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Measurement Channels
A.1	General
A schematic overview of the encoding process for the reference measurement channels is provided in Figure A-1.


Figure A-1: Schematic overview of the encoding process

The throughput values defined in the measurement channels specified in Annex A, are calculated and are valid per data stream (codeword). For multi-stream (more than one codeword) transmissions, the throughput referenced in the minimum requirements is the sum of throughputs of all data streams (codewords).
The UE category entry in the definition of the reference measurement channels in Annex A is only informative and reveals the UE categories, which can support the corresponding measurement channel. Whether the measurement channel is used for testing a certain UE category or not is specified in the individual test cases.
Rate matching process in Figure A-1 is dependent on the parameter “Total number of Soft Channel bits” which has been defined for each UE category in TS 36.306 [15] clause 4.1. The SS shall use the Soft Channel bits size according to the UE category.
A.2	UL reference measurement channels
A.2.1	General
A.2.1.1	Applicability and common parameters
The following sections define the UL signal applicable to the Transmitter Characteristics (clause 6) and for the Receiver Characteristics (clause 7) where the UL signal is relevant.
The Reference channels in this section assume transmission of PUSCH and Demodulation Reference signal only. The following conditions apply:
-	1 HARQ transmission
-	Cyclic Prefix normal
-	PUSCH hopping off
-	Link adaptation off
-	Demodulation Reference signal as per TS 36.211 [3] clause 5.5.2.1.2.
Where ACK/NACK is transmitted, it is assumed to be multiplexed on PUSCH as per TS 36.212 [19] subclause 5.2.2.6.
-	ACK/NACK 1 bit
-	ACK/NACK mapping adjacent to Demodulation Reference symbol
-	ACK/NACK resources punctured into data
-	Max number of resources for ACK/NACK: 4 SC-FDMA symbols per subframe
-	No CQI transmitted, no RI transmitted
A.2.1.2	Determination of payload size
The algorithm for determining the payload size A is as follows; given a desired coding rate R and radio block allocation NRB:
1.	Calculate the number of channel bits Nch that can be transmitted during the first transmission of a given sub-frame.
2.	Find A such that the resulting coding rate is as close to R as possible, that is,

,
subject to
a)	A is a valid TB size according to clause 7.1.7 of TS 36.213 [10] assuming an allocation of NRB resource blocks.
b)	C is the number of Code Blocks calculated according to section 5.1.2 of TS 36.212 [9].
c)	For RMC-s, which at the nominal target coding rate do not cover all the possible UE categories for the given modulation, reduce the target coding rate gradually (within the same modulation), until the maximal possible number of UE categories is covered.
3.	If there is more than one A that minimises the equation above, then the larger value is chosen per default and the chosen code rate should not exceed 0.93.
A.2.1.3	Overview of UL reference measurement channels
In Table A.2.1.3-1 are listed the UL reference measurement channels specified in Annexes A.2.2 and A.2.3 of this release of TS 36.521-4. This table is informative and serves only to a better overview. The reference for the concrete reference measurement channels and corresponding implementation’s parameters as to be used for testing are annexes A.2.2 and A.2.3 as appropriate.
Table A.2.1.3-1: Overview of UL reference measurement channels
	Duplex
	Table
	Name
	BW
	Mod
	TCR
	RB
	RB
Offset
	UE Categ
	Notes

