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1 Introduction

At the previous meeting (RAN1#86bis) there were observations made based on preliminary simulation results submitted to that meeting for NR multiple access (MA). After RAN1#86bis, an email discussion [1] was launched according to the below

· Email approval for capturing LLS and SLS simulation results for NR MA submitted to RAN1#86bis meeting until 21st October
· Ccompanies are encouraged to provide input with the following to be captured into TR:

· For LLS

· MA signature setting [fixed/random]

· To replace “overloading” by “number of supported UEs”

· For SLS

· BS antenna configuration

· MA signature setting [fixed/random]

· The results in the attachment are a starting point.
This contribution further summarizes the simulation results and the observations given through the email discussion, following the agreements based on [2][3][4].
2 Summary of evaluations 
2.1 Summary of link-level data and observations
Link-level simulations are performed to show gains of proposed MA schemes, in particular non-orthogonal MA schemes over OFDMA, with and/or without MA signature random selection, in terms of sum throughput v.s. SNR and link budget MCL results. Further specified assumptions are captured in the sheet of UL Specified Assumptions. 
In total, 14 results are provided from 12 companies, of which one result is based on NB-IoT multi-user access scheme with DFT-s-OFDM waveform while all others are based on OFDM waveform. The results can be found in the attachment1.

The observations drawn based on [2][3] still hold as the further updated results are mainly to complete some empty entries due to absence of data and capture the evaluation assumptions used in each scheme, which are

· Non-orthogonal MA, in some of the evaluated scenarios, provides significant gain in terms of UL link-level sum throughput and overloading capability with ideal and realistic channel estimation.

· Some non-orthogonal MA results combined with narrowband and/or repetition operations can reach -164 dB MCL @160bps data rate, which meets the coverage requirement for NR. 

· Non-orthogonal MA schemes using an advanced receiver have little or no performance loss due to MA signature (except RS) collision.

The assumptions and tables to be captured into TR along with the above observations are given in Appendix A.
2.2 Summary of system-level data and observations
To perform simulations for a relatively fair comparison with OFDMA, at first a baseline scheme with UL grant-free transmission was calibrated [5]. The baseline scheme with UL grant-free transmission allows collision of MA signature and/or orthogonally reserved physical resource for multiple UEs, therefore it is considered as a reference scheme. In further system-level evaluation of proposed MA schemes based on each calibrated platform, significant gains in terms of system packet drop rate (PDR) v.s. packet arrival rate (PAR) per sector at given total allocated bandwidth are observed, compared to this basic reference scheme using different evaluation assumptions. 

In total, there are 9 companies providing results. The results can be found in the attachment2.
The observations from system-level simulation results are refreshed according to the agreements as below,
· All simulated non-orthogonal MA schemes with grant-free with advanced receivers (some with ideal channel estimation while others with realistic channel estimation) provide significant system capacity gain (summarized in Appendix 1) in terms of packets arrivals rate (packets/s/sector) @ given system outage (e.g, 1% target packet drop rate), compared to a respective grant-free reference scheme assumed by each company 
· Evaluation simulators have been calibrated with agreed simulation assumptions (R1-1609442)
The tables capturing the gains as well as different assumptions used in each MA scheme are given in Appendix B.
3 Conclusion
Through both link- and system-level simulations and discussion, for the study of NR MA, the following observations as well as the tables listed in the Appendix A and B can be directly captured into the TR38.802:
· Based on link-level simulation results and the assumptions summarized in Appendix A, it is observed that
· Non-orthogonal MA, in some of the evaluated scenarios, provides significant gain in terms of UL link-level sum throughput and overloading capability with ideal and realistic channel estimation.

· Some non-orthogonal MA results combined with narrowband and/or repetition operations can reach -164 dB MCL @160bps data rate, which meets the coverage requirement for NR. 

· Non-orthogonal MA schemes using an advanced receiver have little or no performance loss due to MA signature (except RS) collision.

