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1. Introduction 
During the 3GPP RAN #71 meeting, a new Study Item “Study on new radio access technology” [1] was approved, in order to develop a new RAT which supports a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC and operates in frequency ranges up to 100 GHz. It was agreed that the study item initially prioritizes gaining a common understanding on required radio protocol structure and architecture, in order to design a forward compatible RAT with a single technical framework addressing various use cases and deployment scenarios. One of the focus areas to achieve these objectives is given below [1]:  
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain

In this contribution, we discuss technical challenges of the current LTE-A orthogonal multiple access framework in terms of addressing new service requirements. Further, the contribution presents our high-level views on design directions for multiple access schemes in a new radio interface.  
2. Flexible multiple access framework in the new RAT 
A multiple access (MA) scheme is one of the key design aspects for the new RAT, which greatly affects the operational efficiency and system performance. The MA scheme for cellular communication systems evolved in each generation, and the choice of MA was heavily dependent on primary applications such as voice and high speed data. Network controlled, schedule based orthogonal multiple-access schemes such as OFDMA (for downlink) and SC-FDMA (for uplink) in LTE/LTE-A systems were designed mainly for supporting mobile broadband services, i.e. a downlink peak transmission rate of 100 Mbps or higher. To further increase the system capacity and cell-edge UE throughput, a new work item “Downlink Multiuser Superposition Transmission (MUST) for LTE” [2] was approved at the 3GPP RAN #71 meeting. The work item will enable LTE-A-pro to support downlink intra-cell multiuser superposition transmission for PDSCH, which is one of non-orthogonal multi-user multiplexing schemes based on an interference cancellation receiver. 
In the fifth generation of mobile technology (5G), enhanced mobile broadband services [3] continue to be important use cases and accordingly, an OFDMA/SC-FDMA type of orthogonal multiple access can be a baseline multiple access scheme. Additionally, the number of connected devices is expected to be much larger than the number of devices in the current LTE-A network, for example, up to 2500 connections/km2 for broadband access in dense areas and up to 200,000 connections/km2 for massive low-cost MTC [3]. Moreover, a massive number of low power, low cost devices and ultra-reliable low-latency services may coexist with enhanced mobile broadband services in a given network, and both licensed and unlicensed frequency bands are expected to be utilized. Given these considerations, a flexible multiple access framework built upon a baseline orthogonal multiple access (e.g. OFDMA), which can select and/or adjust an access scheme as per device type, application, buffer status, network condition, and/or deployment scenario to achieve operational efficiency in terms of access latency, signaling overhead, and system capacity, may need to be introduced in the new RAT. For example, the MA scheme for transmission of small size and delay-tolerant packets may be different from the MA scheme for large packet transmission. In addition, a combination of scheduled based and non-schedule based transmissions can be employed for a certain application. Establishing the flexible multiple access framework combined with several resource allocation and transmission schemes would be beneficial for designing future-proof systems, which can easily accommodate a new type of services and applications.  
Proposal 1: Develop a flexible multiple access framework built upon a baseline orthogonal multiple access (e.g. OFDMA), which can select and/or adjust an access scheme depending on contexts of communications, to design a future-proof system.
3. Discussion on non-orthogonal multi-user multiplexing
This section presents our initial assessment on several non-orthogonal multi-user multiplexing schemes found in the literature, beyond the well-known code division multiple access (CDMA), MU-MIMO with non-orthogonal precoding, and multi-user superposition transmission (MUST) currently being standardized for LTE-A-pro [2]. Furthermore, we discuss simple spreading schemes for synchronous non-orthogonal multi-user multiplexing, mainly considering grant-free uplink transmission for small data. 
It is well known that simultaneous transmissions from two users on a common resource along with the use of the SIC receiver is a channel capacity achieving transmission strategy [4]. Since non-orthogonal multi-user multiplexing can accommodate more number of UEs simultaneously, it potentially leads to user and system throughput gains. Furthermore, some non-orthogonal multi-user multiplexing schemes allows grant-free and/or asynchronous multiple access, which may be beneficial for supporting massive number of UEs requesting intermittent transmissions of small data packets. On the other hand, the receiver complexity for a certain non-orthogonal multi-user multiplexing scheme may increase significantly with the number of simultaneously transmitting UEs, and error propagation in the SIC receiver may limit the throughput gains. Also, the asynchronous multiple access may require introducing a new wavefrom, potentially a non-orthogonal waveform robust to time and frequency offsets. From previous RAN1/RAN4 studies on CoMP, it is well understood that demodulation performances would be significantly degraded for multiple OFDM signals multiplexed on a common time-frequency resource with large timing and frequency differences, due to time/frequency offset induced inter-carrier/inter-block interferences. Lastly, performance benefits may need to be assessed together with massive MIMO based beamforming techniques, which are expected to be one of key technology components in the new RAT.  
