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8.12	Demodulation of Narrowband IoT
8.12.1	NPDSCH
8.12.1.1	Half-duplex FDD
The parameters specified in Table 8.12.1.1-1 are valid for all half-duplex FDD tests unless otherwise stated.
Table 8.12.1.1-1: Common Test Parameters
	Parameter
	Unit
	Value

	Number of HARQ processes per component carrier (Note 2)
	Processes
	1 or 2

	Maximum number of HARQ transmission
	
	4

	Cyclic Prefix
	
	Normal

	eutraControlRegionSize-r13
	
	3 for In-band and N/A for Standalone/Guard-band unless otherwise stated

	downlinkBitmap-r13 and dl-Gap-r13
	
	Not configured

	dl-GapNonAnchor-r13 and
downlinkBitmapNonAnchor-r13
	
	Not configured

	Unused REs or RB (Note 1)
	
	OCNG

	OCNG pattern
	
	NB.OP.1

	Note 1:	For in-band mode, the REs for transmission of LTE signals including PDCCH, CRS should be filled by OCNG.
Note 2:	1 is applicable for both UE Category NB1 and NB2; 2 is only applicable for UE Category NB2 if UE supports it.



Table 8.12.1.1-2: Test Parameters of related NPDCCH and NPUSCH format 2 configurations
	Parameter
	Unit
	Value

	DCI format
	
	DCI format N1

	
scheduling delay field ()
	
	For tests in 8.12.1.1.4: 1
For others: 1 for the first HARQ process;
2 for the second HARQ process if configured

	
(ack-NACK-NumRepetitions-r13)
	
	1

	ACK/NACK resource field
	
	0

	Reference channel for NPDCCH
	
	R.NB.3 FDD for one NRS antenna port; R.NB.4 FDD for two NRS antenna ports

	
(npdcch-Offset-USS-r13)
	
	0



8.12.1.1.1	Minimum Requirements for In-band
The requirements are specified in Table 8.12.1.1.1-2, with the addition of the parameters in Table 8.12.1.1.1 -1 and the downlink physical channel setup according to Annex C.3.2 and C.3.6. The purpose of these tests is to verify the performance.
Table 8.12.1.1.1-1: Test Parameters for NPDSCH under In-band
	Parameter
	Unit
	Test 1, 2

	Downlink power allocation of LTE signal
	[image: ]
	dB
	-3

	
	[image: ]
	dB
	-3(Note 1)

	
	
	dB
	0

	[image: ]at antenna port
	[image: ]
	dBm/15kHz
	-93 (Note 2)

	
	[image: ]
	dBm/15kHz
	-99 (Note 3)

	LTE CRS port number (eutra-NumCRS-Ports-r13)
	
	4

	NPDCCH repetition number
	subframe
	8 for Test 1; 16 for Test 2; 128 for Test 3.

	
 (npdcch-NumRepetitions-r13)
	subframe
	8 for Test 1; 16 for Test 2; 128 for Test 3.

	
(nPDCCH-startSF-USS-r13)
	
	4 for Test 1; 2 for Test 2; 1.5 for Test 3

	Note 1:	[image: ].
Note 2:	This noise is applied to all subframes from the end of the NPDCCH to the end of the following NPDSCH transmission;
Note 3:	This noise is applied to all subframes from the end of the NPDSCH to the end of the following NPDCCH transmission.



Table 8.12.1.1.1-2: Minimum performance under In-band with 2 NRS ports
	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)
	

	1
	200kHz
	Anchor
	R.NB.5 FDD
	1
	EPA5
	2x1 Low
	70%
	6.9
	NB1, NB2

	2
	200kHz
	Anchor
	R.NB.5 FDD
	32
	EPA5
	2x1 Low
	70%
	-4.8
	NB1, NB2

	3
	200kHz
	Non-anchor
	R.NB.5-1 FDD
	256
	ETU1
	2x1 Low
	70%
	-9.8
	NB1, NB2



8.12.1.1.2	Minimum Requirements for Standalone/Guard-band
The requirements are specified in Table 8.12.1.1.2-2, with the addition of the parameters in Table 8.12.1.1.2 -1 and the downlink physical channel setup according to Annex C.3.6. The purpose of these tests is to verify the performance.
Table 8.12.1.1.2-1: Test Parameters for NPDSCH under Standalone/Guard-band
	Parameter
	Unit
	Test 1, 2