· Based on system-level simulation results and assumptions summarized in Appendix B, it is observed that 

· All simulated non-orthogonal MA schemes with grant-free with advanced receivers (some with ideal channel estimation while others with realistic channel estimation) provide significant system capacity gain (summarized in Appendix 1) in terms of packets arrivals rate (packets/s/sector) @ given system outage (e.g, 1% target packet drop rate), compared to a respective grant-free reference scheme assumed by each company 
· Evaluation simulators have been calibrated with agreed simulation assumptions [5]
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Appendix A. Link-level evaluation assumptions and results
Table A-1: assumptions of preliminary link-level simulation results for non-orthogonal multiple access schemes comparing with OFDMA
	Source
	Source 1, Source 10, Source 12, Source 15,
[6-11]
	Source 2 
[12-13]
	Source 3, Source 10, Source 15 
[14-18]
	Source 4 
[19-21]
	Source 5 
[22-24]
	Source 6 
[25-27]
	Source 7
[28-29]
	Source 8, Source 9 
[30-31]
	Source 9 
[32-33]
	Source 9 
[32-33]
	Source 11 
[34-37]
	Source 9 
[38-39]
	Source 13 
[40]
	Source 14 
[41-42]

	Multiple access scheme
	SCMA
	MUSA
	PDMA
	LDS-SVE
	IGMA
	NCMA
	LSSA
	NOMA
	GOCA
	RDMA
	LCRS
	MU-MIMO
	RSMA
	NOCA

	Spectral efficiency (Bit/RE per UE)
	0.05~0.5
	0.125, 0.25
	0.0417,0.0833, 0.2083, 0.3333
	0.33, 0.35
	0.083,0.171, 0.222
	0.0625, 0.25
	0.0833, 0.0926, 0.111, 0.166, 0.375
	0.144, 0.25, 0.5
	0.157, 0.222
	0.157, 0.222
	0.001~0.33
	1.25, 0.625
	0.25, 0.375. 0.5, 0.75, 1
	0.069

	Number of UEs
	4, 6, 8, 12
	4~40
	4, 8, 12
	6
	6,8 (10~16 not compared with OFDMA)
	4, 6, 8
	4, 6, 8, 12, 24
	2, 4, 8, 12
	6, 8, 12
	6, 8, 12
	1, 8
	2
	4
	12, 18

	Channel Type
	TDL-A, TDL-C, EPA
	TDL-A, TDL-C
	TDL-A, TDL-C, EPA
	TDL-A, TDL-B, TDL-C
	TDL-A, TDL-C,
	TDL-C
	TDL-C
	TDL-C
	TDL-A,TDL-C
	TDL-A,TDL-C
	EPA, EVA,TDL-A, TDL-C
	TDL-C
	TDL-A,TDL-C
	TDL-A,TDL-C

	Antenna Config.
	1T2R
	1T2R
	1T2R
	1T2R
	1T2R
	1T2R
	1T2R
	1T2R
	1T2R
	1T2R
	1T2R
	1T2R
	1T2R, 1T4R
	1T2R

	SNR distribution
	Equal
/unequal
	Equal
/unequal
	Equal
	Equal
	Equal
	Equal
	Equal
	Equal
/unequal
	Equal
/unequal
	Equal
/unequal
	Equal
	Equal
	Equal
/unequal
	Equal
/ unequal

	MA signature allocation
	Fixed
/random
	Random, No dedicate RS
	Fixed
	Fixed
	Fixed
/random
	Fixed
	Fixed
	Fixed
	Fixed
/random
	Fixed
/random
	Fixed
	Fixed
	Fixed
	Fixed

	Channel estimation
	Ideal
/realistic
	Ideal
/realistic
	Ideal
/realistic
	Ideal
/realistic
	Ideal
/realistic
	Ideal
/realistic
	Ideal
/realistic
	Ideal
/realistic
	Ideal
/realistic
	Ideal
/realistic
	Ideal
/realistic
	Ideal
/realistic
	Ideal
	Ideal
/realistic

