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1 Introduction
At the RAN1#86 meeting, the following agreements were achieved in agenda 8.1.2.2 (Multiple access) for autonomous/grant-free/contention based UL non-orthogonal multiple access:
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC

· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied

· Opt. 1: a UE performs random resource selection

· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined

· Details FFS

· Other options are not precluded

· Continue study at least the following: 

· Handling of  potential collisions of MA signatures

· Retransmission/repetition and potential combining, e.g. HARQ

· Potential link adaptation, e.g. MCS/signature re-assigning

· Relationship between grant-free and grant-based transmissions and associated UE behavior

· Advanced receiver capabilities including complexity analysis

· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block
· Note: spatial dimension is not considered as a physical resource in this context
· Continue study at least the following: 

· Handling of  potential collisions of MA signatures

· Retransmission/repetition and potential combining, e.g. HARQ

· Potential link adaptation, e.g. MCS/signature re-assigning

· Relationship between grant-free and grant-based transmissions and associated UE behavior

· Advanced receiver capabilities including complexity analysis

· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:

· Codebook/Codeword

· Sequence

· Interleaver and/or mapping pattern

· Demodulation reference signal

· Preamble

· Spatial-dimension

· Power-dimension

· Others are not precluded

· Details on MA physical resource and MA signature resource FFS 

· For NR non-orthogonal multiple access evaluation, realistic channel estimation is prioritized and the following aspects are considered 

· The proposed DMRS pattern(s), if any, for channel estimation

· FFS: DMRS overhead. E.g., LTE UL DMRS overhead can be used as a reference.

· FFS: DMRS contamination due to inter-cell interference

· FFS: Impact of DMRS collision in case of “autonomous/grant-free/contention based”  multiple access

· Note: companies report the DMRS settings used for the LLS/SLS evaluation.
In this contribution, we provide our views and preliminary LLS evaluation results for UL non-orthogonal multiple access mainly targeting for UL mMTC scenario. Our SLS evaluation results are shown in [1].
2 NOMA with code spreading
In NB-IoT/eMTC specification, simple signal repetition and combining is applied to improve the successful reception probability and coverage. When assuming NOMA/MU-MIMO case, however, such kind of signal repetition may not be sufficient to mitigate inter-UE interference in a cell, and further performance enhancement can be considered using e.g. code spreading as many companies were proposed. In this section, we propose NOMA with code spreading, which is very simple time domain (or frequency domain) code spreading on top of signal repetition as shown in Fig. 1. If grant-based multiple access is assumed, the gNB can configure orthogonal code (e.g. OVSF code) to the multiplexed UEs to cancel the inter-UE interferences. Even though the same spreading code is allocated for different users, inter-UE interference among such UEs can be cancelled by the advanced receiver at the gNB side. 
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Figure 1. NOMA with code spreading on top of repetition (Ex. Spreading factor = 4)

Since multiple-users are allocated with the same physical resources, orthogonality of reference signal should be ensured in order to conduct channel estimation with high accuracy. In NOMA with code spreading, allocated spreading code is utilized for not only data symbols but also DMRS sequences as shown in Fig.2. Note that in this figure, LTE based DMRS structure is used as an example. However, the same strategy can be utilized for another DMRS structure. As long as the spreading code is different between the users, orthogonality of DMRS could be kept even though the same DMRS sequence is used. In other words, DMRS collision would occur only in the users which have the same spreading code. Hence, in grant-based scheme, gNB can independently allocate spreading code and DMRS sequence to the users. Also in grant-free scheme, each user can chose the spreading code and DMRS sequence independently. This is quite beneficial to reduce the colliding probability of the DMRS sequence.
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Figure 2. DMRS spreading assuming LTE uplink
3 Preliminary LLS evaluation
In order to investigate the gain from NOMA with code spreading, we conduct the link level evaluations. The major simulation parameters are summarized in Table 1, which are aligned with agreed evaluation assumption at RAN1 #85. As a spreading factor, we assume 1 (no-spreading), 2 and 4 are assumed. For DMRS sequence, we assume the same structure as LTE uplink, and realistic channel estimation is assumed. As an inter-user interference canceller, we assume the following two receivers:

1. MMSE receiver assuming MU-MIMO (MU-MMSE)

2. Hard-decision CWIC with CRC check for interference signals (CWIC)

Clearly, CWIC has an advantage over MU-MMSE in terms of demodulation performance, but MU-MMSE is very simple receiver, hence it could be implemented to the gNB more easily. Furthermore, we assumed that spreading sequence is allocated to the users such that overloading factor do not exceed 300% in this evaluation. Also, DMRS sequence is allocated to the users such that DMRS is not collided within the users which have the same spreading sequence.

Table 1. Link evaluation assumption
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Waveform SC-FDMA
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Numerology SameasRelease13

SystemBandwidth 10MHz
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Figure 3 shows the evaluation results. From the results, we observed that up to 200% overloading can be achieved by MU-MMSE receiver, and up to 300% overloading can be achieved by CWIC receiver regardless of spreading factor. Also, overloading factor cannot be improved by code spreading, but required SNR level is improved according to the spreading factor. Note that in this evaluation, spreading code and DMRS sequence is ideally allocated for the users such that undesirable collision of MA signature, e.g. DMRS sequence collision within the same spreading code, does not occur. There, for grant-free transmission, those results can be considered as the best performance targeted to be achieved.
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Figure 3. Link evaluation results for NOMA with code spreading

Observation 1. NOMA with code spreading can improve the demodulation performance when assuming that spreading code and DMRS sequence are ideally allocated to the users by gNB, i.e. grant-based transmission.

Observation 2. For grant-free transmission, NOMA with code spreading can poetically improve the performance, but further investigation is needed. 
4 Conclusion
In this contribution, we provide our views and preliminary LLS evaluation results for UL multiple access. According to the discussions, we have following observations:
Observation 1. NOMA with code spreading can improve the demodulation performance when assuming that spreading code and DMRS sequence are ideally allocated to the users by gNB, i.e. grant-based transmission.

Observation 2. For grant-free transmission, NOMA with code spreading can poetically improve the performance, but further investigation is needed. 
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