	[image: ]at antenna port
	[image: ]
	dBm/15kHz
	-93 (Note 1)

	
	[image: ]
	dBm/15kHz
	-99 (Note 2)

	NPDCCH repetition number
	subframe
	32 for Test 1; 256 for Test 2.

	
 (npdcch-NumRepetitions-r13)
	subframe
	64 for Test 1; 512 for Test 2.

	
(nPDCCH-startSF-USS-r13)
	
	1.5

	Note 1:	This noise is applied to all subframes from the end of the NPDCCH to the end of the following NPDSCH transmission;
Note 2:	This noise is applied to all subframes from the end of the NPDSCH to the end of the following NPDCCH transmission.



Table 8.12.1.1.2-2: Minimum performance for NPDSCH under Standalone/Guard-band with 1 NRS port
	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)
	

	1
	200kHz
	Anchor
	R.NB.6 FDD
	32
	EPA5
	1
	1x1
	70%
	-3.4
	NB1, NB2

	2
	200kHz
	Non-anchor
	R.NB.6-1 FDD
	256
	ETU1
	1
	1x1
	70%
	-10.2
	NB1, NB2



8.12.1.1.3	Minimum Requirements for Standalone for UE Category NB2
The requirements are specified in Table 8.12.1.1.3-2, with the addition of the parameters in Table 8.12.1.1.3-1 and the downlink physical channel setup according to Annex C.3.6. The purpose of these tests is to verify the NPDSCH performance.
Table 8.12.1.1.3-1: Test Parameters for NPDSCH under Standalone
	Parameter
	Unit
	Test 1

	[image: ]at antenna port
	[image: ]
	dBm/15kHz
	-93 (Note 1)

	
	[image: ]
	dBm/15kHz
	-96 (Note 2)

	NPDCCH repetition number
	subframe
	4 for Test 1

	
 (npdcch-NumRepetitions-r13)
	subframe
	8 for Test 1

	
(nPDCCH-startSF-USS-r13)
	
	1.5

	Note 1:	This noise is applied to all subframes from the end of the NPDCCH to the end of the following NPDSCH transmission;
Note 2:	This noise is applied to all subframes from the end of the NPDSCH to the end of the following NPDCCH transmission.



Table 8.12.1.1.3-2: Minimum performance for NPDSCH under Standalone with 1 NRS port
	Test number
	Bandwidth
	Carrer Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)
	

	1
	200kHz
	Non-anchor
	R.NB.8 FDD
	1
	EPA5
	1
	1x1
	70%
	9.4
	NB2


<Next change>

8.12.1.1.4	Minimum Requirements for Standalone for UE with multiple TBs interleaved transmission
The requirements are specified in Table 8.12.1.1.4-2, with the addition of the parameters in Table 8.12.1.1.4-1 and the downlink physical channel setup according to Annex C.3.6. The purpose of these tests is to verify NPDSCH performance when multiple TBs with interleaved transmission are scheduled by one DCI as specified in TS 36.213[6]. 
This requirements are applicable for UE of UE-Category-NB NB2 supporting multiple TBs scheduling with interleaved transmission when multiple TBs are scheduled.
Table 8.12.1.1.4-1: Test Parameters for NPDSCH under Standalone
	Parameter
	Unit
	Test 1

	[image: ]at antenna port
	[image: ]
	dBm/15kHz
	-93 (Note 1)

	
	[image: ]
	dBm/15kHz
	-99 (Note 2)

	NPDCCH repetition number
	subframe
	128 for Test 1

	
 (npdcch-NumRepetitions-r13)
	subframe
	128 for Test 1

	
(nPDCCH-startSF-USS-r13)
	
	1.5

	Two HARQ processes (twoHARQ-ProcessesConfig-r14)
	
	true

	Multiple TBs scheduling (multiTB-Config-r16)
	
	[bookmark: _GoBack]interleaved

	Note 1:	This noise is applied to all subframes from the end of the NPDCCH to the end of the following NPDSCH transmission;
Note 2:	This noise is applied to all subframes from the end of the NPDSCH to the end of the following NPDCCH transmission.