	Timing offset
	Within CP
	Within CP
	Within CP
	Within CP
	Within CP
	Within CP
	Within CP
	Within CP
	Within CP
	Within CP
	Within CP
	Within CP
	Within CP
	Within CP


Table A-2a: Range of SNR gain of non-orthogonal multiple access over OFDMA with ideal channel estimation
	Source
	Source 1
[7][11][43]
	Source 3
	Source 9 
[33]
	Source 9 
[44]
	Source 4
	Source 6 
[27]
	Source 13 
[40]
	Source 2 
[13]
	Source 5 
[24]
	Source 7 
[28][29]
	Source 11
	Source 9 [39][45]
	Source 8 
[31]
	Source 14 
[41][42]

	Multiple access scheme
	SCMA
	PDMA
	GOCA
	RDMA
	LDS-SVE
	NCMA
	RSMA
	MUSA
	IGMA
	LSSA
	LCRS
	MU-MIMO
	NOMA
	NOCA

	Receiver type
	MPA
	MPA
	MF-based SIC
	MF-based SIC
	MPA w/o iterative decoding
	MMSE-IRC w/ SIC
	Iterative Demapper
	MMSE- SIC
	Chip-by chip MAP
	Iterative MMSE-PIC
	MMSE-PIC
	SIC
	MMSE-CWIC
	MMSE-PIC

	whether CRC is included
	excluded
	excluded
	excluded
	excluded
	excluded
	excluded
	excluded
	excluded
	excluded
	included
	excluded
	excluded
	excluded
	excluded

	MA signature setting
	fixed & random
	fixed
	fixed
	fixed
	fixed
	fixed
	fixed
	random
	fixed
	fixed
	fixed
	fixed
	fixed
	fixed

	# of UEs
	SE Range (bits/RE per UE)
	Range/value of SNR gain (dB)

	2
	(0.2, 1.0]
	
	
	
	
	
	
	
	
	
	
	
	[0.1, 3.7)
	
	

	4
	[0.05, 0.1]
	[0.0, 0.8]
	0.3[SE = 0.0833]
	-
	-
	-
	0.7
	-
	
	-
	-
	
	
	
	

	
	(0.1, 0.2]
	[1.3, 1.8]
	0.3[ SE =0.2083]
	-
	-
	-
	-
	-
	
	-
	-
	
	
	
	

	
	(0.2, 1.0]
	[1.9, 2.5]
	0.8 [SE = 0.3333]
	-
	-
	-
	1.7
	[0.9, 6.5]
	[0, 0.1]
	-
	-
	[0.5, 2.2]
	
	
	

	6
	[0.05, 0.1]
	[0.1, 1.5]
	-
	-
	-
	-
	0.7
	-
	
	0.8
	-
	
	
	
	

	
	(0.1, 0.2]
	[2.5, 2.7]
	-
	-
	-
	-
	-
	-
	
	1.6
	-
	
	
	
	

	
	(0.2, 1.0]
	[3.3, 4.9]
	-
	[0.9, 1.8]
	[0.7, 2.0]
	1
	2.8
	-
	[0.8,1]
	2.5
	-
	
	
	
	

	8
	[0.05, 0.1]
	[0.6, 2.6]
	1.1 [SE = 0.0833]
	-
	-
	-
	0.6
	-
	
	0.9
	-
	
	
	
	

	
	(0.1, 0.2]
	[3.4, 4.7]
	2.6[ SE =0.2083]
	[0.8, 2.0]
	[0.8, 2.2]
	-
	-
	-
	
	3.1
	-
	
	
	
	

	
	(0.2, 1.0]
	[3.4, 7.0]
	3.2 [SE = 0.3333]
	[0.7, 2.2]
	[0.6, 2.1]
	-
	3.6
	-
	[2.3,2.5]
	-
	-
	
	
	
	

	12
	[0.05, 0.1]
	[1.4, 4.2]
	-
	-
	-
	-
	-
	-
	
	-
	-
	
	
	
