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1 Introduction
In the RAN1 #94, the link level simulation assumptions were agreed [1]:

	Agreement:
· An exemplary list of simulation cases are included in the companion spreadsheet ‘template 1’ in R1-1809789, for initial collection of BLER vs. SNR curves.

· Companies can select among the list of simulation conditions in templates 1 & 2 when performing initial link level simulations

· Companies are encouraged to simulate enough cases to support a broad understanding for scenarios under study in NOMA

· Additional simulation cases may be captured in template 1.

· For unequal SNR distribution within range [x - a, x + a] (dB), per UE SNR is the average SNR in dB, i.e. x (dB)

· Adopt the companion spreadsheet ‘template 2’ in R1-1809789 as the template for collecting the initial evaluation results of per UE SNR at the target BLER level (in addition to BLER vs. SNR curve).

· CM/PAPR results as proposed for ‘template 3’ in R1-1809789 can be collected

· It is FFS how the CM/PAPR relates to UE performance tradeoffs, PA backoff, and UE power saving

· It is FFS how to compare the CM/PAPR results using this template, e.g. modulation order should be aligned or not

· PAPR is reported as the CCDF of instantaneous power divided by mean power over all the samples.


In this contribution, we provide link level simulation results with the IDMA scheme according to the agreed assumptions.
2 Discussion
In this contribution, we present IDMA simulation results covering the cases of table 1 below which were agreed as ‘template 1’ in R1-1809789 [2]. We provide the SNR vs BLER (template 1), SNR at target BLER (template 2) and PAPR (template 3) results in these synchronous cases. Other link level simulation assumptions are shown in the appendix.
Table 1. Link level simulation assumptions
	Case No.
	Scenario
	Carrier frequency
	Rx Num
	SNR distribution
	waveform
	MA signature allocation
	channel model
	TBS 
(byte)
	Num of UEs
	with TO/ FO

	14
	URLLC
	700MHz (30kHz SCS)
	4
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	10
	{1, 6, 12}
	No

	15
	URLLC
	700MHz (30kHz SCS)
	4
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	60
	{1, 4, 6}
	No

	16
	URLLC
	4GHz
(60kHz SCS)
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	10
	{1, 6, 12}
	No

	17
	URLLC
	4GHz
(60kHz SCS)
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	60
	{1, 4, 6}
	No

	1
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	10
	{1, 12, 24}
	No

	2
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	20
	{1, 6, 12}
	No

	3
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	40
	{1, 6, 10}
	No

	4
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	60
	{1, 6, 8}
	No

	5
	mMTC
	700MHz
	2
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	75
	{1, 4, 6}
	No

	26
	mMTC
	700MHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	60
	{1, 6, 8}
	No

	27
	mMTC
	700MHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	75
	{1, 4, 6}
	No

	18
	eMBB
	4GHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	20
	{1, 12, 24}
	No

	19
	eMBB
	4GHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	80
	{1, 8, 16}
	No

	20
	eMBB
	4GHz
	4
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	150
	{1, 4, 8}
	No


2.1 Link level simulation results
· SNR vs BLER

Figure 1 to 3 shows the SNR vs BLER results of IDMA in URLLC, mMTC, and eMBB scenarios. IDMA can perform with a high number of UEs using TBS=10, 20 with only around 1dB degradation when compared with single UE operation. With TBS=40, the target BLER can be achieved depending on the number of UEs and scenario. In some cases with a higher number of UEs using TBS=40, the target BLER cannot be achieved. The reason for this is that inter UEs interference can be diminished by elementary signal estimator (ESE) and channel decoding at the IDMA receiver. With increasing the TBS for the same number of RBs used, channel coding gain will decrease thereby degrading ESE performance. As a result of this, some cases of higher number of UEs with large TBS cannot achieve the target BLER.
Observation 1: IDMA can achieve the target BLER with lower TBS.

Observation 2: IDMA can achieve the target BLER with higher TBS depending on the number of UEs multiplexed on the same resources.

Observation 3: IDMA cannot achieve the target BLER when the number of UEs is higher, allocated RBs are constant and channel coding gain is lower.

· URLLC scenario
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(a). Case No.14 (TBS=10 in TDL-C, 4Rx)             (b). Case No.15 (TBS=60 in TDL-C, 4Rx)  
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(c). Case No.16 (TBS=10 in TDL-A, 4Rx)             (d). Case No.17 (TBS=60 in TDL-A, 4Rx) 
Figure 1. IDMA evaluation for URLLC scenario
· mMTC scenario
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(a). Case No.1 (TBS=10 in TDL-A, 2Rx)               (b). Case No.2 (TBS=20 in TDL-C, 2Rx)  
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(c). Case No.3 (TBS=40 in TDL-A, 2Rx)
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(d). Case No.4 (TBS=60 in TDL-C, 2Rx)               (e). Case No.5 (TBS=75 in TDL-A, 2Rx)  
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(f). Case No.26 (TBS=60 in TDL-C, 4Rx)             (g). Case No.27 (TBS=75 in TDL-A, 4Rx)  