Table 8.12.1.1.4-2: Minimum performance for NPDSCH under Standalone with 1 NRS port
	Test number
	Bandwidth
	Carrer Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)
	

	1
	200kHz
	Non-anchor
	R.NB.8 FDD
	1
	ETU1
	1
	1x1
	70%
	[-6.0]
	NB2


[bookmark: OLE_LINK37][bookmark: OLE_LINK52]<Next change>
A.3.12.2	Standalone/Guard-band
A.3.12.2.1 Single-antenna transmission
Table A.3.12.2.1-1: NPDSCH Reference Channel with 1Tx Antenna for UE Category NB1 and NB2 for FDD
	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
	Note 1

	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 Sub-Frames 1,2,3,6,7,8
	Bits
	616
	392

	  For Sub-Frame 0,5 
	Bits
	N/A
	392

	  For Sub-Frame 4,9 
	Bits
	Note 2
	392

	Number of Code Blocks 
	
	
	

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

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

	  For Sub-Frame 4,9 
	Bits
	Note 3
	1

	Binary Channel Bits
	
	
	

	  For Sub-Frames 1,2,3,6,7,8
	Bits
	320
	320

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

	  For Sub-Frame 4,9 
	Bits
	Note 4
	320

	Max. Average Throughput 
	Bps
	Note 5
	Note 5

	UE Category
	
	NB1,NB2
	NB1,NB2

	Note 1:	It shall depend on the specific NPDSCH scheduling.

Note 2:	N/A when mod 2 = 0, otherwise 616.

Note 3:	N/A when mod 2 = 0, otherwise 1.

Note 4:	N/A when mod 2 = 0, otherwise 320.
Note 5:	Maximum Average Throughput equals to sum of TB(i) divided by sum of T(i), where TB(i) is the TB size of NPDSCH over ith NPDSCH scheduling period, and T(i) is the total time consisting of NPDCCH transmission duration, NPDCCH to NPDSCH scheduling delay,  NPDSCH transmission duration, NPDSCH to NPUSCH format 2 scheduling delay, NPUSCH format 2 transmission duration, possible delay between NPUSCH format 2 and NPDCCH for next NPDSCH scheduling and subframes used for NPSS/NSSS/NPBCH/NB-SIB1/NB-SIB2 transmission during the ith NPDSCH scheduling period.



Table A.3.12.2.1-1a: NPDSCH Reference Channel with 1Tx Antenna for UE Category NB1 and NB2 for TDD
	Parameter
	Unit
	Value
	Value

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

	Carrier Type
	
	Anchor
	Non-anchor

	Channel bandwidth
	KHz
	200
	200

	Uplink-Downlink Configuration (Note 7)
	
	4
	4

	Allocated subframes per Radio Frame
	
	Note 1
	Note 1

	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 Sub-Frames 1,6,7,8
	Bits
	616
	392

	  For Sub-Frame 5 
	Bits
	N/A
	Note 3

	  For Sub-Frame 9
	
	N/A
	392

	  For Sub-Frame 0 
	Bits
	Note 2
	Note 3

	  For Sub-Frame 4
	
	Note 2
	392

	Number of Code Blocks 
	
	
	

	  For Sub-Frames 1,6,7,8
	
	1
	1

	  For Sub-Frame 5 
	Bits
	N/A
	Note 4

	  For Sub-Frame 9
	
	N/A
	1

	  For Sub-Frame 0 
	Bits
	Note 4
	Note 4

	  For Sub-Frame 4
	
	Note 4
	1

	Binary Channel Bits
	
	
	

