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Introduction
In general, for the conventional DL/UL multiple access (MA) scheme, three design criteria have been considered as spectral efficiency, energy efficiency and system complexity. In NR (New RAT) design, three use cases are considered as eMBB, mMTC, and URLLC with several KPIs for IMT 2020 RIT submission [1]. Specially, some KPIs such as massive connectivity, spectral efficiency and latency, might be enormously challenging. In this contribution, UL LLS evaluation results for NOMA schemes are presented.
Followings are the agreements and observations on the multiple access of NR in RAN1 #84bis;
Agreements:
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases
· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied
Observations:
· Examples non-orthogonal schemes include (but not limited to):
· For UL, Multi-user shared access (MUSA) (e.g., R1-162226)
· Resource spread multiple access (RSMA) (e.g., R1-163510)
· Sparse code multiple access (SCMA) (e.g., R1-162153)
· Pattern defined multiple access (PDMA) (e.g., R1-163383)
· Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517)
· Low code rate spreading (e.g., R1-162385)
· Frequency domain spreading (e.g., R1-162385)
· Non-orthogonal multiple access (NOMA) (e.g., R1-163111)

Followings are the agreements of NOMA SI in RAN1 #92;
Agreements:
· Adopt the following table as the metrics for NOMA study from link level point of view.
· More metrics may be added in the future
	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
FFS:  Configuration/Scheduling flexibility



Non-orthogonal Coded Multiple Access (NCMA)
The NOMA schemes have been proposed for the increase of the connectivity or the system throughput. These schemes are based on the non-orthogonal spreading code or the difference of spatial resource and power. In case of specific channel environments with system optimizations (e.g. power allocation or user scheduling); the NOMA schemes can provide the improved connectivity or the increased system throughput compared to the conventional OMA schemes. However, NOMA schemes have some defeats, such as scheduling complexity, encoding/decoding complexity, loss of BLER, and limited environments.
In the NOMA schemes, multiuser interference (MUI) is inherently induced. Considering this, spreading based non-orthogonal coded multiple access (NCMA) scheme was suggested in [2]. This scheme is one of an approach for theoretically minimizing the MUI based on the spreading codes. Here, we define the spreading code as ‘Grassmannian Sequence’ [3][4] and the sequence and quantized version of the sequence can be obtained as follows. 
· Grassmannian Sequence
· Each complex spreading sequence of this sequence set is generated by Grassmannian line packing problem. Let the Grassmannian sequence set defined by , where N is the spreading factor and K is the superposition factor. Then, the sequence design problem can be posed in terms of maximizing the minimum chordal distance between sequence pairs: , where  is the conjugate sequence of . 
· Spreading sequence set: 
· M-QAM quantized Grassmannian Sequence 
· Each complex coefficient of this sequence (which is generated by the Grassmannian sequence) is quantized by M-QAM constellations. Then, the M-QAM quantized Grassmannian sequence set is defined by , where N is the spreading factor and K is the superposition factor.
· Complex coefficient: , the set of M-QAM constellations
· Spreading sequence set: 
Note that the spreading code design mentioned in [2] is one of the NCMA schemes. From another point of view, coding based NCMA scheme can be also considered as one of other approaches for the NCMA schemes. This scheme is one of an approach to disperse the MUI based on the user-specific scrambling codes in coding domain [5][6]. For simplicity, spreading based NCMA (N>1) and coding based NCMA (N=1) are called NCMA.

