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Introduction
In the RAN1 #84bis, pattern division multiple access (PDMA) was proposed as a novel multiple access (MA) Scheme for NR [1]. In the RAN1 #85, the initial views and preliminary LLS performances of both UL and DL were provided [2]. In the RAN1 #86, the LLS results of PDMA with ideal channel estimation of both UL and DL were given [3].
In the RAN1#86, the following evaluation assumptions for non-orthogonal multiple access were agreed [4]:
· For NR non-orthogonal multiple access evaluation, realistic channel estimation is prioritized and the following aspects are considered 
· The proposed DMRS pattern(s), if any, for channel estimation
· FFS: DMRS overhead. E.g., LTE UL DMRS overhead can be used as a reference.
· FFS: DMRS contamination due to inter-cell interference
· FFS: Impact of DMRS collision in case of “autonomous/grant-free/contention based”  multiple access
· Note: companies report the DMRS settings used for the LLS/SLS evaluation.
In this contribution, we further present LLS results with realistic channel estimation to verify the gain of PDMA over orthogonal multiple access (OMA). The PDMA detail transmission mechanisms are described in [1, 3][5].

Discussion
DMRS pattern in LLS
In this section, the DMRS pattern used for PDMA LLS with realistic channel estimation is presented.
The DMRS pattern for PDMA is extended based on the conventional LTE DMRS design, which uses the well-studied ZC sequence. Furthermore, different values of cyclic shift and Orthogonal Cover Code (OCC）are adopted to increase the number of available DMRS following the ideas of DMRS design for MU-MIMO.
Orthogonal DMRS are assumed for different UEs which occupy the same MA time-frequency resources but different PDMA patterns of a single PDMA pattern matrix.
In this simulation, 4/8/12 UEs are considered to share the same 4PRBs or 12 PRBs to transmit signals.  As shown in Figure1, 4 cyclic shifts with interval of 3 and OCC [+1,+1], [+1 -1] are assumed for 4/8 UEs; while 6 cyclic shifts with each interval of 2 and OCC[+1,+1], [+1 -1] are assumed for 12 UEs.




Figure 1 The illustration of DMRS setting used in the simulation 

LLS of PDMA Uplink 
Simulation parameters for PDMA uplink are shown in Appendix A.1.
For fair comparison of OMA and NOMA, the number of PRBs, the number of UEs, the average transmit power per UE, and the TBS should be kept the same [6]. The definition of SNR for PDMA and OMA was given in [6].
For OMA, there are two types of subcarrier allocation: localized and distributed. And the detail description is shown in Appendix A.2. In this simulation, the distributed subcarrier allocation is adopted as baseline, and the MCS table of PDMA and OMA is given in Appendix A.3.
4PRB in TDL-A 30ns
For 4PRB in channel TDL-A 30ns 3km/h, the BLER curves of PDMA and OMA with 4UEs/8UEs(corresponding to overloading factor of 100%/ 200%) are shown in Figure 2, Figure 3 and Figure 4, respectively. 
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(a)SE = 0.0833 bps/Hz per UE                                                    (b)SE = 0.125 bps/Hz per UE
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(c)SE = 0.25 bps/Hz per UE                                                    (d)SE = 0.375 bps/Hz per UE
Figure 2. BLER curve of PDMA and OMA (4UEs, 4PRB, and in TDL-A 30ns 3km/h)
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(a)SE = 0.0833 bps/Hz per UE                                                    (b)SE = 0.125 bps/Hz per UE
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 (c)SE = 0.25 bps/Hz per UE                                                    (d)SE = 0.375 bps/Hz per UE
Figure 3. BLER curve of PDMA and OMA (8UEs, 4PRB, and in TDL-A 30ns 3km/h)
 

12PRB in TDL-A 30ns
For 12PRB in channel TDL-A 30ns 3km/h, the BLER curves of PDMA and OMA with 4UEs/8UEs are shown in Figure 4 and Figure 5, respectively.
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(a)SE = 0.0833 bps/Hz per UE                                                    (b)SE = 0.125 bps/Hz per UE
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(c)SE = 0.25 bps/Hz per UE                                                    (d)SE = 0.375 bps/Hz per UE
Figure 4. BLER curve of PDMA and OMA (4UEs, 12PRB, and in TDL-A 30ns 3km/h)
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(a)SE = 0.0833 bps/Hz per UE                                                    (b)SE = 0.125 bps/Hz per UE
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(c)SE = 0.25 bps/Hz per UE                                                    (d)SE = 0.375 bps/Hz per UE
Figure 5. BLER curve of PDMA and OMA (8UEs, 12PRB, and in TDL-A 30ns 3km/h)

