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Introduction
[bookmark: _Hlk506463639]In RAN1 #84b, it was agreed that non-orthogonal multiple access (NOMA) schemes should be investigated [1].  In 3GPP Plenary #78, NOMA was agreed as a study item for NR Rel-15. Besides, it was also agreed that uplink (UL) NOMA should be studied for both grant-based and grant-free transmissions. In NR, use cases of NOMA will include eMBB, URLLC and mMTC [2-4]. To combat the interference between non-orthogonal transmissions, transmitter side schemes such as spreading and interleaving [5-15] are normally employed to improve the performance and reduce the complexity of advanced receivers.

In NOMA UL transmission, multiple UEs share the same time/frequency resources via non-orthogonal resource allocation. The NOMA operation can take different modes. To illustrate, Table 1 summarizes the use cases and features of different operation modes of NOMA.

Table 1: Use Cases and Features Supported by Different Operation Modes of NOMA
[image: ]

In this contribution, we discuss the PHY/MAC procedures related to NOMA. The transmitter side signal processing, details for link and system level evaluations, and receiver design can be found in companion proposals [16-18].

Grant-based NOMA UL
For grant-based NOMA, the UL data transmission is collision based, and the pattern of collision is known to gNB. Therefore, gNB does not need to perform blind detection to discover the UE activity. On the other hand, the UL DMRS transmission can be collision based or collision free. To obtain low complexity and reliable channel estimation, orthogonal transmission of DMRS is preferred. To accommodate for more NOMA UEs, larger overhead of DMRS can be supported.
gNB Assignment of Linear Hybrid Spreading
For grant based transmission of NOMA, gNB schedules N UEs to share K resource units (N>K), and signals the assignment of spreading code, scrambling sequences, time/frequency resources and MCS to UE. Such scheduling information can be dynamically signalled to UE by PDCCH, or semi-persistently configured by RRC. Since the optimized spreading codebook has a closed-form description, its signalling overhead is small. In addition, the scrambling sequences can be chosen from CAZAC and PN sequences, which can be UE-specific or cell-specific. Similar to the spreading code, the compact description of scrambling sequences is also beneficial for light-weight signalling and scalable NOMA operation. To simplify inter-cell interference management for NOMA, both spreading code and scrambling sequence can be made symbol-dependent. 
Therefore, we propose the following:
Proposal 1: For grant-based NOMA UL, the linear hybrid spreading scheme needs to be considered. The assignment of linear spreading codes, scrambling sequences, time/frequency resources and MCS can be dynamically signalled to UE by PDCCH, or semi-persistently configured by RRC.
Proposal 2:  For grant-based NOMA UL, the scrambling sequence can be cell-specific or UE-specific.
Proposal 3:  For grant-based NOMA UL, the assignment of spreading codes and scrambling sequence can be symbol dependent. 

gNB Assignment of DMRS Sequences
For grant based transmission of NOMA, the DMRS sequence assignment is determined by UE. Depending on the overloading ratio of NOMA UE, both orthogonal and non-orthogonal DMRS transmission can be supported. In particular, the NR Rel-15 front-loaded DMRS structure with configuration type 1 (up to 8 ports) and type 2 (up to 12 ports) should be supported for both DFT-s-OFDM and CP-OFDM waveforms. Moreover, when the overloading increases, larger DMRS overhead {3/7, 1/2, 4/7} should be supported. Therefore, we propose the following:
 Proposal 4:  For grant-based NOMA UL, gNB determines the assignment of DMRS sequences. Depending on the overloading ratio of NOMA UE, both orthogonal and non-orthogonal DMRS transmission can be supported.
Proposal 5:  For grant-based NOMA UL, the NR Rel-15 front-loaded DMRS structure with configuration type 1 (up to 8 ports) and type 2 (up to 12 ports) needs be supported for both DFT-s-OFDM and CP-OFDM waveforms.
[bookmark: _Hlk506470145]Proposal 6: For grant-based NOMA UL, larger DMRS overhead (e.g.  {3/7, 1/2, 4/7}) needs to be supported for large overloading ratio.

