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1. Introduction

In RAN4#80 Meeting, the Narrow Band IoT (NB-IoT) work item (WI) has reached a way forward [1] and further simulation assumptions for NB-IoT NPDSCH demodulation evaluations are given [2]. Interested companies are encouraged to provide the simulation results including impairment error using the assumption parameters suggested. In this contribution, we provide our simulation results to show the BLER performance for NPDSCH.

2. [bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]NPDSCH Simulation Assumptions and Results

For NPDSCH, five test cases have been agreed in RAN4 [3]. In this contribution, the main simulation parameters for Simulation Case 1-3 of In-band configuration are accordingly configured as in Table 1 and Table 2.  And the main simulation parameters for Simulation Case4-5 of Standalone/Guard-band configuration are accordingly configured as in Table 3 and Table 4. And the TBS table for NPDSCH is also given in Table 5.

Table 1: NPDSCH Minimum performance for In-band with 2 NRS ports
	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)

	1
	200kHz
	Anchor
	R.NB.5 FDD
	1
	EPA5
	2x1 Low
	70%
	TBD

	2
	200kHz
	Anchor
	R.NB.5 FDD
	TBD
	EPA5
	2x1 Low
	70%
	TBD

	3
	200kHz
	Non-anchor
	R.NB.5-1 FDD
	TBD
	ETU1
	2x1 Low
	70%
	TBD



Table 2 NPDSCH Reference Channel with 2 TX Antennas
	Parameter
	Unit
	Value
	Value

	Reference channel
	
	R.NB.5 FDD
	R.NB.5-1 FDD

	Carrier Type
	
	Anchor
	Non-anchor

	Channel bandwidth
	KHz
	200
	200

	Allocated subframes per Radio Frame
	
	Note 2
	10

	Modulation
	
	QPSK
	QPSK

	ITBS/ISF
	
	4/0
	4/0

	Target Coding Rate
	
	1/3
	1/3

	Coding Rate
	
	0.4
	0.4

	Information Bit Payload 
	
	
	

	  For Sub-Frames 1,2,3,6,7,8
	Bits
	56
	56

	  For Sub-Frame 0,5 
	Bits
	N/A
	56

	  For Sub-Frame 4,9 
	Bits
	Note 3
	56

	Number of Code Blocks 
	
	
	

	  For Sub-Frames 1,2,3,6,7,8 and 9(if NB-SSS is not present)
	
	1
	1

	  For Sub-Frame 0,5 
	Bits
	N/A
	1

	  For Sub-Frame 4,9 
	Bits
	Note 4
	1

	Binary Channel Bits
	
	
	

	  For Sub-Frames 1,2,3,6,7,8 and 9(if NB-SSS is not present)
	Bits
	200
	200

	  For Sub-Frame 0,5 
	Bits
	N/A
	200

	  For Sub-Frame 4,9 
	Bits
	Note 5
	200

	Max. Throughput averaged over 2 frame for 1 repetition (Note 6)
	Mbps
	36.4kb/s
	56kb/s

	UE Category
	
	NB1
	NB1

	Note 1: For in-band, the first 3 symbols are used for LTE PDCCH and the number of LTE CRS ports is 4


Note 2: 6 when mod 2 = 0, otherwise 8.  is specified in TS36.211 [4].

Note 3: N/A when mod 2 = 0, otherwise 56.

Note 4: N/A when mod 2 = 0, otherwise 1.

Note 5: N/A when mod 2 = 0, otherwise 200.  
Note 6: For repetition number N, the maximum throughput averaged over 1 frame equals to (Max. Throughput averaged over 1 frame for 1 repetition) / N.



