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Introduction
In RAN1#94, general descriptions of the candidate MA signature designs for each NOMA scheme were agreed in [1]. Detailed descriptions were agreed via email discussion after RAN1#94 in [2]. In this contribution, we provide more details about PDMA transmitter side signal processing.
Discussion
PDMA pattern matrix
PDMA is a NOMA scheme based on symbol-level spreading where the spreading sequences are the MA signatures. PDMA pattern matrix  defines the MA signature pool with K spreading sequences of length N. 

                                                                    .(1)
The elements of the spreading sequences are selected from {0, 1, -1, j, -j}. For each spreading sequence, it could be sparse (i.e. with element of ‘0’) or non-sparse. For different spreading sequences, the weight (i.e. the number of non-zero elements) could be different.
PDMA supports flexible MA signature pool size K and spreading factor N. Some example PDMA pattern matrices are provided below. 
· PDMA pattern matrix  
PDMA pattern matrix  provides 96 spreading sequences of length 4 which is given in Table 1. The large MA signature pool is beneficial for reducing the intra-/inter-cell collision probability.
Table 1: PDMA pattern matrix 
	
	
	
	
	
	

	0
	1
	j
	-1
	-j
	32
	1
	1
	j
	-1
	64
	1
	-1
	-j
	0

	1
	1
	-j
	-1
	j
	33
	1
	j
	-1
	-1
	65
	1
	j
	-j
	1

	2
	1
	-1
	1
	-1
	34
	1
	0
	0
	-1
	66
	1
	-1
	j
	0

	3
	1
	-1
	-j
	j
	35
	1
	1
	-j
	-1
	67
	0
	1
	-j
	j

	4
	1
	-1
	j
	-j
	36
	1
	-j
	-1
	-1
	68
	0
	1
	-1
	j

	5
	1
	-1
	-1
	1
	37
	0
	1
	0
	j
	69
	1
	-j
	j
	0

	6
	1
	j
	-j
	-1
	38
	1
	0
	j
	0
	70
	1
	-1
	1
	1

	7
	1
	-j
	j
	-1
	39
	1
	1
	0
	-1
	71
	1
	1
	-1
	1

	8
	1
	j
	-j
	j
	40
	1
	0
	-1
	-1
	72
	1
	-j
	j
	1

	9
	1
	-1
	1
	j
	41
	1
	j
	j
	-1
	73
	1
	-1
	j
	-1

	10
	1
	j
	0
	-1
	42
	1
	j
	-1
	j
	74
	1
	j
	1
	-1

	11
	1
	0
	j
	-1
	43
	1
	-j
	1
	j
	75
	1
	-j
	1
	-1

	12
	1
	-j
	j
	-j
	44
	1
	-1
	0
	1
	76
	1
	-1
	-j
	-1

	13
	1
	-1
	1
	-j
	45
	1
	0
	-1
	1
	77
	1
	1
	-1
	j

	14
	1
	0
	-1
	j
	46
	1
	j
	1
	-j
	78
	1
	-j
	j
	j

	15
	1
	-j
	0
	j
	47
	1
	-j
	-1
	-j
	79
	1
	-1
	0
	-j

	16
	1
	j
	-1
	0
	48
	0
	1
	0
	-j
	80
	1
	0
	j
	-j

	17
	0
	1
	j
	-1
	49
	1
	0
	-j
	0
	81
	1
	1
	-j
	0

	18
	1
	j
	-1
	1
	50
	1
	-j
	-j
	-1
	82
	0
	1
	1
	-j

	19
	1
	-1
	-j
	1
	51
	1
	-j
	0
	0
	83
	1
	-j
	-j
	0

	20
	0
	1
	-1
	1
	52
	0
	0
	1
	-j
	84
	0
	1
	-j
	-j

	21
	1
	-1
	1
	0
	53
	0
	1
	-j
	0
	85
	1
	-1
	-1
	-j

	22
	1
	0
	-j
	-1
	54
	0
	1
	-j
	1
	86
	1
	j
	j
	-j

	23
	1
	-j
	0
	-1
	55
	0
	1
	j
	1
	87
	0
	1
	j
	j

	24
	1
	j
	0
	-j
	56
	1
	j
	1
	0
	88
	1
	j
	j
	0

	25
	0
	1
	-j
	-1
	57
	1
	-j
	1
	0
	89
	1
	1
	j
	0

	26
	1
	0
	-1
	-j
	58
	0
	0
	1
	j
	90
	1
	1
	j
	-j

	27
	1
	-j
	-1
	0
	59
	0
	1
	j
	0
	91
	0
	1
	1
	j

	28
	1
	0
	-1
	0
	60
	1
	j
	0
	0
	92
	1
	-1
	-j
	-j

	29
	0
	1
	0
	-1
	61
	0
	1
	j
	-j
	93
	0
	1
	-1
	0

	30
	1
	-j
	-1
	1
	62
	0
	1
	-1
	-j
	94
	1
	-1
	0
	0

	31
	1
	-1
	j
	1
	63
	1
	j
	-j
	0
	95
	0
	0
	1
	-1


· PDMA pattern matrix 
PDMA pattern matrix  provides 64 spreading sequences of length 4 which are the first 64 spreading sequences in Table 1. Compared with PDMA pattern matrix , even lower PAPR can be achieved. The PAPR of   and  with QPSK compared with OMA QPSK baseline at CCDF=10-3 are shown in Table 2. 
Table 2: PAPR of PDMA pattern matrix and QPSK baseline at CCDF=10-3
	
	OMA QPSK baseline
	
	

	PAPR at CCDF=10-3
	5.80dB
	5.16dB
	4.50dB


It can be seen that both PDMA pattern matrices provide lower PAPR compared with OMA baseline. To be more specific, PDMA pattern matrix  provides 0.64dB lower PAPR while  provides 1.3dB lower PAPR compared with baseline PAPR. The low PAPR sequences are beneficial for PA efficiency and power consumption.
