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1 Introduction
At the RAN1 #85 meeting, evaluation assumptions for NR MA for mMTC and eMBB use cases were agreed for both SLS and LLS evaluations. Further, it was agreed that [1]:
· 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
Further, regarding the support of orthogonal, scheduled transmissions/reception, the following was agreed [1]:
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment
In this contribution, we share our views on UL MA for NR including the recommended area of focus on UL NOMA and grant-less transmissions considering mMTC use cases. Following this, we further discuss some aspects related to the target operation regime including SNR, spectral efficiency, and coverage targets. 
2 Key focus area for UL MA for NR
As mentioned in the Introduction section, a “default baseline” method of synchronous/grant-based orthogonal MA (OMA) has been agreed at least targeting eMBB. Considering the primary metric of eMBB being spectral efficiency (system AND user) and high throughput operation, it is natural to consider this baseline of scheduled transmissions/reception. Scheduling based resource allocation for UL is well studied and is expected to be considered as part of the fundamental eMBB UL design. 
On the other hand, mMTC use cases target a markedly different set of KPIs and in this context, it is instructive to consider the options for UL MA carefully and prioritize accordingly. Towards this, we make the following observations on the primary KPIs for mMTC:

· Massive connectivity

· Support up to a million connections per sq. km. (assuming infrequent small packet transmissions) 

· Long UE battery life

· 10-15 years of battery life (assuming infrequent small packet transmissions)
· Low UE complexity

· To facilitate small form factor and ubiquitous presence of such MTC devices that can increase the applicability of cellular IoT solutions 

· Coverage enhancements
· To support devices in deep coverage conditions
Considering the above list, it is clear that grant-less UL NOMA schemes should be considered as the primary candidates for NR MA studies due to the following characteristics:

· NOMA: Statistical multiplexing gains from resource allocation perspective

· Grant-less UL transmissions: Low overhead and latency for infrequent UL traffic with small packets
· UL asynchronous operation: Less overhead from simplified RA procedure.
Further, considering the need for coverage enhancements, the following should be considered as part of the design features 
· Low PAPR/CM UL transmissions: To minimize PA back-off considering coverage-limited UEs, the single-carrier property of UL transmissions should be considered
· Low SNR operation: System design targeting robustness of operation in low SNR/deep coverage
While there may be benefits of considering UL NOMA for certain eMBB use cases as well, in our view, these could be adapted suitably from the design of grant-less UL NOMA designs for mMTC use cases that can be expected to primarily involve small packet transmissions, e.g., contention-based NOMA for small packets (e.g., SR, Msg3 equivalents) or simplification of the random access procedure to reduce access latency.


Proposal 1
· As a starting point, NR MA work should primarily focus on studies on grant-less contention-based UL NOMA schemes for mMTC use cases.
·  The design attributes should be motivated by the primary KPIs of mMTC use cases.
3 Operation regime for grant-less UL NOMA for mMTC
The design of UL MA schemes for mMTC use cases should primarily target low SNR and low spectral efficiency operation. Considering the typical nature of small packet-based traffic and use cases that are unlikely to demand data rates of Gbps or Mbps orders, it is natural to consider the design targeting the expected scenarios of small packet transmissions that are transmitted using robust transmission schemes. 
In terms of spectral efficiency, while high user spectral efficiency may not be necessary for mMTC use cases, it is important to design the system to realize maximal system resource efficiency by exploiting the typical nature of traffic from mMTC devices. This is one of the aspects where a well-designed NOMA scheme can provide gains in terms of sum throughput with non-orthogonal multiplexing of a large number of low data rate UEs’ transmissions.

In terms of addressing the massive connectivity requirements, it is key that the NOMA schemes can scale gracefully with overloaded conditions of the physical resources from both channel estimation as well as packet decoding perspectives.

Widespread coverage (cells with large coverage area) and service in deep coverage are key requirements for mMTC use cases. This implies that the NOMA schemes should be designed in favor of robustness in terms of sensitivity to channel estimation accuracy, time and frequency offsets. Some of these impairments can be expected to be further accentuated due to the use of cheaper components in mMTC devices, e.g., low cost oscillators resulting in additional frequency drifts and poor frequency tracking capability of the UEs. RAN1 should further discuss on the typical operating SNR for comparative analysis of different schemes considering UL mMTC use cases.

Proposal 2

· RAN1 to discuss on the typical operating SNR for comparative analysis of different schemes for link-level studies.
Regarding coverage enhancement, the target coverage for UL NOMA should be discussed to arrive a common design target within RAN1. Specifically, whether the UL NOMA schemes should target a coverage enhancement similar to that was defined for NB-IoT with164dB MCL or not. As shown in the context of modeling of timing offsets between UEs in the case of UL asynchronous transmissions [2], the assumptions of the target coverage can have significant impact not only in terms of the basic design of the NOMA schemes but also the appropriate modeling of the impairments for proper evaluations.

Proposal 3

· RAN1 to discuss and agree on the coverage target for UL NOMA schemes considering mMTC use cases. Specifically, whether the UL NOMA schemes need to support a coverage of up to 164dB MCL or not.
Another aspect to consider further is the assumption on traffic model for system-level evaluations. Currently, the agreed simulation assumptions state: “Non-full buffer small packet. Consider future trend of mMTC traffic”. However, it may be difficult to compare results if left as open-ended as the quoted description. Although it was apparent from discussions at RAN1 #85 that it may be challenging to converge on a single new traffic model, one option in order to not impact NR MA studies and evaluations is to assume the same traffic model as that for NB-IoT and consider scaling it based on the user density only, i.e., from ~50,000 devices per sq. km to 1 million devices per sq. km.
Proposal 4
· In order to be able to compare SLS evaluations on user capacity of different schemes, RAN1 to make a working assumption on using the traffic model for Rel-13 NB-IoT with possible scaling of the user density to 1 million devices per sq. km.
4 Conclusion
In this contribution, we shared our views on UL MA for NR including the recommended area of focus on UL NOMA and grant-less transmissions considering mMTC use cases, and discussed the need to converge on a common understanding of the target scenarios of focus for further studies of grant-less UL NOMA schemes. Based on the discussions in the paper we make the following proposals:
Proposal 1

· As a starting point, NR MA work should primarily focus on studies on grant-less contention-based UL NOMA schemes for mMTC use cases.
·  The design attributes should be motivated by the primary KPIs of mMTC use cases.
Proposal 2

· RAN1 to discuss on the typical operating SNR for comparative analysis of different schemes for link-level studies.
Proposal 3

· RAN1 to discuss and agree on the coverage target for UL NOMA schemes considering mMTC use cases. Specifically, whether the UL NOMA schemes need to support a coverage of up to 164dB MCL or not.
Proposal 4
· In order to be able to compare SLS evaluations on user capacity of different schemes, RAN1 to make a working assumption on using the traffic model for Rel-13 NB-IoT with possible scaling of the user density to 1 million devices per sq. km.
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