	  For Sub-Frames 1,6,7,8
	Bits
	320
	320

	  For Sub-Frame 5 
	Bits
	N/A
	Note 5

	  For Sub-Frame 9
	
	N/A
	320

	  For Sub-Frame 0
	Bits
	Note 5
	Note 5

	  For Sub-Frame 4
	
	Note 5
	320

	Max. Average Throughput 
	Bps
	Note 6
	Note 6

	UE Category
	
	NB1,NB2
	NB1,NB2

	Note 1:	It shall depend on the specific NPDSCH scheduling.

Note 2:	N/A when mod 2 = 0, otherwise 616.

Note 3:	N/A when mod 2 = 0, otherwise 392.

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

Note 5:	N/A when mod 2 = 0, otherwise 320.
Note 6:	Maximum Average Throughput equals to sum of TB(i) divided by sum of T(i), where TB(i) is the TB size of NPDSCH over ith NPDSCH scheduling period, and T(i) is the total time consisting of NPDCCH transmission duration, NPDCCH to NPDSCH scheduling delay,  NPDSCH transmission duration, NPDSCH to NPUSCH format 2 scheduling delay, NPUSCH format 2 transmission duration, possible delay between NPUSCH format 2 and NPDCCH for next NPDSCH scheduling and subframes used for NPSS/NSSS/NPBCH/NB-SIB1/NB-SIB2 transmission during the ith NPDSCH scheduling period.
Note 7:	As per Table 4.2-2 in TS 36.211 [4].



[bookmark: OLE_LINK48]Table A.3.12.2.1-2: NPDSCH Reference Channel with 1Tx Antenna for UE Category NB2 for FDD
	[bookmark: OLE_LINK49]Parameter
	Unit
	Value
	Value

	Reference channel
	
	R.NB.7 FDD
	R.NB.8 FDD

	Carrier Type
	
	Non-anchor
	Non-anchor

	Channel bandwidth
	KHz
	200
	200

	Allocated subframes per Radio Frame
	
	Note 1
	Note 1

	Modulation
	
	QPSK
	QPSK

	ITBS/ISF
	
	9/5
	6/7

	Target Coding Rate
	
	1/2
	1/3

	Coding Rate
	
	0.5
	0.32

	Information Bit Payload 
	
	
	

	  For Sub-Frames 1,2,3,6,7,8
	Bits
	936
	1032

	  For Sub-Frame 0,5 
	Bits
	936
	1032

	  For Sub-Frame 4,9 
	Bits
	936
	1032

	Number of Code Blocks 
	
	
	

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

	  For Sub-Frame 0,5 
	Bits
	1
	1

	  For Sub-Frame 4,9 
	Bits
	1
	1

	Binary Channel Bits
	
	
	

	  For Sub-Frames 1,2,3,6,7,8
	Bits
	320
	320

	  For Sub-Frame 0,5 
	Bits
	320
	320

	  For Sub-Frame 4,9 
	Bits
	320
	320

	Max. Average Throughput 
	Bps
	Note 2
	Note 2

	UE Category
	
	NB2
	NB2

	Note 1:	It shall depend on the specific NPDSCH scheduling.
Note 2:	Maximum Average Throughput equals to sum of TB(i) divided by sum of T(i), where TB(i) is the TB size of NPDSCH over ith NPDSCH scheduling period, and T(i) is the total time consisting of NPDCCH transmission duration, NPDCCH to NPDSCH scheduling delay,  NPDSCH transmission duration, NPDSCH to NPUSCH format 2 scheduling delay, NPUSCH format 2 transmission duration, possible delay between NPUSCH format 2 and NPDCCH for next NPDSCH scheduling and subframes used for NPSS/NSSS/NPBCH/NB-SIB1/NB-SIB2 transmission during the ith NPDSCH scheduling period.
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