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1. Introduction
In RAN1 #92b, the link level simulation assumptions were agreed to be included in the NOMA TR 38.812 [1]: 
R1-1803613	Text proposal for LLS parameters in TR 38.812 (NOMA)	ZTE, Sanechips
Decision: The TP is endorsed.
In this contribution, we provide link level simulation results with the IDMA scheme in mMTC scenario according to the agreed assumptions.
2. Discussion
In this contribution, we present IDMA simulation results with varying number of UEs, and under equal and unequal SNR assumptions. AWGN as well as fading channels (TDL-A and TDL-C) are considered for the evaluation. Both ideal channel estimation and DMRS based real channel estimation are considered. For each case, we present results for different number of UEs, and as a point of reference we also consider 1 UE case (OMA case with the same per UE spectral efficiency). 
Table 1 specifies the five TBSs chosen for our simulations. The number of RBs is fixed to 6 for all cases. The number of repetitions used after LDPC coding is adjusted to spread the coded payload over all REs available for data transmission in a TTI. As a result, per UE spectral efficiencies vary between 0.11 and 0.67 (see Table 1). Other details and simulation assumptions are described in the Appendix Table 2. 
[bookmark: _Ref509218771]Table 1 - TBS values used in simulations
	Case
	Payload  

[Bytes]
	CRC 

[Bits]
	Total

[Bits]
	LDPC 

CR
	Packet 

[Bits]
	Spreading
	Bits per Symbol
	Bandwidth 

[PRBs]
	Total REs 
	SE/UE

	TBS10
	10
	16
	96
	1/3
	288
	6
	2
	6
	864
	0.11

	TBS16
	16
	16
	144
	1/3
	432
	4
	2
	6
	864
	0.17

	TBS22
	22
	16
	192
	1/3
	576
	3
	2
	6
	864
	0.22

	TBS34
	34
	16
	288
	1/3
	864
	2
	2
	6
	864
	0.33

	TBS70
	70
	16
	576
	1/3
	1728
	1
	2
	6
	864
	0.67






2.1 	BLER results
2.1.1		AWGN results
[bookmark: _Hlk509957482]Equal SNR scenario
Figures 1 (a)-(e) show BLER performance results of IDMA in an AWGN channel under equal SNR condition. The presented results show that IDMA can perform very well under different over-loading scenarios, except for the case of TBS70 due to not-sufficient spreading.  In general for a given bandwidth, a smaller TBS size allows a higher effective spreading that leads to a high degree of user multiplexing. Based on the presented results, the studied IDMA-based NOMA enhances multiplexing capability of the system from 6, 4, 3, 2, 1 UEs to 12, 8, 5, 3, 1 UEs, respectively. The TBS70  is the only case where no enhancement in the multiplexing capability is observed. In this case, due to the relatively large size of the payload, the effective spreading is limited to 1, and hence no multiplexing gain can be observed. Since in an AWGN channel, there is no frequency diversity, the interleaving does not help and in this case IDMA multiplexing gain is limited to the unity.
Unequal SNR scenario
Figures 2 (a)-(e) show BLER performance results of IDMA in AWGN channels under unequal SNR condition. In each case, performance curves are more dispersed than the equal SNR case. This results in the 10% BLER operating point for a given number of UEs to be shifted compared to the equal SNR case.
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Figure 1 – IDMA evaluation results, AWGN channel with equal SNR 
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Figure 2 - IDMA evaluation results, AWGN channels with unequal SNR 

2.1.2		Fading Channel Scenarios
In this section, we present our evaluation results for TDL-A and TDL-C fading channel models. The performance evaluation consider both ideal and DMRS based real channel estimates. The motivation for considering ideal channel estimation are twofold. First, there is no agreed approach for a DMRS design that could support a high number of DMRS port (>12). Second, at this phase of the study the main focus of the SI is in understanding the behaviour and the capabilities of each NOMA scheme. Therefore, it is important to decouple the aspects related to the DMRS and channel estimation from the actual capabilities of a NOMA scheme. For the DMRS based channel estimation, we include results with up to the maximum of 12 users supported by orthogonal NR DMRS [2]. The overhead consists of 1 every 7 OFDM symbols. 
Figures 3-8 present our performance evaluation results of IDMA under the agreed fading channel scenarios.  Figures 3-4 and 5-6 show our evaluations for TDL-A and TDL-C channels, respectively, assuming ideal channel estimation. Figures 7 and 8 demonstrate simulation resutls for TDL-A and TDL-C channels, respectively, considering DMRS based real channel estimates. 
Based on the presented BLER results, following observations can be made:
1. There are some common trends between the AWGN and fading channel results such as:
a. For a given bandwidth, NOMA multiplexing capability is reduced by increasing the payload size. 
b. 	In the case of unequal SNR, the performance for different number of UEs become more dispersed.
2. For a given spreading, the NOMA multiplexing gain is larger than a similar case in AWGN channel. For example, up to 24 UEs can be supported in both TDL-A and TDL-C channel as opposed to supporting only up to 12 UEs in AWGN case. Also, for the case of TBS34, the NOMA multiplexing gain has improved from 3 to at least 10 UEs.
3. Based on the observed relative performance difference between the TDL-A and TDL-C channel models, frequency diversity plays an important role in multiplexing capability of a NOMA scheme.
4. As shown in Figures 7-8, the realistic channel estimation incurrs some performance degradation compared to ideal channel estimation. For example, in Figure 3 (a) the performance with ideal channel estimation of 6 and 12 users is similar to the single user case whereas with real channel estimation in Figure 7 (a) there is around 0.5dB and 1 dB gap, respectively. 
5. The multiplexing capability with realistic channel estimation is limited by the DMRS design. The ideal channel estimation cases show that more than 12 users can be supported with IDMA; however, given the orthogonal NR DMRS design, 12 users is the maximum that can be multiplexed.  
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Figure 3 - IDMA evaluation result, TDL-A channel with equal SNR
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Figure 4 - IDMA evaluation result, TDL-A channel with unequal SNR
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Figure 5 - IDMA evaluation result, TDL-C channel with equal SNR 
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Figure 6 - IDMA evaluation result, TDL-C channel with unequal SNR
DMRS based real CHEST
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Figure 7 - IDMA evaluation result, TDL-A channel with DMRS based CHEST and equal SNR 
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Figure 8- IDMA evaluation result, TDL-C channel with DMRS based CHEST and equal SNR 