Link Level Simulation
1.1. Simulation Parameters
· Simulation parameters are represented as follows:
Table I. UL Link Level Simulation Assumptions in mMTC
	Waveform
	CP-OFDM / DFT-s-OFDM

	Multiple Access
	SF = 1: Coding based NCMA (w/ Codeword level scrambling via NR PUSCH scrambling)
SF > 1: Spreading based NCMA 
(w/ Non-orthogonal Code via 64QAM-quantized Grassmannian Sequence [Appendix])

	Carrier Frequency
	700 MHz / 4GHz

	Subcarrier Spacing
	15kHz / 30kHz / 60kHz

	System Bandwidth / FFT Size
	10MHz / 1024

	Transmission Bandwidth
	6PRBs / 12PRBs / 24PRBs

	Antenna Configuration
	1T2R/1T4R

	TBS per UE
	10, 20, 40, 60, 75, 80, 150 [bytes]

	SNR distribution of Multiple UEs
	Equal SNR
Unequal SNR (distribution within range [x - 3, x + 3] dB)

	Number of Multiple UEs
	3, 4, 6, 8, 10, 12, 24

	Channel Coding
	LDPC (Decoder: BP with flooding)

	Modulation
	QPSK

	MA Signature Selection
	Fixed Allocation

	Receiver Algorithm
	Enhanced MMSE-Successive Interference Cancellation (SIC) 
; Codeword level IC is assumed [7].

	Channel Model
	TDL-A (30ns), TDL-C (300ns), mobility-3km/h

	Channel Estimation
	Ideal (ICE) / Realistic (RCE)



· Following some cases from Template 1 agreed in RAN1 #94, simulation cases are represented as follows:
	Case No.
	Scenario
	Carrier frequency
	Rx Number
	SNR distribution
	waveform
	MA signature allocation
	channel model
	TBS 
(byte)
	Example # of UEs
	with TO/FO

	1
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	10
	6, 12, 18, 24
	No

	2
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	20
	4, 6, 8, 12
	No

	3
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	40
	3, 6, 8, 10
	No

	4
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	60
	3, 6, 8
	No

	5
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	75
	3, 4, 6
	No

	6
	mMTC
	700MHz
	2
	Unequal
	CP-OFDM
	Fixed
	TDL-A 30ns
	20
	4, 6, 12
	Yes
(<CP/2)

	8
	mMTC
	700MHz
	2
	Unequal
	DFT-s-OFDM
	Fixed
	TDL-C 300ns
	10
	6, 12, 18
	Yes
(<CP/2)

	9
	mMTC
	700MHz
	2
	Unequal
	DFT-s-OFDM
	Fixed
	TDL-C 300ns
	20
	4, 6, 8, 12
	Yes
(<CP/2)

	14
	URLLC
	700MHz (30kHz SCS)
	4
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	10
	6, 12
	No

	15
	URLLC
	700MHz (30kHz SCS)
	4
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	60
	4
	No

	16
	URLLC
	4GHz (60kHz SCS)
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	10
	6, 12
	No

	17
	URLLC
	4GHz (60kHz SCS)
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	60
	4, 6
	No

	18
	eMBB
	4GHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	20
	12, 24
	No

	19
	eMBB
	4GHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	80
	8
	No

	20
	eMBB
	4GHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	150
	4
	No

	26
	mMTC
	700MHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	60
	3, 6, 8
	No




1.2. BLER vs. per UE SNR
In this section, the link level simulation results of NCMA via 64QAM-quantized Grassmannian Sequence (SF > 1) and NR PUSCH scrambling (SF = 1) are represented in terms of block error rate (BLER). In the following simulation results, ‘SF’ represents the spreading factor and ‘UE’ represents the number of UEs. Here, ‘ICE’ represents the ideal channel estimation and ‘RCE’ represents the realistic channel estimation.
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Figure 1. BLER comparisons for SF and # of UEs in case of ICE (left) and RCE (right) in Case 1
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Figure 2. BLER comparisons for SF and # of UEs in case of ICE (left) and RCE (right) in Case 2
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Figure 3. BLER comparisons for SF and # of UEs in case of ICE (left) and RCE (right) in Case 3
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Figure 4. BLER comparisons for SF and # of UEs in case of ICE (left) and RCE (right) in Case 4
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Figure 5. BLER comparisons for SF and # of UEs in case of ICE (left) and RCE (right) in Case 5
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Figure 6. BLER comparisons for SF and # of UEs in case of ICE (left) and RCE (right) in Case 6
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Figure 7. BLER comparisons for SF and # of UEs in case of ICE (left) and RCE (right) in Case 8
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Figure 8. BLER comparisons for SF and # of UEs in case of ICE (left) and RCE (right) in Case 9
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Figure 9. BLER comparisons for SF and # of UEs in Case 14 (left) and Case 15 (right)
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Figure 10. BLER comparisons for SF and # of UEs in Case 16 (left) and Case 17 (right)
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Figure 11. BLER comparisons for SF and # of UEs in Case 18 (left) and Case 19 (right)
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Figure 12. BLER comparisons for SF and # of UEs in Case 20
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Figure 13. BLER comparisons for SF and # of UEs in case of ICE (left) and RCE (right) in Case 26