	2.5, 2.7 (SE=0.069)

	
	(0.1, 0.2]
	[5.2, 6.4]
	4.5[ SE =0.2083]
	[1.3, 2.7]
	[1.0, 2.7]
	-
	-
	-
	
	-
	-
	
	
	
	

	
	(0.2, 1.0]
	[6.3, 12.3]
	5.0[SE = 0.3333]
	-
	-
	-
	-
	-
	4.1
	-
	-
	
	
	
	

	18
	[0.05, 0.1]
	-
	-
	-
	-
	-
	-
	-
	
	-
	3.5
	
	
	
	-0.3, 0.29 (SE=0.069)

	
	(0.1, 0.2]
	-
	-
	-
	-
	-
	-
	-
	
	-
	3.1
	
	
	
	

	
	(0.2, 1.0]
	-
	-
	-
	-
	-
	-
	-
	
	-
	-
	
	
	
	

	20
	[0.2,1.0]
	
	
	
	
	
	
	
	[5.6,8.4]
	
	
	
	
	
	

	40
	[0.2,1.1 ]
	
	
	
	
	
	
	
	14.6
	
	
	
	
	
	

	Note 1: SNR is defined as total received SNR per RE per Rx antenna at eNB.

Note 2: The empty entries in the table are due to absence of simulation data.


Table A-2b: Range of SNR gain of non-orthogonal multiple access over OFDMA with realistic channel estimation
	Source
	Source 1
	Source 3
	Source 9
	Source 9
	Source 4
	Source 6
	Source 2
	Source 5
	Source 7
	Source 8
	Source 9
	Source 11

	Multiple access scheme
	SCMA
	PDMA
	GOCA
	RDMA
	LDS-SVE
	NCMA
	MUSA
	IGMA
	LSSA
	NOMA
	NB-IoT MU
	LCRS

	Receiver type
	MPA
	MPA
	MF-based SIC
	MF-based SIC
	MPA w/o iterative decoding
	MMSE-IRC w/ SIC
	MMSE-SIC
	Chip-by chip MAP
	Iterative MMSE-PIC
	MMSE-CWIC
	SIC
	MMSE-PIC

	whether CRC is included
	excluded
	excluded
	excluded
	excluded
	excluded
	excluded
	excluded
	excluded
	included
	excluded
	excluded
	excluded

	MA signature setting
	fixed & random
	fixed
	fixed
	fixed
	fixed
	fixed
	random
	fixed
	fixed
	fixed
	fixed
	fixed

	# of UEs
	SE Range (bits/RE per UE)
	Range/value of SNR gain (dB)

	2
	(0.2, 1.0]
	
	
	
	
	
	
	
	
	
	
	[-1.3, 3.3]
	

	4
	[0.05, 0.1]
	[0, 0.4]
	0.1[SE = 0.0833]
	-
	-
	-
	-1.4
	
	-
	-
	-
	
	

	
	(0.1, 0.2]
	[0.8, 1.4]
	0.2[SE = 0.2083]
	-
	-
	-
	-
	[0.6,1]
	-
	-
	0.2
	
	

	
	(0.2, 1]
	[1.6, 2.2]
	0.5[SE = 0.3333]
	-
	-
	-
	0.3
	
	-
	-
	-
	
	[0.5, 1.5]

	6
	[0.05, 0.1]
	[0, 1.1]
	-
	-
	-
	-
	-1.7
	
	0
	-
	-
	
	

	
	(0.1, 0.2]
	[2.2, 2.4]
	-
	-
	-
	-
	-
	[1.1,2.5]
	0.6
	-
	-
	
	

	
	(0.2, 1]
	[3.1, 4.5]
	-
	[0.4, 0.8]
	[0.2, 0.6]
	[0.8,1.2]
	1.1
	
	1.7
	-
	-
	
	

	8
	[0.05, 0.1]
	[0.1, 1.8]
	0.5[SE = 0.0833]
	-
	-
	-
	-1.9
	
	0.4
	-
	-
	
	

