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Introduction
In RAN1#94bis, general structure of NOMA transmitter processing was agreed in [1]. In this contribution, we provide the discussion on design of PDMA based on the general structure.
Discussion
General structure
PDMA is a NOMA scheme based on symbol-level spreading. The diagram of PDMA transmitter side processing is shown in Figure 1. Both CP-OFDM and DFT-s-OFDM waveforms are supported. Compared to NR transmitter side processing, UE/branch specific symbol-level spreading is applied to modulated symbols. 


[bookmark: _Ref528662303]Figure 1: PDMA transmitter side processing
PDMA pattern matrix design
PDMA pattern matrix  defines the 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. For example, a PDMA pattern matrix  with 96 spreading sequences of length 4 is shown in Table 1.
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The design of PDMA pattern matrix has the following advantages:
· Larger number of spreading sequences
With sparsity in spreading sequence design, a larger number of spreading sequences can be supported for a given spreading factor. Taking spreading factor of 4 as an example, if the elements of the spreading sequences are selected from {1, -1, j, -j}, the maximum number of spreading sequences is 64. But with sparsity, larger number of spreading sequences can be supported, e.g. 96 spreading sequences shown in Table 1.
With larger number of spreading sequences, the following benefits can be achieved
· The spreading sequence can be used to implicitly convey some information. For example, a UE can be configured with multiple spreading sequences corresponding to different MCS levels, and UE selects the proper spreading sequence to implicitly indicate MCS based on measurement results to achieve link adaptation so as to improve the spectral efficiency. Another example is that if retransmission without grant is supported, the spreading sequence can be used to implicitly indicate the redundancy version.
· inter-cell interference can be mitigated if neighboring cells can use different sets of spreading sequences. Although the inter-cell interference cannot be cancelled, different spreading sequences for different cells is still beneficial for interference suppression based on MMSE due to the low cross correlation.
· Lower PAPR
PDMA pattern matrix is designed to achieve low PAPR. The CCDF of PAPR for DFT-s-OFDM waveform and QPSK modulation is shown in Figure 2. Different spreading sequences may have different PAPR property. The CCDF of PAPR for PDMA shows the distribution of PAPR for all the spreading sequences.  are the first 64 spreading sequences from . 

Figure 2: CCDF of PAPR of PDMA and OMA
The PAPR at CCDF=10-3 is shown in Table 2. It can be observed that the PAPR of PDMA is even lower than the baseline OMA at CCDF=10-3 for DFT-s-OFDM waveform.
Table 2: PAPR of PDMA and OMA baseline at CCDF=10-3 with QPSK and DFT-s-OFDM
	
	OMA QPSK baseline
	
	

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


· reduced receiver complexity
With PDMA sparse spreading sequence, advanced receiver (e.g., MPA algorithm) with lower complexity than non-sparse spreading sequence can be used to approach the MAP algorithm. For example, for the case with 6 users and QPSK modulation, the order of complex multiplication is 4^6 if there is no sparsity in the spreading sequence. With sparsity, the order of complex multiplication can be reduced to 4^2 for  with maximum row weight of 2, and 4^3 for  with maximum row weight of 3. PDMA sparse spreading sequence brings in significant complexity reduction compared to non-sparse spreading sequence.

In addition to the above advantages, PDMA could reach desirable performance as shown in Figure 3.
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[bookmark: _Ref528662307][bookmark: _Ref528662290]Figure 3: The simulation results of PDMA and MUSA
PDMA symbol-level spreading details
The symbol-level spreading for PDMA is performed in frequency-domain for both CP-OFDM and DFT-s-OFDM. 
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 4.


Figure 4: 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]. For CP-OFDM, the above spreading scheme can also be applied to map the spread symbols to adjacent REs as shown in Figure 5.


Figure 5: spread symbols are mapped to adjacent REs
However, for frequency selective channels, to map the spread symbols to distributed REs can achieve frequency diversity gain as shown in Figure 6, where simulation assumption is given in Annex.
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Figure 6: performance comparison for spread symbols mapped to adjacent REs or distributed REs 
In order to map the spread symbols to distributed REs without changing the NR RE mapping module, symbol-level spreading could be 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 is performed such that all the modulated symbols are spread by the first element of the spreading sequence, and then all the modulated symbols are spread by the second element of the spreading sequence and so on as shown in Figure 7, i.e. the symbol-level spreading is performed according to (3).
(3)


Figure 7: symbol-level spreading on a per OFDM symbol basis
With this approach, distributed RE mapping can be achieved without changing NR RE mapping module. An example is shown in Figure 8 assuming PUSCH with 6 PRBs and 7 OFDM symbols and spreading factor 4.


Figure 8: map spread symbols to distributed REs with NR RE mapping scheme

Based on the discussion above, we have the following proposals.
Proposal 1: Frequency domain symbol-level spreading is considered for NOMA design in NR.
Proposal 2: Sparse spreading sequences are considered for NOMA design in NR.
Conclusion 
In this contribution, we provided the design of PDMA with the following proposals.
Proposal 1: Frequency domain symbol-level spreading is considered for NOMA design in NR.
Proposal 2: Sparse spreading sequences are considered for NOMA design in NR.
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Annex

Table 3: evaluation assumptions of localized and distributed RE mapping
	Parameters
	Values

	Carrier Frequency
	4 GHz

	Waveform (data part)
	CP-OFDM

	Channel coding
	NR LDPC

	Numerology
	SCS = 15 kHz, #OS = 14
#OS for DMRS = 2

	Allocated bandwidth
	12 RB

	TBS per UE (Bytes)
	20,  80

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

	BS antenna configuration
	4 Rx

	UE antenna configuration
	1Tx

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

	Channel Estimation 
	Ideal

	Receiver
	MMSE-SIC

	MA signature allocation (for data and DMRS)
	Fixed

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0 
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