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Introduction
In 3GPP Plenary #80, it was confirmed the scope of NOMA related procedures includes the following [1]:
· UL transmission detection
· HARQ, including transmission scheme, feedback scheme, and combining scheme
· Link adaptation MA signature allocation/selection
· Synchronous and asynchronous operation
· Adaptation between orthogonal and non-orthogonal multiple access
a) FFS the channel structure and procedures for asynchronous.

In this contribution, we start with a discussion on the typical use cases and operation modes of NOMA to identify the performance gain of NOMA. After that, we introduce our considerations for the design of NOMA related procedures, including:
· channel structure for synchronous and asynchronous operation
· MA signature selection/allocation
· contention resolution
· HARQ
· link adaptation and power control

Use Cases and Operation Modes of NR NOMA
In NR Rel-15, MU-MIMO has been standardized as an UL solution for concurrent data transmissions. In this SI, NR NOMA has been studied under a similar context as MU-MIMO, wherein the transmitting UEs share the same physical resources in time, frequency and space. Therefore, there are two key questions to be answered:
· How much is the gain of “NR NOMA” relative to MU-MIMO in NR Rel-15?
· Which operation modes and use cases reflect the most significant gain of “NR NOMA”?

In this section, we will provide our views to the questions above.
NR NOMA vs MU-MIMO
When UE is in RRC_CONNECTED state, both MU-MIMO and NOMA are solutions to non-orthogonal multiple access. When UE is in RRC_INACITIVE state, NOMA can still be used for small data transmission, which facilitates signaling overhead reduction and power saving. Therefore, we have the following observations and proposal:
[bookmark: _Hlk521679571]Observation 1 
· When the network operates in grant-based mode, transmission schemes proposed for NOMA can be applied to MU-MIMO as well. The gain of NOMA over MU-MIMO in spectral efficiency is questionable, especially for underloading[footnoteRef:2] scenarios. [2:  A discussion for underloading/overloading can be found in Section 2.4 of this contribution.] 

· When the network operates in grant-free mode and the UL access is contention-free, the gain of NOMA over MU-MIMO in spectral efficiency is questionable.
· The most significant gain of NOMA over MU-MIMO can be achieved in the following scenarios:
· contention-based, grant-free transmission
· small data transmission from RRC_INACTIVE state without active timing advance
[bookmark: _Hlk521679614]
Proposal 1:  NR NOMA solutions achieving performance gains over NR Rel-15 MU-MIMO should be prioritized in the study and evaluation.

Use Cases and Operation Modes
To illustrate, Table 1 summarizes the use cases and operation modes of NOMA. In particular, the highlighted features in the third column reflect the major benefits of NOMA, as justified in the SID [1]. 


Table 1: NR NOMA Use Cases and Features Supported by Different Operation Modes
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Overloading in Grant-based NOMA
A necessary condition for considering the grant-based transmission as NOMA is the overloading of UEs. Specifically, overloading takes place when the number of multiplexed UEs is greater than the available degrees of freedom (DoF). In the context of MU-MIMO and NOMA, we propose the following definition for DoF:
Proposal 2: For grant-based UL transmission, the degree of freedom can be defined as the number of orthogonal physical resource units in time, frequency and space domains, which is measured for a given TTI, a given transmission bandwidth and a given number of transceiver antennas.
To illustrate, assume there are L UEs sharing the same physical resources in time/frequency/space domains, and each UE has one transmit antenna. Besides, assume the base station is equipped with Q receiver antennas, and each UE employs a spreading code of size P in time/frequency domain. In this case, the DoF can be defined as . A distinction between overloading and underloading can be made based on the comparison of L and :
· when , this is an overloaded transmission.
· when , this is an underloaded transmission.

For grant-based and underloaded transmission, the scheduler can consider OMA instead of NOMA to simplify the receiver complexity without degradation in UL capacity and spectral efficiency. NOMA will be useful for grant-based transmission with overloading. Therefore, we have the following proposal:
Proposal 3: For synchronized NOMA transmission, TX solutions incapable of UE overloading and/or unsuitable for scalable configuration should be deprioritized and FFS whether they have significant performance gains over OMA with the same transceiver complexity.

Two-Step RACH with NOMA
Depending on the arrival time of UL signals, as well as the time alignment methods used by the network, NOMA operation can be classified into synchronized and asynchronized. Take the CP-OFDM waveform as an example and assume the CP length is .  Suppose N NOMA UEs are transmitting within a given TTI, and the arrival time of N UL signals is bounded by an interval , then:
· [bookmark: _Hlk521530276]If ,  the UL transmission is synchronized since the UL waveform of N UEs can be processed by a single FFT/IFFT without ISI.
· If ,  the UL transmission is asynchronized since the UL waveform of N UEs cannot be processed by a single FFT/IFFT without ISI.

