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Abstract of the contribution: This contribution discusses the combination of MUSA (multi user shared access) and UF-OFDM (universal filtered orthogonal frequency division multiplexing)  
1. Introduction

Grant-free MA (multiple access) is required for mMTC (massive machine type communication) use case. MUSA (multi user shared access) is one of the grant-free MA schemes. MUSA can use same subcarrier between several users by spreading symbol at the transmitter and interference cancellation at the receiver [1,2]. 
For mMTC use case, many types of machines such as smart meters, sensors or robots will be connected to the same base station. These machines will have a traffic of small packet. If users with small packet are accommodated to the conventional OFDM (orthogonal frequency division multiplexing), the insufficient use of time and/or frequency resources may be occurred since subcarrier spacing and frame format are fixed in OFDM.
To solve this problem, UF (universal filtered) -OFDM has been discussed [3]. UF-OFDM can accommodate users with different subcarrier spacing to the same system bandwidth by filtering outside of own signal spectrum.
In this contribution, the combination of MUSA and UF-OFDM is discussed. This scheme can accommodate users with different subcarrier spacing in the same system bandwidth simultaneously. In addition, users can select the subcarrier spacing based on their own traffic.
2. The concept of MUSA with UF-OFDM and block diagram
The combination of UF-OFDM and MUSA is discussed in this contribution. Figure 1 shows a spectrum usage of this contribution. In this concept, system bandwidth is divided to several blocks. Users with different subcarrier spacing are coexisted within a same system bandwidth. In each block, MUSA with same subcarrier spacing is used for MA.
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Figure 1 Spectrum usage of this contribution
Figure 2 shows a block diagram of the transmitter. At each user’s transmitter, transmit symbols are spread by spreading code. After spreading, subcarrier allocation is performed based on Figure.1. Subcarrier allocated symbols in frequency domain are translated to time domain signal by IFFT (inverse fast Fourier transform). The number of FFT is based on subcarrier spacing. Finally, filtering is performed and transmitted from each user. 
At the receiver, each user’s signals with different subcarrier spacing are demodulated separately as shown in Figure 3. For subcarrier spacing [image: image3.png]Af,



, OFDM demodulation is performed by FFT. After FFT, the user signal with the highest SINR (signal to interference and noise power ratio) is demodulated and decoded first. The decoded data is re-modulated and re-spread. Generated replica of the user data is subtracted from received signal. Then, the user signal with the next highest SINR is demodulated and decoded, and so on.
In the discussed concept, each user can select subcarrier spacing based on requirement flexibly. Many users can connect to the one base station simultaneously. by applying MUSA. Since MUSA is grant free transmission, transmission overhead such as complex resource allocation is not required.
The benefits are not limited to MUSA and other grant-free MA schemes may also be combined with UF-OFDM.
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Figure 2 the block diagram of transmitter
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Figure 3 the block diagram of receiver
3. Proposals
Proposal 1: The combination of MUSA and UF-OFDM to be considered for mMTC use case.
Proposal 2: Users can select subcarrier spacing based on own traffic.
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