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In RAN1 #85 meeting, the following agreements on multiple access for New Radio (NR) Access Technology were made [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 
· Each time in transmission, a UE randomly chooses a code/sequence or a pattern of interleaver from a pool known to eNB and UE before hand
· Multiple UEs can share the same time and frequency resources

In this contribution, some non-orthogonal multiple access schemes for mMTC are discussed, and grant-free mechanism of multi-user shared access (MUSA) is highlighted.

Multiple access schemes for mMTC
For mMTC scenario, the most important KPI is to support massive devices, according to the requirement in [2],The target for connection density is 1 000 000 device/km2 in urban environment, and high connection efficiency measured as supported number of devices per TRP per unit frequency resource should be considered in the standards development.
In RAN1 #84bis meeting, several non-orthogonal multiple access schemes were 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]. In RAN1#85, a few more schemes were proposed, for example, interleaver-division multiple access (IDMA) [9], and interleaver-grid multiple access (IGMA) [10] etc. All these multiple access schemes can be grouped into three categories, i.e. random-code like schemes, structured code schemes and interleaver-based schemes, to be described in the following.

Random-code like schemes
For MUSA and RSMA, the code can be randomly selected by a user. At the base station, successive interference cancellation (SIC) type multi-user detection (MUD) or conventional code-division multiple access (CDMA)-like receiver can 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. SIC mechanism is used in the receiver for multiple user data detection. Grant-free transmission and high user overloading performance can be achieved by MUSA, which is important to improve connection efficiency and support the required connection density.
[image: ]
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 the 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 supports asynchronous access.
[image: ]
Fig.2 An example of general RSMA

Structured code schemes
For SCMA and PDMA, structured code with sparse characteristic is used for data mapping, and belief propagation (BP) type of 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.
[image: ]
Fig.3 An example of SCMA with 150% overloading
· PDMA
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Fig.4 shows PDMA with 6 users sharing 4 resource elements (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.
[image: ]               [image: ]
(a) code matrix                                                        (b) resource mapping
Fig.4 PDMA with 6 users sharing 4 REs

Interleaver-based scheme
· IDMA

Fig. 5 IDMA block diagram [11]
A block diagram of IDMA is shown in Fig. 5 where C represents channel encoding, S denotes repetition and π is the interleaver. The way of user separation for IDMA is different from other multiple access schemes. Interleaver is used instead, and the length of the interleaver is very large (the length of the interleaver equals to the number of the bits after channel coding and repetition), thus this provides good base for large number of user access by using IDMA. Iterative signal detection and decoding are used for signal detection in IDMA.

· IGMA
IGMA is a variant of IDMA in which Grid mapping is applied to add zeros in the transmitted signal. Fig.6 shows the IGMA transmitter. User separation can be carried out by using interleaver and/or grid mapping pattern. Thus flexibility of user connection density can be achieved by choosing appropriate combinations of interleaver and grid mapping patterns. The interference and detection complexity are reduced by using grid mapping. Elementary signal estimation (ESE) detector can be applied for MUD. While MAP can achieve even better performance at the cost of high computational complexity.


Fig. 6 The schematic of IGMA transmitter [10].


Grant-free MUSA
Many grant-free schemes have been proposed for mMTC. However, the assumptions of some of these schemes are quite idealistic. For example, when the pool of the codebooks, spreading sequences or patterns are not so large, there is high probability that two or more users happen to choose the same codebook, spreading sequence or pattern (we call this collision) while the base station receiver does not know such situation. This can potentially cause significant performance degradation. Some schemes employ joint detection and decoding, which makes the receiver complexity exponentially growing with the number of users. Ideal channel estimation is assumed in the simulations for many schemes. Multi-user channel estimation with limited resource may be a challenge for the non-orthogonal multiple access schemes. Somehow, these difficulties have been well addressed by MUSA, for example.
1. Low collision probability. The element of the spreading code is not binary. Codewords do not need to be low density and more elements can be used by the spreading code in MUSA. Thus a large number of spreading codes can be generated. When a terminal randomly chooses the spreading code, the collision probability can be low. While some scheme, such as SCMA or PDMA, the number of the codebooks or the patterns is not so large, thus collision would frequently happen when two or three terminals randomly choose the same codebook or pattern for signal transmission. For IDMA the performance evaluations have been performed with the assumption of no interleaver pattern collision. The interleaver pattern collisions should be considered in the performance evaluation.
2. Low computational complexity. SIC-based receiver is used. Thus the computational complexity only linearly increases with the number of users. While when MPA or MAP type receiver is used, the computational complexity is exponentially increased.
3. User data for channel estimation. Because SIC receiver and blind detection are employed. The signal with the highest post-SINR is detected first. After it is successfully decoded, its data can be employed for channel estimation. Then its effect is removed from the received signal and the next user signal is detected and decoded. It would be difficult for joint detection type receiver to utilize the user’s data for channel estimation. The user data aided channel estimation can improve system efficiency if pilots or long preambles are saved.
Observation 1: Grant-free MUSA is suitable for mMTC uplink.

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 prevailing merits, including low collision probability, low computational complexity and user data for channel estimation. We make the following observation:
Observation 1: Grant-free MUSA is suitable for mMTC uplink.
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