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1 Introduction
As a justification of the NR SI, the SID underscored the potential benefits of NOMA transmission in [1]:
· 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 [2-4], 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
In this contribution, we present the LLS results of ML-RSMA for different spectral efficiencies and overloading ratios. The BLER and throughput of ML-RSMA have been evaluated in the presence of channel estimation errors and inter-cell interference. ML-RSMA is shown as a scalable, flexible and robust transmission scheme for NOMA. It is capable of supporting different SE and overloading ratios in both grant-based and grant-free transmissions, by using realistic CHEST and in the presence of inter-cell interference.

This contribution is an update of R1-1811246.




2  Overview
2.1 LLS Evaluation Scenarios
Table 1 summarizes the use cases and operation modes of NR NOMA. In particular, the highlighted features in the third column reflect the major benefits of NOMA [1], which should be considered in the design, evaluation and comparison of NOMA Tx/Rx schemes. 

[bookmark: _Ref510797561]Table 1: NR NOMA Use Cases and Features Supported by Different Operation Modes
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Observation 1 
· When the network operates in grant-based mode, transmission schemes proposed for NOMA can be applied to MU-MIMO as well. The gain of NOMA over MU-MIMO in spectral efficiency is questionable, especially for underloading scenarios.
· When the network operates in grant-free mode and the UL access is contention-free, the gain of NOMA over MU-MIMO in spectral efficiency is questionable.
· The most significant gain of NOMA over MU-MIMO can be achieved in the following scenarios:
· contention-based, grant-free transmission
· small data transmission from RRC_INACTIVE state

Proposal 1: NR NOMA solutions achieving performance gains over NR Rel-15 MU-MIMO should be prioritized in the study and evaluation.

[bookmark: _Hlk510804222]Proposal 2: For synchronized NOMA transmission, TX solutions incapable of UE overloading and/or unsuitable for scalable configuration should be deprioritized and FFS whether they have significant performance gains over OMA or MU-MIMO with the same transceiver complexity.
Proposal 3: The asynchronized NOMA transmission scheme in normal cell coverage, such as two-step RACH, should be studied and evaluated, wherein MSG1 carries MA signature and small data, and UE does not need to perform timing advance prior to MSG1 transmission.
Proposal 4:   Intra-cell and inter-cell interference in NOMA transmission can be mitigated by UE grouping, power control, symbol-level scrambling, and the hopping of MA signatures. Specifically:
· NOMA UEs within the same cell can be partitioned into multiple groups. Same or different short spreading codes achieving WBE can be applied to each group. Group-specific scrambling and power domain multiplexing can be applied to each UE group, wherein the configuration of scrambling codes can be made as a function of cell ID and UE group ID.

· To average the intra-cell and inter-cell interference, the use of short spreading codes and long scrambling codes can be hopping in time domain.

[bookmark: _Ref510804409]2.2. Joint Consideration of Performance and Complexity
In performance evaluation of NOMA, 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 3, 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 1: 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.
Observation 2:  Compared to MPA/MAP receivers, LMMSE/ESE/MF receivers have much lower complexity and comparable/better performance in fading channels. EPA receiver has lower complexity than MPA, but it suffers from significant performance degradation in fading channels.
3 [bookmark: _Ref510804403]LLS Results of ML-RSMA
3.1 PAPR Performance
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. 
As shown by Figures 1(a)-(d), the use of symbol-level scrambling can improve the PAPR performance for both CP-OFDM and DFT-s-OFDM waveform. The design details of scrambling sequence can be found in our companion paper submitted to RAN1-94bis [5].
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[bookmark: _Hlk506449750]Figure 2(a):  PAPR Reduction by Symbol-Level Scrambling (6 PRB)
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Figure 1(b): PAPR Reduction by Symbol-Level Scrambling (12 PRB)
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Figure 1(c):  PAPR Performance Improvement by Symbol-Level Scrambling (Single Layer, 16QAM, 6 PRB)
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Figure 1(d): PAPR Performance Improvement by Symbol-Level Scrambling (Two Layer, QPSK, 6 PRB)