	
	(0.1, 0.2]
	[2.5, 3.4]
	2.2[SE = 0.2083]
	[0.1, 0.7]
	[-0.1, 0.5]
	-
	-
	[0.5,1]
	1.9
	-
	4.6
	
	

	
	(0.2, 1]
	[2.9, 6.7]
	2.9[SE = 0.3333]
	[0.5, 1.2]
	[0.2, 0.8]
	-
	1.7
	
	-
	-
	-
	
	

	12
	[0.05, 0.1]
	[1.0, 2.7]
	-
	-
	-
	-
	-
	
	-
	-
	-
	
	

	
	(0.1, 0.2]
	[5.1, 6.0]
	-
	[0.6, 1.5]
	[0.1, 1.1]
	-
	-
	[0.5,2.2]
	-
	-
	4.6
	
	

	
	(0.2, 1]
	[7.2, 13.2]
	-
	-
	-
	-
	-
	
	-
	-
	-
	
	

	18
	[0.05, 0.1]
	-
	-
	-
	-
	-
	-
	
	-
	4.6
	-
	
	

	
	(0.1, 0.2]
	-
	-
	-
	-
	-
	-
	
	-
	4.2
	-
	
	

	
	(0.2, 1]
	-
	-
	-
	-
	-
	-
	
	-
	-
	-
	
	

	24
	[0,1,0.2]
	
	
	
	
	
	
	[0.9,1.4]
	
	
	
	
	

	26
	[0.1, 0.2]
	
	
	
	
	
	
	[1.6,1.7]
	
	
	
	
	

	Note 1: SNR is defined as total received SNR per RE per Rx antenna at eNB.

Note 2: The empty entries in the table are due to absence of simulation data.


Table A-3: MCL calculation of multiple access schemes with ideal and/or realistic channel estimation
	Source
	Multiple access scheme
	number of supported UEs
	SE region (bits/RE)
	Antenna Configuration
	Bandwidth (KHz)
	MCL range (dB)
 (Ideal Channel Estimation)
	MCL range (dB)
 (Realistic Channel Estimation)

	Source 9
	NB-IoT OFDMA
	1
	0.072/1.23/1.77
	1T2R
	3.75
	
	165.13/155.07/151.18

	
	
	1
	0.01/0.43/1.77
	1T2R
	15
	
	164.18/154.19/145.26

	
	
	1
	0.375/0.625
	1T2R
	180
	143.1/139.4
	142.0/138.0

	
	
	1
	0.375/0.625
	1T2R
	45
	147.3/143.3
	146.1/141.6

	Source 9
	NB-IoT MU MIMO
	2
	0.375/0.625
	1T2R
	90
	147.3/145.8
	141.4/144.8

	
	
	2
	0.3750.625
	1T2R
	180
	145.8/143.3
	144.3/141.3

	Source 1
	SCMA
	4
	0.0133
	1T2R
	15
	-
	[165.24, 166.84]

	Source 9
	GOCA
	6
	0.222
	1T2R
	1080
	135.77
	135.27

	
	
	8
	0.222
	1T2R
	1080
	135.27
	134.67

	
	
	8
	0.157
	1T2R
	1080
	137.27
	136.57

	
	
	12
	0.157
	1T2R
	1080
	136.57
	135.87

	Source 9
	RDMA
	6
	0.222
	1T2R
	1080
	135.57
	135.07

	
	
	8
	0.222
	1T2R
	1080
	134.87
	134.27

	
	
	8
	0.157
	1T2R
	1080
	137.07
	136.37

	
	
	12
	0.157
	1T2R
	1080
	136.17
	135.37

	Source 4
	LDS-SVE
	6
	0.33
	1T2R
	360
	[134.24, 134.44]
	[132.84, 133.34]

	
	
	6
	0.35
	1T2R
	1080
	[129.87, 130.87]
	[128.97, 129.27]