Table 3: Minimum performance for NPDSCH under Standalone/Gurard-band with 1 NRS port
	Test number
	Bandwidth
	Carrer Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)

	4
	200kHz
	Anchor
	R.NB.6 FDD
	TBD
	EPA5
	1
	70%
	TBD

	5
	200kHz
	Non-anchor
	R.NB.6-1 FDD
	TBD
	ETU1
	1
	70%
	TBD



Table 4: NPDSCH Reference Channel with 1Tx Antenna
	Parameter
	Unit
	Value
	Value

	Reference channel
	
	R.NB.6 FDD
	R.NB.6-1 FDD

	Carrier Type
	
	Anchor
	Non-Anchor

	Channel bandwidth
	KHz
	200
	200

	Allocated subframes per Radio Frame
	
	Note 1
	10

	Modulation
	
	QPSK
	QPSK

	ITBS/ISF
	
	9/3
	6/3

	Target Coding Rate
	
	1/2
	1/3

	Coding Rate
	
	0.5
	0.33

	Information Bit Payload 
	
	
	

	For a four continuous sub-frame group made up of Sub-Frames 1,2,3,6,7,8 and 9 (if NB-SSS is not present)
	Bits
	616
	N/A

	For a four continuous sub-frame group made up of Sub-Frames 0,1,2,3,4,5,6,7,8 and 9
	
	N/A
	392

	Transport block CRC
	Bits
	24
	24

	Number of Code Blocks 
	
	
	

	For a four continuous sub-frame group made up of Sub-Frames 1,2,3,6,7,8 and 9 (if NB-SSS is not present)
	
	1
	N/A

	For a four continuous sub-frame group made up of Sub-Frames 0,1,2,3,4,5,6,7,8 and 9 
	Bits
	N/A
	1

	Available Binary Channel Bits per Sub-frame
	
	
	

	  For Sub-Frames 1,2,3,6,7,8 and 9(if NB-SSS is not present)
	Bits
	320
	320

	  For Sub-Frame 0,5 
	Bits
	N/A
	320

	  For Sub-Frame 4,9 
	Bits
	Note 2
	320

	Max. Throughput averaged over 1 frame for 1 repetition (Note 3)
	Mbps
	100kbit/s
	98kbit/s

	UE Category
	
	NB1
	NB1

	

Note 1: 6 when mod 2 = 0, otherwise 8. is specified in TS36.211 [4].

Note 2: N/A when mod 2 = 0, otherwise 320.
Note 3: For repetition number N, the maximum throughput averaged over 1 frame equals to (Max. Throughput averaged over 1 frame for 1 repetition) / N.




Table 5	TBS table for NPDSCH
	
	

	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	

	6
	88
	176
	256
	392
	504
	600
	
	

	7
	104
	224
	328
	472
	584
	680
	
	

	8
	120
	256
	392
	536
	680
	
	
	

	9
	136
	296
	456
	616
	
	
	
	

	10
	144
	328
	504
	680
	
	
	
	

	11
	176
	376
	584
	
	
	
	
	

	12
	208
	440
	680
	
	
	
	
	




The Throughput vs. SNR for Simulation Case 1 is shown in Fig.1.
[image: ]
Fig.1. Throughput vs. SNR for Simulation Case 1

For Simulation Case 1, the goal is to seek performance alignment between companies by assuming RL=1. 

Observation 1: For Simulation Case 1, to achieve 70% of the maximum NPDSCH throughput, the corresponding SNR is around 1.7dB.

Proposal 1: For Simulation Case 1, to achieve 70% of the maximum NPDSCH throughput, the corresponding SNR is around 1.7dB.

The Throughput vs. SNR for Simulation Case 2 and Case3 are shown in Fig.2. and Fig.3.
[image: ]
Fig.2. Throughput vs. SNR for Simulation Case 2

[image: ]
   Fig.3. Throughput vs. SNR for Simulation Case 3

The alignment simulation results of case 1-3 are shown below:
	Test number
	Carrier Type
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR(dB)


	1
	Anchor
	EPA5
	2x1 Low
	70%
	RL1
	
	
	

	
	
	
	
	
	1.7
	
	
	

	2
	Anchor
	EPA5
	2x1 Low
	70%
	RL8
	RL16
	RL32
	

	
	
	
	
	
	-5.2
	-7.3
	-9.3
	

	3
	Non-anchor
	ETU1
	2x1 Low
	70%
	RL64
	RL128
	RL192
	RL256

	
	
	
	
	
	-10.5
	-12.1
	-13.2
	-14.1



The impairment simulation results of case 1-3 are shown below: 
	Test number
	Carrier Type
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR(dB)


	1
	Anchor
	EPA5
	2x1 Low
	70%
	RL1
	
	
	

	
	
	
	
	
	3.5
	
	
	

