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1. Introduction
[bookmark: _Hlk521410680]In WG1 Meeting #93 [1], RAN1 continued the discussion on NOMA schemes evaluation. Moreover, some aspects of transmitter side data processing for NOMA was discussed, and the following agreements on transmitter side processing was reached, 
	· Detailed transmission schemes particularly MA signature design per scheme will be captured in TR. Performance and complexity comparisons and observation/conclusion should at least be made scheme-wise. 
· Transmitter side data processing for NOMA can be based on one or more of the following aspects
· UE -specific bit-level scrambling
· UE -specific bit-level interleaving
· UE -specific symbol-level spreading
· Can be with NR legacy modulation or modified modulation
· UE -specific symbol-level scrambling 
· UE -specific symbol-level interleaving, with symbol-level zero padding
· UE -specific power assignment
· UE-specific sparse RE mapping
· Cell-specific MA signature 
· Multi-branch/MA signature transmission (irrespective of rank) per UE 



In this contribution, we discuss implementation aspects of IDMA-based NOMA schemes. More specifically, we discuss and compare PAPR characteristics, and implementation of IDMA with both interleavers and scramblers. 

2. IDMA Transmitter Processing
At its core, IDMA relies on user specific interleavers to distinguish the overlapping signals from multiple users and low-rate channel coding to recover the signal affected by multiple user interference. Simple low-complexity implementation, flexible architecture for adapting to required use cases and spectral efficiencies, high overloading potential, and the possibility to operate in some asynchronous transmission scenarios are among many advantages of IDMA. 
IDMA belongs to a family of NOMA schemes that operate based on the chip level processing. Earlier studies on spread spectrum multiple access systems indicated that the optimal capacity of a multiple access channel can be achieved if the spreading is entirely realized by employing a very low-rate error correction code per user [2]. Such process allows to multiplex more users on the same time-frequency resources. Therefore, the capacity of a NOMA system can be optimized by proper design of the spreading mechanism for a given number of users. Under the paradigm of employing very wideband transmission, users may be perceived exhibiting orthogonal transmissions, while at the same time take advantage of a strong error control or spreading mechanism for robust detection. Since per user definition of very low rate codes is not straightforward and would also lead to extra receiver complexity, a common way for spreading through coding is by combining a very low-rate error correcting code with user-specific interleaving and/or scrambling. 
IDMA is the main representative of very low code rate NOMA schemes [3]. IDMA can be viewed as a CDMA system where the spreading mechanism is a function of the actual payload. The main feature of IDMA principle lies in that it does not treat the observed interference as an additive noise. During the detection process, the a-priori LLR’s are continually enhanced by updating relevant statistics of the received signal and the interference. More details on the receiver implementation of IDMA are provided in [4]. 
Figure 1 shows the basic structure of an IDMA-based multiple access system with K number of active users. At the transmitter, each UE payload is coded and then randomized prior to transmit in the shared channel. The randomization operation is user-specific, and it can be implemented through a combination of interleaving/scrambling functions. 


[bookmark: _Hlk521411261]Figure 1 A conceptual model of IDMA transmission

[image: ]
[bookmark: _Hlk521408473]Figure 2 Detailed presentation of an IDMA transmitter
[bookmark: _Hlk505851891]Figure 2 exhibits a more detailed presentation of the IDMA transmitter processing. To allow more flexibility in design, as well as in selection of desired Spectrum Efficiency (SE), a relatively low code rate encoder combined with a rate matching mechanism (R) is employed. As such, it would be straight forward to vary the spreading rate (R) to achieve a desired SE without committing to any change in the hardware. In other words, in an exemplary implementation, a same error correction mechanism can be used for all use cases. Then, the spreading rate R can be reduced or increased to achieve a lower or higher capacity, and/or a better or worse target BLER per requirement. Hence, we could potentially accommodate different use cases of NOMA with the same transmission mechanism and hardware. The coded bit stream ci is randomized according to its designated interleaving function to facilitate user separation at the receiver. To reduce the impact of intercell interference, a cell based randomization may also be employed, which will be common for all configured NOMA UEs in the cell. 
As shown in Figure 3, an IDMA-based NOMA can be easily configured for a multi-layer transmission by assigning different MA signatures per transmission layer. Figure 3 shows a K layer IDMA transmitter where each layer is configured with a different IDMA signature. Based on the discussion and provided details, following observations can be made;
Observation 1: The transmitter of an IDMA system does not require much extra complexity and can be easily integrated with the existing NR transmitter signal chain.
[bookmark: _Hlk521410198][bookmark: _GoBack]Observation 2: An IDMA transmitter can be easily reconfigured to enable multi-layer transmission and operation in various SE and target BLER.


