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Introduction
mMTC is one of the key application scenarios of 5G [1]. In RAN1 #84bis meeting, it has been agreed that 1) non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases; 2) at least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied [2]. This contribution will generally compare the grant-based and grant-free multiple access for mMTC.

Characteristics of mMTC
The services involved in mMTC are mainly provided with low data-rate and carried by small sizes of packets. The massive terminals/devices are required to be low-cost, energy efficient, and coverage-guaranteed [3][4].
The traditional communications (Human-to-Human communications) are usually designed and applied for people-related services, with the following characteristics: 1) typically support a small number of users, and high data-rates; 2) data size is usually quite large, such as multimedia services; 3) interaction between base station (BS) and user terminal (UT) is frequent for both downlink and uplink.
Different from the traditional communications mentioned above, the mMTC is mainly focus on the communications among machines, and thus has the following various features: 1) huge amount of connected terminals/devices; 2) low data-rates, and small-sized packets; 3) sporadic communication, i.e., few of them being active at a time, 4) uplink biased traffic, i.e., service requests are mostly initiated on the UT side. These features require that the mMTC should be low-cost and low-power consumption. The access procedure should be simple enough and the signalling overhead should be reduced as much as possible. 

Grant-based access for mMTC
Traditional multiple access techniques, such as the contention-based random access in LTE (see Figure 1) [5], are based on orthogonal methods. It requires rigorous scheduling procedure and therefore high signalling overhead. For the traditional high-data rate wideband transmission, the signalling overhead is acceptable comparing to the amount of useful data. However, the ratio between signalling overhead and data resource will be significant if the orthogonal access approaches are adopted for the transmission of occasionally small data packets in mMTC.


[bookmark: _Ref450502802]Figure 1 Contention-based random access procedure. 

As depicted in Figure 2, if the grant-based access is applied for mMTC, the contention-based random access has to be performed for each occasionally uploaded small data packet. Meanwhile, since the number of connected terminals at one time is limited, in order to support massive connections at system level, each UT has to release the connection and transfer to deep sleep state once the data transmission has finished.  
And then for the next transmission of small data packet after a long time, the same four complex steps (i.e. step1: Preamble transmission, step 2: Random access response, step3: Layer 2/Layer 3 message, and step4: Contention resolution message) have to be performed again. It will cost significant signalling overhead, raise the transmission latency, and increase the power consumption. The spectrum efficiency and power efficiency are thus limited. Therefore, the grant-based access obviously does not match the demands and features of mMTC. 
Furthermore, it is also questionable for the applicability of contention-based random access in mMTC scenarios. According to the random access in LTE, the number of candidate Preamble is limited and the sequences are random selected by each UT. Conflict resolution mechanism is needed if the access requests from multiple UTs are in conflict with each other. The failed UTs have to perform contention-based random access again, which further increases the signalling overhead and power consumption. 
Besides, with the number of UTs increasing, the probability of conflict and the number of failed UTs increases drastically, which leads to more UTs involved in random access in the next round. 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.


[bookmark: _Ref450502910]Figure 2 Assumed contention-based access for mMTC

The analysis of grant-free access for mMTC
Comparing to the grant-based access, grant-free is more desirable for 5G mMTC thanks to the following advantages: 1) Energy efficient on the UT side, i.e., UT can decide to send the small data packet at any time, and then stay in deep sleep state when there is no transmission request; 2) UT can be designed with very low cost, while the complexity is mainly afforded at the BS side; 3) Signalling overhead and transmission latency are reduced since there is no or little need for scheduling procedures.
Some analysis and principles for the design of grant-free access are as follows:
For the grant-free access, BS cannot schedule the time-frequency resources for each of the UTs through the transmission of downlink control information. Therefore, the data of multiple users will be superposed together when different users randomly choose the same resource blocks for the uplink transmission at the same time. This phenomenon will be quite common for the grant-free cases in mMTC scenario.
1) [bookmark: OLE_LINK1][bookmark: OLE_LINK2]The power domain NOMA and successive interference cancellation (SIC) receiver is one possible solution for multi-user detection of superposed data. However, the performance of power domain NOMA usually relies on the power difference of multiple users. The effectiveness is limited for the grant-free solutions with absence of close-loop power control. The power differences of multiple users are out of control, since all the near-far randomly distributed UTs can decide to transmit data at any time. In short, power domain NOMA generally need a deterministic near-far situation,  but in grant-free access random near-far problem would make the SIC receiver for power domain NOMA difficult.
2) With the above considerations, it is naturally that non-orthogonal-based code domain spreading can be a better choice to realize the grant-free access. The performance of MMSE-SIC receiver can be guaranteed by taking advantage of not only the power differences, but also low cross-correlations between the spreading sequences used by different users.
3) For the grant-free and code spreading-based non-orthogonal MA, the spreading code can be designed with either long or short sequence. The BS cannot assign the specific spreading sequences to different users, thus the users have to randomly select the sequence from a predefined codebook set. For the long spreading code, it is easy to assure low cross-correlation between different users, but the overloading capability (number of access users / length of spreading code) is usually limited due to the large processing delay and error propagation of SIC for a large number of users. For the short spreading code, although the cross-correlation property is a little inferior than the long code, better overloading factor (300%) with acceptable receiver complexity can be achieved through the optimization of complex-valued codebook, as shown in [6][7].
4) Blind multi-user detection (MUD) is necessary for the grant-free solutions, since the uplink information such as time-frequency resources and spreading codes are unknown on the BS side. This can be achieved based on partially blind MUD or purely blind MUD. The former means that we can insert some prior information (e.g. Preamble) in the uplink frame structure, to make the detection procedure easier for the BS at the cost of reducing the spectral efficiency. The later is preferable if the performance can be guaranteed. We show in [6] that it is possible to design a purely blind high performance MUD receiver based on the optimization of short spreading codebook.
5G needs revolutionary access solution, especially for mMTC, grant-free based multi-user shared access (MUSA) is one promising candidate. In MUSA, with the use of non-orthogonal short complex-valued spreading code, grant-free transmission and high overloading access (300%) can be achieved. The UT can be simply designed, and the detective performance of BS receiver can approach the performance of ideal codeword-level MMSE-SIC by using high-efficiency blind multi-user detection algorithm [6]. 

Conclusions
It is predictable that for the mMTC scenarios, the number of connecting devices per cell would be significantly larger than that in the existed LTE systems. It is questionable for the applicability of grant-based access in mMTC scenarios. The restriction of signalling overhead and power consumption limits the application of grant-based access methods in mMTC. Therefore, non-orthogonal access, code division multiplexing, and grant-free approaches are preferable for the design of new multiple access in 5G. 
We make the following observation and proposals:
Observation 1: Effectiveness of contention-based random access in mMTC scenarios is limited.
Observation 2: Grant-free transmission can meet the requirements of mMTC, such as low cost, low power consumption.
Observation 3: Grant-free transmission can minimize the signaling overhead in mMTC scenario.
Proposal 1: Both grant-based and grant-free schemes should be considered in the study and evaluation of multiple access.
Proposal 2: MUSA with blind multi-user detection can be applied for mMTC scenario to support massive user connection and reduce the signalling overhead, transmission latency and power consumption.
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