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1. Introduction
The study on Non-orthogonal Multiple Access for NR [1] was agreed in RAN75. The following objective was defined in the SID:
This study will further progress on the evaluation of non-orthogonal multiple access schemes focusing on uplink, and provide recommendation on the non-orthogonal multiple access scheme(s) to be specified later.

Agreements, observations and evaluation assumption in Rel-14 study shall be the starting point. The detailed objectives are to study the following:
1 non-orthogonal multiple transmission scheme
1.1 Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]:

· Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.

· Coded bit level processing including interleaving and/or scrambling, etc.

· Symbol to resource element mapping, sparse or not, etc.
· Demodulation reference signal. Other signal is not excluded.
1.2 Receivers for non-orthogonal multiple access: [RAN1, RAN4] 
· MMSE receiver, successive/parallel interference cancellation (SIC/PIC) receiver, joint detection (JD) type receiver, combination of SIC and JD receiver, or other receivers
· The study should consider performance, receiver complexity, etc.
1.3 Procedures related to the non-orthogonal multiple access  [RAN1]

· 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
1.4 Link and system level performance evaluation or analysis for non-orthogonal multiple access continued from performance metrics identified from Rel-14. The benchmark for comparison is OFDM contention based multiple access. Realistic modelling of Tx/Rx impairment including potential PAPR issue, channel estimation error, power control accuracy, collision, etc. should be considered. [RAN1]

· Traffic model and Deployment scenarios of eMBB (small packet), URLLC and mMTC
· Device power consumption

· Coverage (link budget)

· Latency and signalling overhead 
· BLER reliability, capacity and system load

· Physical abstraction (link-to-system mapping model)
In this contribution, we discuss our view of NOMA designing target for different NR scenarios.
2. Discussion
NOMA has been discussed to be applied in the 3 major use scenarios, i.e., mMTC, eMBB and URLLC. Generally speaking, the mMTC scenario is suitable for a situation with high demands for machine-type communications, such as the Internet of things (IoT). While a communication device operated under the mMTC scenario is more tolerant for transmission delay, such communication device requires a capability of transmitting small packets at a high efficiency. The eMBB scenario is suitable for a situation with a high user density. Therefore, in response to a large number of needs for transmission rate, a communication device operated under the eMBB scenario requires a larger channel capacity to be assigned to multiple users. The URLLC scenario is suitable for a situation requiring a higher reliability and a shorter transmission delay, such as drone controlling. It is obvious that NOMA benefits these scenarios and we provide our view below.
· mMTC scenario:
The main target of mMTC is connecting tens of billions of machine-type terminals to the wireless network. The main challenge in mMTC is how to implement efficient connectivity for a massive number of devices sending very short packets, which is very different with the communications system designing before. Furthermore, mMTC solutions need to enable wide area coverage and deep indoor penetration while having low cost and being energy efficient. NOMA indeed is able to support more connections than other systems and this will become particularly useful in the massive projected increase in connectivity for mMTC. However, NOMA should be design carefully to achieve other requirements in mMTC.  Considering the low power consumption, low complexity and low cost requirements for mMTC devices, the minimization of channel monitoring and using the low complexity transmission schemes are needed. So the simple NOMA transmission schemes with grant-free transmission may be a good way forward. To extend the coverage for mMTC system, the repeated transmissions, such as HARQ and retransmissions, could be applied. Although the methods of repeated transmissions are old schemes, it still works effectively.
Observation#1: The simple NOMA transmission scheme should be considered in mMTC scenario because of the UE complexity issue.

· eMBB scenario:

For the fundamental research, NOMA has been proved that can efficiently extend the capacity region (Fig.1). In the practical consideration, many NOMA schemes have been proposed and these NOMA schemes can be identified to be codebook-based, sequence-based and interleaver/scrambling based. To achieve the theoretical capacity region, the complexity of both transmission schemes and advanced receivers will be increased. So, the tradeoff between the performance and complexity is a problem for user capacity enhancement. If the complexity is tolerable, combining of the NOMA and MIMO could be a good way to further enhance the system throughput. However, the infrequent small data which has a periodic or event-triggered infrequent traffic in eMBB transmission can not be neglected. The eMBB small data should have different design targets. For these eMBB small data, the power consumption and signaling overhead reduction are more important than capacity enhancement. Similar to the design consideration of NOMA in mMTC, these small size eMBB data could be transmitted by grant-free operation with NOMA.
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Fig.1. The theoretical capacity region of NOMA in Gaussian Multiple Access Channel (UL) and Broadcast Channel (DL).
· URLLC scenario:
URLLC usage scenarios require both high reliability and low latency simultaneously. To achieve the low latency requirement, the mini-slots, which can support transmissions with a flexible start position and a duration shorter than a regular slot duration, and grant-free transmission are used in URLLC scenarios. On the other hand, the high reliability requirement is attained by the HARQ technique. However, as the number of potential UEs/devices or the traffic arrival rate increases, resource congestion will occur. And resource congestion leads schedule latency, which may not be acceptable by URLLC and impacts reliability of URLLC. Additionally, the K repetition which is agreed in Rel-15 to achieve robust transmission will further increase risk of resource congestion. In order to solve the resource congestion, it's necessary that NOMA schemes be discussed in URLLC. Nevertheless, the error rate performance of NOMA schemes needs to be investigated carefully.
Observation#2: NOMA with grant-free transmission can reduce the latency. However, the reliability should be investigated carefully.

· Different scenario multiplexing:

The resource sharing between different NR scenarios can effectively increase the resource efficiency. The URLLC and eMBB multiplexing has been agreed in RAN1 #86 last year [2]. In DL, the preemption has been applied to ensure the requirements of URLLC when URLLC and eMBB multiplexing is performed. The URLLC data and eMBB data are transmitted and scheduled by the gNB, so the arriving URLLC data can be immediately scheduled by the BS by preempting a portion of the eMBB data in DL. On the other hand, the URLLC data and eMBB data may be transmitted by different UEs/devices in UL. Considering the case that URLLC transmission (either grant-based or grant free) is to be performed by a UE when another UE performs uplink transmission for eMBB on the same resources. For grant-based transmission, it’s possible to inform eMBB UE/device to suspend the transmission to avoid collision on URLLC transmission. However, the processing time between UL grant reception and UL transmission may be different between eMBB UE/device and URLLC UE/device. It means that the eMBB UE/device may not stop the uplink transmission in time. Furthermore, the preemption cannot be applied for the grant-free transmission. So, the preemption is unsuitably performed in UL URLLC and eMBB multiplexing. To satisfy the requirements of URLLC transmission in UL URLLC and eMBB multiplexing, the superposition of eMBB and URLLC could be performed in UL to prevent the collision between eMBB and URLLC to increase the reliability.
Proposal#1: NOMA could be used for different scenarios multiplexing, e.g., eMBB and URLLC multiplexing.
Besides, the MCS design has been discussed for URLLC to simplify the gNB implementation to choose the appropriate modulation and coding rate based on the CQI feedback [3]. Generally, UEs/devices at different geometry will experience different channel conditions. Therefore, it’s possible for each UE/device to decide their code rata/MCS autonomously based on the predefined MCS table in UL. It could be beneficial to reduce the control signaling overhead and erase the feedback latency. Additionally, once NOMA schemes are performed in UL URLLC and eMBB multiplexing, the predefined MCS table for URLLC UEs/devices should be built based on the MCS of co-scheduled ongoing eMBB transmission (Table 1).
	Index
	URLLC UE/device
MCS index
	eMBB UE/device
MCS index

	1
	
	8

	2
	2
	6

	3
	4
	4


Table 1. An example of MCS combination table for URLLC and eMBB multiplexing
Proposal#2: In UL, each UE/device can autonomously decide their code rate/MCS to transmit data to reduce latency.
3. Conclusion
In this contribution, we introduce the NOMA scenarios and the observations and proposals are given as following:
Observation#1: The simple NOMA transmission scheme should be considered in mMTC scenario because of the UE complexity issue.
Observation#2: NOMA with grant-free transmission can reduce the latency. However, the reliability should be investigated carefully.
Proposal#1: NOMA could be used for different scenarios multiplexing, e.g., eMBB and URLLC multiplexing.
Proposal#2: In UL, each application can autonomously decide their code rate/MCS to transmit data to reduce latency.
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