	FDD, Full RB allocation, QPSK

	FDD
	Table A.2.2.1.1-1
	
	1.4
	QPSK
	1/3
	6
	
	≥ 1
	

	FDD / HD-FDD
	Table A.2.2.1.1-1a
	
	1.4
	QPSK
	1/3
	6
	
	0
	

	FDD / HD-FDD
	Table A.2.2.1.1-1b
	
	1.4
	QPSK
	1/3
	6
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.1.1-1c
	
	1.4
	QPSK
	1/3
	6
	
	M2
	UE UL category M2

	FDD, Full RB allocation, 16-QAM

	FDD
	Table A.2.2.1.2-1
	
	1.4
	16QAM
	3/4
	6
	
	≥ 1
	

	FDD / HD-FDD
	Table A.2.2.1.2-1a
	
	1.4
	16QAM
	1/3
	5
	
	0
	

	FDD / HD-FDD
	Table A.2.2.1.2-1b
	
	1.4
	16QAM
	1/3
	5
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.1.2-1c
	
	1.4
	16QAM
	1/3
	6
	
	M2
	UE UL category M2

	FDD, Partial RB allocation, QPSK

	FDD
	Table A.2.2.2.1-1
	
	1.4
	QPSK
	1/3
	1
	
	≥ 1
	

	FDD
	Table A.2.2.2.1-1
	
	1.4
	QPSK
	1/3
	2
	
	≥ 1
	

	FDD
	Table A.2.2.2.1-1
	
	1.4
	QPSK
	1/3
	3
	
	≥ 1
	

	FDD
	Table A.2.2.2.1-1
	
	1.4
	QPSK
	1/3
	4
	
	≥ 1
	

	FDD
	Table A.2.2.2.1-1
	
	1.4
	QPSK
	1/3
	5
	
	≥ 1
	

	FDD / HD-FDD
	Table A.2.2.2.1-1a
	
	1.
	QPSK
	1/3
	1
	
	0
	

	FDD / HD-FDD
	Table A.2.2.2.1-1a
	
	1.4
	QPSK
	1/3
	2
	
	0
	

	FDD / HD-FDD
	Table A.2.2.2.1-1a
	
	1.4
	QPSK
	1/3
	3
	
	0
	

	FDD / HD-FDD
	Table A.2.2.2.1-1a
	
	1.4
	QPSK
	1/3
	4
	
	0
	

	FDD / HD-FDD
	Table A.2.2.2.1-1a
	
	1.4
	QPSK
	1/3
	5
	
	0
	

	FDD / HD-FDD
	Table A.2.2.2.1-1b
	
	1.4
	QPSK
	1/3
	1
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.2.1-1b
	
	1.4
	QPSK
	1/3
	2
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.2.1-1b
	
	1.4
	QPSK
	1/3
	3
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.2.1-1b
	
	1.4
	QPSK
	1/3
	4
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.2.1-1b
	
	1.4
	QPSK
	1/3
	5
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.2.1-1b
	
	1.4
	QPSK
	1/3
	6
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.2.1-1c
	
	1.4
	QPSK
	1/3
	1
	
	M2
	UE UL category M2

	FDD / HD-FDD
	Table A.2.2.2.1-1c
	
	1.4
	QPSK
	1/3
	2
	
	M2
	UE UL category M2

	FDD / HD-FDD
	Table A.2.2.2.1-1c
	
	1.4
	QPSK
	1/3
	3
	
	M2
	UE UL category M2

	FDD / HD-FDD
	Table A.2.2.2.1-1c
	
	1.4
	QPSK
	1/3
	4
	
	M2
	UE UL category M2

	FDD / HD-FDD
	Table A.2.2.2.1-1c
	
	1.4
	QPSK
	1/3
	5
	
	M2
	UE UL category M2

	FDD, Partial RB allocation, 16-QAM

	FDD
	Table A.2.2.2.2-1
	
	1.4
	16QAM
	3/4
	1
	
	≥ 1
	

	FDD
	Table A.2.2.2.2-1
	
	1.4
	16QAM
	3/4
	2
	
	≥ 1
	

	FDD
	Table A.2.2.2.2-1
	
	1.4
	16QAM
	3/4
	3
	
	≥ 1
	

	FDD
	Table A.2.2.2.2-1
	
	1.4
	16QAM
	3/4
	4
	
	≥ 1
	

	FDD
	Table A.2.2.2.2-1
	
	1.4
	16QAM
	3/4
	5
	
	≥ 1
	

	FDD / HD-FDD
	Table A.2.2.2.2-1a
	
	1.4
	16QAM
	3/4
	1
	
	0
	

	FDD / HD-FDD
	Table A.2.2.2.2-1a
	
	1.4
	16QAM
	3/4
	2
	
	0
	

	FDD / HD-FDD
	Table A.2.2.2.2-1a
	
	1.4
	16QAM
	2/5
	4
	
	0
	

	FDD / HD-FDD
	Table A.2.2.2.2-1b
	
	1.4
	16QAM
	1/2
	1
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.2.2-1b
	
	1.4
	16QAM
	1/2
	2
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.2.2-1b
	
	1.4
	16QAM
	1/2
	3
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.2.2-1b
	
	1.4
	16QAM
	2/5
	4
	
	M1
	

	FDD / HD-FDD
	Table A.2.2.2.2-1c
	
	1.4
	16QAM
	1/2
	1
	
	M2
	UE UL category M2

	FDD / HD-FDD
	Table A.2.2.2.2-1c
	
	1.4
	16QAM
	1/2
	2
	
	M2
	UE UL category M2

	FDD / HD-FDD
	Table A.2.2.2.2-1c
	
	1.4
	16QAM
	1/2
	3
	
	M2
	UE UL category M2

	FDD / HD-FDD
	Table A.2.2.2.2-1c
	
	1.4
	16QAM
	1/2
	4
	
	M2
	UE UL category M2

	FDD / HD-FDD
	Table A.2.2.2.2-1c
	
	1.4
	16QAM
	1/2
	5
	
	M2
	UE UL category M2

	FDD, Sustained data rate

	FDD
	Table A.2.2.3-1
	R.1-1 FDD
	10
	QPSK
	0.31
	40
	
	≥ 1
	

	FDD
	Table A.2.2.3-1
	R.1-2 FDD
	10
	QPSK
	0.31
	40
	
	≥ 1
	

	FDD
	Table A.2.2.3-1
	R.1-3 FDD
	20
	QPSK
	0.31
	90
	
	≥ 2
	

	FDD
	Table A.2.2.3-1
	R.1-3A FDD
	10
	QPSK
	0.31
	40
	
	≥ 1
	

	FDD
	Table A.2.2.3-1
	R.1-4 FDD
	20
	QPSK
	0.31
	40
	
	≥ 2
	

	FDD
	Table A.2.2.3-1
	R.1-4B FDD
	15
	QPSK
	0.31
	60
	
	≥ 1
	


A.2.2	Reference measurement channels for FDD
A.2.2.1	Full RB allocation
A.2.2.1.1	QPSK
Table A.2.2.1.1-1: Reference Channels for QPSK with full RB allocation
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	DFT-OFDM Symbols per Sub-Frame
	
	12

	Modulation
	
	QPSK

	Target Coding rate
	
	1/3

	Payload size
	Bits
	600

	Transport block CRC
	Bits
	24

	Number of code blocks per Sub-Frame (Note 1)
	
	1

	Total number of bits per Sub-Frame (Note 1)
	Bits
	1728

	Total symbols per Sub-Frame
	
	864

	UE Category
	
	≥ 1

	Note 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



Table A.2.2.1.1-1a: Reference Channels for QPSK with full/maximum RB allocation for UE category 0
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	DFT-OFDM Symbols per Sub-Frame
	
	12

	Modulation
	
	QPSK

	Target Coding rate
	
	1/3

	Payload size
	Bits
	600

	Transport block CRC
	Bits
	24

	Number of code blocks per Sub-Frame
	
	1

	Total number of bits per Sub-Frame
	Bits
	1728

	Total symbols per Sub-Frame
	
	864

	UE Category
	
	0

	NOTE 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 2:	For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th, 6th, 12th, 13th, 14th, 20th, 21st, 22nd, 28th, 29th, 30th, 36th, 37th, and 38th subframes every 40ms. Information bit payload is available if uplink subframe is scheduled.



Table A.2.2.1.1-1b: Reference Channels for QPSK with full/maximum RB allocation for UE category M1
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	DFT-OFDM Symbols per Sub-Frame
	
	12

	Modulation
	
	QPSK

	Target Coding rate
	
	1/3

	Payload size
	Bits
	600

	Transport block CRC
	Bits
	24

	Number of code blocks per Sub-Frame
	
	1

	Total number of bits per Sub-Frame
	Bits
	1728

	Total symbols per Sub-Frame
	
	864

	UE Category
	
	M1

	NOTE 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)

NOTE 2:	For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th and 6th subframes every 10ms for the channel bandwidth 5MHz/10MHz/15MHz/20MHz. For HD-FDD UE, the uplink subframes are scheduled at the 5th, 6th, and 7th subframes every 10ms for the channel bandwidth 1.4MHz/3MHz. Information bit payload is available if uplink subframe is scheduled.  is total number of absolute subframes a PUSCH with repetition spans [4].




NOTE 3:	For HD-FDD UE with , MPDCCH are scheduled at 0th DL subframe every +5 subframes (starting from the 0th subframe). The associated PUSCH is scheduled at the 4th to (+3)-th UL subframes every +5 subframes. Information bit payload is available if uplink subframe is scheduled.



Table A.2.2.1.1-1c: Reference Channels for QPSK with full/maximum RB allocation for UE UL category M2
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	DFT-OFDM Symbols per Sub-Frame
	
	12

	Modulation
	
	QPSK

	Target Coding rate
	
	1/3

	Payload size
	Bits
	600

	Transport block CRC
	Bits
	24

	Number of code blocks per Sub-Frame (NOTE 1)
	
	1

	Total number of bits per Sub-Frame
	Bits
	1728

	Total symbols per Sub-Frame
	
	864

	UE UL Category
	
	M2

	NOTE 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 2:	For HD-FDD UE, the uplink subframes are scheduled at the 5th, 6th and 7th subframes every 10ms for the channel bandwidth 1.4MHz. Information bit payload is available if uplink subframe is scheduled.



