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1. Introduction
At the RAN1 #92b meeting, the following agreement on NOMA receiver structure was agreed [1]:
	Adopt Figure 1 as the general block diagram of multi-user receiver for UL data transmissions.
· The algorithms for the detector block (for data) can be e.g. MMSE, MF, ESE, MAP, MPA, EPA. 
· The interference cancellation can be hard, soft, or hybrid, and can be implemented in serial, parallel, or hybrid.
· Note: the IC block may consist of an input of the received signal for some types of IC implementations
· The interference cancellation block may or may not be used. 
· Note: if not used, an input of interferene estimation to the decoder may be required for some cases.
· The input to interference cancellation may come directly from the Detector for some cases
[image: ]
Figure 1 A high-level block diagram of multi-user receiver



[bookmark: _GoBack]In this contribution, we discuss the performance of the ESE receiver in an IDMA system. In particular, the convergence behaviour of the ESE receiver for various overloading factors is evaluated.
2. IDMA iterative receiver
In a previous contribution [2], we gave a detailed overview of the receiver processing structure required in a NOMA system which uses IDMA as its transmission mechanism. Figure 1 gives an overview of the transmitter and receiver parts of the IDMA system. 


Figure 1 IDMA transceiver
At the receiver, IDMA decoding requires two main blocks: the elementary signal estimator (ESE) and the forward error correction (FEC) channel decoder. The ESE block provides statistics of the interference and noise that can be used to better decode a user’s symbol in the presence of multiuser interference. The LLRs which are output from the ESE are deinterleaved using the UE specific interleaving sequence and repetition combined. The result is provided to the FEC decoder which is followed by a CRC to determine whether the packet was successfully decoded or not. 
With a single iteration, there is no feedback from the FEC decoder to the ESE. The final packet decoding relies only on one iteration through the ESE block. This can lead to poor performance since the FEC decoder output is not fed back to the ESE. However, with multiple iterations, the ESE and FEC iteratively exchange LLRs to improve the decoding performance. Each additional feedback iteration from the FEC decoder to the ESE further refines the interference estimates which leads to better multiuser separation.
The number of iterations required is a key factor in the complexity of the receiver. On one hand, increasing the number of iterations improves the performance of the receiver. On the other hand, the complexity and decoding latency increases. These two aspects of the receiver must be taken into consideration when comparing multiple schemes. In the next section, we provide simulation results comparing the performance under different number of iterations at the receiver. 
3. Simulation results
In this section, we provide link level results comparing the BLER performance of IDMA with varying number of iterations between ESE and FEC decoder. 
In Figure 2, the BLER curves are plotted for different number of iterations in TDL-A. In Figure 3, the BLER is plotted at the SNR that yields 10% BLER for a single UE as a function of the number of iterations for different number of multiple users. With more than one user, using just one iteration drastically improves the BLER performance. For example, the 6 and 12 user case effectively achieves the same performance of a single user by using 2 iterations. With much larger number of users such as 24, a slightly more iterations are required to approach the single user case. Therefore, the decoding complexity of an IDMA receiver can be optimized based on the activity of users in the system. 
[image: ]
Figure 2 BLER as a function of SNR for different number of UEs and iterations
[image: ]
Figure 3 BLER at the SNR for 10% BLER with 5 iterations

With a single user, the number of iterations has no effect. This is expected since each iteration serves to update the interference estimate from other users. Without any other user, there is no benefit from increasing the number of iterations. 
Observation 1 – For most overloading scenarios, the number of ESE iterations can be maintained very low, e.g., ≤.3.
Observation 2 – For very high overloading scenarios, an ESE receiver can provide a satisfactory performance with only 5 iterations.

4. Conclusions
In this contribution, we showed the effect of the number of iterative decoding loops at the receiver in an IDMA based system.  Based on the presented discussion, the following proposals are made;
Observation 1 – For most overloading scenarios, the number of ESE iterations can be maintained very low, e.g., ≤.3.
Observation 2 – For very high overloading scenarios, an ESE receiver can provide a satisfactory performance with only 5 iterations.
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Appendix

	Parameters
	mMTC

	Carrier Frequency
	700 MHz

	Waveform (data part)
	CP-OFDM

	Channel coding
	NR LDPC 1/3

	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
	[1 6 12 24]

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx  

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