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1. Introduction
In [1], the newly approved SI on 5G non-orthogonal multiple access (NOMA) for NR radio access technology has some of its objectives in the following:

· Transmitter side signal processing schemes for non-orthogonal multiple access.
· Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.

· Coded bit level processing including interleaving and/or scrambling, etc.

· Symbol to resource element mapping, sparse or not, etc.
· Demodulation reference signal. Other signal is not excluded.
In the RAN1 #85 meeting, low-rate channel code and signature based shared access (LSSA) [2] was introduced as a candidate to exploit the benefits of non-orthogonal multiple access scheme.  This contribution presents further details in respect to the topics that shown above.  We present some thoughts about the topics that lead to some of the rough conclusions for guiding the NOMA transmitter design when grant-free transmission is involved.  However, certain details in design can be flexible and open to further optimization and improvements at this stage.  
2. Generation of signature pattern 
2.1. User data multiplexing method for grant-free and grant based transmission
In LSSA, a predefined group of users can randomly transmit signals.  Each user’s transmit signal is spread to the allocated/designated frequency and time area, which is shared without knowing the presence of other users transmit signal, and, therefore, possibly introduce multi-user interference (MUI) to the receiver.  The key to recover all users’ transmit signal from each other at the receiver side lies in the low-rate channel code and hardware efficient identification/detection of user specific/selected signature and reference signal pattern.  Following block diagrams in the figure 1 illustrate the overall transmitter structure of LSSA.  
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Figure 1 LSSA transmitter structure
Method to multiplex users sharing the same frequency and time non-orthogonally lies in the ID matched short block length unit wise bit-level permutation [3] pattern generation part, which is a part of the user specific signature.  One key characteristic of the user specific short block permutation process is the low implementation complexity and signal processing latency.  Although further investigation for determining the block length remains, it can be kept reasonably low for various user deployment scenarios.  According to the recent results, bandwidth equivalent bit-level length shows the best results in terms of performance trade-off with complexity.  Other important aspect of the LSSA is the full-length spreading in symbol level, which adds robustness against MUI, and it also offers flexibility to procedures related to switching from non-orthogonal to orthogonal multiple access scheme (and vice versa).  The key feature to full-length spreading is that a particular group of UE can be non-orthogonal to each other while the group as a whole is orthogonal to other group of UEs.
Depending on grant-free or grant based UL resource assignment scheme, the UE ID, which is the ultimate single parameter for determining short length bit-level permutation pattern, can be either assigned by the gNB or by the UE itself within a pool of signatures.  To execute the option when gNB assigns a unique signature to a UE, implementation can be done by assigning a unique cell-specific temporary ID or validating/acknowledging a globally unique ID imbedded in the UE, as illustrated in figure 2a.  
On the other hand, when grant-free option shown in figure 2b is chosen as a UL resource allocation method, the gNB can assign a pool of signature pattern to choose from an UE.
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Figure 2 gNB assigned or UE selected ID as a parameter for generating signature pattern
The option that UE chooses a specific ID from a previously defined pool can be viewed as the random access procedure in LTE, while the range of non-orthogonal signature pool can be potentially wider than that of orthogonal scheme can offer. 
2.2. channel estimation and user group identification
Another area of practical concern is the user channel estimation problem.  Obviously, separation of user data without a channel estimate information is impossible.  To estimate each user’s channel state information non-orthogonally, a well-designed group RS pattern could make each transmitter’s data recoverable from one another. To exploit the performance of NOMA fully, channel estimation result must be reasonably accurate.  The overall link level performance is in direct relation to how good the channel estimation result is, since the inaccuracy in channel estimation creates additional MUIs inherent in NOMA schemes.  Thus, the DMRS itself must be orthogonal to achieve optimal link level performance.  In other words, the range of available signatures set within an allocated time/frequency resource is limited to the number of orthogonal DMRS.
To get the benefits of the grant-free feature in the non-orthogonal multiple access scheme, the ID used for signature (whether gNB assigned or randomly selected by UE) and DMRS pattern are desired to be tied to a single set.  For grant-free transmission, the receiver does not know when the transmission burst will arrive and how many UL users will transmit, therefore, the receiver needs to be able to detect incoming signal bursts at all times.  In addition, in order to detect and decode multiple UL signals from users simultaneously, DMRS must be orthogonal.  With this design, the receiver can identify/detect the UL transmission, while figuring out the signature pattern at the same time, simplifying the implementation complexity and possible reduction of latency.
If grant-free transmission is carried out with the NOMA signature generated by gNB assigned ID signature, the complexity problem of the receiver searching for the entire set of assigned IDs arise.  gNB assigned ID based grant-free non-orthogonal transmission schemes can let the UE transmit signals sporadically/randomly without the acquisition of a grant, however, gNB must identify, in principle, the origin of the incoming signal at all times.  Because the number of candidate transmitting users can be unlimited, potential problem of identifying/detecting the origin of incoming signals due to overloaded number of candidate active users can cause some missed detection and false alarm issue, which leads to increased UL traffic congestion due to performance degradation and lower overall cell throughput. Therefore, to reduce searching complexity, a time/frequency ranged assignment shown in figure 3 can greatly reduce receiver complexity and latency.  
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Figure 3 an example of time ranged gNB assigned ID resource allocation
Alternatively, inserting a user group identification reference signal pattern can be a potential solution.  The user group identification could possibly lower the number of expected candidates, that a group specific common RS pattern or initial signal is generated based on the user specific ID.  Although the range of signatures may be much wider than the orthogonal approach, but, in practical point of view, there is still some limitation to extend the range of random signature pool due to orthogonality requirement of the DMRS.  For the DMRS design itself, existing LTE UL DMRS signal sets with frequency-domain shift patterns could be a good candidate to maintain orthogonality among UL transmissions.
3. Implementation complexity of LSSA
With the simple signature generation mechanism and the complexity reduction method to implement user detection difficulties, LSSA can be a promising candidate as a non-orthogonal multiple access scheme for NR.  Support of low-latency applications can be another strong point of LSSA.  Because the user’s bit-level permutation depth can be flexible, processing delay related to de-permutation is short, which is also true at the transmitter side.  The other practical advantage is the de-multiplexing complexity itself, since no arithmetic operations are required but simple shift/swapping of LLR values.  
4. Conclusion

In this contribution we introduced the signature generation and transmitter structure of LSSA signature generation.  The advantages such as low complexity and latency and consideration of DMRS design are also explained.  LSSA assumes single user MMSE receiver and a simple implementation technique required in bit level.  Following is our proposal: 

Proposal 1:Short bit level block-length based LSSA scheme can be considered as a candidate for non-orthogonal multiple access scheme, supporting massive connectivity, low latency, and low complexity design.
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