Most non-orthogonal multi-user multiplexing schemes exploit power- and/or code-domain multi-user multiplexing. In addition, time- and/or frequency-domain spreading is essential to make effective SINRs of de-spread symbols high enough for successful demodulation and decoding. Considering that a longer symbol duration may be employed for massive low-cost MTC UEs to achieve a coverage extension, a longer CP length can be employed without much increase of the overhead. As those low-cost MTC UEs are likely to be with no or limited mobility, a given timing advance value may be valid for long time. Accordingly, less frequent uplink synchronization processes may be required to support the synchronous multiple access. Thus, the simple spreading schemes for synchronous non-orthogonal multi-user multiplexing may be desired, which can maintain the common waveform (e.g. OFDM) irrespective of multiple access schemes and can still take advantage of grant-free non-orthogonal transmission for a certain scenario such as small data transmission.
3.1. Low density code based multi-user multiplexing
Both low-density spreading OFDM [5], [6] and sparse code multiple access (SCMA) [5], [7] employ low density codes for non-orthogonal multi-user multiplexing. Since the low density codes have a few non-zero elements for a given long code length, LDS OFDM and SCMA can use a message passing algorithm (MPA) similar to decoding of LDPC codes for joint multi-user detection with near optimal performance in the maximum a posteriori (MAP) sense [7].   Further, SCMA maps channel encoded bits directly to sparse multi-dimensional codewords, which is equivalent to joint processing of modulation and spreading. This provides a spreading gain and an additional “shaping gain” from optimization of a multi-dimensional constellation. 
Although low density code based multi-user multiplexing may result in less multi-user interference and also allow overloading in the system, it may be difficult for LDS OFDM and SCMA to support massive connectivity due to the limitation of the receiver complexity [8]. To achieve a high throughput gain, an advanced symbol-level detector achieving near-optimal detection such as MPA is needed. Note that the MPA detector complexity increases polynomially with the constellation (or codebook) size [7] and exponentially with the maximum number of users/layers superposed at each dimension of a codeword (or at each chip). Thus, the overall receiver complexity for LDS OFDM and SCMA is expected to be much higher than a codeword-level SIC receiver employing simple single user detection in each stage. A simplified MPA detector which approximates the multi-user interference as Gaussian noise may be considered, but trade-off between demodulation performance and complexity reduction needs to be carefully studied.  
3.2. Spreading for non-orthogonal multi-user multiplexing
One way to introduce non-orthogonal multi-user multiplexing within the existing OFDM based waveform and synchronous multiple access framework is to apply direct spreading of modulation symbols with multiple orthogonal codes and to transmit the spread symbols in time-frequency resources allocated for non-orthogonal transmission. For multi-user multiplexing, a given set of UEs to be multiplexed in a given time-frequency resource can be divided into a number of groups, and each UE group may be assigned with a set of orthogonal spreading codes. Different UE groups may use the same or different sets of spreading codes, and scrambling based on a group ID can be used to reduce the impact of inter-group interference. Figure 1 shows a block diagram of transmitter processing at the UE. Note that a DFT-spreading block may exist before subcarrier mapping (time domain multiplexing) or before code-based spreading operation (frequency domain multiplexing) in case that DFT-spread OFDM waveform is used. The incoming symbols from a QAM modulator are spread using p orthogonal codes. Then the spread symbols are added to each other before DFT spreading (if DFT-spread OFDM is employed with time domain multiplexing), subcarrier mapping, and IFFT operation. For frequency-domain spreading, the length of the spreading codes C1,i , C2,i, … Cp,i is equal to M, which is the number of allocated subcarriers for non-orthogonal transmission. Alternatively shown in Figure 2, partial frequency-domain spreading can be applied, with the length of spreading codes, M, being smaller than the number of allocated subcarriers, and multiple DFT-spreading blocks may be applied. Without DFT-spreading, this is equivalent to an OFDM-CDMA system. 
Another simple spreading method is to spread information bits over the entire non-orthogonal transmission zone with repetition and rate matching, i.e. combining channel coding with spreading via low rate codes to maximize the coding gain. In this case, a UE-specific channel interleaver [9] can be further employed for improved multi-user signal separation at the receiver.
Based on the above discussion, we propose the following:
Proposal 2: RAN1 investigates potential system-level gains of simple spreading based synchronous non-orthogonal multi-user multiplexing schemes.
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Figure 1 Direct full-frequency spreading with multiple codes at the UE transmitter, assuming OFDM waveform
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Figure 2 Direct partial-frequency spreading with multiple codes at the UE transmitter, assuming DFT-spread OFDM waveform (time domain multiplexing)
4. Conclusion
In this contribution, motivations to employ a flexible multiple access framework built upon a baseline orthogonal multiple access (e.g OFDMA) in the new RAT were discussed. Furthermore, suitability of several non-orthogonal transmission schemes were discussed in terms of scalability both for transmitter and receiver sides. Considering that asynchronous uplink multiple access may require a new waveform robust to time and frequency offsets, we propose that RAN1 evaluates potential system level gains for simple spreading based synchronous non-orthogonal multi-user multiplexing schemes.
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