Figure 3 A K-layer IDMA-based NOMA transmitter

3. Transmission characteristics
As demonstrated in Figure 2, an IDMA transmitter can operate with a standard modulator as defined in NR specification. As such, there is no impact on the waveform, alleviating any potential concern about PAPR and PA non-linearity behaviour. Figure 4 shows PAPR characteristics of an IDMA-based NOMA transmission for two different waveforms CP-OFDM and DFT-s-OFDM.
Observation 3: An IDMA transmitter employs the existing modulation formats for its transmission, as its transmission does not require any manipulation of the transmit symbols. As a result, any impact on PAPR is not expected.

[image: ]
Figure 4 PAPR characteristics of IDMA-based transmission
4. Alternative implementations to IDMA
In section 2, we described the implementation of the transmitter in a typical IDMA system. There are however alternative implementations that rely on the same concept of low code rate transmissions. For example, the randomizer operator in Figure 2 can be implemented as a scrambler or interleaver with no performance difference. As such, instead of using a UE specific interleaver to separate users, a UE specific scrambling sequence can be employed. Using a scrambler has the same desired effect as interleaving in randomizing the coded bits prior to the transmission. 
The main differences between an interleaver- or scrambler-based design lie in their implementation. In an interleaver-based design, some additional memory and processing time are required for interleaving/de-interleaving operations, while that is not the case for a scrambling-based implementation. 
. 
Figure 5 provides BLER results of scrambling- and interleaving-based IDMA in AWGN and TDL-A fading channels. Results verify that the interleaving and scrambling provide similar performance for low code rate IDMA. This confirms that either method provides sufficient user separation for the receiver to successfully detect multiple users. In the scrambling-based implementation, the scrambling sequences are randomly generated for each UE. The complete list of simulation assumptions can be found in Appendix. 
Observation 4: Interleaving and scrambling sequences provide similar multiplexing capabilities. 

 [image: ] [image: ]
Figure 54 Scrambling vs interleaving in a) AWGN and b) TDL-A fading channels
 
5. Conclusions
In this contribution, we have provided further details and description of an IDMA transmitter. Based on the discussion, the following observations are made: 
Observation 1: The transmitter of an IDMA system does not require much extra complexity and can be easily integrated with the existing NR transmitter signal chain.
Observation 2: An IDMA transmitter can be easily reconfigured to enable multi-layer transmission and operation in various SE and target BLER.
Observation 3: An IDMA transmitter employs the existing modulation formats for its transmission, as its transmission does not require any manipulation of the transmit symbols. As a result, any impact on PAPR is not expected.
Observation 4: Interleaving and scrambling sequences provide similar multiplexing capabilities. 
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Appendix
Table 1 Link level simulation assumptions
	Parameters
	mMTC

	Carrier Frequency
	700 MHz

	Waveform (data part)
	CP-OFDM, DFTs-OFDM

	Channel coding
	NR LDPC

	Numerology (data part)
	SCS = 15 kHz, #OS = 14

	Allocated bandwidth
	6 PRBs

	TBS per UE
	10 bytes

	Target BLER for one transmission
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	AWGN: [1, 2, 3, 4, 5, 6]
TDL-A [1, 6, 12]


	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx  

	Propagation channel & UE velocity
	AWGN, TDL-A 30ns in TR38.901, 3 km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal channel estimation

	MA signature allocation (for data and DMRS)
	Fixed

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0

	Traffic model for link level
	Full buffer

	Performance metrics 
	BLER 
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