A.2.2.1.2	16-QAM
Table A.2.2.1.2-1: Reference Channels for 16-QAM with full RB allocation
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	DFT-OFDM Symbols per Sub-Frame
	
	12

	Modulation
	
	16QAM

	Target Coding rate
	
	3/4

	Payload size
	Bits
	2600

	Transport block CRC
	Bits
	24

	Number of code blocks per Sub-Frame (Note 1)
	
	1

	Total number of bits per Sub-Frame
	Bits
	3456

	Total symbols per Sub-Frame
	
	864

	UE Category
	
	≥ 1

	Note 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



Table A.2.2.1.2-1a: Reference Channels for 16-QAM with maximum RB allocation for UE category 0
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	5

	DFT-OFDM Symbols per Sub-Frame
	
	12

	Modulation
	
	16QAM

	Target Coding rate
	
	1/3

	Payload size
	Bits
	872

	Transport block CRC
	Bits
	24

	Number of code blocks per Sub-Frame
	
	1

	Total number of bits per Sub-Frame
	Bits
	2880

	Total symbols per Sub-Frame
	
	720

	UE Category
	
	0

	NOTE 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 2:	For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th, 6th, 12th, 13th, 14th, 20th, 21st, 22nd, 28th, 29th, 30th, 36th, 37th, and 38th subframes every 40ms. Information bit payload is available if uplink subframe is scheduled.



Table A.2.2.1.2-1b: Reference Channels for 16-QAM with maximum RB allocation for UE category M1
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	5

	DFT-OFDM Symbols per Sub-Frame
	
	12

	Modulation
	
	16QAM

	Target Coding rate
	
	1/3

	Payload size
	Bits
	872

	Transport block CRC
	Bits
	24

	Number of code blocks per Sub-Frame
	
	1

	Total number of bits per Sub-Frame
	Bits
	2880

	Total symbols per Sub-Frame
	
	720

	UE Category
	
	M1

	NOTE 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
NOTE 2:	For HD-FDD UE, the uplink subframes are scheduled at the 5th, 6th, and 7th subframes every 10ms for the channel bandwidth 1.4MHz. Information bit payload is available if uplink subframe is scheduled.



Table A.2.2.1.2-1c: Reference Channels for 16-QAM with maximum RB allocation for UE UL category M2
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	DFT-OFDM Symbols per Sub-Frame
	
	12

	Modulation
	
	16QAM

	Target Coding rate
	
	1/3

	Payload size
	Bits
	1032

	Transport block CRC
	Bits
	24

	Number of code blocks per Sub-Frame
	
	1

	Total number of bits per Sub-Frame
	Bits
	3456

	Total symbols per Sub-Frame
	
	864

	UE Category
	
	M2

	NOTE 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 2:	For HD-FDD UE, the uplink subframes are scheduled at the 5th, 6th and 7th subframes every 10ms for the channel bandwidth 1.4MHz. Information bit payload is available if uplink subframe is scheduled.
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A.2.2.2	Partial RB allocation
For each channel bandwidth, various partial RB allocations are specified. The number of allocated RBs is chosen according to values specified in the Tx and Rx requirements. The single allocated RB case is included.
The allocated RBs are contiguous and start from one end of the channel bandwidth. A single allocated RB is at one end of the channel bandwidth.
A.2.2.2.1	QPSK
Table A.2.2.2.1-1: Reference Channels for QPSK with partial RB allocation
	Parameter
	Ch BW
	Allocated RBs
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size
	Transport block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame
	Total symbols per Sub-Frame
	UE Category

	Unit
	MHz
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	12
	QPSK
	1/3
	72
	24
	1
	288
	144
	≥ 1

	
	1.4 - 20
	2
	12
	QPSK
	1/3
	176
	24
	1
	576
	288
	≥ 1

	
	1.4 - 20
	3
	12
	QPSK
	1/3
	256
	24
	1
	864
	432
	≥ 1

	
	1.4 - 20
	4
	12
	QPSK
	1/3
	392
	24
	1
	1152
	576
	≥ 1

	
	1.4 - 20
	5
	12
	QPSK
	1/3
	424
	24
	1
	1440
	720
	≥ 1

	
	3-20
	6
	12
	QPSK
	1/3
	600
	24
	1
	1728
	864
	≥ 1

	
	3-20
	8
	12
	QPSK
	1/3
	808
	24
	1
	2304
	1152
	≥ 1

	
	3-20
	9
	12
	QPSK
	1/3
	776
	24
	1
	2592
	1296
	≥ 1

	
	3-20
	10
	12
	QPSK
	1/3
	872
	24
	1
	2880
	1440
	≥ 1

	
	3-20
	12
	12
	QPSK
	1/3
	1224
	24
	1
	3456
	1728
	≥ 1

	
	5-20
	15
	12
	QPSK
	1/3
	1320
	24
	1
	4320
	2160
	≥ 1

	
	5-20
	16
	12
	QPSK
	1/3
	1384
	24
	1
	4608
	2304
	≥ 1

	
	5-20
	18
	12
	QPSK
	1/3
	1864
	24
	1
	5184
	2592
	≥ 1

	
	5-20
	20
	12
	QPSK
	1/3
	1736
	24
	1
	5760
	2880
	≥ 1

	
	5-20
	24
	12
	QPSK
	1/3
	2472
	24
	1
	6912
	3456
	≥ 1

	
	10-20
	25
	12
	QPSK
	1/3
	2216
	24
	1
	7200
	3600
	≥ 1

	
	10-20
	27
	12
	QPSK
	1/3
	2792
	24
	1
	7776
	3888
	≥ 1

	
	10-20
	30
	12
	QPSK
	1/3
	2664
	24
	1
	8640
	4320
	≥ 1

	
	10-20
	32
	12
	QPSK
	1/3
	2792
	24
	1
	9216
	4608
	≥ 1

	
	10-20
	36
	12
	QPSK
	1/3
	3752
	24
	1
	10368
	5184
	≥ 1

	
	10-20
	40
	12
	QPSK
	1/3
	4136
	24
	1
	11520
	5760
	≥ 1

	
	10-20
	45
	12
	QPSK
	1/3
	4008
	24
	1
	12960
	6480
	≥ 1

	
	10-20
	48
	12
	QPSK
	1/3
	4264
	24
	1
	13824
	6912
	≥ 1

	
	15 - 20
	50
	12
	QPSK
	1/3
	5160
	24
	1
	14400
	7200
	≥ 1

	
	15 - 20
	54
	12
	QPSK
	1/3
	4776
	24
	1
	15552
	7776
	≥ 1

	
	15 - 20
	60
	12
	QPSK
	1/4
	4264
	24
	1
	17280
	8640
	≥ 1

	
	15 - 20
	64
	12
	QPSK
	1/4
	4584
	24
	1
	18432
	9216
	≥ 1

	
	15 - 20
	72
	12
	QPSK
	1/4
	5160
	24
	1
	20736
	10368
	≥ 1

	
	20
	75
	12
	QPSK
	1/5
	4392
	24
	1
	21600
	10800
	≥ 1

	
	20
	80
	12
	QPSK
	1/5
	4776
	24
	1
	23040
	11520
	≥ 1

	
	20
	81
	12
	QPSK
	1/5
	4776
	24
	1
	23328
	11664
	≥ 1

	
	20
	90
	12
	QPSK
	1/6
	4008
	24
	1
	25920
	12960
	≥ 1

	
	20
	96
	12
	QPSK
	1/6
	4264
	24
	1
	27648
	13824
	≥ 1

	Note 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



Table A.2.2.2.1-1a: Reference Channels for QPSK with partial RB allocation for UE category 0
	Parameter
	Ch BW
	Allocated RBs
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size
	Trans-port block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame
	Total symbols per Sub-Frame
	UE Category

