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1 Introduction
In RAN plenary #69 the new work item Narrowband IoT was approved for the support of massive number of devices in narrow bandwidth. This WI has been revised during last RAN#70 [1]. According to the work item description, the objective is to specify a radio access for cellular internet of things. NB-IOT supports different operation modes including stand-alone operation, in-band operation and guard-band operation. 

During last RAN4 AH meeting in Kista, a document related to REFSENS specification was approved [5]. This contribution proposes text for the corresponding Reference Sensitivity level section from TS 36.104 [4]. Values in bracket should be updated after agreement expected during this RAN4#79 meeting.
2 Discussion
<Start of text proposal >

7.2
Reference sensitivity level

The reference sensitivity power level PREFSENS is the minimum mean power received at the antenna connector at which a throughput requirement shall be met for a specified reference measurement channel. 

7.2.1
Minimum requirement

For E-UTRA, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A with parameters specified in Table 7.2.1-1 for Wide Area BS, in Table 7.2.1-2 for Local Area BS, in Table 7.2.1-3 for Home BS and in Table 7.2.1-4 for Medium Range BS.
Table 7.2.1-1: E-UTRA Wide Area BS reference sensitivity levels

	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	-106.8

	3
	FRC A1-2 in Annex A.1
	-103.0

	5
	FRC A1-3 in Annex A.1
	-101.5

	10
	FRC A1-3 in Annex A.1*
	-101.5

	15
	FRC A1-3 in Annex A.1*
	-101.5

	20
	FRC A1-3 in Annex A.1*
	-101.5 

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each




Table 7.2.1-2: E-UTRA Local Area BS reference sensitivity levels

	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	-98.8

	3
	FRC A1-2 in Annex A.1
	-95.0

	5
	FRC A1-3 in Annex A.1
	-93.5

	10
	FRC A1-3 in Annex A.1*
	-93.5

	15
	FRC A1-3 in Annex A.1*
	-93.5

	20
	FRC A1-3 in Annex A.1*
	-93.5 

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each




Table 7.2.1-3: E-UTRA Home BS reference sensitivity levels

	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	-98.8

	3
	FRC A1-2 in Annex A.1
	-95.0

	5
	FRC A1-3 in Annex A.1
	-93.5

	10
	FRC A1-3 in Annex A.1*
	-93.5

	15
	FRC A1-3 in Annex A.1*
	-93.5

	20
	FRC A1-3 in Annex A.1*
	-93.5 

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each




Table 7.2.1-4: E-UTRA Medium Range BS reference sensitivity levels
	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	-101.8

	3
	FRC A1-2 in Annex A.1
	-98.0

	5
	FRC A1-3 in Annex A.1
	-96.5

	10
	FRC A1-3 in Annex A.1*
	-96.5

	15
	FRC A1-3 in Annex A.1*
	-96.5

	20
	FRC A1-3 in Annex A.1*
	-96.5

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each.


For NB-IoT standalone BS or E-UTRA BS with NB-IoT (in-band and/or guard band), NB-IoT throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A with parameters specified in Table 7.2.1-5 for Wide Area BS.
Table 7.2.1-5: NB-IoT Wide Area BS reference sensitivity levels

	NB-IoT
channel bandwidth [kHz]
	NB-IoT

Sub-carrier spacing

[kHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	200
	15
	FRC A12-1 in Annex A.12
	-127.3

	200
	3.75
	FRC A12-2 in Annex A.12
	-133.3

	


In order to guarantee BS performance in extreme coverage scenario enabled by usage of repetitions, additional repetition sensitivity requirement is defined. Other NB-IoT receiver requirements are not applicable for repetition sensitivity defined in Table 7.2.1-6.