Above figures represent the BLER comparisons for NCMA with enhanced MMSE-SIC [7] for some simulation cases. In these simulations, QPSK modulation and ideal/realistic channel estimation are assumed. Assuming 6 PRBs with 2 DMRS symbols, CRC check is considered for all the cases. Here, CRC bits is considered as 16 bits, so the size of input for channel encoder is TBS+2 [bytes]. In case of equal SNR (except for Case 6, 8 and 9), SNR for all the UEs is equal. In case of unequal SNR (for Case 6, 8 and 9), unequal SNR distribution within range [x - 3, x + 3] (dB) is applied and SNR per UE is the average SNR. In cases of UE = 24, assuming twice usage without superposition for same NR DMRS set, 2 DMRS symbols are still employed. Though not realistic setting for DMRS, this assumption allows for a simple simulation.
Observation for the above results can be summarized as below.
· Case 1: The spreading based NOMA schemes can provide massive connectivity or total throughput gain with only marginal loss of BLER. Regardless of SF, similar performance is observed.
· Case 2: The performance of no or low SF (SF=1 or 2) is better than that of high SF (SF>2).
· Case 3 and 4: In case of low overloading, the performance of no SF (SF=1) is better than that of low SF (SF=2). In case of high overloading, the performance of low SF (SF=2) is better than that of no SF (SF=1). Due to lack of coding gain, high SF (SF>2) is not valid in these cases.
· Case 5: Due to lack of coding gain, no SF (SF=1) is only valid in this case.
· Case 6, 8 and 9: The BLER performance of the OMA (SF=UE) is better than that of NOMA (SF>UE). For high overloading cases, high SF is needed.
· Case 14, 16 and 18: The performance of low SF (SF=2) is slightly better than that of no SF (SF=1).
· Case 15, 17 and 20: The performance of no SF (SF=1) is better than that of low SF (SF=2).
· Case 26: For low overloading case, the performance of no SF (SF=1) is better than that of low SF (SF=2). 
The above results carry that the BLER performance is highly related to code rate by TBS and # of PRBs, overloading by SF and UE, channel estimation, SNR distribution by received power imperfection and so on. Thus, NOMA needs be supported through the appropriate SF in some valid environment.
Observation 1: NOMA needs be supported through the appropriate SF in some valid environment.

1.3. Peak-to-Average-Ratio (PAPR)
[bookmark: _GoBack]In NR design, the NOMA system focuses on uplink. Therefore, peak-to-average-ratio (PAPR) at the transmitter side is one of major performance metrics since lower PAPR leads to high PA efficiency. Specially, some cases such as cell-edge located devices and low cost mMTC devices might be enormously challenging in terms of PAPR [8]. The transmitter processing procedure can be found in Figure 14.
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Figure 14. Transmitter procedure for the NCMA scheme 
In general, DFT-s-OFDM has lower PAPR compared to CP-OFDM and so DFT-s-OFDM outperforms CP-OFDM in power limited situations. Therefore, DFT-s-OFDM may be more reasonable for link budget limited scenarios. PAPR can be calculated as CCDF function derived by all the time samples. In the NOMA system, if the DFT process is operated at the transceiver, the spreading sequence can be multiplied in time domain signal. In this case, PAPR of each spreading sequence can vary [8]. On the other hand, PAPR of all the time samples for all the spreading sequences can be represented as follows.
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Figure 15. PAPR comparisons for spreading factor (SF) and sequence set size (UE) for modulation order 2, in case of CP-OFDM (left) and DFT-s-OFDM (right)