4PRB in TDL-C 300ns
For 4PRB in channel TDL-C 300ns 3km/h, the BLER curves of PDMA and OMA with 4UEs/8UEs (corresponding to overloading factor of 100%/ 200%) are shown in Figure 6 and Figure 7, respectively. 
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(a)SE = 0.0833 bps/Hz per UE                                                    (b)SE = 0.125 bps/Hz per UE
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(c)SE = 0.25 bps/Hz per UE                                                    (d)SE = 0.375 bps/Hz per UE
Figure 6. BLER curve of PDMA and OMA (4UEs, 4PRB, and in TDL-C 300ns 3km/h)


[image: ] [image: ]
(a)SE = 0.0833 bps/Hz per UE                                                    (b)SE = 0.125 bps/Hz per UE
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(c)SE = 0.25 bps/Hz per UE                                                    (d)SE = 0.375 bps/Hz per UE
Figure 7. BLER curve of PDMA and OMA (8UEs, 4PRB, and in TDL-C 300ns 3km/h)

12PRB in TDL-C 300ns
For 12PRB in channel TDL-C 300ns 3km/h, the BLER curves of PDMA and OMA with 4UEs/8UEs are shown in Figure 8 and Figure 9, respectively.
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(a)SE = 0.0833 bps/Hz per UE                                                    (b)SE = 0.125 bps/Hz per UE
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(c)SE = 0.25 bps/Hz per UE                                                    (d)SE = 0.375 bps/Hz per UE
Figure 8. BLER curve of PDMA and OMA (4UEs, 12PRB, and in TDL-C 300ns 3km/h)
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(a)SE = 0.0833 bps/Hz per UE                                                    (b)SE = 0.125 bps/Hz per UE
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(c)SE = 0.25 bps/Hz per UE                                                    (d)SE = 0.375 bps/Hz per UE
Figure 9. BLER curve of PDMA and OMA (8UEs, 12PRB, and in TDL-C 300ns 3km/h)
Summarization
The SNR gains of PDMA over OMA are summarized in Table I. From the Table I we can see, for scenarios with different overloading factor and total target SE, the performance gain of PDMA over OMA can be different. The results show that PDMA can have significant SNR gains over OMA under the same total target SE. 
For overloading factor from 100%~200%, the SNR gains of PDMA over OMA with distributed subcarrier allocation grows from 0~0.2 dB to 2.2~2.5 dB at the same target SE = 0.25 bps/Hz per UE and from 0~0.5 dB to 2.4~2.9 dB at the same target SE = 0.375 bps/Hz per UE, respectively. The gain is mainly from non-orthogonal multiplexing and diversity. There are little SNR gains of PDMA over OMA with distributed subcarrier allocation when target SE is 0.083 or 0.125 bps/Hz per UE. For 4PRB in channel TDL-C 300ns, the SNR gain of PDMA and OMA with 8UEs @BLER = 10-1 is -0.6dB, because the accuracy of channel estimation for the channel model is rather poor, which has greater impact on performance. 
Table I: SNR Gain (dB @ BLER = 10-1) of PDMA over OMA with realistic channel estimation
	Allocated bandwidth
	Channel model
	SE per UE
	SNR Gain

	
	
	
	100%
	200%

	4PRB
	TDL-A 30ns
	0.083
	0.1
	0

	
	
	0.125
	0.1
	0.1

	
	
	0.25
	0
	2.2

	
	
	0.375
	0
	2.5

	12PRB
	
	0.083
	0.2
	0.1

	
	
	0.125
	0.3
	0.4

	
	
	0.25
	0
	2.1

	
	
	0.375
	0
	2.4

	4PRB
	TDL-C 300ns
	0.083
	0
	0

	
	
	0.125
	0
	0

	
	
	0.25
	0
	1.6

	
	
	0.375
	0
	2.1

	12PRB
	
	0.083
	0
	0

	
	
	0.125
	0
	0.5

	
	
	0.25
	0.2
	2.1

	
	
	0.375
	0.5
	2.9



The following observations can be made from above evaluation results:
· Observation 1: The gain of PDMA over OMA is up to 2.9 dB;
· Observation 2: The gain of PDMA over OMA increases as the overloading factor and target spectrum efficiency increases.
· Observation 3: Owing to frequency diversity gain by distributed subcarriers allocation, the gain of PDMA over OMA increases as the number of PRB increases.