	Unit
	MHz
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	12
	QPSK
	1/3
	72
	24
	1
	288
	144
	0

	
	1.4 - 20
	2
	12
	QPSK
	1/3
	176
	24
	1
	576
	288
	0

	
	1.4 - 20
	3
	12
	QPSK
	1/3
	256
	24
	1
	864
	432
	0

	
	1.4 - 20
	4
	12
	QPSK
	1/3
	392
	24
	1
	1152
	576
	0

	
	1.4 - 20
	5
	12
	QPSK
	1/3
	424
	24
	1
	1440
	720
	0

	
	3-20
	6
	12
	QPSK
	1/3
	600
	24
	1
	1728
	864
	0

	
	3-20
	8
	12
	QPSK
	1/3
	808
	24
	1
	2304
	1152
	0

	
	3-20
	9
	12
	QPSK
	1/3
	776
	24
	1
	2592
	1296
	0

	
	3-20
	10
	12
	QPSK
	1/3
	872
	24
	1
	2880
	1440
	0

	
	3-20
	12
	12
	QPSK
	1/4
	840
	24
	1
	3456
	1728
	0

	
	5-20
	15
	12
	QPSK
	1/5
	872
	24
	1
	4320
	2160
	0

	
	5-20
	16
	12
	QPSK
	1/5
	904
	24
	1
	4608
	2304
	0

	
	5-20
	18
	12
	QPSK
	1/6
	776
	24
	1
	5184
	2592
	0

	
	5-20
	20
	12
	QPSK
	1/6
	872
	24
	1
	5760
	2880
	0

	
	5-20
	24
	12
	QPSK
	1/8
	872
	24
	1
	6912
	3456
	0

	
	10-20
	25
	12
	QPSK
	1/8
	904
	24
	1
	7200
	3600
	0

	
	10-20
	27
	12
	QPSK
	1/8
	968
	24
	1
	7776
	3888
	0

	
	10-20
	30
	12
	QPSK
	1/10
	808
	24
	1
	8640
	4320
	0

	Note 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
Note 2:	For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th, 6th, 12th, 13th, 14th, 20th, 21st, 22nd, 28th, 29th, 30th, 36th, 37th, and 38th subframes every 40ms. Information bit payload is available if uplink subframe is scheduled.



Table A.2.2.2.1-1b: Reference Channels for QK with partial RB allocation for UE category M1
	Parameter
	Ch BW
	Allocated RBs
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size
	Trans-port block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame
	Total symbols per Sub-Frame
	UE Category

	Unit
	MHz
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	12
	QPSK
	1/3
	72
	24
	1
	288
	144
	M1

	
	1.4 - 20
	2
	12
	QPSK
	1/3
	176
	24
	1
	576
	288
	M1

	
	1.4 - 20
	3
	12
	QPSK
	1/3
	256
	24
	1
	864
	432
	M1

	
	1.4 - 20
	4
	12
	QPSK
	1/3
	392
	24
	1
	1152
	576
	M1

	
	1.4 - 20
	5
	12
	QPSK
	1/3
	424
	24
	1
	1440
	720
	M1

	
	3-20
	6
	12
	QPSK
	1/3
	600
	24
	1
	1728
	864
	M1

	Note 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
Note 2:	For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th and 6thsubframes every 10ms for the channel bandwidth 5MHz/10MHz/15MHz/20MHz. For HD-FDD UE, the uplink subframes are scheduled at the 5th, 6th, and 7th subframes every 10ms for the channel bandwidth 1.4MHz/3MHz. Information bit payload is available if uplink subframe is scheduled.



Table A.2.2.2.1-1c: Reference Channels for QPSK with partial RB allocation for UE UL category M2
	Parameter
	Ch BW
	Allocated RBs
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size
	Trans-port block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame
	Total symbols per Sub-Frame
	UE Category

	Unit
	MHz
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	12
	QPSK
	1/3
	72
	24
	1
	288
	144
	M2

	
	1.4 - 20
	2
	12
	QPSK
	1/3
	176
	24
	1
	576
	288
	M2

	
	1.4 - 20
	3
	12
	QPSK
	1/3
	256
	24
	1
	864
	432
	M2

	
	1.4 - 20
	4
	12
	QPSK
	1/3
	392
	24
	1
	1152
	576
	M2

	
	1.4 - 20
	5
	12
	QPSK
	1/3
	424
	24
	1
	1440
	720
	M2

	
	3-20
	6
	12
	QPSK
	1/3
	600
	24
	1
	1728
	864
	M2

	
	3-20
	9
	12
	QPSK
	1/3
	776
	24
	1
	2592
	1296
	M2

	
	3-20
	12
	12
	QPSK
	1/3
	1032
	24
	1
	3456
	1728
	M2

	
	5-20
	15
	12
	QPSK
	1/3
	1320
	24
	1
	4320
	2160
	M2

	
	5-20
	18
	12
	QPSK
	1/3
	1864
	24
	1
	5184
	2592
	M2

	
	5-20
	21
	12
	QPSK
	1/3
	2216
	24
	1
	6068
	3024
	M2

	Note 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
Note 2:	For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th and 6th subframes every 10ms for the channel bandwidth 5MHz/10MHz/15MHz/20MHz. For HD-FDD UE, the uplink subframes are scheduled at the 5th, 6th and 7th subframes every 10ms for the channel bandwidth 1.4MHz/3MHz. Information bit payload is available if uplink subframe is scheduled.



A.2.2.2.2	16-QAM
Table A.2.2.2.2-1: Reference Channels for 16-QAM with partial RB allocation
	Parameter
	Ch BW
	Allocated RBs
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size
	Transport block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame
	Total symbols per Sub-Frame
	UE Category

	Unit
	MHz
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	12
	16QAM
	3/4
	408
	24
	1
	576
	144
	≥ 1

