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1 Introduction
In RAN1 #84bis and #85, NR Multiple Access Scheme section has agreements as below:

· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases

· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied

· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control

· Receiver impact
In this contribution, we discuss non-orthogonal multiple access (NOMA) technologies for NR UL.
2 Discussion
· Uplink OFDMA and NOMA transmission
In this section, we compare OFDMA and NOMA in the uplink. Fig. 1 shows an example of OFDMA and NOMA resource allocation. In OFDMA, transmission data for each user is mapped to different frequency and time resources. Therefore, if the total number of resource elements is NRE and the total number of users is NUE, one user can use (NRE / NUE) resource elements. On the other hand, in NOMA, each user can use all resource elements NRE. As shown in fig. 1, when six users share the resource elements, one NOMA user can use 6 times the resource elements of an OFDMA user. This means that it is possible to achieve NUE times capacity gain in NOMA transmission compared with OFDMA. However, since NOMA shares the same resources for each user, users suffer from other users’ signal interference. To reduce the interference effect, NOMA uses pattern vectors that the different users to be separable at the receiver. Pattern vector classes include spreading, interleaver, codebook and power pattern vectors. In addition, NOMA which includes non-spread likely interleave or power, and sparse spreading also could use the resource element for data symbol transmission. All NOMA require multi-user interference cancellation, but as this does not usually operate perfectly, it is useful to use lower code rates in NOMA transmissions.  To maximize the frequency efficiency for NOMA, we expect that more lower code rate options would be needed. We propose that RAN1 should study more low code rate options suitable for NOMA MCS. 
Proposal 1
: RAN1 should consider additional low code rate options suitable for NOMA MCS. 
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Figure 1. Scenario for OFDMA and NOMA comparison
· Autonomous/grant-free/contention based uplink transmission
In this section, we consider the autonomous/grant-free/contention transmission. In grant-free transmission, it is likely that more than one user would end up using a given resource at the same time. In the code/interleave domain NOMA which includes spreading, interleaving and codebooks based NOMA [1-5], colliding users can be separable by through differences in their patterns vectors such as spreading, interleaving, and codebooks. However, if some users happen to use the same pattern vector, they will suffer from other user signal interference. Fig. 2 shows an example of only code/interleave domain NOMA scenario. Fig. 2 assumes four UEs and the uplink case. Assume one of the Near UEs and one of the Far UEs use the same code/interleave Pattern #0. The two UEs which both use code/interleave Pattern #0 will suffer signal interference from each other as the signals from the two UEs are not easily separable at the base station. Therefore, RAN1 should consider how to deal with colliding NOMA pattern vectors for autonomous/grant-free/contention based uplink transmission. As one of the countermeasures, we consider that power domain NOMA[6, 7] is suitable for dealing with such collision.  Fig. 3 shows the combination of code/interleave domain NOMA and power domain NOMA scenario. This figure also assumes four UEs and the uplink case. One of the Near UEs and one of the Far UEs use the same code/interleave Pattern #0. Though the two UEs use the same code/interleave Pattern #0, the base station can still decode their signals by power domain NOMA with cancellation. Therefore, by using the power domain NOMA with code/interleave domain NOMA, all code/interleave patterns can be reused. 
Proposal 2
: RAN1 should consider how to deal with collisions of users’ NOMA patterns for autonomous/grant-free/contention based uplink transmission.
Proposal 3
: RAN1 should consider combining code/interleave domain NOMA and power domain NOMA to resolve NOMA pattern vector collisions.
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Figure 2. Code/interleave domain NOMA
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Figure 3. Combination of code/interleave domain NOMA and Power domain NOMA
3 Conclusions
In this contribution, we have discussed the uplink NOMA technology for NR. The following proposals are made.
Proposal 1
: RAN1 should consider additional low code rate options suitable for NOMA MCS. 
Proposal 2
: RAN1 should consider how to deal with collisions of users’ NOMA patterns for autonomous/grant-free/contention based uplink transmission.
Proposal 3
: RAN1 should consider combining code/interleave domain NOMA and power domain NOMA to resolve NOMA pattern vector collisions.
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