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1
Introduction
Non-orthogonal multiple access (NOMA) was studied at Rel.14 SI until RAN1#86bis. The discussion was reinitiated based on a SID that was approved in RAN#75[1] and revised in RAN#76 [2]. The objective of NOMA SI is to further progress on the NOMA performance evaluation focusing on uplink, and provide recommendation about the key design features to be specified later. In this contribution, we give our considerations on the NOMA transmitter. 
2

Discussion
As was summarized in last RAN1 meeting, the proposed NOMA schemes follow a basic high-level transmitters diagram as shown in Figure 1[3]. The transmitter side processing includes bit level operation and symbol level operation.  
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Figure 1 General structure of NOMA transmitter processing
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Figure 2 NOCA transmission structure
Figure 2 shows the NOCA transmission structure, which falls into the symbol level operations. If UE is configured with CP-OFDM waveform, the modulated symbols are spread before the IFFT operation and mapping in time domain first or frequency domain first manner. In the case of DFT-s-OFDM waveform, the spreading processing is before DFT operation. The signature pool for spreading includes both orthogonal sequences and non-orthogonal sequences. QPSK-based sequence is applied, which is the same as DMRS sequence generation. The sequences used have good properties like good auto-correlation and cross-correlation, low memory and complexity requirements from receiver side. It might also support multiple spreading factors for flexible adaptation. We are using the QPSK sequences 
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is given in Annex A for spreading factor equals to 4, 6 and 12 for each root
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. The computer generated sequence has good quality on scalability, the spreading factor can be 4, 6, 12 to adapt to different physical layer resource allocation.

For the same user, a same or different spreading sequence is applied to each modulated symbol. The latter is used to enable lower PAPR. The pattern of spreading sequences across modulated symbols is referred to as the spreading sequence pattern. Any two spreading sequence patterns use different sequences for each modulated symbol. The spreading sequence pattern is determined by the spreading sequence of the first modulated symbol, the spreading sequences used for the following modulated symbols follow a predefined rule. As an example, the rule could be firstly following an increasing order of cyclic shift at the same root, then going to the higher root.  
Different UEs are allocated with different spreading sequence patterns by gNB. Alternatively, the UEs can be configured to autonomously select one spreading sequence pattern, in which case it should be guaranteed that the sequence collision rate from different UEs shall be as low as possible.
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Figure 3 PAPR performance comparison
Figure 3 shows the PAPR performance comparison among CP-OFDM, NOCA with same spreading sequence, and NOCA with different spreading sequence for different modulated symbols. It can be found if different spreading sequence is applied for each modulated symbol, the PAPR performance is better than CP-OFDM without spreading and is reaching the value in theory. This is because different spreading sequences are used for each modulated symbol, thus the symbols in the frequency domain are independently identically distributed, and not correlated anymore.
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Figure 4 Modified IDMA transceiver diagram
For IDMA, A user specific interleaver is used as the MA signature. The user specific interleaver can be placed before or after the modulator. Figure 4 shows a simple IDMA transmitter structure, where the user specific interleaver is placed before the modulator. The user specific interleaver is realized by using a user-independent interleaver preceded by a cyclic shift block. User specific cyclic shifting with a common interleaving can achieve equivalent performance as user specific interleaving with the low-complexity. A different cyclic shift is used by different users. The repetition factor is a degree of freedom in the design to control the overloading factor and the number of users to multiplex.
· For the connected users 

Cell Radio Network Temporary Identifier (C-RNTI) X , which is a unique UE identifier, is applied to deduce a UE specific cyclic shift. And the interleaving pattern is generated by a common mechanism, which provides a one-to-one correspondence between the data block length [image: image7.png]


 and a fixed interleaving pattern. Therefore, it is simply executed
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where [image: image11.png]


 denotes the data length of the signals of NOMA users, and [image: image13.png]


 denotes the C-RNTI of user k. If the data length [image: image15.png]


 is the same for all the NOMA users, the shift [image: image17.png]Th



 can be regarded as a unique value in one cell. Further, it should guarantee that the C-RNTI [image: image19.png]


 is such selected from the available C-RNTI pool with respect to potential NOMA users, that it has to be smaller than data length [image: image21.png]


, in order to make shift [image: image23.png]Th



 absolutely unique. Thus, the user-specific interleaving can be indirectly achieved user-specific cyclic shift with a common interleaver with respect to equation (1). If the data length [image: image25.png]


 is different among the NOMA users, the gNB can indicate a common data block length [image: image27.png]


 to all users. Each user should simply add on redundancy, being similar to rate matching. This helps C-RNTI-based solution to guarantee the randomness of cyclic shift [image: image29.png]Th



.

