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1. INTRODUCTION
[bookmark: _Hlk521410680]In WG1 Meeting #94b [1], it was agreed to capture the text proposal from the previous meeting.  The finalized text proposal mainly dealt with details related to transmit signal processing.       

	· R1-1811875 	Text proposal to capture agreements made in RAN1#94 to TR 38.812 (NOMA)	ZTE



In [2], details of transmitter signal processing for NOMA schemes are captured, and different transmitter structures for multi-layer NOMA have been identified. In this contribution, we share our evaluation results, comparing the performance of IDMA-based single-layer NOMA against the performance of multi-layer NOMA transmission. 


2. TRANSMITTER OPTIONS FOR MULTI-LAYER NOMA
Multi-layer NOMA transmission is recognized as an effective means to improve the performance of a NOMA system. Through breaking down the transmission packets into smaller transmission units, the effective code rate can be reduced, potentially resulting in an enhanced performance. However, it should be noted that per layer transmit power is also reduced as more layers are added. Therefore, for a given MCS, a trade-off is clearly needed to insure the performance loss due to power reduction per layer would not outrun the expected gain through utilization of a lower code rates. Another interesting aspect of multi-layer NOMA is that addition of new layers would not require a new DMRS port, and thus a single DMRS port would be sufficient regardless of the number of layers.

In [2], five different transmitter structures for multi-layer NOMA have been identified. At a high level, the proposed structure can be classified under two main categories, i.e., (1) having one FEC encoder per transmission (2) having one FEC encoder per layer. Figure 1 shows multi-layer NOMA transmitter structure with Option 1 and Option 2.

There are some obvious differences in term of hardware architecture in both transmitter and receiver sides, however the basic operation for each can be described as follows. In Option 1, the data packet is first split into smaller data units, and then each unit is encoded independently before passing to the NOMA encoder. However, in Option 2, the data packet is first encoded, and then split into layers and fed to the NOMA encoder.








[bookmark: _Ref513620335]Figure 1: A high-level block diagram of multi-layer NOMA transmitter


3. PERFORMANCE COMPARISON
In this section, we compare the performance of an IDMA-based single layer NOMA against the performance of a multi-layer NOMA transmission. In Figure 1, the performance of IDMA with an ESE-based receiver is compared with and without multi-layer transmission for the cases of TBS60 and TBS75. For the evaluation, we considered up to 2 layers per user, as introducing a higher number of layers may not be neither efficient nor required. 

We first observe that multilayer transmission enhances the multiplexing capability of IDMA with an ESE-base receiver. 
· For TBS60, the maximum multiplexing gain of single-layer transmission is 6 users, whereas multi-layer transmission can increase the overload to 8 users (at 10% target BLER). 
· For TBS 75, we can observe a similar conclusion, as the multiplexing gain is increased from 4 to 6 users. This multiplexing gain is mainly due to the lower code rate enabled by multi-layer transmission. 

As a NOMA receiver, such as an ESE-based, often relies on the iterative feedback loop between the core detector and the FEC to enhance bit LLRs, lowering code rate benefits significantly. 

We also observe that switching to multi-layer transmission is not always beneficial. The gains come more often when a large number of users is multiplexed. That is, when the single-layer multiplexing capabilities are reaching 
[image: ][image: ][image: ][image: ]

  
Figure 1 – Performance of IDMA with and without multi-layer transmission (ESE)

their limits. Our results show that additional users can be multiplexed by switching to a higher number of layers. For example, in TBS60 single-layer transmission with 6 users there is a flooring effect in the BLER performance. This flooring effect is no longer present when 2 layers are used. 

In Figure 2, similar performance trends can be observed for IDMA with an EPA-based receiver. The flooring effect that is observed with a single-layer transmission of 8 users is no longer present in the 2-layer case. Similar to the case with an ESE-based receiver, we can also observe that the optimal switching point from single- to multi-layer occurs at a high number of users, e.g., for TBS 60 this is larger than 6. 

Observation 1: Multilayer with Option 1 can enhance the performance of the system when the code rate and overloading are high.  

Proposal 1: RAN1 further studies multilayer Option 1 and Option 2.
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Figure 2 – Performance of IDMA with and without multi-layer transmission (EPA)


4. CONCLUSION
In this contribution, we share our evaluation results, comparing the performance of IDMA-based single layer NOMA against the performance of multi-layer NOMA transmission. Based on the discussion and the simulation results presented, following observations made:

Observation 1: Multilayer with Option 1 can enhance the performance of the system when the code rate and overloading are high.  

Proposal 1: RAN1 further studies multilayer Option 1 and Option 2.


REFERENCES
[1] [bookmark: _Ref478127360]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #94b, Chengdu, China, October 2018
[2] 3GPP TR 38.812; Study on Non-Orthogonal Multiple Access (NOMA) for NR, V0.1.0 (2018-08)


APPENDIX
[bookmark: _GoBack]Table A-1: NOMA Link-Level Simulations Assumptions
	Parameters
	mMTC

	Carrier Frequency
	700 MHz

	Waveform (data part)
	CP-OFDM

	Channel coding
	NR LDPC

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

	Allocated bandwidth
	6 PRBs

	TBS per UE
	[60, 75] bytes

	Target BLER for one transmission
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	[1 4 6] for TBS 75

[1 6 8] for TBS 60

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx  

	Propagation channel & UE velocity
	TDL-A and TDL-Cin TR38.901, 3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal channel estimation
1/7 OFDM symbol overhead for DMRS

	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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