Figure 2. IDMA evaluation for mMTC scenario
· eMBB scenario
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(a). Case No.18 (TBS=20 in TDL-A, 4Rx)             (b). Case No.19 (TBS=80 in TDL-A, 4Rx)  
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(c). Case No.20 (TBS=150 in TDL-A, 4Rx)

Figure 3. IDMA evaluation for eMBB scenario
· SNR at target BLER
Table 2 shows the SNR at target BLER of the evaluated scenarios which were agreed as ‘template 2’ in R1-1809789. As mentioned above, some cases cannot achieve the target BLER. In other cases, IDMA can achieve the target BLER with only little performance difference around 1dB degradation when compared with single UE case.
Table 2. SNR at target BLER
	Scenario
	SNR distribution
	waveform
	MA signature allocation
	channel model
	Num of Rx
	TBS (byte)
	Num of UEs
	SNR at target BLER [dB]

	URLLC
(700Mhz, 30kHz SCS)
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	4
	10
	1
	-11.2

	
	
	
	
	
	
	
	6
	-11.2

	
	
	
	
	
	
	
	12
	-11.1

	
	
	
	
	
	
	60
	1
	-4.1

	
	
	
	
	
	
	
	4
	-3.8

	
	
	
	
	
	
	
	6
	-3.6

	URLLC
(4Ghz, 60kHz SCS)
	Equal
	CP-OFDM
	Fixed
	TDL-C 300ns
	4
	10
	1
	-8.4

	
	
	
	
	
	
	
	6
	-8.4

	
	
	
	
	
	
	
	12
	-8.1

	
	
	
	
	
	
	60
	1
	-1.1

	
	
	
	
	
	
	
	4
	-0.2

	
	
	
	
	
	
	
	6
	---

	mMTC
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	2
	10
	1
	-7.0

	
	
	
	
	
	
	
	12
	-6.7

	
	
	
	
	
	
	
	24
	-6.5

	
	
	
	
	
	
	40
	1
	-1.7

	
	
	
	
	
	
	
	6
	-0.2

	
	
	
	
	
	
	
	10
	---

	
	
	
	
	
	
	75
	1
	1.5

	
	
	
	
	
	
	
	4
	---

	
	
	
	
	
	
	
	6
	---

	
	
	
	
	
	4
	75
	1
	-3.8

	
	
	
	
	
	
	
	4
	-2.8

	
	
	
	
	
	
	
	6
	---

	
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	2
	20
	1
	-5.4

	
	
	
	
	
	
	
	6
	-5.1

	
	
	
	
	
	
	
	12
	-4.7

	
	
	
	
	
	
	60
	1
	-0.5

	
	
	
	
	
	
	
	6
	---

	
	
	
	
	
	
	
	8
	---

	
	
	
	
	
	4
	60
	1
	-5.3

	
	
	
	
	
	
	
	6
	-4.3

	
	
	
	
	
	
	
	8
	-2.0

	eMBB
	Equal
	CP-OFDM
	Fixed
	TDL-A 30ns
	4
	20
	1
	-12.7

	
	
	
	
	
	
	
	12
	-12.5

	
	
	
	
	
	
	
	24
	-12.3

	
	
	
	
	
	
	80
	1
	-7.3

	
	
	
	
	
	
	
	8
	-6.6

	
	
	
	
	
	
	
	16
	---

	
	
	
	
	
	
	150
	1
	-4.0

	
	
	
	
	
	
	
	4
	-3.0

	
	
	
	
	
	
	
	8
	---


· PAPR
Figure 4 shows the PAPR of IDMA and OMA with CP-OFDM waveform and QPSK modulation. As shown by fig.4, PAPR of IDMA and OMA are the same because IDMA randomizes bit-level sequence by UE-specific interleaver without symbol-level processing. 
Observation 4: PAPR of IDMA and OMA are the same. 
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Figure 4. PAPR of IDMA and OMA with CP-OFDM waveform and QPSK modulation
3 Conclusions
In this contribution, we provide link level simulation results with the IDMA scheme. The following observations are made:
Observation 1: IDMA can achieve the target BLER with lower TBS.

Observation 2: IDMA can achieve the target BLER with higher TBS depending on the number of UEs multiplexed on the same resources.

Observation 3: IDMA cannot achieve the target BLER when the number of UEs is higher, allocated RBs are constant and channel coding gain is lower.

Observation 4: PAPR of IDMA and OMA are the same. 
Appendix

Table A. Link level simulation assumptions in addition to table.1
	Parameters
	URLLC
	mMTC
	eMBB

	Channel coding
	NR LDPC

	Numerology 
	Case 1: SCS = 60 kHz, #OS = 7
Case 2: SCS = 30 kHz, #OS = 4
	SCS = 15 kHz, #OS = 14

	Allocated bandwidth [RB]
	24 for 30kHz SCS
12 for 60kHz SCS
	6
	12

	Target BLER for one transmission
	0.10%
	10%

	UE antenna configuration
	1 Tx  

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

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal channel estimation

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0

	Traffic model for link level
	Full buffer

	Receiver
	ESE

	Interleaver type
	Random interleaver sequence
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