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1
Introduction
NR study item of non-orthogonal multiple access (NOMA) was approved in [1]. The study item is expected to start in January 2018 [2]. In this contribution, we discuss our consideration on NOMA study and future plan.
2
Use scenarios and performance benefits
As stated in [1], NOMA can be used in three major use scenarios of 5G. Figure 1 shows the characteristics of each scenario, highlighting those that are most relevant to NOMA operation. The corresponding performance benefits are listed in Table 1.
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Figure 1 Use scenarios for NOMA 
· URLLC scenario

In URLLC, users are supposed to be in RRC connected. To reduce the latency, SPS based mechanism can be used, where DMRS of each user is semi-persistently configured, without collision. This ensures good quality of channel estimation which is crucial to NOMA, especially when there is stringent requirement for reliability. User identification is based on DMRS or preamble. Because the operation is in RRC connected, tight synchronization can be maintained and the time/frequency errors can be kept small, i.e., synchronous operation. Power control also tends to be tighter, to achieve equal average SNR across different users in the uplink. The SPS based URLLC is already specified in Rel-15 and will be the baseline for NOMA study.
Compare to the baseline SPS based (or grant-free) URLLC, NOMA can increase the resource utilization since different users can share the same set of resources. The detection reliability can be improved by using NOMA schemes at the transmitter. Alternatively, if we stick to the similar detection reliability as the baseline, transmitter side NOMA schemes can relax the requirement for advanced receivers. For instance, MMSE-IRC would be used, instead of MMSE-SIC, and therefore reducing the burden of receiver to process the data within short period of time. This is generally helpful to achieve low latency.
· mMTC scenario
One key characteristics of mMTC is massive connection. In this scenario, users would operate in RRC inactive/idle, otherwise, the signalling overhead of massive number of mMTC users would throttle the systems. Without the tight oversight by the network, each user would freely and randomly select its multiple access signatures, (MA signatures can be preamble/DMRS, spreading sequence, interleaver/scrambling, etc.) for autonomous transmission. This leads to potential MA signature collision which not only degrades the multi-user detector performance, but also makes channel estimation more difficult. At the base station receiver side, it is difficult to maintain the same average SNR between different users, due to the rather inaccurate open-loop power control. This is especially true for cell-edge users where the Tx power is capped by the max power of the amplifier. Timing offset between different users may exceed normal cyclic prefix (CP), since there is no closed-loop for timing advance (TA) adjustment in RRC inactive or idle. Extended coverage should be considered in mMTC and the maximal coupling loss (MCL) can be up to 164 dB. 
Grant-based transmission requires full-blown connection step up. Such mechanism leads to significant signalling overhead which is not worthwhile for infrequent small traffic like in mMTC. The multi-step process of random access causes long delay and drains big portion of power of the terminals. Compared to grant-based mechanism, grant-free transmission can reduce the latency, signalling overhead and power consumption. However, grant-free alone is not able to fulfil a key performance requirement, i.e., connection density. With grant-free NOMA, much higher connection density can be achieved, which has been verified extensively in Rel-14 NR study.
The so called “two-step RACH” shares a lot of similarity to mMTC. For example, two-step RACH is supposed to operate in RRC idle. A user in two-step RACH has to randomly select the preamble which may collide with other users that are transmitting the same preamble at the same time and frequency. In two-step RACH, a preamble is followed by a message (e.g., Msg. 3 and may even carry some uplink data). This can be considered as one of the solutions of NOMA in mMTC where the preamble is used as a front-loaded special DMRS that can have different numerology from that for the subsequent message. Such preamble would be used for user detection and/or initial channel estimation, as well as the time/frequency estimation.
· eMBB scenario

There are two cases for eMBB. Case 1 is for infrequent small data which is supposed to operate in RRC inactive/idle. Hence, the power control would be quite loose. The lack involvement from the network means that each user can randomly select its MA signature for uplink transmission, leading to potential signature collision. The transmission may be asynchronous, e.g., beyond normal CP, since users are in RRC inactive/idle mode. This is similar to the case of mMTC. The benefit from grant-free is reduced latency, signalling overhead and power consumption, compared to grant-based eMBB transmission. The benefit of NOMA is more efficient resource utilization compared to grant-free eMBB.

eMBB Case 2 is for relatively big data. It would be operated in RRC connected, and with dynamic grant to adapt to the fading channel. The operation is synchronous. In this scenario, the number receive antennas is assumed small (e.g., at lower bands) and the gain from uplink multi-user MIMO. Hence, power-domain superposition has the potential to further increase the cell throughput and the fairness to cell edge users. By applying MA signatures at transmitter side, link performance may be improved and the receiver complexity may be reduced, compared to without any spreading.   
Table 1 Performance benefits of NOMA

	Use scenario
	Performance benefits

	URLLC (grant-free)
	· More efficient use of SPS allocated resources

· Complexity reduction of receiver

	mMTC (grant-free)
	· Higher connection density per physical resource

· Reduced latency, signalling overhead and power consumption

	eMBB
	Case 1 (grant-free)
	· Efficient resource utilization

· Reduced latency, signalling overhead and power consumption

	
	Case 2 (grant-based)
	· Higher cell throughput, especially when # Rx antennas is small
· Complexity reduction of receiver


