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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) based on the agreed simulation assumptions.

Link level evaluation results
PDMA with EPA-PIC receiver w/o CTO and CFO
In this section, BLER performance of PDMA with EPA receiver under mMTC, eMBB and URLLC are given from Figure 2-1 to Figure 2-12. Simulation parameters are shown in Appendix A.1. 
mMTC
1）TDL-A with 2Rx
1.1) Ideal channel estimation (ICE)
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Figure 2‑1: Performance of PDMA under mMTC with TDL-A channel, ICE

1.2) Realistic channel estimation (RCE)
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Figure 2‑2: Performance of PDMA under mMTC with TDL-A channel, RCE
2）TDL-C with 2Rx
2.1) Ideal channel estimation (ICE)
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Figure 2‑3: Performance of PDMA under mMTC with TDL-C channel, ICE
     
2.2) Realistic channel estimation (RCE)
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Figure 2‑4: Performance of PDMA under mMTC with TDL-C channel, RCE


3）TDL-A with 4Rx
3.1) ICE
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Figure 2‑5: Performance of PDMA under mMTC with TDL-A channel, ICE, 4RX

3.2) RCE
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Figure 2‑6: Performance of PDMA under mMTC with TDL-A channel, RCE, 4RX

4）TDL-C with 4Rx
4.1) Ideal channel estimation (ICE)
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Figure 2‑7: Performance of PDMA under mMTC with TDL-C channel, ICE, 4RX

4.2) Realistic channel estimation (RCE)
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Figure 2‑8: Performance of PDMA under mMTC with TDL-C channel, RCE, 4RX

eMBB 
1）TDL-A
1.1) ICE
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Figure 2‑9: Performance of PDMA under eMBB with TDL-A channel, ICE

1.2) RCE
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Figure 2‑10: Performance of PDMA under eMBB with TDL-A channel, RCE
URLLC 
1）TDL-A
1.1) ICE
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Figure 2‑11: Performance of PDMA under URLLC with TDL-A channel, ICE
1.2) RCE
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Figure 2‑12: Performance of PDMA under URLLC with TDL-A channel, RCE

PDMA with MMSE-SIC receiver w/o CTO and CFO
In this section, BLER performance of PDMA with MMSE-SIC receiver under mMTC, eMBB and URLLC are given from Figure 2-13 to Figure 2-25. Simulation parameters are shown in Appendix A.1. 

mMTC
1）TDL-A with 2Rx

1.1) ICE
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Figure 2‑13: Performance of PDMA under mMTC with TDL-A channel, ICE ,2RX


1.2) RCE
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Figure 2‑14: Performance of PDMA under mMTC with TDL-A channel, ICE, 2RX

2）TDL-C with 2Rx
2.1) Ideal channel estimation (ICE)
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Figure 2‑15: Performance of PDMA under mMTC with TDL-C channel, ICE,2RX
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Figure 2‑16: Performance of PDMA under mMTC with TDL-C channel, ICE,2RX
  
2.2) Realistic channel estimation (RCE)
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Figure 2‑17: Performance of PDMA under mMTC with TDL-C channel, RCE,2RX


3）TDL-A with 4Rx
3.1) ICE
[image: ]
Figure 2‑18: Performance of PDMA under mMTC with TDL-A channel, ICE,4RX


3.2) RCE
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Figure 2‑19: Performance of PDMA under mMTC with TDL-A channel, RCE,4RX


4）TDL-C with 4Rx
4.1) Ideal channel estimation (ICE)
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Figure 2‑20: Performance of PDMA under mMTC with TDL-C channel, ICE,4RX

4.2) Realistic channel estimation (RCE)
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Figure 2‑21: Performance of PDMA under mMTC with TDL-C channel, RCE,4RX


eMBB
1）TDL-A
1.1) ICE
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Figure 2‑22: Performance of PDMA under eMBB with TDL-A channel, ICE

1.2) RCE
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Figure 2‑23: Performance of PDMA under eMBB with TDL-A channel, ICE

URLLC
1）TDL-A
1.1) ICE
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Figure 2‑24: Performance of PDMA under URLLC with TDL-A channel, ICE

1.2) RCE
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Figure 2‑25: Performance of PDMA under URLLC with TDL-A channel, RCE


[bookmark: _GoBack]PDMA with EPA-PIC receiver with CTO and CFO 
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Figure 2‑26: Performance of PDMA under mMTC with TDL-A channel, RCE, 6UE, EPA-PIC
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Figure 2‑27: Performance of PDMA under eMBB with TDL-A channel, RCE, 6UE, EPA-PIC










PDMA with MMSE-SIC receiver with CTO and CFO 
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Figure 2‑28: Performance of PDMA under mMTC with TDL-A channel, RCE, 6UE, MMSE-SIC 
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Figure 2‑29 : Performance of PDMA under eMBB with TDL-A channel, RCE, 6UE, MMSE-SIC

System level evaluation results
In this section, we provide our system level simulation results of OMA and PDMA for mMTC in Figure 3-1 with the assumptions listed in Table 2 in A.2. From the simulation, we can see that PDMA have gain compared with OMA in mMTC scenario.



Figure 3-1: PDR vs. PAR of PDMA and OMA for mMTC

Conclusion
In this contribution, we provide our link level and system level simulation results of PDMA with following observation.
Observation 1: The BLER performance losses with CTO/CFO for PDMA are about 0.2~0.8dB @BLER 10%, which is acceptable. 
Observation 2: PDMA have gain compared with OMA in mMTC scenario. 
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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

	PDMA pattern matrix
	
6UE: 

8UE:  

12UE: 


	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.






A.2 SLS assumptions for PDMA
Table 2: Simulation assumptions of OMA for mMTC
	Parameters
	mMTC

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m 

	Carrier frequency
	700MHz

	Simulation bandwidth
	6 PRBs

	Number of UEs per cell
	10

	Channel model
	UMa in TR 38.901

	UE Tx power
	Max 23 dBm

	BS antenna configurations
	2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), +-45 Polarization
dH = dV = 0.8λ;
BS antenna downtilt: 92 degree

	BS antenna height
	25m

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

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx 

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi as starting point

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire cell

	UE power control
	Open loop PC for mMTC. 

	Channel estimation
	Ideal

	UL transmission scheme
	UL transmission with configured grant type 1
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