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1. Introduction
In the RAN1 #84bis meeting, agreements have been made to investigate non-orthogonal based multiplexing scheme (besides orthogonal multiple access schemes) as a mean to accommodate various NR mMTC UL scenarios and use cases.  For mMTC scenario and use cases, participating proponents seem to have a common understanding regarding the advantages of grant-less and contention based UL transmission scheme, since mMTC devices typically transmit small amount of payload data sporadically and sparsely with long duty cycle. The agreements made so far are listed as follows [1]:

Agreements:
· 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

It is worth mentioning that for small data transactions, signaling overhead for UL contention resolution and timing advance introduces large inefficiency and power consumption. Therefore, in this contribution, we first discuss some non-orthogonal multiples access schemes by distinguishing whether candidate schemes can support contention based grant-less UL transmission along with relaxation of UL synchronous transmission requirement.  Then, we present low code rate and signature based shared access (LSSA) as a non-orthogonal multiple access based candidate for mMTC scenario and use cases.  
2. Non-orthogonal multiple access (NOMA) technologies for UL mMTC
2.1. NOMA requiring synchronous UL transmission 
Although different user devices’ transmit signals can overlap with each other within a common time/frequency resource, following non-orthogonal multiple access (NOMA) schemes require synchronous UL transmission which all the users’ codeword/spreaded signal abide a strict starting/ending period (typically a cyclic prefix range) transmission time.  Synchronous UL transmission is typically transmitted via CP added OFDM type waveform (including SC-FDM).
2.1.1 SCMA

SCMA is a LDS-OFDM [2] based scheme having information bit to low-density-spreaded multi-dimensional codeword combined as a modulation process.  Due to the sparsity of SCMA codeword, simple Message Passing Algorithm (MPA) can be used to achieve near MAP performance.  It also benefits from signal space diversity by permuting the signal components to paired symbols located in different subcarriers.  However, some concerns for SCMA is that code design is complicated and blind detection of the user’s codeword can be complicated as well.  The MPA detector itself after all can be quite complicated because the complexity increases exponentially with the modulation size and the super-positioned signal layers.  Another aspect of concerns is the PAPR issue by applying multi-carrier transmission technique.  
2.1.2 PDMA

PDMA combines unequal transmission diversity of the sparse spreading code.  The code matrix is based on sparse code design similar to LDS-CDMA [3] except that spreading gain per user is unequal.  This unequal spreading can be realized by adjusting the number of transmission on the same resource group.  With advanced receiver combining MPA and SIC decoding techniques, PDMA exploits transmission diversity order.  However, because detection of overlaid multi-user signals is based on MPA algorithm, complexity increases exponentially with number of super-positioned layers. Similar to the SCMA, PDMA assumes synchronous UL transmission among users. Although asynchronous detection can be possible, it is expected that the exact timing offset and spreading sequences of user should be known to the MPA+SIC based receiver for optimal decoding performance.
2.1.3 MUSA

Multi-user Shared Access (MUSA) is a non-orthogonal multiple access scheme operating in the code domain. Conceptually, each user’s modulated data symbols are spread by a specially designed sequence which can facilitate robust successive interference cancellation implementation compared to the sequences employed by traditional DS-CDMA (direct-sequence CDMA). Then each user’s spread symbols are transmitted concurrently on same radio resource by means of ‘shared access’, which is essentially a superposition process. Finally, decoding of each user’s data from superimposed signal can be performed at base-station side using SIC technique.  For optimal decoding performance synchronous UL transmission is assumed.
2.1.4 NCMA

Similar to MUSA, non-orthogonal coded multiple access (NCMA) uses non-orthogonal spreading codes to minimize multi-user interference and support overloading capability by designing non-orthogonal codewords obtained by Granssmannian line packing problem.  Each mMTC device is spreaded with non-orthogonal cover codes (NCC), and the receiver can be implemented with a simple de-spreading + parallel interference cancellation (PIC) decoder.  The interference level between two codeword is predictable due to NCC design.  However, correlation properties for combined multiple NCC needs to be investigated/clarified, and, therefore, trade-off between connection density and decoding performance (throughput) needs to be further evaluated.
2.1.5 Direct full/partial frequency domain spreading