· For the non-connected users 

A cyclic shift pool is defined for user randomly selection. The mapping between cyclic shift and preambles/DMRS ports is informed to users. The mapping can be one-to-one or multiple-to-one, or one-to-multiple, which is depending on the available NOMA signatures.

Proposal 1: NOCA and IDMA should be studied further as candidate NOMA scheme.
As mentioned above, different TB sizes are supported for some scenarios, and different MCS could be selected by UE. For grant free NOMA, additional uplink control information can be transmitted by UE to assist gNB detecting data channel. Except for the link adaption info, resource utilization, signature info for data channel, transmission power information can be sent as well. In this way, the transmission efficiency is improved and the gNB implementation complexity is reduced.
The UL control information could be transmitted together with uplink data in the same slot, the control information can occupy the first several symbols and follow by data channel. The length of spreading factor for control information and data channel can be different to adapt different transport block size. As the uplink transmission information is not updated frequently, to save the uplink resource, the uplink control information can be transmitted independent of data channel, e.g., the uplink control information transmits in whole slot with specific periodicity.
Proposal 2: UL control information can be considered for grant free NOMA.
The Figure 5 shows the PAPR comparison, the related simulation parameters are attached in Annex C. As showing in the figure, the PAPR performance gets worse for NOCA, PDMA and MUSA. For the spreading based NOMA scheme, each modulated symbol is spread by a sequence/pattern and then mapped to the resource elements. In each OFDM symbol, the symbols in the frequency domain are not independently identically distributed, the correlation is introduced due to single spreading sequence used, which causes higher PAPR than that with OMA. To reduce this correlation among the modulated symbol, it is simulated that different spreading sequence is applied for each modulated symbol for NOCA and MUSA, the curves show the PAPR performances are improved clearly and are better than CP-OFDM without spreading.
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Figure 5: NOCA, PDMA, MUSA PAPR comparison
Observation 2: The spreading based NOMA scheme causes the high PAPR, each modulated symbol spreading with different spreading sequence can reduce the PAPR efficiently. 
3
Conclusions
In this contribution, we discuss the details of NOCA and IDMA scheme, in addition, evaluation results are shown on BLER and PAPR comparison for NOCA, PDMA and MUSA, the following proposals and observations are made. 
Proposal 1: NOCA and IDMA should be studied further as candidate NOMA scheme.

Proposal 2: UL control information can be considered for grant free NOMA.
Observation 1: The BLER performance is very similar for NOCA, PDMA and MUSA in the simulated case 4, 18 and 19. 
Observation 2: The spreading based NOMA scheme causes the high PAPR, each modulated symbol spreading with different spreading sequence can reduce the PAPR efficiently. 
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Annex B: 

	Parameters
	Assumption

	Carrier Frequency
	0.7GHz, 4 GHz, depending on case

	Waveform 

(data part)
	CP-OFDM 

	Channel coding
	LDPC

	Numerology 

(data part)
	SCS = 15 kHz

#OS = 14

	Allocated bandwidth
	6, 12 

	TBS per UE
	

	BS antenna configuration
	2Rx, 4Rx, depending on case

	UE antenna configuration
	1Tx

	Propagation channel & UE velocity
	TDL-A 30ns, TDL-C 300ns, depending on case, 

3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal, 

	MA signature allocation (for data and DMRS)
	Fixed

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0

	Traffic model for link level
	Full buffer

	Receiver algorithm
	JMMSE+PIC


Annex C:

	Parameters
	Assumption

	Waveform 
(data part)
	CP-OFDM 

	Numerology 

(data part)
	SCS = 15 kHz

#OS = 14

	Carrier bandwidth
	10MHz

	Allocated bandwidth
	6 PRB

	UE antenna configuration
	1Tx

	MA signature allocation (for data and DMRS)
	Fixed, random, depending on case
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