	
	1.4 - 20
	2
	12
	16QAM
	3/4
	840
	24
	1
	1152
	288
	≥ 1

	
	1.4 - 20
	3
	12
	16QAM
	3/4
	1288
	24
	1
	1728
	432
	≥ 1

	
	1.4 - 20
	4
	12
	16QAM
	3/4
	1736
	24
	1
	2304
	576
	≥ 1

	
	1.4 - 20
	5
	12
	16QAM
	3/4
	2152
	24
	1
	2880
	720
	≥ 1

	
	3-20
	6
	12
	16QAM
	3/4
	2600
	24
	1
	3456
	864
	≥ 1

	
	3-20
	8
	12
	16QAM
	3/4
	3496
	24
	1
	4608
	1152
	≥ 1

	
	3-20
	9
	12
	16QAM
	3/4
	3880
	24
	1
	5184
	1296
	≥ 1

	
	3-20
	10
	12
	16QAM
	3/4
	4264
	24
	1
	5760
	1440
	≥ 1

	
	3-20
	12
	12
	16QAM
	3/4
	5160
	24
	1
	6912
	1728
	≥ 1

	
	5-20
	15
	12
	16QAM
	1/2
	4264
	24
	1
	8640
	2160
	≥ 1

	
	5-20
	16
	12
	16QAM
	1/2
	4584
	24
	1
	9216
	2304
	≥ 1

	
	5-20
	18
	12
	16QAM
	1/2
	5160
	24
	1
	10368
	2592
	≥ 1

	
	5-20
	20
	12
	16QAM
	1/3
	4008
	24
	1
	11520
	2880
	≥ 1

	
	5-20
	24
	12
	16QAM
	1/3
	4776
	24
	1
	13824
	3456
	≥ 1

	
	10-20
	25
	12
	16QAM
	1/3
	4968
	24
	1
	14400
	3600
	≥ 1

	
	10-20
	27
	12
	16QAM
	1/3
	4776
	24
	1
	15552
	3888
	≥ 1

	
	10-20
	30
	12
	16QAM
	3/4
	12960
	24
	3
	17280
	4320
	≥ 2

	
	10-20
	32
	12
	16QAM
	3/4
	13536
	24
	3
	18432
	4608
	≥ 2

	
	10-20
	36
	12
	16QAM
	3/4
	15264
	24
	3
	20736
	5184
	≥ 2

	
	10-20
	40
	12
	16QAM
	3/4
	16992
	24
	3
	23040
	5760
	≥ 2

	
	10-20
	45
	12
	16QAM
	3/4
	19080
	24
	4
	25920
	6480
	≥ 2

	
	10-20
	48
	12
	16QAM
	3/4
	20616
	24
	4
	27648
	6912
	≥ 2

	
	15 - 20
	50
	12
	16QAM
	3/4
	21384
	24
	4
	28800
	7200
	≥ 2

	
	15 - 20
	54
	12
	16QAM
	3/4
	22920
	24
	4
	31104
	7776
	≥ 2

	
	15 - 20
	60
	12
	16QAM
	2/3
	23688
	24
	4
	34560
	8640
	≥ 2

	
	15 - 20
	64
	12
	16QAM
	2/3
	25456
	24
	4
	36864
	9216
	≥ 2

	
	15 - 20
	72
	12
	16QAM
	1/2
	20616
	24
	4
	41472
	10368
	≥ 2

	
	20
	75
	12
	16QAM
	1/2
	21384
	24
	4
	43200
	10800
	≥ 2

	
	20
	80
	12
	16QAM
	1/2
	22920
	24
	4
	46080
	11520
	≥ 2

	
	20
	81
	12
	16QAM
	1/2
	22920
	24
	4
	46656
	11664
	≥ 2

	
	20
	90
	12
	16QAM
	2/5
	20616
	24
	4
	51840
	12960
	≥ 2

	
	20
	96
	12
	16QAM
	2/5
	22152
	24
	4
	55296
	13824
	≥ 2

	Note 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



Table A.2.2.2.2-1a: Reference Channels for 16-QAM with partial RB allocation for UE category 0
	Parameter
	Ch BW
	Allocated RBs
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size
	Transport block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame
	Total symbols per Sub-Frame
	UE Category

	Unit
	MHz
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	12
	16QAM
	3/4
	408
	24
	1
	576
	144
	0

	
	1.4 - 20
	2
	12
	16QAM
	3/4
	840
	24
	1
	1152
	288
	0

	
	1.4 - 20
	4
	12
	16QAM
	2/5
	904
	24
	1
	2304
	576
	0

	Note 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
Note 2:	For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th, 6th, 12th, 13th, 14th, 20th, 21st, 22nd, 28th, 29th, 30th, 36th, 37th, and 38th subframes every 40ms. Information bit payload is available if uplink subframe is scheduled.



Table A.2.2.2.2-1b: Reference Channels for 16-QAM with partial RB allocation for UE category M1
	Parameter
	Ch BW
	Allocated RBs
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size
	Transport block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame
	Total symbols per Sub-Frame
	UE Category

	Unit
	MHz
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	12
	16QAM
	1/2
	256
	24
	1
	576
	144
	M1

	
	1.4 - 20
	2
	12
	16QAM
	1/2
	552
	24
	1
	1152
	288
	M1

	
	1.4 - 20
	3
	12
	16QAM
	1/2
	840
	24
	1
	1728
	432
	M1

	
	1.4 - 20
	4
	12
	16QAM
	2/5
	904
	24
	1
	2304
	576
	M1

	Note 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
Note 2:	For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th and 6thsubframes every 10ms for the channel bandwidth 5MHz/10MHz/15MHz/20MHz. For HD-FDD UE, the uplink subframes are scheduled at the 5th, 6th, and 7th subframes every 10ms for the channel bandwidth 1.4MHz/3MHz. Information bit payload is available if uplink subframe is scheduled.



Table A.2.2.2.2-1c: Reference Channels for 16-QAM with partial RB allocation for UE UL category M2
	Parameter
	Ch BW
	Allocated RBs
	DFT-OFDM Symbols per Sub-Frame
	Mod’n
	Target Coding rate
	Payload size
	Transport block CRC
	Number of code blocks per Sub-Frame (Note 1)
	Total number of bits per Sub-Frame
	Total symbols per Sub-Frame
	UE Category

	Unit
	MHz
	
	
	
	
	Bits
	Bits
	
	Bits
	
	

	
	1.4 - 20
	1
	12
	16QAM
	1/2
	256
	24
	1
	576
	144
	M2

	
	1.4 - 20
	2
	12
	16QAM
	1/2
	552
	24
	1
	1152
	288
	M2

	
	1.4 - 20
	3
	12
	16QAM
	1/2
	840
	24
	1
	1728
	432
	M2

	
	1.4 - 20
	4
	12
	16QAM
	1/2
	1128
	24
	1
	2304
	576
	M2

	
	1.4 - 20
	5
	12
	16QAM
	1/2
	1416
	24
	1
	2880
	720
	M2

	
	3 - 20
	6
	12
	16QAM
	1/2
	1736
	24
	1
	3456
	864
	M2

	
	3 - 20
	9
	12
	16QAM
	1/2
	2600
	24
	1
	5184
	1296
	M2

	
	3 - 20
	12
	12
	16QAM
	1/2
	3496
	24
	1
	6912
	1728
	M2

	
	5 - 20
	15
	12
	16QAM
	1/2
	4264
	24
	1
	8640
	2160
	M2

	
	5 - 20
	18
	12
	16QAM
	1/2
	5160
	24
	1
	10368
	2592
	M2

	
	5 - 20
	21
	12
	16QAM
	1/2
	5992
	24
	1
	12096
	3024
	M2

	
	5 - 20
	24
	12
	16QAM
	1/2
	6968
	24
	2
	13824
	3456
	M2

	Note 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit) 
Note 2:	For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th and 6th subframes every 10ms for the channel bandwidth 5MHz/10MHz/15MHz/20MHz. For HD-FDD , the uplink subframes are scheduled at the 5th, 6th, and 7th subframes every 10msfor the channel bandwidth 1.4MHz/3MHz. Information bit payload is available if uplink subframe is scheduled.