For NB-IoT standalone BS or E-UTRA BS with NB-IoT (in-band and/or guard band), NB-IoT throughput shall be ≥ 95% of the maximum throughput of the repetition reference measurement channel as specified in Annex A with parameters specified in Table 7.2.1-6 for Wide Area BS.
Table 7.2.1-6: NB-IoT Wide Area BS repetition sensitivity levels

	NB-IoT
channel bandwidth [kHz]
	NB-IoT

Sub-carrier spacing

[kHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	200
	15
	FRC A12-3 in Annex A.12
	TBD

	200
	3.75
	FRC A12-4 in Annex A.12
	TBD

	


<End of text proposal >

<Start of text proposal >

Annex A (normative): 
Reference measurement channels
The parameters for the reference measurement channels are specified in clause A.1 for E-UTRA reference sensitivity and in-channel selectivity and in clause A.2 for dynamic range.

A schematic overview of the encoding process for the E-UTRA reference measurement channels is provided in Figure A-1. 

E-UTRA receiver requirements in the present document are defined with a throughput stated relative to the Maximum throughput of the FRC. The Maximum throughput for an FRC equals the Payload size * the Number of uplink subframes per second. For FDD, 1000 uplink sub-frames per second are used.
The parameters for the reference measurement channels are specified in clause A.12 for NB-IoT reference sensitivity and in clause A.13 for dynamic range.
A schematic overview of the encoding process for the NB-IoT reference measurement channels is provided in Figure A-2. 

NB-IoT receiver requirements in the present document are defined with a throughput stated relative to the Maximum throughput of the FRC. The Maximum throughput for an FRC equals the Payload size / (Number of Resource Unit * time to send one Resource Unit).
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Figure A-1. Schematic overview of the encoding process
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Figure A-2. Schematic overview of the encoding process for NB-IoT
A.1
Fixed Reference Channels for reference sensitivity and in-channel selectivity (QPSK, R=1/3)

The parameters for the reference measurement channels are specified in Table A.1-1 for reference sensitivity and in-channel selectivity.

Table A.1-1 FRC parameters for reference sensitivity and in-channel selectivity

	Reference channel
	A1-1
	A1-2
	A1-3
	A1-4
	A1-5

	Allocated resource blocks
	6
	15
	25
	3
	9

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	600
	1544
	2216
	256
	936

	Transport block CRC (bits)
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0

	Number of code blocks - C
	1
	1
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	1884
	4716
	6732
	852
	2892

	Total number of bits per sub-frame
	1728
	4320
	7200
	864
	2592

	Total symbols per sub-frame
	864
	2160
	3600
	432
	1296


A.2
Fixed Reference Channels for dynamic range (16QAM, R=2/3)

The parameters for the reference measurement channels are specified in Table A.2-1 for dynamic range.

Table A.2-1 FRC parameters for dynamic range

	Reference channel
	A2-1
	A2-2
	A2-3

	Allocated resource blocks
	6
	15
	25

	DFT-OFDM Symbols per subframe
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM

	Code rate
	2/3
	2/3
	2/3

	Payload size (bits)
	2344
	5992
	9912

	Transport block CRC (bits)
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	24

	Number of code blocks - C
	1
	1
	2

	Coded block size including 12bits trellis termination (bits)
	7116
	18060
	14988

	Total number of bits per sub-frame
	3456
	8640
	14400

	Total symbols per sub-frame
	864
	2160
	3600


A.3
Fixed Reference Channels for performance requirements (QPSK 1/3)

Table A.3-1 FRC parameters for performance requirements (QPSK 1/3)

	Reference channel
	A3-1
	A3-2
	A3-3
	A3-4
	A3-5
	A3-6
	A3-7

	Allocated resource blocks
	1
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	104
	600
	1544
	2216
	5160
	6712
	10296

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0
	24
	24

	Number of code blocks - C
	1
	1
	1
	1
	1
	2
	2

	Coded block size including 12bits trellis termination (bits)
	396
	1884
	4716
	6732
	15564
	10188
	15564

	Total number of bits per sub-frame
	288
	1728
	4320
	7200
	14400
	21600
	28800

	Total symbols per sub-frame
	144
	864
	2160
	3600
	7200
	10800
	14400


A.4
Fixed Reference Channels for performance requirements (16QAM 3/4)

Table A.4-1 FRC parameters for performance requirements (16QAM 3/4)

	Reference channel
	A4-1
	A4-2
	A4-3
	A4-4
	A4-5
	A4-6
	A4-7
	A4-8

	Allocated resource blocks
	1
	1
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per subframe
	12
	10
	12
	12
	12
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4