Grant-free NOMA UL 
The grant-free transmission of NOMA is collision based, which occurs for both UL data and DMRS. Different from the grant-based scenario, the pattern of data/DMRS collision is unknown to gNB. Therefore, gNB has to perform blind detection to discover the UE activity, estimate the channel profile and demodulate the data. 
To reduce the collision of DMRS and data transmission in linear hybrid spreading scheme, a larger pool size needs to be considered for DMRS sequences, linear spreading codes and scrambling sequences. Besides, the sensitivity to timing uncertainty needs to be addressed in the design of DMRS sequences and linear hybrid spreading schemes.
[bookmark: _Hlk506505995]Considering this, we propose the following:
[bookmark: _Hlk506471355]Proposal 7: For UL DMRS transmission in grant-free NOMA:
· front-loaded DMRS structure needs to be supported;
· larger DMRS overhead (e.g. {3/7, 1/2, 4/7}) needs to be supported;
· DMRS and data transmission can use different numerology, which is agreed and respected by both gNB and UE.
 
Proposal 8: For UL data transmission in grant-free NOMA:
· linear hybrid spreading scheme needs to be supported;
· the receiver sensitivity to time/frequency errors needs to be considered;
· the complexity of receiver needs to be considered and used as an evaluation metric for different transmission schemes.

HARQ in NOMA UL
Depending on the NOMA operation modes shown in Table 1, the HARQ process can take different forms:
· [bookmark: _Hlk506505242]For grant-free, contention-based transmission with synchronized UL, a scheduling request (SR) can be appended to the first transmission.
· If the initial transmission fails but the SR can be decoded, the following retransmission(s) will be grant-based.
· For grant-free, contention-based transmission with synchronized UL, the re-transmissions can be grant-free as well, but the timeline for re-transmission is staggered and aligned to the symbol/slot boundary within a pre-configured contention window. If the initial transmission fails, the UE will use random access for re-transmission. 
· For grant-based and semi-persistently scheduled transmission with synchronized UL, HARQ process needs to be supported. In these situations, the re-transmission can take place on known occasions when the initial transmission fails.

Considering this, we propose the following:
[bookmark: _Hlk506506294]Proposal 9: For UL NOMA, support for HARQ needs to be considered at least for grant-based and semi-persistently scheduled cases with synchronized UL. For grant-free and contention-based transmission, the support for HARQ is optional. 

Conclusions
This contribution has provided our views on the procedures related to NOMA UL transmission. The following proposals have been made:
Proposal 1: For grant-based NOMA UL, the linear hybrid spreading scheme needs to be considered. The assignment of linear spreading codes, scrambling sequences, time/frequency resources and MCS can be dynamically signalled to UE by PDCCH, or semi-persistently configured by RRC.
Proposal 2:  For grant-based NOMA UL, the scrambling sequence can be cell-specific or UE-specific.
Proposal 3:  For grant-based NOMA UL, the assignment of spreading codes and scrambling sequence can be symbol dependent. 
Proposal 4:  For grant-based NOMA UL, gNB determines the assignment of DMRS sequences. Depending on the overloading ratio of NOMA UE, both orthogonal and non-orthogonal DMRS transmission can be supported.
Proposal 5:  For grant-based NOMA UL, the NR Rel-15 front-loaded DMRS structure with configuration type 1 (up to 8 ports) and type 2 (up to 12 ports) needs to be supported for both DFT-s-OFDM and CP-OFDM waveforms.
Proposal 6: For grant-based NOMA UL, larger DMRS overhead (e.g. {3/7, 1/2, 4/7}) needs to be supported for large overloading ratio.
Proposal 7: For UL DMRS transmission in grant-free NOMA:
· front-loaded DMRS structure needs to be supported;
· larger DMRS overhead (e.g. {3/7, 1/2, 4/7}) needs to be supported;
· DMRS and data transmission can use different numerology, which is agreed and respected by both gNB and UE.

Proposal 8: For UL data transmission in grant-free NOMA:
· linear hybrid spreading scheme needs to be supported;
· the receiver sensitivity to time/frequency errors needs to be considered;
· the complexity of receiver needs to be considered and used as an evaluation metric for different transmission schemes.

Proposal 9: For UL NOMA, HARQ processes needs to be supported at least for grant-based and semi-persistently scheduled cases with synchronized UL. For grant-free and contention-based transmission, the support for HARQ is optional. 
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