A.2.2.3	[FFS]
[bookmark: _Toc368026644]
A.2.2.4	subPRB allocation
The location of allocated RB for subPRB allocation is chosen according to values specified in the Tx requirements.
Table A.2.2.4-1: Reference Channels for SubPRB allocation
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4
	1.4
	1.4

	Allocated resource blocks
	
	1
	1
	1

	Number of subcarriers
	
	2 out of 3
	3
	6

	DFT-OFDM Symbols per Sub-Frame
	
	12
	12
	12

	Modulation
	
	π/2 BPSK
	QPSK
	QPSK

	Target Coding rate
	
	1/3
	1/3
	1/3

	Payload size
	Bits
	32
	72
	72

	Transport block CRC
	Bits
	24
	24
	24

	Number of code blocks
	
	1
	1
	1

	Total number of bits per resource unit
	Bits
	192
	288
	288

	Total symbols per resource unit
	
	192
	144
	144

	Tx time
	ms
	8
	4
	2

	UE UL Category
	
	M1/M2
	M1/M2
	M1/M2

	 NOTE 1:  If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



A.2.3	[FFS]

A.2.4	Reference measurement channels for category NB1
Table A.2.4-1 Reference Channels for category NB1
	Parameter
	Value

	Sub-carrier spacing (kHz)
	3.75
	3.75
	15
	15
	15
	15
	15

	Number of tone
	1
	1
	1
	1
	3
	6
	12

	Modulation
	π/2 BPSK
	π/4 QPSK
	π/2 BPSK
	π/4 QPSK
	QPSK
	QPSK
	QPSK

	Number of NPUSCH repetition (NOTE 5)
	1
	1
	1
	1
	1
	1
	1

	IMCS / ITBS
	0 / 0
	3 / 3
	0 / 0
	3 / 3
	5 / 5
	5 / 5
	5 / 5

	Payload size (bits)
	32
	40
	32
	40
	72
	72
	72

	Allocated resource unit
	2
	1
	2
	1
	1
	1
	1

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

	Code rate (effective)
	0.29
	0.33
	0.29
	0.33
	0.33
	0.33
	0.33

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

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

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

	Total number of bits per resource unit
	96
	192
	96
	192
	288
	288
	288

	Total symbols per resource unit
	96
	96
	96
	96
	144
	144
	144

	Tx time (ms)
	64
	32
	16
	8
	4
	2
	1

	NOTE 1:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
NOTE 2:	Parameters related to NPUSCH format 1 scheduling are defined in Table A.2.4-2.
NOTE 3:	NPDCCH is not transmitted in the subframes used for transmission of SI messages.
NOTE 4:	SI messages transmission should be prioritized over NPDCCH transmission in case of collision. NPDCCH transmission is postponed until the next NB-IoT downlink subframe in case NPDCCH transmission occurs in a non NB-IoT downlink subframe, where an NB-IoT downlink subframe is a subframe that does not contain NPSS/NSSS/NPBCH/SIB1-NB transmission.
NOTE 5:	Number of repetition NRep as defined in table 16.5.1.1-3 in TS 36.213 [20].



Following NOTEs are included in TS 36.521-1 as an addition to TS 36.101, to define examples of UL scheduling patterns based on Table A.2.4-1 and Table A.2.4-2. Overall period of UL scheduling pattern corresponds with Si-periodicity and it consists of two different patterns with dependencies on SI transmission.
-	One pattern applies for period containing SI messages transmission. This pattern has a period with same duration as SI windows length (time period where SI messages are transmitted).
-	Another pattern for period where there is no transmission of SI messages. This pattern is repeated during SI periodicity.


Figure A.2.4-1: NPDCCH scheduling based on SI transmission

NOTE 1: For 3.75kHz, 1 tone, and π/2 BPSK modulation. NPDCCH transmission is scheduled at the 18th subframe (starting from the 0th subframe) every 80ms and its corresponding NPUSCH format 1 is scheduled 9 subframes after NPDCCH transmission. NPUSCH format 1 transmission has a duration of 64 consecutive ms. This pattern applies for both periods containing and not containing SI messages transmission.
NOTE 2: For 3.75kHz, 1 tone, and π/4 QPSK modulation. NPDCCH transmissions are scheduled at the 18th, 66th and 114th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 51th, 98th, 146th and 194th subframe (starting from the 0th subframe) every 240ms for periods where there is no transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 32 consecutive ms.
NOTE 3: For 15kHz, 1 tone, and π/2 BPSK modulation. NPDCCH transmissions are scheduled at the 18th, 51th, 98th and 131th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 34th, 66th, 98th and 131th subframe (starting from the 0th subframe) every 160ms for periods where there is no transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 16 consecutive ms.
NOTE 4: For 15kHz, 1 tone, and π/4 QPSK modulation. NPDCCH transmissions are scheduled at the 18th, 42th, 66th, 98th, 122th and 146th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 11th, 34th, 58th, 82th and 106th subframe (starting from the 0th subframe) every 120ms for periods where there is no transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 8 consecutive ms.
NOTE 5: For 15kHz, 3 tones, and QPSK modulation. NPDCCH transmissions are scheduled at the 18th, 34th, 51th, 74th, 98th, 114th, 131th and 154th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 11th and 34th subframe (starting from the 0th subframe) every 40ms for periods where there is no transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 4 consecutive ms.
NOTE 6: For 15kHz, 6 tones, and QPSK modulation. NPDCCH transmissions are scheduled at the 18th, 34th, 51th, 66th, 98th, 114th, 131th and 146th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 18th, 34th, 51th and 66th subframe (starting from the 0th subframe) every 80ms for periods where there is no transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 2 consecutive ms.
NOTE 7: For 15kHz, 12 tones, and QPSK modulation. NPDCCH transmissions are scheduled at the 18th, 34th, 51th, 66th, 98th, 114th, 131th and 146th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 18th, 34th, 51th and 66th subframe (starting from the 0th subframe) every 80ms for periods where there is no transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 1 ms.
Table A.2.4-2: NPDCCH configuration for NPUSCH format 1 scheduling 
	Parameter
	Unit
	Value

	DCI format
	
	DCI format N0

	NPDCCH format
	
	1

	Scheduling delay ([image: ])
	
	0

	DCI subframe repetition number
	
	00

	[image: ]
(npdcch-NumRepetitions)
	
	1

	G
(NPDCCH-startSF-USS)
	
	8

	[image: ]
(npdcch-Offset-USS)
	