	Payload size (bits)
	408
	376
	2600
	6456
	10680
	21384
	32856
	43816

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	24
	24
	24
	24
	24

	Number of code blocks - C
	1
	1
	1
	2
	2
	4
	6
	8

	Coded block size including 12bits trellis termination (bits)
	1308
	1212
	7884
	9804
	16140
	16140
	16524
	16524

	Total number of bits per sub-frame
	576
	480
	3456
	8640
	14400
	28800
	43200
	57600

	Total symbols per sub-frame
	144
	120
	864
	2160
	3600
	7200
	10800
	14400


A.5
Fixed Reference Channels for performance requirements (64QAM 5/6)

Table A.5-1 FRC parameters for performance requirements (64QAM 5/6)

	Reference channel
	A5-1
	A5-2
	A5-3
	A5-4
	A5-5
	A5-6
	A5-7

	Allocated resource blocks
	1
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12
	12
	12

	Modulation
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Code rate
	5/6
	5/6
	5/6
	5/6
	5/6
	5/6
	5/6

	Payload size (bits)
	712
	4392
	11064
	18336
	36696
	55056
	75376

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	24
	24
	24
	24
	24

	Number of code blocks - C
	1
	1
	2
	3
	6
	9
	13

	Coded block size including 12bits trellis termination (bits)
	2220
	13260
	16716
	18444
	18444
	18444
	17484

	Total number of bits per sub-frame
	864
	5184
	12960
	21600
	43200
	64800
	86400

	Total symbols per sub-frame
	144
	864
	2160
	3600
	7200
	10800
	14400


A.6
PRACH Test preambles

Table A.6-1 Test preambles for Normal Mode

	Burst format
	Ncs
	Logical sequence index
	v

	0
	13
	22
	32

	1
	167
	22
	2

	2
	167
	22
	0

	3
	0
	22
	0

	4
	10
	0
	0


Table A.6-2 Test preambles for High speed Mode

	Burst format
	Ncs
	Logical sequence index
	v

	0
	15
	384
	0

	1
	202
	384
	0

	2
	202
	384
	0

	3
	237
	384
	0


A.7
Fixed Reference Channels for UL timing adjustment (Scenario 1)

Table A.7-1 FRC parameters for UL timing adjustment (Scenario 1)

	Reference channel
	A7-1
	A7-2
	A7-3
	A7-4
	A7-5
	A7-6

	Allocated resource blocks
	3
	6
	12
	25
	25
	25

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4

	Payload size (bits)
	1288
	2600
	5160
	10680
	10680
	10680

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	24
	24
	24

	Number of code blocks - C
	1
	1
	1
	2
	2
	2

	Coded block size including 12bits trellis termination (bits)
	3948
	7884
	15564
	16140
	16140
	16140

	Total number of bits per sub-frame
	1728
	3456
	6912
	14400
	14400
	14400

	Total symbols per sub-frame
	432
	864
	1728
	3600
	3600
	3600

	SRS bandwidth configuration (See TS 36.211, 5.5.3) (Note 1)
	7
	5
	3
	2
	5
	2

	SRS-Bandwidth b (See TS 36.211, 5.5.3) (Note 1, 2)
	0
	0
	0
	0
	0
	1

	NOTE 1. The transmission of SRS is optional

NOTE 2. PUSCH resource blocks shall be included in SRS resource blocks


A.8
Fixed Reference Channels for UL timing adjustment (Scenario 2)

Table A.8-1 FRC parameters for UL timing adjustment (Scenario 2)

	Reference channel
	A8-1
	A8-2
	A8-3
	A8-4
	A8-5
	A8-6

	Allocated resource blocks
	3
	6
	12
	25
	25
	25

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	256
	600
	1224
	2216
	2216
	2216

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0
	0

	Number of code blocks - C
	1
	1
	1
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	852
	1884
	3756
	6732
	6732
	6732

