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1. INTRODUCTION
[bookmark: _Hlk521410680]In WG1 Meeting #94b [1], RAN1 began compiling and interpretation of NOMA link level evaluation results. As a result of the discussion, following agreements for cases 1 to 5 were reached, 

	· Observation 1: with ideal channel estimation, the LLS results for Case 1 with 12 or 24 UEs show a similar performance for most of curves provided, at target BLER = 0.1, with appropriate configurations.
· Observation 2: with ideal channel estimation, the LLS results for Case 2 with 6 or 12 UEs show a similar performance for most of curves provided for coding rates no more than 0.2, at target BLER = 0.1.
· Observation 2.1: with ideal channel estimation, the LLS results for Case 2 with 6 or 12 UEs show a similar performance for most of curves provided for coding rate ~0.4, at target BLER = 0.1.

· Observation: with ideal channel estimation, the LLS results for Case 3 with 6 UEs show a similar performance for most of curves provided with code rate up to 0.4, at target BLER = 0.1, even when different receiver types are used.

Observation: for Case 3 with 10 UEs and ideal channel estimation, 
· the LLS results for simulated schemes with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver or ESE-SISO receiver show a similar performance for most of curves provided with code rate up to 0.4, at target BLER = 0.1. 
· the LLS results for simulated schemes with the MMSE-hard IC receiver show a similar performance for most of curves provided with code rate up to 0.4, at target BLER = 0.1. 
· the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver or ESE-SISO receiver show better performance than the results with the MMSE-hard IC receiver.

Observation: for Case 4 with 6 UEs and ideal channel estimation, 
· the LLS results for simulated schemes with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show a similar performance for most of curves provided with code rate up to 0.6, at target BLER = 0.1. 
· the LLS results for simulated schemes with the MMSE-hard IC receiver or ESE-SISO receiver show a similar performance for most of curves provided with code rate up to 0.6, at target BLER = 0.1. 
· the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show better performance than the results with the MMSE-hard IC receiver or ESE-SISO receiver.

Observation: for Case 5 with 4 UEs and ideal channel estimation, 
· when the code rate is similar, the LLS results for simulated schemes with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show a similar performance for most of curves provided, at target BLER = 0.1. 
· the LLS results for simulated schemes with the MMSE-hard IC receiver and ESE-SISO receiver show a similar performance for most of curves provided, at target BLER = 0.1. 
· When the code rate is round 0.36, the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show better performance than the results with the MMSE-hard IC receiver or ESE-SISO receiver.
· When the code rate is round 0.71, the LLS results with the Chip EPA hybrid PIC or MMSE-hybrid IC receiver show similar performance to the results with the MMSE-hard IC receiver or ESE-SISO receiver

Observation: for Case 5 with 6 UEs and ideal channel estimation, 
· the LLS results for linear-spreading based schemes (SF>1) with the MMSE-hard IC receiver show a similar performance, at target BLER = 0.1. 



Furthermore, RAN1 discussed complexity analysis of NOMA receivers, and some initial analysis and details were agreed and captured [1]. 

	· Table 8 (and its subtables & notes) and Table 9 in R1-1811938 are agreed
· To be captured in 38.812



In this contribution, we provide some performance evaluation for IDMA, SCMA and MUSA NOMA transmission schemes. 


2. EPA RECEIVER FOR NOMA
The general block diagram of a NOMA receiver is shown in Figure 1, where the core detector algorithm can be implemented in different forms, e.g. MMSE, MF, ESE, MAP, MPA, EPA [2]. The interference cancellation can be hard, soft, or hybrid, and it can be implemented in serial, parallel, or hybrid. The cancellation process can be implemented in an iterative manner to achieve the required performance. Each family may have its own variants with different level of enhancements to further improve the performance and/or reduce the processing complexity. 


[image: ]
[bookmark: _Ref513620335]Figure 1: A high-level block diagram of multi-user receiver

Each receiver structure has its own unique structural complexity as captured in Table A1 [2]. For a given NOMA scheme, the choice of a receiver can be based on the expected performance, use case scenario and cost. Due to the wide variety of deployment scenarios, not every gNB receiver may require utilizing a complex receiver, and the choice of the receiver may be adopted according to operational considerations. We have discussed this topic in a companion contribution [3].

Among the proposed receiver structure, an EPA receiver can be used effectively for various NOMA transmission schemes [4]. An EPA receiver has a relatively flexible structure, and it can be implemented with different level of enhancements and/or simplifications. 


3. PERFORMANCE COMPARISON
In this section, we compare the performance of IDMA, SCMA, and MUSA NOMA schemes considering an EPA receiver. Three schemes are chosen to represent NOMA schemes based on bit-level processing and symbol-level processing with/without sparsity. For the EPA receiver, the number of outer and inner loop iterations are configured to 5 and 3, respectively. For a fair comparison, we have maintained a single layer transmission for all the studied cases. The complete set of simulation assumptions is given in the Table A-1.
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	Figure 1 – Performance of IDMA with different TBSs and overloading
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	Figure 2 – Performance of SCMA with different TBSs and overloading
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	Figure 3 – Performance of MUSA with different TBSs and overloading



  
Figures 1, 2, and 3 give the performance of IDMA, SCMA, and MUSA-based NOMA transmissions, respectively. For each NOMA scheme, results with both ideal channel estimation (ICE) and real channel estimation (RCE) are shown. Based on the simulation results presented, following observations are made:

[bookmark: _Hlk528313724]Observation 1 – IDMA, MUSA, and SCMA NOMA schemes exhibit very similar BLER performance when the system operates at a low code rate.

Observation 2 – At a higher code rate and with high overloading assumption, SCMA tends to perform better than IDMA and MUSA.

Observation 3 - EPA based receiver can perform well with all three NOMA schemes under different overloading scenarios.



4. CONCLUSION
In this contribution, we provide further evaluation results for IDMA, SCMA, and MUSA based NOMA schemes. Based on the discussion and the simulation results presented, following observations are made:
Observation 1 – IDMA, MUSA, and SCMA NOMA schemes exhibit very similar BLER performance when the system operates at a low code rate.

Observation 2 – At a higher code rate and with high overloading assumption, SCMA tends to perform better than IDMA and MUSA.

Observation 3 - EPA based receiver can perform well with all three NOMA schemes under different overloading scenarios.
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APPENDIX

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
	[10, 20, 40] bytes

	Target BLER for one transmission
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	 [12, 24] for Case1, [6, 12] for Case2, [6, 10] for Case3 

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx  

	Propagation channel & UE velocity
	Case1 and Case3: TDL-A 30ns, Case2: TDL-C 300ns  in TR38.901, 3km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal channel estimates: 1/7 OFDM symbol overhead for DMRS
Real channel estimates: Case1, N2 – 2/7 OFDM symbol overhead for DMRS. All other Cases: 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

	Receiver
	EPA-based (3 inner iterations), 5 Outer loops
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