	1/4



A.2.5	[FFS]

A.3	DL reference measurement channels
A.3.1	General
The number of available channel bits varies across the sub-frames due to PBCH and PSS/SSS overhead. The payload size per sub-frame is varied in order to keep the code rate constant throughout a frame.
No user data is scheduled on subframes #5 in order to facilitate the transmission of system information blocks (SIB).
The algorithm for determining the payload size A is as follows; given a desired coding rate R and radio block allocation NRB
1.	Calculate the number of channel bits Nch that can be transmitted during the first transmission of a given sub-frame.
2.	Find A such that the resulting coding rate is as close to R as possible, that is,

,
	subject to
a) A is a valid TB size (according to TS 36.213 [10] clause 7.1.7) assuming an allocation of NRB resource blocks
b) C is the number of Code Blocks calculated according to section 5.1.2 of TS 36.212 [19].
3.	If there is more than one A that minimizes the equation above, then the larger value is chosen per default and the chosen code rate should not exceed 0.93.
4.	For TDD, the measurement channel is based on DL/UL configuration ratio of 2DL+DwPTS (12 OFDM symbol): 2UL.
A.3.1.1	Overview of DL reference measurement channels
In Table A.3.1.1-1 are listed the DL reference measurement channels specified in Annexes A.3.2 to A.3.17 of this release of TS 36.521-1. This table is informative and serves only to a better overview. The reference for the concrete reference measurement channels and corresponding implementation’s parameters as to be used for testing are annexes A.3.2 to A.3.17 as appropriate.
Table A.3.1.1-1: Overview of DL reference measurement channels
	Duplex
	Table
	Name
	BW
	Mod
	TCR
	RB
	RB
Offset
	UE Categ
	Notes

	FDD, Receiver requirements

	FDD
	Table A.3.2-1
	
	1.4
	QPSK
	1/3
	6
	
	≥ 1
	

	FDD / HD-FDD
	Table A.3.2-1a
	
	1.4
	QPSK
	1/3
	6
	
	0
	

	FDD / HD-FDD
	Table A.3.2-1b
	
	1.4
	QPSK
	1/3
	4
	
	M1
	

	HD-FDD
	Table A.3.2-1c
	
	0.2
	QPSK
	1/3
	
	
	NB1
	

	HD-FDD
	Table A.3.2-1d
	
	0.2
	QPSK
	1/3
	
	
	NB1
	

	FDD / HD-FDD
	Table A.3.2-1h
	
	1.4
	QPSK
	1/3
	4
	
	M2
	

	FDD, Receiver requirements, Maximum input level for UE Categories 3-5

	FDD
	Table A.3.2-3
	
	1.4
	64QAM
	3/4
	6
	
	-
	

	FDD, Receiver requirements, Maximum input level for UE Categories 1

	FDD
	Table A.3.2-3a
	
	1.4
	64QAM
	3/4
	6
	
	-
	

	FDD, Receiver requirements, Maximum input level for UE Categories 2

	FDD
	Table A.3.2-3b
	
	1.4
	64QAM
	3/4
	6
	
	-
	

	FDD, Receiver requirements, Maximum input level for UE Categories 0

	FDD
	Table A.3.2-3c
	
	1.4
	64QAM
	3/4
	2
	
	-
	

	FDD, Receiver requirements, Maximum input level for UE Categories M1

	FDD/HD-FDD
	Table A.3.2-3d
	
	1.4
	16QAM
	3/5
	2
	
	-
	

	FDD, Receiver requirements, Maximum input level for UE Categories M2

	FDD/HD-FDD
	Table A.3.2-3e
	
	1.4
	16QAM
	3/5
	2
	
	-
	

	FDD, Receiver requirements, Maximum input level for UE Categories 11/12/13/14/15

	FDD
	Table A.3.2-5
	
	1.4
	256QAM
	4/5
	6
	
	-
	

	FDD, Transmitter requirements

	FDD
	Table A.3.2A-1
	
	1.4
	QPSK
	1/8-1/3
	3
	
	≥ 1
	

	FDD
	Table A.3.2A-1a
	
	1.4
	QPSK
	1/3
	4
	
	M1
	

	FDD, PDSCH Performance, Single-antenna transmission (CRS)

	FDD
	Table A.3.3.1-1
	R.4 FDD
	1.4
	QPSK
	1/3
	6
	
	≥ 1
	

	FDD, PDSCH Performance, Single-antenna transmission (CRS), Single PRB (Channel edge)

	FDD
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	
	FFS
	

	FDD, PDSCH Performance (UE specific RS) without CSI-RS

	FDD
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	
	FFS
	

	FDD, PDCCH / PCFICH Performance

	FDD
	Table A.3.5.1-1
	R.16 FDD
	1.4
	PDCCH
	
	
	
	
	

	FDD
	Table A.3.5.1-2
	
	1.4
	QPSK
	1/3
	6
	
	≥ 1
	

	FDD / TDD, PHICH Performance

	FDD / TDD
	Table A.3.6-1
	R.19A
	1.4
	PHICH
	
	
	
	
	

	FDD, PMCH Performance

	FDD
	Table A.3.8.1-1
	R.40 FDD
	1.4
	QPSK
	1/3
	6
	
	≥ 1
	

	FDD, Sustained data rate (CRS)

	FDD
	FFS
	FFS
	FFS
	FFS
	FFS
	
	
	FFS
	

	FDD, Sustained data rate test with EPDCCH scheduling (CRS)

	FDD
	FFS
	FFS
	FFS
	FFS
	FFS
	
	
	FFS
	

	FDD, EPDCCH Performance

	FDD
	FFS
	FFS
	FFS
	EPDCCH
	
	
	
	
	

	FDD, MPDCCH performance

	FDD
	FFS
	FFS
	FFS
	MPDCCH
	
	
	
	
	

	FDD, Slot-PDSCH/Subslot-PDSCH

	FDD
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	
	FFS
	Slot-PDSCH

	FDD
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	
	FFS
	Subslot-PDSCH

	FDD, SPDCCH Performance

	FDD
	FFS
	FFS
	FFS
	SPDCCH
	
	
	
	
	

	FDD
	FFS
	FFS
	FFS
	SPDCCH
	
	
	
	
	



A.3.2	Reference measurement channel for receiver characteristics
Unless otherwise stated, Tables A.3.2-1, A.3.2-1a, A.3.2-1b, A.3.2-2, A.3.2-2a and A.3.2-2b are applicable for measurements on the Receiver Characteristics (clause 7) with the exception of subclause 7.4 (Maximum input level).
Unless otherwise stated, Tables A.3.2-3, A.3.2-3a, A.3.2-3b, A.3.2-4, A.3.2-4a and A.3.2-4b are applicable for subclause 7.4 (Maximum input level).
Unless otherwise stated, Tables A.3.2-1, A.3.2-1a, A.3.2-1b, A.3.2-2, A.3.2-2a and A.3.2-2b also apply for the modulated interferer used in Clauses 7.5, 7.6 and 7.8 with test specific bandwidths.
Table A.3.2-1: Fixed Reference Channel for Receiver Requirements (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	9