	Total number of bits per sub-frame
	864
	1728
	3456
	7200
	7200
	7200

	Total symbols per sub-frame
	432
	864
	1728
	3600
	3600
	3600

	SRS bandwidth configuration (See TS 36.211, 5.5.3) (Note 1)
	7
	5
	3
	2
	5
	2

	SRS-Bandwidth b (See TS 36.211, 5.5.3) (Note 1, 2)
	0
	0
	0
	0
	0
	1

	NOTE 1. The transmission of SRS is optional

NOTE 2. PUSCH resource blocks shall be included in SRS resource blocks


A.9
Multi user PUCCH test

Table A.9-1 Test parameters for multi user PUCCH case

	
	Resource index for

PUCCH formats 1/1a/1b
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[dB]
	Relative timing
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	Tested signal
	2
	-
	-

	Interferer 1
	1
	0
	0

	Interferer 2
	7
	-3
	

	Interferer 3
	14
	3
	

	NOTE1:
The following parameters shall be used 
[image: image4.wmf]150

cell

ID

=

N

, 
[image: image5.wmf]0

(1)

cs

=

N

 and 
[image: image6.wmf]2

PUCCH

shift

=

D

.

NOTE2:
All above listed signals are transmitted on the same PUCCH resource block, with different PUCCH resource indices as presented above.


A.10
PUCCH transmission on two antenna ports test

Table A.10-1 Test parameters for PUCCH transmission on two antenna ports case

	PUCCH format
	Resource indices for two antenna ports

	Format 1a
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	Format 2
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	NOTE1:
The following parameters shall be used 
[image: image11.wmf]150

cell

ID

=

N

, 
[image: image12.wmf]0

(1)

cs

=

N

. For PUCCH format 1a, 
[image: image13.wmf]2

PUCCH

shift

=

D

 is assumed.
NOTE2:
The signals transmitted on two antenna ports are in the same PUCCH resource block with different resource indices as presented above.


A.11
Fixed Reference Channel for PUSCH with TTI bundling and enhanced HARQ pattern

Table A.11-1 FRC parameters for PUSCH with TTI bundling and enhanced HARQ pattern

	Reference channel
	A11-1

	Allocated resource blocks
	3

	DFT-OFDM Symbols per subframe
	12

	Modulation
	QPSK

	Code rate
	11/27*

	Payload size (bits)
	328

	Transport block CRC (bits)
	24

	Code block CRC size (bits)
	0

	Number of code blocks - C
	1

	Coded block size including 12bits trellis termination (bits)
	1068

	Total number of bits per sub-frame
	864

	Total symbols per sub-frame
	432

	Note *: code rate per TTI


A.12
Fixed Reference Channels for NB-IOT reference sensitivity (π/2 BPSK, R=1/3)

The parameters for the reference measurement channels are specified in Table A.12-1 for reference sensitivity and repetitions sensitivity.

Table A.12-1 FRC parameters for reference sensitivity, repetitions sensitivity and in-channel selectivity

	Reference channel
	A12-1
	A12-2
	A12-3
	A12-4

	Sub-carrier spacing (kHz)
	15
	3.75
	15
	3.75

	Number of tone
	1
	1
	1
	1

	Diversity
	   No
	No
	   No
	No

	Modulation
	π/2 BPSK
	π/2 BPSK
	π/2 BPSK
	π/2 BPSK

	Frequency offset
	0
	0
	0
	0

	Channel estimation length (ms)
	4
	16
	4
	16

	Number of NPUSCH repetition
	1
	1
	TBD
	TBD

	IMCS / TBS
	0 / 0
	0 / 0
	0 / 0
	0 / 0

	Payload size (bits)
	32
	32
	32
	32

	Allocated resource unit
	2
	2
	2
	2

	Code rate (target)
	1/3
	1/3
	1/3
	1/3

	Code rate (effective)
	0.29
	0.29
	0.29
	0.29

	Transport block CRC (bits)
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0

	Number of code blocks - C
	1
	1
	1
	1

	Total number of bits per resource unit
	96
	96
	96
	96

	Total symbols per resource unit
	96
	96
	96
	96

	Tx time (ms)
	16
	64
	TBD
	TBD


<End of text proposal >
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