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1 Introduction
In RAN1 #86 meeting, the following agreements on uplink grant-free access for New Radio (especially/ at least for mMTC case) were achieved [1]:
· 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
· 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 

Based on the above agreement, grant-free UL multiple access for mMTC should be investigated in 5G NR and the grant information doesn’t dynamically and explicitly indicated from eNB. In this contribution, the detailed uplink multiple access transmission mechanisms for mMTC NR are described for the study.  

2 Design of mMTC uplink access
2.1 KPI requirement and mMTC traffic characteristics
Extended coverage, longer UE battery life and massive connection density are key requirements for the success of Internet-of-Things (IoT) services and massive MTC which is specified as KIP in TR38.912 [2]. Besides the three aspects of KPI requirement, UE complexity should be taken into account in the design of mMTC for NR as the current R.13 eMTC and NB-IoT.
So the uplink multiple access scheme design should follow the above KPI requirement. Different from the traditional communications, the mMTC is mainly focused on the communications among machines, and thus has the various features, which should be paid more attention on the design of uplink multiple access. 
1) Massive connected terminals/devices; e.g., connection density should be 106 device/km2 in urban environment as shown in TR38.912. So high connection efficiency to achieve the desired connection density (such as 106 device/km2 in urban environment) is considered in the standard, and non-orthogonal multiple access schemes are present to support these massive devices, including multi-user shared access (MUSA) [4], resource spread multiple access (RSMA) [5], sparse code multiple access (SCMA) [6], pattern defined multiple access (PDMA) [7], etc. So the non-orthogonal multiple access scheme could be designed to support the massive terminal access to the network simultaneously and meet the requirement of  5G NR.
2) Low data-rates, and small-sized packets; Small packets transmission with a wider scope beyond the deep coverage area which was studied in MTC type transmission would be required considering the diversified NR usage scenarios. Traditional multiple access techniques, such as the contention-based random access in LTE are based on orthogonal methods. It requires rigorous scheduling procedure and therefore high signaling overhead. For the traditional high-data rate wideband transmission, the signaling overhead is acceptable comparing to the amount of useful data. The ratio between signaling overhead and data resource will be significant if the orthogonal access approaches are adopted for the transmission of occasionally small data packets in mMTC. So the grant-less based access is proposed to be studied to remove the signaling overhead.
3) Sporadic communication, i.e., long time sleeping mode whiles few of them being active at a time, which is more suitable to “arrive and go” grant-less random access transmission mode.
4) Uplink biased traffic, i.e., service requests are mostly initiated on the UE side. 
These features require that the mMTC should be low-cost and low-power consumption. The access procedure should be simple enough and the signaling overhead should be reduced as much as possible. 

2.2 Design principle for mMTC UL access
In our view, grant-free based transmission for small packets would play an important role in the design of the mMTC uplink accesses for the NR. The main benefit of grant-free access is that it does not need the scheduling grant from the networks. Since the downlink scheduling capacity is limited and there is an inherent inefficiency incurred in scheduling a massive number of devices for short packet size. From the UE size, without grant scheduling, UE could save the power and reduce the transmission latency.

As discussed above, there are the following consideration points when describing uplink access transmission scheme:

· Whether RACH procedure is needed or not

· Whether all of the UL grant is needed or not

· Whether handling of UL collisions

· How to reduce the eNB complexity
Preamble transmission is used to initialize the RACH procedure and achieve the uplink synchronization in LTE systems. Uplink synchronization could easily achieve based on preamble sequence detection at the eNB side. In grant-free based transmission, asynchronous UL transmission is allowed to with grant-free uplink transmission. And asynchronous UL transmission may lead to mutual interference between UEs within the same cell if the timing information is not achieved in receiver size. The impact from asynchronous transmissions and inter-UE ISI on the PUSCH reception will also need to be considered. For example, channel estimation will be degraded as reference signal may interfere with data transmissions and orthogonal reference signal multiplexing may not be possible. Additionally, frequency offset correction typically utilizes the reference signal symbols in a subframe and non-orthogonal reference signal transmissions will also degrade frequency synchronization between the UE transmitter and the eNB receiver. If uplink synchronization is not achieved, the detection complexity at eNB side will be very large and the asynchronous UL transmission will cause many problems mentioned above, so preamble transmission is necessary to help to achieve the timing information for each UE and finish the uplink transmission.
Proposal 1: Preamble transmission is necessary for uplink synchronization in grant-free uplink transmission.
If totally grant-free transmission is adopted in 5G mMTC, the complexity of the receiver is very high is significant which will reduce the transmission efficiency. Grant-free transmissions do not imply that UEs can transmit at any time as then the eNB has no realistic means to detect a transmission and instances for grant-free PUSCH transmissions should be under the control of the eNB. Therefore, UEs will need to determine available instances for PUSCH transmissions based on broadcast and/or UE-specific signaling from the eNB. The UE will still need to detect the synchronization signals, the PBCH and the SIBs, before beginning PUSCH transmissions and identifying itself to the network but the UE may skip the random access process. Among these uplink grant information such as, resource assignment of uplink transmission, MCS, TPC, even the multiple access signature should be predefined/ pre-configured in RRC signaling similar to SPS configuration or implicitly indicated in other manner, for example some of the grant information could be configured in RRC signaling, while some of the dynamic grant information could be implicitly indicated in other manner, for example, indicated by preamble index
Proposal 2: Uplink grant information should be predefined/ pre-configured in RRC signaling or implicitly indicated other manner.
With the number of UEs increasing, the probability of conflict and the number of failed UEs increases drastically, which leads to more UEs involved in random access in the next round with the current orthogonal multiple access scheme. So even if the overhead and consumption are tolerable, the conflict resolution mechanism will be very inefficient in mMTC scenarios when the probability of conflict reaches a certain extent. 

UL collision issue could be solved by non-orthogonal MA and pre-scheduling to some extent. For non-orthogonal MA, there is an inherent benefit that multiple UEs’ signals can be simultaneously transmitted over shared resource so as to enable very high spectrum efficiency. The access robustness towards collision can be improved for non-orthogonal MA with grant-free transmission scheme. Furthermore, if the eNB schedules the potential UE to access to the network to different physical resource with some pre-scheduling or implicitly indication manner, the collision issue could be reduced. So the pre-scheduling or implicitly indication manner between the eNB and UEs should be studied, even the preamble sequence should consider to implicitly indicate the uplink transmission resource assignment information to ease the collision problems.
Proposal 3: eNB should schedule the massive MTC to different physical resource to handle the collision issue as much as possible.

Based on the above analysis, with predefined uplink grant and uplink timing information, the detection complexity of eNB size will be largely decreased with limited blind detection and the most importantly, the collision problem for massive MTC simultaneously access to the network could be effectively alleviated. 
In grant-free transmission scheme, the UE follow an “arrive and go” mechanism as shown in Figure 1. If UE has no data arrived, it would stay in a sleep state, when user has data arrived, it would wake up, synchronize in the downlink and receive some necessary system broadcast information and even some predefined uplink grant information. Before directly transmit data in the grant-free manner, preamble should be transmitted for the uplink synchronization for detection in the receiver side. Furthermore, some uplink grant information could be implicitly indicated by the preamble, such as uplink transmission resource indication and related HARQ ACK resource indication. The blind detection complexity of eNB could be largely decreased and the collision with other UE will also be decreased. How to configure the uplink grant information and how to indicate the information via preamble need further study.
Another issue is whether conventional preamble Ack is needed or not. Operating without preamble Acks can help in reducing overhead on the downlink and save the energy from detection Ack/Nack response. If the preamble can be designed to be reliably detected, there can be performance benefits of not having a preamble Ack response.
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Figure 1 Grant-free uplink transmission illustrations
Besides the above problems of grant-free uplink transmission, near-far effect is inherent to uplink multi-user transmission; power difference would still be significant even with simple power control, e.g. open loop power control to compensate large scale fading, due to inaccurate measurement, channel variation, etc. SIC receiver would be more effective with SNR difference, which is beneficial to multi-user shared access. For mMTC scenario, near-far effect could be exploited by grant-free multiple access to improve the performance.

3 Conclusions
In this contribution, detail consideration of uplink multiple access transmission mechanisms for mMTC NR are provided. The following proposals are given.
Proposal 1:  Preamble transmission is necessary in grant-free uplink transmission for uplink synchronization.

Proposal 2: Uplink grant information should be predefined/ pre-configured in RRC signaling or implicitly indicated other manner.

Proposal 3: eNB should schedule the massive MTC to different physical resource to handle the collision issue as much as possible.
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