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Introduction
In this contribution, we present further link level simulation results and initial system level simulation results of pattern division multiple access (PDMA) [1] based on the agreed simulation assumptions [2]. This is an update of R1-1810529 with updated link level evaluation results.
Link level evaluation results
PDMA with EPA-PIC and MMSE-SIC receiver 
In this section, BLER performance of PDMA with EPA-PIC and MMSE-SIC receiver under mMTC and eMBB are given from Figure 2-1 to Figure 2-25. Simulation parameters are shown in Appendix A.1. 
mMTC
1) CASE#1


Figure 2‑1 CASE#1


2) CASE#2
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Figure 2‑2 CASE#2

3) CASE#3
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Figure 2‑3 CASE#3


4) CASE#4
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Figure 2‑4 CASE#4

5) CASE#5
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Figure 2‑5 CASE#5


6) CASE#6
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Figure 2‑6 CASE#6

7) CASE#7
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Figure 2‑7 CASE#7


8) CASE#8
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Figure 2‑8 CASE#8

9) CASE#9
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Figure 2‑9 CASE#9


10) CASE#10
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Figure 2‑10 CASE#10
11) CASE#11
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Figure 2‑11 CASE#11


12) CASE#12
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Figure 2‑12 CASE#12


13) CASE#13
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Figure 2‑13 CASE#13

14) CASE#26
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Figure 2‑14 CASE#26

15) CASE#27
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Figure 2‑15 CASE#27

16) CASE#28
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Figure 2‑16 CASE#28



17) CASE#29
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Figure 2‑17 CASE#29

18) CASE#30
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Figure 2‑18 CASE#30



19) CASE#31
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Figure 2‑19 CASE#31

eMBB 


1) CASE#18
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Figure 2‑20 CASE#18

2) CASE#19



Figure 2‑21 CASE#19



3) CASE#20
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Figure 2‑22 CASE#20

4) CASE#21
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Figure 2‑23 CASE#21

5) CASE#22
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Figure 2‑24 CASE#22
6) CASE#23
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Figure 2‑25 CASE#23
7) CASE#24
[image: ]
Figure 2‑26 CASE#24


8) CASE#25
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Figure 2‑27 CASE#25

[bookmark: _GoBack]Observation 1: Both EPA-PIC and MMSE-SIC receivers are applicable to PDMA. In cases that the number of UE is larger than 12 and TBS is larger than 160bit, EPA-PIC can achieve better performance than MMSE-SIC.

Comparison of PDMA and MUSA 
In this section, we provide BLER performance comparison between PDMA and MUSA assuming same MMSE-SIC receiver.
Fixed MA signature

1) CASE#3
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Figure 2‑28 CASE#3


2) CASE#5
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Figure 2‑29 CASE#5

3) CASE#27
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Figure 2‑30 CASE#27
4) CASE#29
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Figure 2‑31 CASE#29
5) CASE#30
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Figure 2‑32 CASE#30


6) CASE#31
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Figure 2‑33 CASE#31
Random MA signature
1) CASE#13
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Figure 2‑34 CASE#13



2) CASE#25
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Figure 2‑35 CASE#25
Observation 2: From the LLS results of PDMA and MUSA, it is observed that PDMA has similar performance with MUSA for CP-OFDM waveform.
Observation 3: From the LLS results of PDMA and MUSA, it is observed that PDMA can achieve better performance than MUSA for DFT-s-OFDM waveform.

Conclusion
In this contribution, we provide our link level simulation results of PDMA with following observations.
Observation 1: Both EPA-PIC and MMSE-SIC receivers are applicable to PDMA. In cases that the number of UE is larger than 12 and TBS is larger than 160bit, EPA-PIC can achieve better performance than MMSE-SIC.
Observation 2: From the LLS results of PDMA and MUSA, it is observed that PDMA has similar performance with MUSA for CP-OFDM waveform.
Observation 3: From the LLS results of PDMA and MUSA, it is observed that PDMA can achieve better performance than MUSA for DFT-s-OFDM waveform.
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Appendix

A.1 LLS assumptions for PDMA
Table 1: Simulation parameters for PDMA 
	Parameters
	mMTC
	eMBB
	URLLC

	Carrier Frequency
	700 MHz
	4 GHz
	4 GHz

	Scheme
	PDMA
	PDMA
	PDMA

	Waveform (data part)
	CP-OFDM
	CP-OFDM
	CP-OFDM

	Channel coding
	NR LDPC
	NR LDPC
	NR LDPC

	Numerology (data part)
	SCS = 15 kHz, #OS = 14
#OS for DMRS = 2
	SCS = 15 kHz, #OS = 14
#OS for DMRS = 2
	SCS = 60 kHz, #OS = 7 #OS for DMRS = 1

