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Introduction
In RAN1#93 meeting, the following agreements have been made for NOMA related procedures [1].
	Agreements:
· UL data transmission and detection procedures of Rel-15 configured grant is the starting point for NOMA study.
· Different UL data transmission and detection procedures from Rel-15 configured grant for NOMA study can be considered
· e.g. Preamble, DMRS, synchronization, resource (physical resource and MA signature) configuration, UE detection, HARQ retransmission and ACK/NACK feedback, link adaptation, adaptation between orthogonal and non-orthogonal multiple access, collision control, etc.
Agreements:
· Synchronous UL data transmission should be the starting point.  
· Also considers the asynchronous transmission
· Timing offset is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:
· Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS
· Case 2: 2*CP>=y > CP, with detailed value FFS
· Additional value(s) for y are not precluded
· Possible down-selection can still be discussed 
· FFS the channel structure and procedures for asynchronous.


In this contribution, we discuss the NOMA related procedures. 
Extended DMRS design
In order to support more UEs for NOMA transmission, an extending DMRS design may be needed. In this Section, we propose an extending DMRS method. To keep the backward compatibility, the extending the DMRS pool can be based on the DMRS in NR Rel-15. The basic idea of the proposed method is to sparse the NR DMRS type1 & type 2 under the condition of orthogonal sequence and same overhead with NR. Compared to NR DMRS type 1 & type 2, the same time domain resources (e.g., OFDM symbol) and orthogonal sequence will be hold, but one DMRS port will occupy less subcarriers in frequency domain so there will be support more DMRS ports in frequency domain. 
Figure 1 depicts sparse pattern1 based on NR type1. X-axis is time domain (e.g., OFDM symbols) and Y-axis is frequency domain (e.g., subcarrier). In this pattern 16 ports are supported when there are 2 adjacent OFDM symbols in time domain. For this pattern, 2-cyclic shift will be used in frequency domain and TD-OCC ({1,1} and {1,-1}) is supported in time domain .
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[bookmark: _Ref521706254]Figure 1 Sparse pattern1 based on the NR type1
Figure 2 depicts sparse pattern2 based on NR type1. X-axis is time domain (e.g., OFDM symbols) and Y-axis is frequency domain (e.g., subcarrier). In this pattern 24 ports are supported when there are 2 adjacent OFDM symbols in time domain.  For this pattern, 2-cyclic shift will be used in frequency domain and TD-OCC ({1, 1} and {1, -1}) is supported in time domain.
[image: ]
Figure 2 Sparse pattern2 based on the NR type1
Figure 3 depicts sparse pattern based on NR type2. X-axis is time domain (e.g., OFDM symbols) and Y-axis is frequency domain (e.g., subcarrier). In this pattern 24 ports are supported when there are 2 adjacent OFDM symbols in time domain. For this pattern, FD-OCC ({1,1} and {1,-1}) is supported in frequency domain and TD-OCC ({1,1} and {1, -1}) is supported in time domain .
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Figure 3 Sparse pattern based on the NR type2
Figure 4 and Figure 5 depict the evaluation results about MSE and BLER in TDL-C and TDL-A channels of the proposed sparse patterns based on NR type 1 and type 2. We can find the performance is almost the same with NR DMRS patterns.
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Figure 4 MSE and BLER performance of proposed method based on TDL-C
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Figure 5 MSE and BLER performance of proposed method based on TDL-A 
· Proposal 1: Further study sparse extended DMRS pattern for UL NOMA.
NOMA related procedures
In [2], the NOMA related procedures are shown. Fig. 1 displays the overview of the technical aspects involved in the grant-free based NOMA. In this section, we mainly focus on collision control.
As the devices determine the transmission occasion and the resource by itself, collision is inevitable in grant free transmission. In the NOMA transmission, two types of collisions would happen 
· Signature collision within the same t/f resource: this type of collision somehow can be solved by careful signature design and well-designed multi-user receivers. On the other hand, there is still possibility of decoding failure. 
· DM-RS collision within the same t/f resource: This type of collision prevents the gNB recovering correct channel and incurs definite decoding failure, which should be given higher priority for investigation 

To control the signature collision and DM-RS collision, both extending the signature/DM-RS pool and defining random back-off time for transmission or retransmission can be considered. Besides, reducing the collision probability via careful selection of signature and selection of DM-RS is another approach. 
[bookmark: _GoBack]For the selection of DM-RS and selection of signature, the most straightforward way is letting UE randomly select one signature within the signature pool and randomly select one DM-RS port within the candidate DM-RS resources. In this case, signature collision and DM-RS collision may happen in separate transmission cases as shown in Fig. 3, which would increase the overall collision probability. To avoid this situation, certain association between the signature selection and DM-RS selection can be defined to concentrate the signature collision and DM-RS collision into one case. As shown in the example in Fig. 4, the signature-DM-RS pair can be pre-defined and UE select the signature-DM-RS pair randomly instead of selecting signature and DM-RS separately. The diverse collisions are eliminated, and the overall collision probability decrease accordingly. 

· Proposal 2: Further investigate solution to control the signature collision and DM-RS collision 
· Joint selection of signature and DM-RS for the collision reduction can be considered 
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Figure 6 Separate the selection of signature and RS results in diverse collision
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Figure 7 Joint selection of signature and RS concentrate collision into one case
Conclusion
In this contribution, we mainly discussed the extended DMRS design and collision control related procedures. Based on the discussion, our views are summarized as follows 
· Proposal 1: Further study sparse extended DMRS pattern for UL NOMA.
· Proposal 2: Further investigate solution to control the signature collision and DM-RS collision 
· Joint selection of signature and DM-RS for the collision reduction can be considered 
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Appendix
Table 1 Key parameters for the evaluation of extended DMRS design
	NOMA scheme
	Power domain NOMA

	UE number
	8

	TBS
	20 Bytes

	MCS
	QPSK

	Channel Estimation
	MMSE

	Channel model
	TDL-A with 30ns/TDL-C with 300ns

	Allocated bandwidth
	6 PRB
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