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1. Introduction
In RAN1 #84bis meeting, the following agreements on multiple access for New Radio (NR) Access Technology were achieved [1]:

· Study multiple access mechanisms including UL-grant less transmission, contention-based transmission, non-orthogonal multiple access
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases

· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied

In this contribution, some non-orthogonal multiple access schemes for mMTC are discussed, and grant-free multi-user shared access (MUSA) is presented with more details.

2. Multiple access schemes for mMTC

For mMTC scenario, the first KPI is to support massive devices, according to the requirement in [2],The target for connection density should be 1 000 000 device/km2 in urban environment, and high connection efficiency measured as supported number of devices per TRP per unit frequency resource to achieve the desired connection density is required to be considered in the standards development.

In RAN1 #84bis meeting, some non-orthogonal multiple access schemes are presented to support massive devices, including multi-user shared access (MUSA) [3], resource spread multiple access (RSMA) [4], sparse code multiple access (SCMA) [5], pattern defined multiple access (PDMA) [6], etc. These four multiple access schemes could be grouped to two categories, i.e. random-code like schemes and structured code schemes, which are described in the following.
2.1. Random-code like schemes
For MUSA and RSMA, the code used by a user could be randomly selected, at the BS, SIC type MUD or conventional CDMA-like receiver would be used.
· MUSA

Fig.1 shows the basic features of MUSA, where multiple users could transmit data on the same resources by using random non-orthogonal complex spreading codes with short length, and SIC mechanism is used in the receiver for multiple user data detection. Grant-free transmission and high user overloading performance could be achieved by MUSA, that is beneficial to improve connection efficiency and support the required connection density.
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Fig.1 An example of MUSA with user overloading 300%
· RSMA

Fig. 2 shows an example of RSMA, which could be seen as a general non-orthogonal multiple access schemes. Specifically, RSMA uses combination of low rate channel code and scrambling code (and optionally different interleavers) with good correlation properties to separate different transmitters over the same frequency at the same time. It allows grant-less transmission and potentially allow asynchronous access.
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Fig.2 An example of general RSMA
2.2. Structured code schemes
For SCMA and PDMA, structured code with sparse characteristic is used for data mapping, and belief propagation (BP) algorithm or message passing algorithm (MPA) would be used at the receiver.

· SCMA
Fig. 3 shows an example of SCMA, where the coded bits of a data stream are directly mapped to a codeword with sparse non-zero elements from a codebook. Sparse codeword mapping utilizes low density spreading and could be referred to as sparse spreading. At the receiver, iterative multi-user detection based on MPA is used.
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Fig.3 An example of SCMA with 150% overloading
· PDMA

Fig.4 shows PDMA with 6 users sharing on 4 REs. For PDMA, the sparse code in a code matrix is used to define sparse mapping from data to a group of resources, each element in the code corresponds to a resource in a resource group, a ‘1’ means that data shall be mapped to the corresponding resource, and the number of ‘1’ in the code could be defined as transmission diversity order. BP based iterative detection and decoding is used in the receiver.
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Fig.4 PDMA with 6 users sharing on 4 REs
3. Grant-free MUSA

In RAN1 #84bis meeting, multi-user shared access (MUSA) was presented [3], which could support grant-free transmission and high user overloading by using random non-orthogonal complex spreading codes with short length and SIC receiver. Here we will provide more detailed descriptions on grant-free MUSA, including short spreading code, spreading process, grant-free transmission, other considerations, and performance discussion.
· Short spreading code