	Source 6
	NCMA
	4
	0.0625
	1T2R
	720
	145.13
	-

	
	
	6
	0.0625
	1T2R
	720
	145.03
	-

	
	
	8
	0.0625
	1T2R
	720
	144.93
	-

	
	
	4
	0.25
	1T2R
	720
	138.83
	-

	
	
	6
	0.25
	1T2R
	720
	138,66
	-

	
	
	8
	0.25
	1T2R
	720
	138.43
	-

	Source 13
	RSMA
	2
	0.5
	1T2R
	360
	136.14
	-

	
	
	2
	0.75
	1T2R
	360
	133.64
	-

	
	
	2
	1
	1T2R
	360
	131.64
	-

	Source 2
	MUSA
	20
	0.0078
	1T2R
	15
	-
	165.74

	
	
	20
	0.0313
	1T2R
	15
	-
	159.74

	
	
	20
	0.125
	1T2R
	180
	-
	142.95

	
	
	24
	0.0156
	1T4R
	15
	-
	165.74

	
	
	24
	0.125
	1T4R
	15
	-
	156.74

	
	
	24
	0.125
	1T4R
	180
	-
	145.95

	Source 7
	LSSA
	4
	0.166
	1T2R
	960
	140.21
	-

	
	
	8
	0.166
	1T2R
	2160
	139.16
	-

	
	
	12
	0.375
	1T2R
	480
	138.19
	-

	
	
	12
	0.0011
	1T2R
	180
	166.23
	-

	Source 11
	LCRS
	1
	[0.00163, 0.208]
	1T2R
	180
	[142.55, 167.35]
	[142.25, 161.75]

	
	
	8
	[0.00163, 0.208]
	1T2R
	180
	[141.85, 167.45]
	[141.45, 161.75]

	Source 8
	NOMA
	4
	0.144
	1T2R
	180
	-
	143.89

	Source 5
	IGMA
	6
	0.083
	1T2R
	1080
	141.17
	

	
	
	6
	0.014
	1T2R
	1080
	143.47
	

	
	
	6
	0.0625
	1T2R
	15
	164.04
	

	Source 3
	PDMA
	8
	0.0417
	1T2R
	720
	137.03
	136.48

	
	
	8
	0.0833
	1T2R
	720
	135.33
	134.53

	
	
	8
	0.2083
	1T2R
	720
	131.53
	130.88

	
	
	8
	0.3333
	1T2R
	720
	128.38
	127.53

	Source 14
	NOCA
	12
	0.069
	1T2R
	2160
	137.15 / 137.95
	136.45/136.02

	
	
	18
	0.069
	1T2R
	2160
	137.04/137.72
	136.04/135.12


Appendix B. System-level evaluation assumptions and results
Table B-1: System capacity gain in terms of packet arrivals rate (packets/s/sector) at given system outage
	Source
	Source 1 [46]
	Source 13 [47]
	Source 2 [48]
	Source 3 [49]
	Source 5 [50]
	Source 10 [51]
	Source 11 [52]
	Source 7 [53][54]
	Source 8 [31][55]
	Source 9 [56][57]
	Source 14 [42]
	Source 6 [58]

	Multiple access scheme
	SCMA
	RSMA
	MUSA
	PDMA
	IGMA
	SCMA
	LCRS
	LSSA
	NOMA
	RDMA, GOCA
	NOCA
	NCMA

	Inter-BS distance
	1732m
	1732m
	1732m
	1732m
	1732m
	1732m
	1732m
	1732m
	1732m
	1732m
	ISD=500m
	200m, 1732m

	Simulation bandwidth
	6 PRB
	1.08MHz
	6 PRB
	4 PRB
	6PRB
	4 PRB
	6PRB
	6RB
	6PRB
	6PRB
	72 PRBs
	6PRB

	BS antenna tilt
	92 degrees
	6 degrees
	No Mechanical downtilt
	12 degree
	6 degrees
	100 degree
	96 degree
	102 degree
	No Mechanical downtilt
	96 degree
	_
	102 degree