To enable UL synchronized NOMA, there are two options for DL synchronized UEs:

a) Four-step RACH 
b) Configuration of long CP 

However, the system overheads and latency for options a) and b) are significant. Option a) relies on sequential signaling exchange between UE and base station, and the timing advance operation introduces large latency and power consumption. In Option b), the use of “long” CP involves the change of waveform numerology in 3GPP specification, when the SCS is different from 60 kHz or the round-trip delay is greater than the length of ECP. Therefore, we have the following proposal:

Proposal 4:  For normal cell coverage and DL synchronized UE, solutions capable of achieving a better tradeoff than 4-step RACH and CP extension in performance, latency and complexity should be studied for asynchronized NOMA. 

According to the agreements on LLS and SLS [2,3], a typical deployment considered for NR NOMA is ISD 1732 m, carrier frequency 700 MHz, SCS 15 kHz and normal CP (NCP). As a result, an estimate for the round-trip delay can be given by , which is roughly 1.5 times the length of NCP. 

The procedures of two-step RACH are shown in Figure 1. The joint use of advanced receiver at gNB and enhanced MA signature mapping at UE will help with MA signature detection, contention resolution and small data detection. The design details of MSG1 and MSG2 can be summarized as follows:

· MSG1 carries both MA signature and small data.
· MA signatures can be carried by a combination of preamble sequence and DMRS sequence.
· Preamble/DMRS sequences can be down-selected from the PRACH preamble and DMRS sequences standardized in NR Rel-15. 
· The small data in MSG1 is carried by PUSCH, which can be transmitted without timing advance (TA) and facilitates great savings in latency and transmit power. 
· ML-RSMA can be used as the transmission scheme for UL data. In particular, symbol-level scrambling can be considered to reduce the PAPR and inter-cell interference.
· After transmitting MSG1, UE monitors the DCI of MSG2 within a pre-configured search space and RAR-Window.

· MSG2 carries a PDCCH (DCI) and a PDSCH (RAR).
· The DCI specifies the frequency domain resource allocation of RAR. The payload bits of DCI is scrambled with RA-RNTI, whose calculation can be based on the time/frequency resource index (3GPP 38.321-5.1.3) pre-configured for MSG1 transmission as well as the index of MA signature that has been successfully detected by gNB.
· The inclusion of MA signature index in RA-RNTI calculation helps with contention resolution and latency reduction.
· After UE successfully decodes the DCI, it can proceed with the decoding of RAR.
· FFS data structure of MAC PDU for RAR.
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Figure 1: Procedures for Two Step RACH with NOMA

As a result, we have the following proposal for asynchronized NOMA transmission in normal cell coverage:

Proposal 5: The asynchronous NOMA transmission scheme in normal cell coverage, such as two-step RACH, should be studied, wherein MSG1 carries front-loaded reference signal (RS) and small data, and UE does not need to perform timing advance prior to MSG1 transmission.


Contention-Based Asynchronous Transmission

[image: ]
Figure 2: PHY Channel Structure for Asynchronous NOMA Transmission 

As stated in the SID [1] and agreed in previous meetings [2-3], asynchronous transmission for NOMA should be studied, wherein the MA signature and reference signal (RS) can be based on random selection. Asynchronous NOMA can happen in RRC_Inactive state, wherein UE can transmit a small amount of data without performing active timing advance. Based on the timing offset assumption of 1.5 NCP for asynchronous transmission [2-3], multiple companies have evaluated the link level performance for fixed and random selection of MA signatures. The LLS results in [4] indicate that asynchronous transmission can be supported by NR NOMA, using appropriate design for RS (extension of DMRS or preamble) and MA signatures. LMMSE IC receiver with realistic channel estimation has been used to obtain the LLS results for asynchronous transmission.
To reduce the signaling overhead, power consumption and latency associated with 4-step RACH, the PHY channel structure in Figure 2 enables small data transmission on PUSCH, which follows immediately the RS transmission. To mitigate the ICI and ISI of asynchronous transmissions, a guard band and guard interval can be inserted into the time/frequency resources configured for asynchronous NOMA, which is similar to PRACH preamble transmission in NR Rel-15. 