	2
	Anchor
	EPA5
	2x1 Low
	70%
	RL8
	RL16
	RL32
	

	
	
	
	
	
	-3.4
	-5.5
	-7.5
	

	3
	Non-anchor
	ETU1
	2x1 Low
	70%
	RL64
	RL128
	RL192
	RL256

	
	
	
	
	
	-8.7
	-10.3
	-11.4
	-12.3




Observation 2: For Simulation Case 2, to achieve 70% of the maximum NPDSCH throughput, the corresponding SNR for RL=8 is around -5.2dB; the corresponding SNR for RL=16 is around -7.3dB; the corresponding SNR for RL=32 is around -9.3dB.
Observation 3: For Simulation Case 3, to achieve 70% of the maximum NPDSCH throughput, the corresponding SNR for RL=64 is around -10.5dB; the corresponding SNR for RL=128 is around -12.1dB; the corresponding SNR for RL=192 is around -13.2dB; the corresponding SNR for RL=256 is around -14.1dB.

Proposal 2: For the Simulation Case 2 with target SNR = -6dB, the impairment simulation result shows that the repetition level RL=32 is sufficient.
Proposal 3: For Simulation Case 3 with target SNR = -12dB, the impairment simulation result shows the repetition level RL=256 is sufficient.

The Throughput vs. SNR for Simulation Case 4 and 5 are shown in Fig.4.and  Fig.5.
[image: ]
Fig.4. Throughput vs. SNR for Simulation Case 4

[image: ]
Fig.5. Throughput vs. SNR for Simulation Case 5
The alignment simulation results of case 4-5 are shown below:

	Test number
	Carrier Type
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR(dB)


	4
	Anchor
	EPA5
	1
	70%
	RL16
	RL32
	RL64
	

	
	
	
	
	
	-4.6
	-7.3
	-9.9
	

	5
	Non-anchor
	ETU1
	1
	70%
	RL64
	RL128
	RL192
	RL256

	
	
	
	
	
	-8.8
	   -11.7
	-13.1
	-14.2



The impairment simulation results of case 4-5 are shown below: 
	Test number
	Carrier Type
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value

	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR(dB)


	4
	Anchor
	EPA5
	1
	70%
	RL16
	RL32
	RL64
	

	
	
	
	
	
	-2.8
	-5.5
	-8.1
	

	5
	Non-anchor
	ETU1
	1
	70%
	RL64
	RL128
	RL192
	RL256

	
	
	
	
	
	-7.0
	-9.9
	-11.3
	-12.4




Observation 4: For Simulation Case 4, to achieve 70% of the maximum NPDSCH throughput, the corresponding SNR for RL=16 is around -4.6dB; the corresponding SNR for RL=32 is around -7.3dB; the corresponding SNR for RL=64 is around -9.9dB.
Observation 5: For Simulation Case 5, to achieve 70% of the maximum NPDSCH throughput, the corresponding SNR for RL=64 is around -8.8dB; the corresponding SNR for RL=128 is around -11.7dB; the corresponding SNR for RL=192 is around -13.1dB; the corresponding SNR for RL=256 is around -14.2dB.

Proposal 4: For the Simulation Case 4 with target SNR = -6dB, the impairment simulation result shows that the repetition level RL=64 is sufficient.
Proposal 5: For Simulation Case 5 with target SNR = -12dB, the impairment simulation result shows the repetition level RL=256 is sufficient.

3. Conclusion 

In this contribution, we provided simulation results to show the BLER performance for NPDCCH and then share our view of recommendations on the repetition levels for different simulation cases.

Proposal 1: For Simulation Case 1, to achieve 70% of the maximum NPDSCH throughput, the corresponding SNR is around 1.7dB.
Proposal 2: For the Simulation Case 2 with target SNR = -6dB, the impairment simulation result shows that the repetition level RL=32 is sufficient.
Proposal 3: For Simulation Case 3 with target SNR = -12dB, the impairment simulation result shows the repetition level RL=256 is sufficient.
Proposal 4: For the Simulation Case 4 with target SNR = -6dB, the impairment simulation result shows that the repetition level RL=64 is sufficient.
Proposal 5: For Simulation Case 5 with target SNR = -12dB, the impairment simulation result shows the repetition level RL= 256 is sufficient.
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