2.2		Throughput results

In this section we show the throughput results. For each case, we present two sets of curves: one which shows the sum throughput at 10% BLER for different number of UEs and TBS and a second one which shows the required SNR at a target of 10% BLER for different number of UEs and TBS.
2.2.1		AWGN
Figure 9 (a) shows sum throughput performance of each studied case in AWGN with equal SNR. For small packets, the throughput performance and multiplexing gain enhances rapidly by increasing the SNR. However as the the packet size grows, increasing SNR does not result in much improvement in multiplexing capability and sum throughput. As a point of comparison, we also show the OMA (1 UE case)  throughput performance for each TBS. As demonstrated,  significant throughput gains can be achieved by NOMA. Figure 9 (b) shows variation of required SNR to achieve the target BLER in mMTC (i.e. 10%) with TBS and number of UEs. Results show that at the cost of few dB of SNR, significant multiplexity gains can be achieved by NOMA. 
In Figure 10 (a) for the unequal SNR case, based on the presented througput results, IDMA can still outperform OMA for all the considered TBSs except the cases of TBS70. Further, as shown in Figure 10 (b) for all the TBSs except for TBS70 considerable multiplexing gains can be achieved by NOMA at the cost of few dBs of SNR.
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Figure 9 IDMA sum throughput results, AWGN channel with equal SNR
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(a) 																		(b) 
Figure 10 IDMA sum throughput results, AWGN channel with unequal SNR

2.2.2		Fading channels
Based on the given throughput figures, the following observations can be made:
1. For a given payload size and SNR, in the case of unequal SNRs, NOMA multiplexing gain is lower and consequently the sum throughput is reduced. 
2. As demonstrated in Figures 11-16 (a), similar to the AWGN results, a significant throughput gain can be achieved by NOMA.
3. As shown in Figures 11-16 (b), at the cost of few dBs of SNR, a considerable multiplexing gain can be achieved using IDMA. 
4. In the realistic channel estimation throughput Figures 15-16 (a), the curves are not as steep as the ideal channel estimation case. This is due to the noisy channel estimates error that compounds with multiple users which causes the system to operate at a slightly higher SNR. 
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(a) 																	(b)
Figure 11 IDMA sum throughput results, TDL-A channel with equal SNR and ideal CHEST

[image: ][image: ]
(a) 																	(b)
Figure 12 IDMA sum throughput results, TDL-A channel with unequal SNR and ideal CHEST
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Figure 13 IDMA sum throughput results, TDL-C channel with equal SNR and ideal CHEST
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(a) 																	(b)
Figure 14 IDMA sum throughput results, TDL-C channel with unequal SNR and ideal CHEST








DMRS based real CHEST              												         
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(a) 																		(b)
Figure 15 IDMA sum throughput results, TDL-A channel with equal SNR and real CHEST
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(a)																		(b)
Figure 16 IDMA sum throughput results, TDL-C channel with equal SNR and real CHEST
3. Conclusions
In this contribution, we provided link level simulation results of IDMA and showed its overloading capability in AWGN and fading channels. Based on the presented results following observations can be made, 
Observation 1 – For both AWGN and fading channels, a significant throughput gain can be achieved by IDMA.
Observation 2 – Frequency diversity plays an important role in multiplexing capability of  IDMA scheme.
Observation 3 – Unequal SNR have some negative impact on the capacity of IDMA in fading channels, however its performance is still superior to the OMA.
Observation 4 – IDMA can provide significant multiplexing gains compared to OMA at the cost of small SNR penalty. 
References
[1] [bookmark: _Ref478127360]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #92b, Sanya, China, April 2018. 
[2] 3GPP TS 38.211, “Physical channels and modulation”, March 2018
 Appendix
[bookmark: _Ref509219414]Table 2 Link level simulation assumptions
	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 16 22 34 70] bytes

	Target BLER for one transmission
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	AWGN: [1 6 8 10 12]
TDL-A, TDL-C: [1 to 24]


	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx  

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

	Max number of HARQ transmission
	1

	Channel estimation
	Both Ideal and DMRS based real channel estimates
DMRS overhead is 1/7 OFDM symbols


	MA signature allocation (for data and DMRS)
	Fixed

	Distribution of avg. SNR
	Equal and unequal

	Timing offset
	0

	Frequency error
	0

	Traffic model for link level
	Full buffer

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA (AWGN, TDL-A, and TDL-C curves provided)

	Performance metrics 
	BLER vs. per UE SNR at a given pair of {per UE SE, # of UEs}  
Sum throughput v.s. SNR at given BLER level, for a given pair of {per UE SE, # of UEs}
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