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1. Introduction
A new study item on new radio access technology towards future IMT-2020 has been approved in RAN#71. According to [1], the RAN#1 focused areas include

· 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
· Basic frame structure(s)
· Channel coding scheme(s)
Among them, our focus in this contribution is on the topic of new multiple access. We review some popularly mentioned new multiple access technologies, and share our views on the design aspects.
2. Multiple Access Technologies
Higher spectrum efficiency is always the target of cellular system design. According to 3GPP TR38.913 [3], spectrum efficiency gains in the order of [3x] IMT-Advanced are targeted. Also more and more devices (especially MTC/IoT devices) are expected to access the cellular system in future. For example, a connection density of up to 106/km2 is expected to be supported in massive MTC scenarios according to Recommendation ITU-R M.2083 [2] and 3GPP TR38.913 [3]. To meet these high demands, non-orthogonal multiple access has been proposed as a complement and/or alternative of current orthogonal multiple access such as OFDM. 
Non-orthogonal techniques may date back to superposition coding which has been proved to be able to use  the whole capacity region for both broadcast (downlink) and multiple access (uplink) channels [4]. Generally, some forms of CDMA also belong to the category of non-orthogonal multiple access in terms of multiplexing users onto the same time and frequency resources. Recently discussed NOMA/MUST in 3GPP [5] is another well-known non-orthogonal technology and follows the superposition coding principle. It is currently being specified for the LTE downlink with the target towards enhanced mobile broadband. As for massive MTC, new multiple access which can accommodate transmission from more uplink users is required and connection density is usually used as a key performance indicator. Also grant-free transmission is expected to be supported to reduce signalling overhead especially for small-packet types of traffic [6] [7]. With these guidance principles for multiple access design, several new multiple access technologies have been proposed by different companies, such as sparse code multiple access (SCMA), multi-user shared access (MUSA), pattern division multiple access (PDMA) and resource spread multiple access (RSMA) [7]. Theoretically, all the aforementioned non-orthogonal technologies can be universally used for both downlink and uplink. As signals are superposed before channel fading in downlink, the superposition can be adjusted somehow by such as power split and bit labelling in MUST towards a more desired result. As for uplink, it requires other design logics considering independent channel fading before superposition and requirements of MTC/IoT. The aforementioned new multiple access technologies are briefly summarized below based on currently published materials. 
An intuitive comparison among different new multiple access technologies is shown in Figure 1, where the most distinguishable features are highlighted. 
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Figure 1 Illustration of different new multiple access technologies
· Sparse code multiple access (SCMA)
For SCMA, sparse codes are used by users, i.e., each user does not occupy all the resources, and different users have different sparse patterns as shown in Figure 1 a). The non-zero symbols transmitted by a certain user are from a multi-dimensional constellation rather than spreading. Also low-density signature (LDS) is used to relieve inter-user interference and facilitate multi-user detection via message passing algorithm (MPA).
· Multi-user shared access (MUSA)
For MUSA, full-length sequences with low spreading factors are used by multiple users, i.e., spreading of each user occupies all the allocated resources as shown in Figure 1 b). Multi-user detection and decoding can be performed by using SIC.
· Pattern division multiple access (PDMA)
For PDMA, patterns with unequal diversity are used by different users, e.g., users can occupy unequal length resources as shown in Figure 1 c). The patterns can be distinguished from multiple dimensions including time, frequency and space. Multi-user detection can be based on general SIC.
· Resource spread multiple access (RSMA)
For RSMA, each user’s transmission power can be spread over all the available resources with legacy CDMA being a special case. Therefore the concept can also be shown as in Figure 1 b). 
After summarizing and comparing these new multiple access technologies, we share our views on some design aspects as follows.
3. Considerations on Design Aspects
As a first step, the different candidate multiple access technologies should be evaluated (taking a suitable legacy scheme such as SC-FDMA and OFDMA as performance baselines) and some down-selection or harmonization made.

Proposal 1: Candidate new multiple access schemes for evaluation should include, but are not limited to: Sparse code multiple access (SCMA), Multi-user shared access (MUSA), Pattern division multiple access (PDMA), Resource spread multiple access (RSMA).
By summarizing these potential multiple access technologies, we found that there are some common design issues no matter which type of multiple access is applied, and exploiting such commonalities may simplify the evaluation process. 
· User signature vector design
For any aforementioned multiple access technologies (SCMA, MUSA, PDMA, RSMA), one common feature is that one block of independent user information is carried by a vector form of signals spread onto more than one resources. To emphasize commonality, the vector signal transmitted by a user is generally called “user signature vector” hereafter. More specifically, these signature vectors could be in any form, e.g., they can be generated by spreading, LDS, or multi-dimensional constellation etc.. In the LDS case, some elements of the vector are just set to zero values. To achieve better performance or support higher overload factors, user signature vectors should be carefully designed. On the design aspect, a reasonable optimization metric is required. Taking multi-dimensional constellation as an example, in AWGN channels, optimization is usually towards maximizing minimum Euclidean distance; while in independent and identically distributed (i.i.d.) Rayleigh channels, the target is maximizing minimum product distance [8]. For a more realistic channel, the metric may need to be redefined. For uplink transmission where different users experience independent fading, the impact of superposition of multiple users also need to be taken into consideration. The same applies when user signature vectors are generated by spreading or other types of transformation.
Proposal 2: User signature vectors should be designed considering the effect of independent user channel fading and user superposition.
· User physical resource mapping

Mapping user signature vectors onto physical resources is another issue to be discussed, and it may depend on the type of signature vector in use. For example, if spreading sequences are mainly used to distinguish users, one signature vector may need to be mapped onto adjacent resources to keep the desired correlation properties among users; if a multi-dimensional constellation such as signal space diversity in [8] is used, one signature vector may be spread onto far apart resources, e.g., different PRBs, to further exploit diversity as shown in Figure 2. 
Proposal 3: User physical resource mapping should be defined by considering the types of user multiplexing.

[image: image2]
Figure 2 Two different RE mapping examples
4. Conclusions
In this contribution, we share our views on new multiple access technologies. By reviewing and summarizing existing popular multiple access technologies, we propose the following common issues for discussion when evaluating and designing any new multiple access scheme:
Proposal 1: Candidate new multiple access schemes for evaluation should include, but are not limited to: Sparse code multiple access (SCMA), Multi-user shared access (MUSA), Pattern division multiple access (PDMA), Resource spread multiple access (RSMA).
Proposal 2: User signature vectors should be designed considering the effect of independent user channel fading and user superposition.
Proposal 3: User physical resource mapping should be defined by considering the types of user multiplexing.
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