	Allocated bandwidth
	6 RB 
	12 RB 
	12 RB 

	TBS per UE (Bytes)
	10, 40, 75
	20, 80, 150
	10, 40, 75

	Target BLER for one transmission
	10%
	10%
	0.1%

	Number of UEs multiplexed in the same allocated bandwidth
	 6, 8, 12
	6, 8, 12
	 6, 8, 12

	BS antenna configuration
	2 Rx
	4 Rx
	4 Rx

	UE antenna configuration
	1Tx
	1Tx
	1Tx

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h

	Channel Estimation 
	Ideal;
Realistic channel estimation (MMSE)
	Ideal;
Realistic channel estimation (MMSE)
	Ideal;
Realistic channel estimation (MMSE)

	Receiver
	EPA-PIC;
MMSE-SIC
	EPA-PIC;
MMSE-SIC
	EPA-PIC;
MMSE-SIC

	
	

	MA signature allocation (for data and DMRS)
	Fixed

	Distribution of avg. SNR
	Equal

	Timing offset
	Without time offset: 0
With time offset: uniform distribution within 0, CP/2

	Frequency error
	Without frequency error: 0; 
With frequency error: uniform distribution between -70 and 70 Hz for 700MHz carrier frequency, and uniform distribution between -140 and 140 Hz for 4GHz carrier frequency.




	Case No.
	Scenario
	Carrier frequency
	Rx Number
	SNR distribution
	waveform
	MA signature allocation
	channel model
	TBS 
(byte)
	Example # of UEs {N1, N2, N3} 
	with TO/FO

	1
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	10
	{12, 24, X}
	No

	2
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	20
	{6, 12, X}
	No

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

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

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

	6
	mMTC
	700MHz
	2
	Unequal
	CP-OFDM
	Fixed
	TDL-A 30ns
	20
	{6, 12, X}
	Yes

	7
	mMTC
	700MHz
	2
	Unequal
	CP-OFDM
	Fixed
	TDL-C 300ns
	60
	{6, 8, X}
	No

	8
	mMTC
	700MHz
	2
	Unequal
	DFT-s-OFDM
	Fixed
	TDL-C 300ns
	10
	{12, 24, X}
	Yes

	9
	mMTC
	700MHz
	2
	Unequal
	DFT-s-OFDM
	Fixed
	TDL-C 300ns
	20
	{6, 12, X}
	Yes

	10
	mMTC
	700MHz
	2
	Unequal
	CP-OFDM
	Random
	TDL-C 300ns
	10
	{4,X,Y}
	Yes

	11
	mMTC
	700MHz
	2
	Unequal
	CP-OFDM
	Random
	TDL-A 30ns
	20
	{4,X,Y}
	Yes

	12
	mMTC
	700MHz
	2
	Unequal
	DFT-s-OFDM
	Random
	TDL-A 30ns
	10
	{4,X,Y}
	Yes

	13
	mMTC
	700MHz
	2
	Unequal
	DFT-s-OFDM
	Random
	TDL-A 30ns
	20
	{4,X,Y}
	Yes

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

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

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

	19
	eMBB
	4GHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	80
	{8, 16, X}
	No

	20
	eMBB
	4GHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	150
	{4, 8, X}
	No

	21
	eMBB
	4GHz
	4
	Unequal
	CP-OFDM
	Fixed
	TDL-C 300ns
	20
	{12, 24, X}
	Yes

	22
	eMBB
	4GHz
	4
	Unequal
	CP-OFDM
	Fixed
	TDL-C 300ns
	80
	{8, 16, X}
	Yes

	23
	eMBB
	4GHz
	4
	Unequal
	CP-OFDM
	Fixed
	TDL-C 300ns
	150
	{4, 8, X}
	No

	24
	eMBB
	4GHz
	4
	Unequal
	CP-OFDM
	Random
	TDL-A 30ns
	40
	{4,X,Y}
	Yes

	25
	eMBB
	4GHz
	4
	Unequal
	CP-OFDM
	Random
	TDL-A 30ns
	80
	[4,X,Y]
	Yes

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

	27
	mMTC
	700MHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	75
	{4, 6, X}
	No

	28
	mMTC
	700MHz
	4
	Unequal
	CP-OFDM
	Fixed
	TDL-C 300ns
	60
	{6, 8, X}
	Yes

	29
	mMTC
	700MHz
	2
	Unequal
	DFT-s-OFDM
	Fixed
	TDL-C 300ns
	40
	{6, 10, X}
	Yes

	30
	mMTC
	700MHz
	2
	Unequal
	DFT-s-OFDM
	Fixed
	TDL-C 300ns
	60
	{6, 8, X}
	Yes

	31
	mMTC
	700MHz
	2
	Unequal
	DFT-s-OFDM
	Fixed
	TDL-C 300ns
	75
	{4, 6, X}
	Yes
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