3
Consideration on NOMA study
Since NOMA is applicable to all three major use scenarios and can provide performance benefits in each scenario, NOMA study should consider URLLC, mMTC and eMBB. On the other hand, the total time unit (TU) allocation for Rel-15 NOMA study is not very abundant. Therefore, it is better to identify core technical aspects of NOMA and focus on those. Then for customized aspects, simple extraction can be considered. The basic idea is shown in Fig. 2.
For the core NOMA solution, it should at least be able to operate in RRC inactive or RRC idle state. This is the essence in many scenarios and reflects one of the core values of grant-free NOMA. Otherwise, the study item would lose the “innovative characteristics” and the design would be restricted to the mind set of conventional multiple access where the network imposes tight control over each user’s transmission. RRC inactive or RRC idle means that each user can randomly choose its MA signature, hence, there would be potential signature collision. This is exactly a major task to be solved in NOMA study item. RRC inactive or RRC idle also means that only open-loop power control would be possible. Hence, near-far effect, e.g., big difference in received SNR over users, is significant, which should be taken into account when designing NOMA schemes. For grant-free NOMA, one of the KPIs would be overloading capability, or resource utilization, which can be considered as the metric for “capacity” for grant-free, counterpart to the system capacity/cell throughput for grant-based. Certainly, the metric of overloading should be well defined, for instance, not only the total number of users for multiplexing, but also the spectral efficiency per user, of course given a certain SNR per user or total SNR summed over users. Another important KPI is the receiver complexity. While it is generally expected that NOMA receivers tend to be more advanced and thus more complex than OMA receivers, the receiver implementation should be cost-effective. This is not totally specification transparent, because in many occasions a transmitter side NOMA scheme has one or two typical receiver implementation, implying that NOMA schemes need to be judged by the metric of receiver complexity. Its complexity may be higher than that for OMA, but should be moderate. Very complicated receiver is at disadvantage, if its performance is not noticeably better than others.
Even though the uplink timing synchronization cannot be maintained in the “realistic” RRC inactive or idle, more focus can be first given to the case where the timing offset between users is within normal CP. Such treatment can greatly simplify the discussion without too much distraction on how to model, simulate the asynchronous operation. The NOMA performance evaluation can be performed in a manner closer to conventional simulation in this regards.
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Figure 2 Generic NOMA technology for the study phase
The above “RRC inactive/idle, within normal CP” forms the essential characteristics and KPIs the core NOMA solution should be designed. And it should be the focus during NOMA study phase when some “customized” aspects can also be looked upon. 
For RRC-connected with SPS based grant-free, there would be no collision of MA signature. Compared to the core NOMA solution, the customized solution for this application is less challenging in terms of dealing with MA signature collision. It is expected that a subset of general solution may be sufficient, for instance, a subset of MA signatures. In this case, low complexity receiver may be even more preferable, since anyway the receiver does not need to handle the MA signature collision, and yet the requirement for latency is more stringent. 
For RRC-connected with grant-based, collision-free of MA signature can be ensured. The customized solution would be a subset of the core NOMA technology. The desirable design should allow low complexity receiver at the base station in this case.

For asynchronous operation, the timing offset between users may exceed normal CP. For the typical cell size, the timing should not deviate too far from the subframe boundary, since a user needs to acquire downlink timing before uplink transmission. The uplink transmit timing should be referenced to the subframe boundary. Then the asynchronous issue may be solved by either changing the numerology, e.g., with narrower subcarrier spacing and longer CP, or increasing the receiver complexity to some extent, e.g., with multiple time-window hypotheses, to align the time for each target user. In nutshell, asynchronous solution can be designed based the core solution, with simple extension. 
4
Consideration on NOMA specification
NOMA is to be considered as a generic technology that can provide performance benefits in URLLC, mMTC and eMBB. The NOMA technology in study phase should be able to fulfil the design goals of all these three scenarios, although the core NOMA solution has more focused targets. Assuming that significant performance gains would be identified via NOMA study in Rel-15, it will be reasonable to have a work item for NOMA and this work item would still be for generic NOMA. The difference from NOMA study phase is that in work item phase, more detailed designs are expected which would be closely based on the exact channel structure, channel coding, UE procedures, … already specified for NR. More time is needed, i.e., one and half years as shown in Fig, 3, in order to finish the normative work for NOMA, since the “customization” to RRC connected, or to asynchronous would no longer be “conceptual” or at the level of “design framework”. These customization work may take even more time for standardization, compared to core NOMA solution.
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Figure 3 Overall time plan for NOMA study and specification

Notice that it would be desirable that NR can be shown to be able to fulfil the requirements of ITU IMT-2020 for all the major scenarios, including mMTC. Hence, it is envisioned that during the work item phase of NOMA in Rel-16, some performance study can be carried out to evaluate mMTC with NOMA. This evaluation needs to be completed by June 2019 to meet the time schedule of ITU. 
Then in Q1 of 2020, normative work can be started for NR mMTC with NOMA. This Rel-17 work item would need one and half years for completion. Considering the time for deployment, it will be around 2023 when NR mMTC network with NOMA will be ready for service. Note that eMTC was deployed from around 2015 and NB-IoT will be deployed around 2018. There will be 5~7 years for LTEs’ IoT technologies to develop and mature their business models in vertical industry before NR mMTC network starts to operate.

5
Conclusion

In this paper, we presented our consideration on NOMA study and future plan. In general, NOMA can provide performance benefits in all three major use scenarios for 5G: URLLC, mMTC and eMBB. In the study phase, we can focus on the core NOMA solution, with certain customized solutions. Rel-16 NOMA work item would be for generic NOMA technology that can generally applied to all three use scenarios. NOMA normative work for NR mMTC can be in Rel-17.
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