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable loss
	8 dBi, including 3dB cable los

	BS antenna configuration
	(M,N,P,Mg,Ng) = (10,1,2,1,1), dv = dh = 0.5 λ,
2 TXRU, TXRU to antenna element mapping:
(MTXRU, N, P, Mg, Ng) = (1, 1, 2, 1,1)
	1x2
(M,N,P,Mg,Ng) = (10, 1, 2,1,1), 2 TXRU, one TXRU maps to 10 antenna element
(50% indoor users has additional 10dB penetration loss)
	(M,N,P,Mg,Ng) = (1,1,2,1,1), 2 TXRU, one TXRU maps to one antenna element
	(M,N,P,Mg,Ng) = (10,1,2,1,1), TXRU to antenna element mapping: 
(M, N, P, Mg, Ng) = (10, 1, 1, 1,1)
	(M,N,P,Mg,Ng) = (10,1,2,1,1), dv = dh = 0.5 λ 
2 TXRU, TXRU to antenna element mapping:
(MTXRU, N, P, Mg, Ng) = (1, 1, 2, 1,1)
	1x2
(M,N,P,Mg,Ng) = (10, 1, 2,1,1), 2 TXRU, one TXRU maps to 10 antenna element
	(M,N,P,Mg,Ng) = (1,1,2,1,1), 2 TXRU, one TXRU maps to one antenna element
	M,N,P,Mg,Ng) = (1,1,2,1,1), 2 TXRU, one TXRU maps to one antenna element
	(M,N,P,Mg,Ng) = (1,1,2,1,1), 2 TXRU, one TXRU maps to one antenna element
	1x2
(M,N,P,Mg,Ng) = (10, 1, 2,1,1), 2 TXRU, one TXRU maps to 10 antenna element
	(M,N,P,Mg,Ng) = (1,1,2,1,1), 2 TXRU, one TXRU maps to one antenna element
	M,N,P,Mg,Ng) = (1,1,2,1,1), 2 TXRU, one TXRU maps to one antenna element

	UE antenna gain
	-4dBi
	-4dBi
	-4dBi
	-4dBi
	-4dBi
	-4dBi
	-4dBi
	-4dBi
	-4dBi
	-4dBi
	-4dBi
	-4dBi

	UL power control
	P0= -97.8dBm, alpha=0.9
	P0 = -126.4dBm ,Alpha = 1
	Po = -100 dBm, alpha = 1
	P0=-95dBm and alpha = 1
	P0=-90 dBm, alpha=1
	OFDMA: alpha=1, P0= -90 dBm      SCMA: alpha = 1, P0=-95dBm
	Alpha = 0.8, fixed target SNR = 3 dB
	Alpha=1, P0= -90 dBm
	Alpha=0.7, P0= -60 dBm
	Alpha = 1, P0 = -95dBm
	Alpha = 0.8, P0 = -80dBm
	Alpha=1, P0= -90 dBm

	Channel estimation
	Ideal     |    realistic
	ideal
	ideal
	ideal
	ideal, realistic
	ideal
	ideal
	ideal
	ideal, realistic
	ideal
	ideal
	ideal

	Packet size
	Fixed to 40 bytes as TBS, and the reference scheme is segmented to 2 packets
	Follow TR45.820, TBS of 200 bit is used to segment the packet
	Fixed 40 bytes, with segmentation to 2 packets
	Fixed 40 bytes, with segmentation to 2 packets for ODFMA and PDMA.
	Fixed by 40 bytes, No segmentation
	Fixed by 20 bytes
	20 bytes
	20 bytes
	20~200 Bytes based on TR45.820; Fixed packet size 40 Bytes (segmentation unknown)
	Fixed 40 Bytes, segmented into 2 20Bytes packets.
	100bytes by using 72 PRB
	20 bytes (no segmentation)