[image: ]
Figure 3: Example of RS Extension to Support Contention-Based Random Access in NOMA

To reduce the collision probability of random access, the pool size of both RS signal and MA signatures of PUSCH need to be expanded. For the simplicity of UE activity detection, a one-to-one mapping can be defined between RS signal and MA signature. Besides, the generation of RS signal and MA signature can be made cell specific to mitigate the inter-cell interference. 
To illustrate, Figure 3 shows an example of RS extension to support contention-based random access in NOMA. Assume the RS signal occupies 6 PRBs and 5 front-loaded OFDM symbols (OS). By grouping two adjacent PRBs into one group (REG), there are 15 REGs in the resources allocated for RS signal. Different short sequences can be transmitted on different REGs, and a mapping constraint can be applied to dictate the selection of short sequence on each REG. As a result, the pool size of the RS signal is expanded by the concatenation of different short sequences, and the mapping constraint adds necessary redundancy to improve the reliability of UE detection and channel estimation. 
To expand the pool size of MA signatures, the joint use of group-specific scrambling code and linear spreading code can be considered, such as ML-RSMA [5]. 
In asynchronous NOMA transmission, the pool configurations of RS and MA signatures can be communicated to NOMA UEs in SIB. Therefore, as long as the UEs are DL synchronized with gNB, they can decode the SIB to perform random access without timing advance. Therefore, we have the following observation and proposals:
Observation 2: The LLS evaluations conducted in Rel-16 NR NOMA SI indicate that contention-based asynchronous NOMA can be supported by joint use of linear hybrid spreading at transmitter and LMMSE IC at receiver.  

Proposal 6:   Contention-based asynchronous transmission should be supported in NR NOMA, wherein the UE activity detection can be based at least on the processing of front-loaded RS.
Proposal 7:   Scalable design of RS and MA signature should be considered to expand the pool size and reduce the collision probability of random access in asynchronous NOMA transmissions.

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.
· 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. 
· FFS HARQ procedures for asynchronized NOMA.

Considering this, we propose the following:
[bookmark: _Hlk506506294]Proposal 8: For UL NOMA, HARQ needs to be considered for both synchronized and asynchronized transmissions. The re-transmission can be NOMA or OMA, grant-based or grant free.

Link Adaptation and Power Control
As shown in Table 1, it is not necessary to consider dynamic MCS for initial transmission in grant free NOMA. However, link adaptation and power control can be supported for HARQ re-transmission. Therefore, we have the following proposal:
Proposal 9: Power domain multiplexing and power control can be used in UE grouping and interference management of NOMA. Link adaptation and power control can be supported for grant-based re-transmission of NOMA, which can use dynamic configuration of the spreading factor, code rate and single/multiple branches.

Conclusions
This contribution has provided our views on the procedures related to NOMA UL transmission. The following proposals have been made:
Observation 1 
· When the network operates in grant-based mode, transmission schemes proposed for NOMA can be applied to MU-MIMO as well. The gain of NOMA over MU-MIMO in spectral efficiency is questionable, especially for underloading[footnoteRef:3] scenarios. [3:  A discussion for underloading/overloading can be found in Section 2.4 of this contribution.] 

· When the network operates in grant-free mode and the UL access is contention-free, the gain of NOMA over MU-MIMO in spectral efficiency is questionable.
· The most significant gain of NOMA over MU-MIMO can be achieved in the following scenarios:
· contention-based, grant-free transmission
· small data transmission from RRC_INACTIVE state without active timing advance

Observation 2: The LLS evaluations conducted in Rel-16 NR NOMA SI indicate that contention-based asynchronous NOMA can be supported by joint use of linear hybrid spreading at transmitter and LMMSE IC at receiver.  
Proposal 1:  NR NOMA solutions achieving performance gains over NR Rel-15 MU-MIMO should be prioritized in the study and evaluation.

Proposal 2: For grant-based UL transmission, the degree of freedom can be defined as the number of orthogonal physical resource units in time, frequency and space domains, which is measured for a given TTI, a given transmission bandwidth and a given number of transceiver antennas.
Proposal 3: For synchronized NOMA transmission, TX solutions incapable of UE overloading and/or unsuitable for scalable configuration should be deprioritized and FFS whether they have significant performance gains over OMA with the same transceiver complexity.
Proposal 4:  For normal cell coverage and DL synchronized UE, solutions capable of achieving a better tradeoff than 4-step RACH and CP extension in performance, latency and complexity should be studied for asynchronized NOMA. 

Proposal 5: The asynchronous NOMA transmission scheme in normal cell coverage, such as two-step RACH, should be studied, wherein MSG1 carries front-loaded reference signal (RS) and small data, and UE does not need to perform timing advance prior to MSG1 transmission.

Proposal 6:   Contention-based asynchronous transmission should be supported in NR NOMA, wherein the UE activity detection can be based at least on the processing of front-loaded RS.
Proposal 7:   Scalable design of RS and MA signature should be considered to expand the pool size and reduce the collision probability of random access in asynchronous NOMA transmissions.

Proposal 8: For UL NOMA, HARQ needs to be considered for both synchronized and asynchronized transmissions. The re-transmission can be NOMA or OMA, grant-based or grant free.
Proposal 9: Power domain multiplexing and power control can be used in UE grouping and interference management of NOMA. Link adaptation and power control can be supported for grant-based re-transmission of NOMA, which can use dynamic configuration of the spreading factor, code rate and single/multiple branches.
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