On the other hand, we noted that the use of sparsity patterns in SCMA leads to worse PAPR/ACLR performance than solutions based on linear hybrid spreading/scrambling/interleaving. Besides, the “sparsity” in transmission can lead to inefficient resource utilization, especially under the constraints of peak power limit. Moreover, compared with SCMA design with modified modulation [9], solutions based on linear hybrid spreading and scrambling exhibit similar or better error performance, less impacts on 3GPP specifications, and significantly better performance in system capacity, scalability, complexity/latency and PAPR. 
Therefore, we have the following proposals:
Proposal 5: The design of linear spreading scheme for NOMA should consider the inclusion of symbol-wise scrambling to improve the PAPR performance. The PAPR performance of QPSK can be used as a baseline.
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.

3.2 On Multi-Dimensional Bits-to-Symbol Mapping
We show in the following that the shaping gain claimed by multi-dimensional bits to symbol mapping, or modified modulation, is an artifact of inappropriate selection of spreading factor and MCS. 
To illustrate, Figures 2(a)-(b) show the error performance of four different configurations of MCS and spreading factor in AWGN and fading channels, which include the two examples selected by [9] for 16-point constellations, with and without modified modulation mapping. We can observe from these results that the same spectral and energy efficiencies of multi-dimensional modulation mapping can be achieved by legacy modulations when the MCS and spreading factor are appropriately chosen, which avoids the implementation complexity of modified modulations as well as the vulnerability to channel estimation errors. 
[image: ]
Figure 2(a): BLER vs SNR for Legacy and Modified Modulation Mapping in AWGN Channel
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Figure 2(b): BLER vs SNR for Legacy and Modified Modulation Mapping in Fading Channel
[bookmark: _GoBack]Observation 3: In NOMA transmit signal processing, multi-dimensional modulation mapping does not bring any performance gain compared to legacy modulations.
Proposal 7: Only NR Release 15 modulation schemes should be considered for NOMA transmissions.

3.3 Link Level Performance
As shown in Table 1, ML-RSMA is capable of supporting both grant-based and grant-free transmissions through flexible configuration of spreading codes and scrambling codes. 
ML-RSMA link level performance is evaluated for various parameters including different number of UEs, TB sizes, channels and use cases. ESE/LMMSE with soft IC receiver is considered as a baseline receiver for ML-RSMA transmissions depending on TB size. However, the receiver type for ML-RSMA is not limited to ESE/LMMSE with soft IC. Other receivers with various combinations of MUD and IC algorithms can also be adopted for ML-RSMA. 
3.3.1 eMBB Use Case
Figure 4 and Figure 5 show the average BLER for eMBB use case assuming ideal channel estimation (CHEST). Correspondingly, the two subplots in Figure 6 show the sum throughput vs sum SNR associated with Figure 4 and Figure 5, respectively. On the other hand, Figure 7 and Figure 8 present the average BLER with realistic CHEST. 
As shown by Figures 4-8, we observe the following:
Observation 4: ML-RSMA is a scalable, flexible and robust NOMA transmission scheme for eMBB.  By using realistic CHEST, it is able to support different SE and overloading ratios in fading channels with different delay spreads.

[bookmark: _Ref513825408][bookmark: _Hlk513821997]Figure 4:  ML-RSMA BLER performance for eMBB with with Ideal CHEST (TDL-C 300ns)


[bookmark: _Ref513825410]Figure 5: ML-RSMA BLER Performance for eMBB with Ideal CHEST (TDL-A 30ns)


[bookmark: _Ref525920755]Figure 6: ML-RSMA Sum Throughput vs Sum SNR for eMBB with Ideal CHEST


[bookmark: _Ref525921024]Figure 7: ML-RSMA BLER Performance for eMBB with Realistic CHEST (TDK-C 300ns)


[bookmark: _Ref525921026]Figure 8: ML-RSMA BLER Performance for eMBB with Realistic CHEST (TDL-A 30ns)

3.3.2 mMTC Use Case
Figure 9 shows average BLER of ML-RSMA for mMTC in TDL-C channel. In addition, Figure 10 shows the corresponding sum throughput vs sum SNR, assuming the same channel fading as in Figure 9.
On the other hand, Figure 11 shows the BLER performance for mMTC use case with realistic channel estimation. Similar to the eMBB case, ML-RSMA is shown as a robust transmission scheme for mMTC in the presence of channel estimation errors.