Conclusion
In this contribution, LLS results of PDMA uplink with realistic channel estimation are presented. We have following observations:
For PDMA uplink
· Observation 1: The gain of PDMA over OMA is up to 2.9 dB;
· Observation 2: The gain of PDMA over OMA increases as the overloading factor and target spectrum efficiency increases.
· Observation 3: Owing to frequency diversity gain by distributed subcarriers allocation, the gain of PDMA over OMA increases as the number of PRB increases.
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Appendix
A.1 simulation parameters for uplink
Table II: simulation parameters for uplink
	Parameters
	Values or assumptions

	Carrier Frequency
	2 GHz 

	Waveform
	OFDM

	Channel coding
	LTE Turbo

	Numerology
	Same as Release 13 

	System Bandwidth
	10 MHz 

	Total allocated bandwidth for transmission
	4RB (0.72MHz), 12RB (2.16MHz) 

	Overhead
	2 DMRS symbols, no SRS, 144 available RE per RB for data transmission 

	Target SE per UE (bps/Hz)
	0.083
0.125
0.25
0.375

	TB size per UE and total number of resource elements shared for data transmission
	For 4RB case (without CRC): 24bits, 48bits, 120 bits, 192 bits
For 12RB case (without CRC): 120 bits, 192 bits, 408 bits, 624 bits

	Overloading Scenarios
	
100%: 

200%: 


	BS antenna configuration
	2Rx

	UE antenna configuration
	1Tx

	Transmission mode
	TM1 (refer to TS36.213[4]) 

	Pattern allocation
	Fixed

	Receiver type(the time of iteration)
	Turbo-MPA (Inner  iteration:3, Outer iteration:3)

	SNR distribution of multiple UEs
	Multi-user LLS with equal average SNR

	Propagation channel
	TDL-A(30ns), TDL-C (300ns) in TR38.900 [5]

	UE velocity
	3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal
Realistic with common MMSE method



A.2 Two types of OMA subcarrier allocation
There are two types of subcarrier allocation for OMA, as shown in figure 10. One is localized and the other is distributed.
As for localized, the subcarrier allocation of each UE is in turn continuous over the whole transmit bandwidth.
As for distributed, the subcarrier allocation of each UE is discrete by interval which is the number of total UEs over the whole transmit bandwidth.



Figure 10 Localized and distributed subcarrier allocation for OMA

A.3 MCS selection of PDMA and OMA
Table III: MCS Selection of PDMA and OMA
	PDMA
	OMA
	PRB
	TB size
	SE per UE
(bps/Hz/UE)

	Overloading factor 
	MCS
	Number of UEs
	MCS
	
	
	

	100%
	QPSK0.167
	4
	QPSK0.167
	4PRB
	24
	0.083

	
	QPSK0.25
	4
	QPSK0.25
	
	48
	0.125

	
	QPSK0.5
	4
	QPSK0.5
	
	120
	0.25

	
	QPSK0.75
	4
	QPSK0.75
	
	192
	0.375

	200%
	QPSK0.167
	8
	QPSK 0.33
	
	24
	0.083

	
	QPSK0.25
	8
	QPSK 0.5
	
	48
	0.125

	
	QPSK0.5
	8
	16QAM0.5
	
	120
	0.25

	
	QPSK0.75
	8
	16QAM0.75
	
	192
	0.375

	100%
	QPSK0.167
	4
	QPSK0.167
	12PRB
	120
	0.083

	
	QPSK0.25
	4
	QPSK0.25
	
	192
	0.125

	
	QPSK0.5
	4
	QPSK0.5
	
	408
	0.25

	
	QPSK0.75
	4
	QPSK0.75
	
	624
	0.375

	200%
	QPSK0.167
	8
	QPSK0.33
	
	120
	0.083

	
	QPSK0.25
	8
	QPSK0.5
	
	192
	0.125

	
	QPSK0.5
	8
	16QAM0.5
	
	408
	0.25

	
	QPSK0.75
	8
	16QAM0.75
	
	624
	0.375
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