC errors in the range of [-5, 5] dB
· [bookmark: _GoBack]realistic channel estimation

Proposal 5:  The following update of LLS parameters needs to be considered:
· DMRS overhead
· for mMTC and eMBB, a DMRS overhead of 1/7 should be considered as the starting point for slot with 14 OFDM symbols;
· for URLLC, DMRS overhead of 1/4 should be considered as the starting point for mini-slot with 4 OFDM symbols.
· URLLC
· NOMA simulation for URLLC should be aligned with the URLLC study in NR;
· mini-slot configuration with SCS 30 kHz, 4 OFDM symbols and normal CP should be prioritized;
· the BLER target for 1st transmission should be 10%, at least for grant free operation;
· for performance comparison with different numerology, the BW requirement should be aligned. For example, 12 RBs with 60 kHz SCS occupies the same bandwidth as 24 RBs with 30 kHz SCS.

Proposal 6: 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.
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:
· At low SE per UE, it is desirable to use single-layer RSMA. 
· At large SE per UE or large overloading ratio, it is desirable to use multi-layer RSMA.


Observation 4: ML-RSMA can provide scalable and flexible configuration for different SE and different overloading ratios in both grant-based and grant-free transmissions. Furthermore, ML-RSMA shows performance gain over single-layer RSMA for large SE and overloading ratios.
Observation 5: ML-RSMA can achieve 0.1% BLER target for URLLC in both grant-free and grant-based transmissions. 
Observation 6: ML-RSMA supports both CP-OFDM and DFT-s-OFDM waveform. 
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