[bookmark: _Ref513826253]Figure 9: ML-RSMA BLER Performance for mMTC with Ideal CHEST (TDL-C 300ns)
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[bookmark: _Ref513826301]Figure 10: ML-RSMA Sum Throughput vs Sum SNR for mMTC with Ideal CHEST (TDL-C 300ns)


[bookmark: _Ref525922353]Figure 11: ML-RSMA BLER Performance for mMTC with TDL-A 30ns and Realistic CHEST



[bookmark: _Ref525923024]Figure 12. ML-RSMA BLER performance for mMTC with inter-cell interfering UE

Figure 12 shows BLER performance of ML-RSMA with 4 interfering UEs in an adjacent cell. The 4 interferers reuse the MCP codebook of the 16 NOMA UEs in the serving cell. Compared to NOMA schemes with linear spreading only, the hybrid ML-RSMA scheme with cell-specific symbol level scrambling has demonstrated significant performance gains in mitigating inter-cell interference.
[bookmark: _Hlk525937359]Observation 5:  By the use of cell-specific symbol level scrambling, ML-RSMA is able to mitigate inter-cell interference effectively. 
4 Conclusions
In this contribution, we considered link level performance evaluation of NOMA schemes. We have the following conclusions and observations:
Proposal 1: NR NOMA solutions achieving performance gains over NR Rel-15 MU-MIMO should be prioritized in the study and evaluation.

Proposal 2: For synchronized NOMA transmission, TX solutions incapable of UE overloading and/or unsuitable for scalable configuration should be deprioritized and FFS whether they have significant performance gains over OMA or MU-MIMO with the same transceiver complexity.
Proposal 3: The asynchronized NOMA transmission scheme in normal cell coverage, such as two-step RACH, should be studied and evaluated, wherein MSG1 carries MA signature and small data, and UE does not need to perform timing advance prior to MSG1 transmission.
Proposal 4:   Intra-cell and inter-cell interference in NOMA transmission can be mitigated by UE grouping, power control, symbol-level scrambling, and the hopping of MA signatures. Specifically:
· NOMA UEs within the same cell can be partitioned into multiple groups. Same or different short spreading codes achieving WBE can be applied to each group. Group-specific scrambling and power domain multiplexing can be applied to each UE group, wherein the configuration of scrambling codes can be made as a function of cell ID and UE group ID.

· To average the intra-cell and inter-cell interference, the use of short spreading codes and long scrambling codes can be hopping in time domain.


Proposal 5: The design of linear spreading scheme for NOMA should consider the inclusion of symbol-wise scrambling to improve the PAPR performance. The PAPR performance of QPSK can be used as a baseline.

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.
Proposal 7: Only NR Release 15 modulation schemes should be considered for NOMA transmissions.

Observation 1 
· When the network operates in grant-based mode, transmission schemes proposed for NOMA can be applied to MU-MIMO as well. The gain of NOMA over MU-MIMO in spectral efficiency is questionable, especially for underloading scenarios.
· When the network operates in grant-free mode and the UL access is contention-free, the gain of NOMA over MU-MIMO in spectral efficiency is questionable.
· The most significant gain of NOMA over MU-MIMO can be achieved in the following scenarios:
· contention-based, grant-free transmission
· small data transmission from RRC_INACTIVE state

Observation 2:  Compared to MPA/MAP receivers, LMMSE/ESE/MF receivers have much lower complexity and comparable/better performance in fading channels. EPA receiver has lower complexity than MPA, but it suffers from significant performance degradation in fading channels.
Observation 3: In NOMA transmit signal processing, multi-dimensional modulation mapping does not bring any performance gain compared to legacy modulations.

Observation 4: ML-RSMA is a scalable, flexible and robust transmission scheme for NOMA. It is capable of supporting different SE and overloading ratios in both grant-based and grant-free transmissions, by using realistic CHEST.
Observation 5:  By the use of cell-specific symbol level scrambling, ML-RSMA is able to mitigate inter-cell interference effectively. 
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