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Introduction
At the RAN1#84bis meeting, the following observations and agreements were captured [1].
	Observations:
· Examples non-orthogonal schemes include (but not limited to):
· For UL, Multi-user shared access (MUSA) (e.g., R1-162226)
· Resource spread multiple access (RSMA) (e.g., R1-163510)
· Sparse code multiple access (SCMA) (e.g., R1-162153)
· Pattern defined multiple access (PDMA) (e.g., R1-163383)
· Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517)
· Low code rate spreading (e.g., R1-162385)
· Frequency domain spreading (e.g., R1-162385)
· Non-orthogonal multiple access (NOMA) (e.g., R1-163111)

Agreements:
· 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
.


As usage scenarios for NR, eMBB, mMTC, and URLLC are identified. As described in above conclusion, contention based access is going to be studied at least for mMTC. In this contribution, we show our view for the uplink multiple access scheme for contention based non-orthogonal multiple access.


Contention based non-orthogonal multiple access
At the RAN1#84bis meeting, various access schemes were proposed [2-8], and evaluations will be done by link level and system level evaluations. Not all of these schemes are mutually exclusive with each other; for example RSMA is not necessarily incompatible with NOMA (uplink MUST). For example multiple UEs may engage in RSMA simultaneously via coding and be superposed in over the air transmission.
Observations:
· Multiple access scheme candidates should be categorized based on the principle of access scheme, e.g., code or power.
· Multiple access scheme candidates should be studied considering their pros and cons, their ability to maximize KPIs for the NR RAT, and whether KPIs can be enhanced by combining aspects of these schemes.
For mMTC use cases, contention based access can be considered to reduce control signaling overhead caused by massive L1/L2 signaling. In addition, it is also preferable to support various QoS, in particular, mission critical, low latency mMTC applications should be expected to coexist with non-mission critical delay tolerant mMTC. Naturally, as it is massive MTC, more time and/or frequency resources will be required, even if an LTE NB-IoT-like scheme is used as a baseline for NR mMTC. Beyond the considerations posed by keeping aspects of LTE NB-IoT, it is expected that applications such as sensors and video uploading, will eventually be supported for mMTC. That would imply that sooner or later, frequency resource allocations besides single tone or 1RB will have to be supported for mMTC. Furthermore, it is within the realm of discourse at present that mMTC might share resources with, say, eMBB traffic (which is of course also delay tolerant). If multiple subframes are supported for contention based access, each UE’s signal may be linked together in the time domain as shown in Fig. 1.
[image: ]
Figure 1: Partial contention in the time domain
In the case of Fig.1 where the used time-domain resources are tying in a row, the interference caused by non-orthogonal multiplexing will be suppressed or canceled by an advanced receiver. If symbol level interference canceller (SLIC) as an advanced receiver is assumed, SLIC can cancel the interference using the OFDM symbol only. On the other hand, codeword level interference canceller (CWIC) is assumed as an advanced receiver, CWIC may not be able to detect the UE2’s signal without all the received signal of UE3. Moreover, the CWIC may not be able to detect the UE3’s signal without all the received signal of UE4. In this manner, CWIC may have to wait the reception of UE5’s signal to detect the UE2’s signal. In this case, CWIC receiver have to store all the received signal. Moreover, latency may become a problem. So, in the performance evaluation, latency metric needs to be evaluated. Therefore, if not SLIC but CWIC is assumed as an advanced receiver, each company is encouraged to provide the methodology of cancelling.
[bookmark: _GoBack]Moreover, in the frequency domain, supported bandwidth of mMTC UEs may be different according to the use cases. For example, 180 kHz bandwidth is supported for LTE NB-IoT, and 1.4 MHz bandwidth is supported for LTE eMTC. Therefore, if we evaluate contention based access in uplink NR, the transmission bandwidth of mMTC UEs should also be clarified, because this implies frequency-domain partial contention among multiple mMTC UEs.

We therefore have
Proposals:
· Each company is encouraged to report the receiver assumption and whether time-domain partial contention occurs or not in the evaluation.
· RAN1 should clarify not only system bandwidth but also transmission bandwidth of mMTC UEs for evaluations.

Conclusion
In this contribution, we propose the following:
Observations:
· Multiple access scheme candidates should be categorized based on the principle of access scheme, e.g., code, or power.
· Multiple access scheme candidates should be studied considering their pros and cons, their ability to maximize KPIs for the NR RAT, and whether KPIs can be enhanced by combining aspects of these schemes.
Proposals:
· Each company is encouraged to report the receiver assumption and whether time-domain partial contention occurs or not in the evaluation.
· RAN1 should clarify not only system bandwidth but also transmission bandwidth of mMTC UEs for evaluations.
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