Observation: PDMA can support flexible MA signature pool design to achieve large MA signature pool, low PAPR etc.

Symbol-level spreading
The transmitter side processing of PDMA is shown in Figure 1. Compared with NR transmitter side processing, symbol-level spreading is applied to the modulated symbols and all the other modules are the same as NR.


Figure 1: transmitter side processing of PDMA
Let the set of the modulated symbols to be ， and the spreading sequence to be , the symbol-level spreading can be performed such that each modulated symbol is spread by the spreading sequence sequentially as shown in Figure 2.


Figure 2: modulated symbol spread by the spreading sequence sequentially
To be more specific, the symbol-level spreading is performed according to (2).
                                                                           (2)
This symbol-level spreading approach is suitable for DFT-s-OFDM to support block-wise MMSE-SIC detection at the receiver side [3]. 
Proposal 1: For DFT-s-OFDM, each modulated symbol is spread by the spreading sequence sequentially.
For CP-OFDM waveform, assuming NR RE mapping design which is frequency first and time second, the set of the complex-valued signals which are derived from the same modulated symbol will be mapped to consecutive REs if the same symbol-level spreading approach is adopted as shown in Figure 3.


Figure 3: RE mapping if modulated symbols are spread by the spreading sequence sequentially
However, if the complex-valued signals which are derived from the same modulated symbol can be mapped to distributed REs, frequency diversity gain can be achieved so as to improve the performance. In order to support distributed RE mapping without changing NR RE mapping module, it is proposed that the symbol-level spreading is performed on a per OFDM symbol basis. To be more specific, let the set of the modulated symbols which is mapped to OFDM symbol l to be  where  is the number of REs for data transmission on OFDM symbol l divided by spreading factor, and the spreading sequence to be , the symbol-level spreading can be performed such that all the modulated symbols are spread by each element of the spreading sequence sequentially as shown in Figure 4, i.e. the symbol-level spreading is performed according to (3).
(3)


Figure 4: the symbol-level spreading can be performed such that all the modulated symbols are spread by each element of the spreading sequence sequentially
With this approach, distributed RE mapping can be achieved without changing NR RE mapping module. An example is shown in Figure 5 assuming PUSCH with 6 PRBs and 7 OFDM symbols and spreading factor 4.


Figure 5: distributed RE mapping achieved by symbol-level spreading such that all the modulated symbols are spread by each element of the spreading sequence sequentially
Proposal 2: For CP-OFDM waveform, symbol-level spreading on an OFDM symbol basis is supported. Symbol-level spreading is performed such that all the modulated symbols are spread by each element of the spreading sequence sequentially.
Conclusion 
In this contribution, we provided more details about PDMA scheme with following observation and proposals.
Observation: PDMA can support flexible MA signature pool design to achieve large MA signature pool, low PAPR etc.
Proposal 1: For DFT-s-OFDM, each modulated symbol is spread by the spreading sequence sequentially.
Proposal 2: For CP-OFDM waveform, symbol-level spreading on an OFDM symbol basis is supported. Symbol-level spreading is performed such that all the modulated symbols are spread by each element of the spreading sequence sequentially.
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