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1 Introduction

In NR Non-orthogonal Multiple Access (NOMA) SID, the following objectives have been identified for transmitter side processing schemes to NOMA [1]: 

· Transmitter side signal processing schemes for non-orthogonal multiple access [RAN1]:

a. Modulation and symbol level processing, including spreading, repetition, interleaving, new constellation mapping, etc.

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

c. Symbol to resource element mapping, sparse or not, etc.
d. Demodulation reference signal. Other signal is not excluded.
In this contribution, we introduce our UL NOMA transmission scheme, Low Code Rate Spreading, and provide some initial evaluation results comparing other MA schemes. 
2 Low Code Rate Spreading (LCRS)
2.1 Basic Transmission processing

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 [2]. Since non-orthogonal multi-user multiplexing can accommodate more number of UEs simultaneously, it potentially leads to user and system throughput gains. Furthermore, non-orthogonal multi-user multiplexing schemes efficiently allow grant-free operation, which may be beneficial for supporting large 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. 
Some non-orthogonal multi-user multiplexing schemes exploit power- and/or code-domain 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. Thus, the simple spreading schemes for synchronous non-orthogonal multi-user multiplexing may be desirable, 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. 
For having the spreading effects in order to support non-orthogonal multi-user multiplexing, there can be multiple ways. One simple alternative is to utilize actual spreading sequence for signal spreading on top of the encoded bits or modulated symbols and the other alternative is to reduce the code rate by utilizing rate matching block so as to effectively spread the encoded bits. Both schemes can be potential candidate methods for NOMA Tx scheme but we believe the second alternative, Low Code Rate Spreading (LCRS), is more promising from the following perspectives:
· Support of flexible code rate,
· Support of (comparatively) full coding gain

· Support of NOMA without introducing new transmission schemes,
The illustration of the LCRS transmission processing is given in Figure 1.
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Figure 1. Transmission process of LRCS
LCRS transmission scheme is basically the same as the current NR UL transmission. As shown in Figure 1, it utilizes same coding procedure as PUSCH including channel encoding, rate matching, bit-level scrambling and then modulator. As can be seen in the Figure, either OFDMA or SC-FDMA could be used in the last part of the transmission processing. The difference from the normal PUSCH is that the physical resources mapped to the generated signals can be shared by multiple users. The bit-level scrambling part performs as the user separation by randomizing the signals from other users and then making multi-user interference as random as possible. Bit level scrambling function defined in 38.211 [3] can be one example as it is defined in a UE-specific manner.  The only thing to be taken into account is to make sure the code rate is sufficiently low for achieving the maximum coding gain in order to overcome the inter-user interference. 
Before discussing the properties of different NOMA schemes, it is the most important to compare the performance of each scheme under the well-defined evaluation methodology [6] and appropriate receiver algorithm [5], which would be the highest prioritized works to be done during the NOMA study item.
Observation 1

· Low Code Rate Spreading (LCRS) is a promising candidate for NOMA from the perspectives of 
· Support of flexible code rate,

· Support of (comparatively) full coding gain

· Support of NOMA without introducing new transmission schemes,
2.2 Potential specification impacts

In the previous section, it was mentioned that LCRS is just reusing the currently defined NR PUSCH coding chain. Therefore, if we just consider the specification impact from the transmission signal processing schemes, there would be no additional block or function to be introduced or defined at least in 38.212 [4]. 

However, depending on the maximum possible number of users to be multiplexed in the same resources, DMRS design may need to be improved. The performance of NOMA scheme depends substantially on the advanced receiver structure and the performance of the advanced receiver depends a lot on whether the channel estimation is accurate or not. Therefore, DMRS has to support multiplexing of multiple users and multiple DMRS’s with sufficient separation from each other for the desirable channel estimation performance even though the data parts are not separated. 
Current NR DMRS can support only up to 12 users. (Up to 12 orthogonal ports are supported) If there is a need to increase the number of simultaneous users, certain improvement is required. One note is that this DMRS design improvement is needed regardless of what kind of NOMA transmission scheme is introduced.

Observation 2

· No (or negligible) specification impact is needed for the LCRS transmission scheme 

· Possible improvement could be needed for PUSCH DMRS design regardless of NOMA transmission schemes
3 Initial Evaluation Results
3.1 NOMA (LCRS) vs. OMA (OFDM)
Figure 2 depicts comparison of simultaneous transmission of one or 8 UEs inside 4PRBs under the TDL-A 30ns channel condition (ideal CE). In the figure, it can be observed that both BLER curves for single and multiple UE transmissions are very close, indicating that NOMA can support at least 8 users without significant link performance loss compared to OMA scheme. Straightforwardly, overall spectral efficiency is increased according to the number of UEs as shown in the figure. 
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Figure 2. NOMA vs OMA for the same resource allocation

3.2 LCRS vs. other NOMA schemes

This section provides initial performance comparison between LCRS and other NOMA proposals. In Figure 3, we compared LCRS with a spreading sequence based NOMA scheme, MUSA [7]. As discussed in Section 2.1, the NOMA gain is from the low effective code rate by applying either rate matching or spreading sequence which enables the interference cancelation operation in the receiver side. From the perspectives, the performance is very similar if the mother code rate is fully guaranteed, e.g., low TBS case. However, if the TBS is larger and the code rate is greater than 1/3 for MUSA, performance degradation can be seen for MUSA compared to LCRS which can benefit from full coding gain even for large TBS case. We also compared LCRS with the other NOMA scheme based on sparse mapping, SCMA [8] as given in Figure 4

 REF _Ref506510654 \h 
 \* MERGEFORMAT . The results are a bit similar to the previous case since SCMA also loses some coding gain if the TBS size is larger than a certain point.  
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Figure 3. NOMA vs MUSA
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Figure 4. NOMA vs SCMA

Observation 3


· For sufficiently low code rate, LCRS/MUSA/SCMA shows similar results 

· For comparatively high code rate, LCRS shows better LLS results due to the coding gain difference

4 Conclusions

In this contribution, we introduced our proposed NOMA transmission scheme, LCRS with some initial evaluation results. Based on the discussions presented, we summarize our views through the following observations:
Observation 1

· Low Code Rate Spreading (LCRS) is a promising candidate for NOMA from the perspectives of 

· Support of flexible code rate,

· Support of (comparatively) with full coding gain

· Support of NOMA without introducing new transmission schemes,
Observation 2

· No (or negligible) specification impact is needed for the LCRS transmission scheme 

· Possible improvement could be needed for PUSCH DMRS design regardless of NOMA transmission schemes

Observation 3


· For sufficiently low code rate, LCRS/MUSA/SCMA shows similar results 

· For comparatively high code rate, LCRS shows better LLS results due to the coding gain difference
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Appendix: Simulation Assumptions

	Parameters
	Values or assumptions

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM

	Channel coding
	LTE Turbo

	Numerology 
	15KHz SCS

	System Bandwidth 
	10 MHz 

	Total allocated bandwidth for transmission 
	4/8 PRB pairs

	Overhead 
	2 DMRS symbols (in the middle of 7 OS), no SRS, 
i.e., 144 available REs per PRB-pair for data transmission

	Modulation and coding scheme
	QPSK

	BS antenna configuration 
	2 Rx 

	UE antenna configuration 
	1 Tx 

	SNR distribution of Multiple UEs 
	Equal distribution

	Propagation channel & UE velocity 
	TDL-A (30ns) and TDL-C (300ns)

UE velocity: 3km/h 

	Max number of HARQ transmission 
	1

	Receiver structure
	MMSE-PIC algorithm 

	Channel estimation
	Ideal CE
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