Spreading code design is important for MUSA since it determines the interference between different users and system performance. Moreover, complexity of SIC implementation also needs to be considered. 
Long pseudo-random spreading sequences used for traditional CDMA have relatively low cross-correlation and could provide a soft capacity. However, when long spreading codes are utilized in conjunction with SIC receiver to support massive devices, the processing complexity, delay and the error propagation in the receiver would increase rapidly with increasing of the number of users. In addition, long spreading codes would lead to wide time/frequency spreading, which may cause low transmission efficiency, high transmission delay and high power consumption.
Therefore, short spread codes with relatively low cross-correlation are considered for MUSA, which would be helpful to reduce the complexity, delay, error propagation and power consumption. The family of complex spreading code is a very good option, the length of which could be short, due to the design freedom with real part and imaginary part.
For MUSA, the real part and imaginary part of each element in the complex spreading code are drawn from a multi-level real value set uniformly, for example, {-1, 1} or {-1, 0, 1}, as shown in Fig.5 (a) and Fig.5 (b) respectively. It could be also described that each element of the complex spreading code is from a given complex value set uniformly. It should be noted that all elements are zero need to be avoided if value set {-1, 0,  1} is used.
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Fig.5 Elements of complex spreading code

· Spreading process
With the short spreading code, it is flexible to carry out the spreading process. Spreading over frequency domain and time domain could be both supported, and spreading on modulation symbol level and OFDM symbol/slot/subframe level could be both supported too.
Fig. 6 shows some examples of spreading process, where:

· In Fig. 6 (a), multiple modulation symbols are spread by short spreading code with spreading factor (SF) 4, then the spread symbols are mapped to the resource elements directly, i.e. the spreading is done over frequency domain.

· In Fig. 6 (b), the spreading is done over time domain, FFT is carried out for the spread symbols before resource mapping.

· In Fig. 6 (c), modulation symbols to be mapped to the resource elements are spread and mapped to multiple OFDM symbols, FFT is carried out before resource mapping, i.e., the spreading is done over time domain and OFDM symbol level. Similarly, slot or subframe level spreading could be supported.
The time domain spreading shown in Fig. 6 (b) and Fig. 6 (c) can support SC-FDMA, which has low PAPR, that is beneficial to achieve high power efficiency and low cost.
Further, considering the coverage requirement and detection complexity, time domain spreading on OFDM symbol level shown in Fig. 6 (c) is preferred.
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Fig. 6 Examples of spreading process
· Grant-free transmission

For mMTC scenario, considering the requirements to support massive devices and low transmission latency, and the traffic of infrequent small packets, grant-based transmission may not be suitable, due to that the access and grant overhead, and delay of which would be significant to support massive devices[7].
Grant-free transmission can reduce the overhead and delay significantly, thereby high transmission efficiency and low power consumption can be achieved [7].
As for MUSA, non-orthogonal complex spreading code with short length is used by each terminal, the code can be randomly selected instead of allocated by base station to support grant-free transmission. As shown in Fig. 7, if user 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 then transmit the data in a grant-free manner by using a randomly selected code. At the receiver, blind multiple user detection can be used to get the datas and users information [4].
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Fig. 7 Grant-free transmission based on MUSA
· Other considerations
· 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.
· Considering the coverage requirement for mMTC, repetition or secondary spreading could be considered on the basis of short spreading to extend the coverage. The secondary spreading could be orthogonal, and the spreading code can be also randomly selected to group users.
· Multiple receiving antennas could improve the performance of MUSA due to the incremental degree free freedom from spatial domain. The short spreading code would be elongated in spatial domain, which is equivalent to using a longer spreading code, or in another word, the spreading code could be shorter.
· Performance discussion
In RAN1 #84bis meeting, some evaluation results was shown in [3] for MUSA with short spreading and ideal MMSE-SIC receiver, which demonstrated that MUSA could achieve high user overloading performance, and relatively low cross-correlation could be obtained by non-orthogonal complex spreading codes with short length which are randomly selected.
In our companion contribution [8] for this RAN1 meeting, some initial evaluation results are given for grant-free MUSA with short spreading and realistic blind detection receiver, which show that quite high user overloading performance could still be achieved.
Observation 1: Grant-free MUSA can be considered for mMTC uplink.

4. Conclusions

In this contribution, some non-orthogonal multiple access schemes for mMTC are discussed, and grant-free multi-user shared access (MUSA) is presented with more details, including short spreading code, spreading process, grant-free transmission, other considerations, and performance discussion. We make the following observation:

Observation 1: Grant-free MUSA can be considered for mMTC uplink.
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