For multi-user multiplexing, a given set of mMTC users to be multiplexed in a given time-frequency resource can be divided into a number of groups, and each mMTC user group may be assigned with a set of orthogonal spreading codes. Different mMTC user 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.  Depending on full or partial frequency domain spreading, final resultant signal waveform is multiplexed either in frequency or time.  Another method to apply spreading in frequency domain is to reduce inter-user interference instead of inter group interference by applying user specific interleaver with low rate channel coding.  Since above mentioned frequency domain spreading applies OFDM waveform, synchronous UL transmission is assumed.
2.2. NOMA with asynchronous UL transmission 
In addition to contention based grant-less UL transmission, signaling overhead as well as power consumption of mMTC device can be further reduced by allowing time-bounded asynchronous transmission.  An example of simple time-bounded asynchronous transmission can be implemented by allowing the mMTC device to detect a DL synchronization signal after long DRX, and then transmit UL payload right away in reference to the DL synchronization signal timing.
2.2.1 RSMA

RSMA is a non-orthogonal multiplexing scheme where all users share the same frequency and time resources for UL transmission.  It utilizes good correlation properties of scrambling codes (e.g. those generated by maximum length sequences), two signals can be well separated even when using the same scrambling code as long as they are asynchronous. It is also noted that each users can potentially transmit at any time with RSMA.  Although it is expected to have a certain time limitation among transmit signals, this is a much looser synchronization requirement than what is required in Timing Advance (TA) procedure implemented in the LTE.  However, one major disadvantage of single carrier based RSMA is the self-interference caused by multipath fading channel in case wide bandwidth is utilized for resource allocation.  
3. Low code rate and signature based shared access (LSSA) 
NOMA schemes have the advantage of eliminating the inefficiency of UL transmission contention resolution, thus, leads to lower power consumption as well as potentially increased connectivity and system throughput.   Except for power and spatial domain techniques, NOMA schemes usually employ some sort of spreading.  This spreading can be replaced with low code rate FEC encoding for mitigating multi-user interference (MUI).  To randomize the MUI, each user’s data is bit or symbol level multiplexed with UE specific signature pattern which is unknown to others. The LSSA scheme for UL mMTC is depicted in Figure 1.
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Figure 1 example of LSSA transmitter structure
Each user’s information is encoded with very low rate channel coding.  The channel encoding part can be optionally replaced with slightly higher channel coding rate with non-orthogonal spreading sequence. Then the output of channel encoder is bit (or symbol) level multiplexed with user specific signature.  
A user’s signature is a set consisted of RS, complex/binary sequence, and permutation pattern of a short length vector.  The design of user signature with long sequence is desirable in a sense that as it tends to exhibit low cross-correlation among contending UL mMTC user’s signals.  However, a long user signature introduces high decoding complexity and latency.  Thus, the signature vector is designed to keep its length as short as possible.  The short length signature vector, however, does not mean the number of multiplexed UL users is limited to the length of the signature.  User overloading feature is well supported since the receiver separates the targeted user signal from other user’s contribution to MUI without relying on orthogonal multiplexing codes, such as orthogonal CDMA spreading codes, which number of supported simultaneous UL transmission is limited to its spreading length.
All the user’s signature share the same short vector length, and it can be chosen randomly from the mobile terminal or can be assigned to the user from the network.   The LSSA can also be optionally modified to have a multi-carrier variant in order to exploit frequency diversity provided by wider bandwidth, and achieve lower latency.  
It should be noted that LSSA can support asynchronous UL transmission multiplexing.  By correlating with signature patterns, the base station is able to distinguish/detect overlaid user signals even if the transmission timing is different from each other.  However, due to base station complexity, the timing difference shall be confined to predefined time value which is most likely to be the time difference between round trip delay of the cell-edge user and the user closest to the base station.  
4. Conclusion

In this contribution, several non-orthogonal multiple access schemes were discussed to investigate its suitability in terms of supporting autonomous/grant-free/contention based mMTC application.  In addition to acquiring benefits of non-orthogonal overlay transmission for bypassing contention resolution, we see some additional benefits for employing asynchronous UL transmission, following is our proposal: 

Proposal 1: Non-orthogonal multiple access with asynchronous transmission should be investigated/evaluated for the uplink of mMTC.
Proposal 2: At least for mMTC, LSSA can be considered as a candidate for non-orthogonal multiple access scheme, supporting massive connectivity and low power consumption.
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