Figure 15 represents PAPR comparisons for spreading factor (SF) and sequence set size (UE) in case of CP-OFDM and DFT-s-OFDM with modulation order 2 (e.g., QPSK). Here, the case with (SF=1, UE=1) represents OFDMA and the cases with (SF=2, UE=2) and (SF=4, UE=4) represent orthogonal coded multiple access, e.g., hadamard sequence. In the case of CP-OFDM at 1% PAPR level, the case with (SF=2, UE>2) provides 1 dB loss of PAPR compared to OFDMA (SF=1, UE=1) and the cases with (SF=4, UE>4) and (SF=6, UE>6) provide 1.5 - 2 dB loss of PAPR. On the other hand, in the case of DFT-s-OFDM, at 1% PAPR level, the case with (SF=2, UE>2) provides marginal gain or no loss of PAPR compared to OFDMA and the cases with (SF=4, UE>4) and (SF=6, UE>6) provide no loss or marginal loss (< 1dB) of PAPR. Above results are represented by the PAPR of all the time samples for all the spreading sequences. However, the characteristic of PAPR can be different depending on the spreading sequence index. Following the sequence index, its PAPR is widely spread compared to the non-spreading case [8]. Thus, for fair comparison between NOMA schemes, PAPR of each spreading sequence or sequence set need to be considered as one of performance metrics. 
Observation 2: In CP-OFDM, the spreading based scheme represents a loss (1 - 2 dB) of PAPR compared to OFDMA. In DFT-s-OFDM, the spreading based scheme represents no loss or marginal loss (< 1 dB) of PAPR compared to OFDMA.

Summary
In this document, we presented evaluations for the spreading/coding based NCMA. Following the results, our observation can be summarized as below. 
Observation 1: NOMA needs be supported through the appropriate SF in some valid environment.
Observation 2: In CP-OFDM, the spreading based scheme represents a loss (1 - 2 dB) of PAPR compared to OFDMA. In DFT-s-OFDM, the spreading based scheme represents no loss or marginal loss (< 1 dB) of PAPR compared to OFDMA.
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Appendix
· Examples of 64QAM-quantized Grassmannian Sequence based spreading codebook for minimizing the MUI are represented as follows:
Table II. 64QAM-quantized Grassmannian Sequence based codebook for Spreading Factor: N = 2
	# of codewords
(Max. # of users: K)
	Examples of spreading codebook 

	2
	

	4
	

	6
	

	8
	


NOTE:  is () normalized matrix for the power constraints, . Here, . 

Table III. 64QAM-quantized Grassmannian Sequence based codebook for Spreading Factor: N = 4
	# of codewords
(Max. # of users: K)
	Examples of spreading codebook 

	4
	

	6
	

	8
	



NOTE:  is () normalized matrix for the power constraints, . Here, . 
NOTE: More detailed examples are presented in R1-1809844.
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Case 14, URLLC, 700MHz(30kHz), 4Rx, Equal SNR, CP-OFDM, TDL-C, TBS=10
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Case 16, URLLC, 4GHz(60kHz), 4Rx, Equal SNR, CP-OFDM, TDL-A, TBS=10
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Case 18, eMBB, 4GHz, 4Rx, Equal SNR, CP-OFDM, TDL-A, TBS=20
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Case 19, eMBB, 4GHz, 4Rx, Equal SNR, CP-OFDM, TDL-A, TBS=80
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Case 20, eMBB, 4GHz, 4Rx, Equal SNR, CP-OFDM, TDL-A, TBS=150
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Case 26, mMTC, 700MHz, 4Rx, Equal SNR, CP-OFDM, TDL-C, TBS=60
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