	Packet dropping timer
	1s
	10s
	1s
	_
	1s and 10s
	_
	128ms
	_
	1s and 10s
	1 s
	_
	-

	NoMA receiver type
	MPA
	MMSE-IRC
	MMSE-SIC
	MPA
	Chip-by-chip MAP
	MPA
	MMSE-PIC
	MMSE-PIC (selective)
	MMSE-IRC + SIC
	MF-SIC+MMSE-IRC
	MMSE PIC
	MMSE IRC+SIC

	HARQ signaling combining or not?
	Yes
	Yes
	No HARQ combine
	Yes
	Yes (repetition and combining)
	No HARQ combine
	HARQ combining used
	combined
	Yes/No
	No HARQ combine
	No HARQ combine
	No HARQ combining

	HARQ/Repetition
	Maximum repetition/retransmissions of 32
	HARQ till packet dropping timer to mimic the TTI bundling.
	HARQ with random back-off until the fixed dropping timer.
	Maximal number of HARQ transmissions is 16.
	HARQ until the fixed dropping timer
	No repetition or retransmission
	Max of 15 HARQ retransmission; synchronous HARQ
	Max. 2 HARQ retransmission for comparison
	HARQ/no HARQ random back-off
	HARQ random back-off until the fixed dropping timer.
	No HARQ combining
	Max. number of retrial : 10

	OFDMA PAR at target PDR (Packets/ms/sector)
	ICE
	RCE
	_
	
	
	
	
	
	
	_
	
	
	

	
	0.6 (@PDR = 1%)
	0.5 (@PDR = 1%)
	
	0.18
(@PDR = 1%)
	0.6
(@PDR = 1%)
	0.052
(@PDR = 10%, 1s dropping timer)
Reference scheme is only with ideal CE
	0.1
(@PDR = 1%)
	0.9 @PDR 4%
	0.25 @ PDR 1%
	
	PDR floor at 2.5%
	1.2
(PDR@ 10%)
	ISD 200m: 4.1 (PDR@1%);
ISD 1732m: - (PDR@10%)

	Reported scheme PAR at target PDR (Packets/ms/sector)
	
	
	
	
	
	ICE
	RCE
	
	
	
	
	
	
	

	
	2.1 (@PDR = 1%)
	1.5 (@PDR = 1%)
	0.68 (@PDR = 1%)
	without secondary spreading: 2,
with secondary spreading: 8
(@PDR = 1%)
	1.8 (@PDR = 1%)
	0.116 (@PDR = 1%, 1s);
0.44 (@PDR = 10%, 1s)
	0.08 (@PDR = 1%, 1s);
0.34 (@PDR = 10%, 1s)
	0.2 (@PDR = 1%)
	2.5 @PDR 4%
	0.8 @ PDR 1%
	0.1 (@PDR = 1%, 1s dropping timer);
0.25 (@PDR = 1%, 10s dropping timer)
	RDMA:0.7
(PDR@ 1%);
GOCA: 0.75
(PDR@ 1%)
	6.2 (PDR@ 10%)
	ISD 200m: 7.3 (PDR@1%);
ISD 1732m: 1.3 (PDR@10%)

	MA signature setting
	Random
	Random
	Random
	Random
	Random
	Random
	Random
	Random
	Random
	Random
	
	Random

	Gain (reported scheme divided by its reference scheme)
	350%
	300%
	_
	without secondary spreading: 1100%,
	300%
	860%@PDR 10% with ICE of IGMA;
	200% (@PDR = 1%)
	278%
	320% @ PDR 1%
	_
	RDMA: 215% (@PDR 10%)
	516% @PDR 10%
	ISD 200m: 178% (PDR@1%)

	
	
	
	
	with secondary spreading: 4400%
	
	680%@PDR 10% with RCE of IGMA;
	250% (@PDR = 10%)
	
	
	
	GOCA: 218% (@PDR 10%)
	
	ISD 1732m: - (PDR@10%)

	Note 1: The empty entries in the table are due to absence of simulation data.