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Number of HARQ Processes
	Processes
	8

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	408

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	152

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	1

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1368

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	528

	Max. Throughput averaged over 1 frame
	kbps
	341.6

	UE Category
	
	≥ 1

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz
Note 2:	Reference signal, Synchronization signals and PBCH allocated as per TS 36.211 [3]
Note 3:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



Table A.3.2-1a: Fixed Reference Channel for Receiver Requirements for UE Category 0 (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	9

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Number of HARQ Processes
	Processes
	[8]

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	408

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0 (Note 3)
	Bits
	152

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0
	Bits
	1

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1368

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0 (Note 3)
	Bits
	528

	Max. Throughput averaged over 1 frame
	kbps
	341.6

	UE DL Category
	
	0

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz.
Note 2:	Reference signal, Synchronization signals and PBCH allocated as per TS 36.211 [3].
Note 3:	For Sub-Frame 0, it is assumed the 6PRBs are allocated in the centre of the channel where some REs of the same PRBs are occupied by PBCH and synchronization signals.
Note 4:	For HD-FDD UE, the downlink subframes are scheduled at the 0th, 1st, 2nd, 8th, 9th, 10th, 16th, 17th, 18th, 24th, 25th, 26th, 32nd, 33rd, 34th subframes every 40ms. Information bit payload is available if downlink subframe is scheduled.



Table A.3.2-1b: Fixed Reference Channel for Receiver Requirements (FDD) for UE Category M1
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	4

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	2

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Number of HARQ Processes
	Processes
	8

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Sub-Frame
	
	

	  For Sub-Frames 3, 8
	Bits
	256

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A

	  For Sub-Frame 4
	Bits
	N/A

	  For Sub-Frame 6
	Bits
	N/A

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
	
	

	  For Sub-Frames 3, 8
	Bits
	1

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A

	  For Sub-Frame 4
	Bits
	N/A

	  For Sub-Frame 6
	Bits
	N/A

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 3, 8
	Bits
	912

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A

	  For Sub-Frame 4
	Bits
	N/A

	  For Sub-Frame 6
	Bits
	N/A

	Max. Throughput averaged over 1 frame for FDD
	kbps
	51.2

	Max. Throughput averaged over 1 frames for HD-FDD
	kbps
	25.6

	UE DL Category
	
	M1

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz
Note 2:	Reference signal, Synchronization signals and PBCH allocated as per TS 36.211 [3].
Note 3:	For HD-FDD UE, PDSCH are scheduled at the 3rd subframe every 1 radio frame for 1.4MHz channel BW. Information bit payload is available if downlink subframe is scheduled. The corresponding M-PDCCH is scheduled 2 subframes before the corresponding PDSCH transmission.
Note 4:	2 resource blocks allocated to M-PDCCH



Table A.3.2-1c: Fixed Reference Channel for Receiver Requirements (HD-FDD) without repetition – for CAT-NB1
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	0.2

	Number of subcarriers
	
	12

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Number of HARQ Processes
	Processes
	1

	Maximum number of HARQ transmissions
	
	1

	Transport block size
	Bits
	88

	Number of Sub-Frames per transport block
	
	1

	Transport block CRC
	Bits
	24

	Binary Channel Bits Per Sub-Frame
	Bits
	320

	LTE CRS port
	
	N/A

	Number of NRS ports
	
	1

	Number of NPDSCH repetitions
	
	0

	UE DL Category
	
	NB1

	Note 1:	NB-IoT in stand-alone mode has been considered here
Note 2:	Reference signal, Synchronization signals and NPBCH allocated as per TS 36.211 [3].
Note 3:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit) 
Note 4:	Parameters related to NPDSCH scheduling are defined in Table A.3.2-1e to Table A.3.2-1g.
Note 5:	NPDCCH and information bit payload are not transmitted in the subframes used for transmission of SI messages.
Note 6:	SI messages transmission should be prioritized over NPDCCH transmission in case of collision. NPDCCH transmission is postponed until the next NB-IoT downlink subframe in case NPDCCH transmission occurs in a non NB-IoT downlink subframe, where an NB-IoT downlink subframe is a subframe that does not contain NPSS/NSSS/NPBCH/SIB1-NB transmission.



Table A.3.2-1ca Example scheduling pattern with SI periodicity of 64 radio frames for Receiver Requirements (HD-FDD) without repetition – for CAT-NB1
	Subframe th from the 0th subframe
	NPDCCH
	NPDSCH
	NPUSCH

	
	18, 42, 66, 98, 122, 146, 171, 194, 218, 242, 266, 291, 314, 338, 362, 386, 411, 434, 458, 482, 506, 531, 554, 578, 602, 626
	+5 from corresponding NPDCCH
	+13 and +14 from corresponding NPDSCH. NPUSCH transmission occupies 2 subframes



Table A.3.2-1d: Fixed Reference Channel for Receiver Requirements (HD-FDD) with repetition – for CAT-NB1
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	0.2

	Number of subcarriers
	
	12

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Number of HARQ Processes
	Processes
	1

	Maximum number of HARQ transmissions
	
	1

	Transport block size
	Bits
	88

	Number of Sub-Frames per transport block
	
	1

	Transport block CRC
	Bits
	24

	Binary Channel Bits Per Sub-Frame
	Bits
	320

	LTE CRS port
	
	N/A

	Number of NRS ports
	
	1

	Number of NPDSCH repetitions
	
	TBD

	UE DL Category
	
	NB1

	Note 1:	NB-IoT in stand-alone mode has been considered here
Note 2:	Reference signal, Synchronization signals and NPBCH allocated as per TS 36.211 [3].
Note 3:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit) 
Note 4:	Parameters related to NPDSCH scheduling are defined in Table A.3.2-1e to Table A.3.2-1g.



Table A.3.2-1e: General configuration for CAT-NB1
	Parameter
	Unit
	Value

	NB-IoT downlink subframe bitmap for anchor carrier (downlinkBitmap)
	
	Not configured

	NB-IoT downlink subframe bitmap for non-anchor carrier (downlinkBitmapNonAnchor)
	
	Not configured

	Downlink gap configuration for anchor carrier (dl-Gap)
	
	Not configured

	Downlink gap configuration for non-anchor carrier
(dl-GapNonAnchor)
	
	Not configured



Table A.3.2-1f: NPDCCH configuration for NPDSCH scheduling
	Parameter
	Unit
	Value

	DCI format
	
	DCI format N1

	NPDCCH format
	
	1

	Scheduling delay ([image: ])
	
	0

	DCI subframe repetition number
	
	00

	[image: ]
(npdcch-NumRepetitions)
	
	1

	G
(NPDCCH-startSF-USS)
	
	8

	[image: ]
(npdcch-Offset-USS)
	
	1/4



Table A.3.2-1g: NPUSCH format 2 configurations for NPDSCH scheduling
	Parameter
	Unit
	Value

	Scheduling delay ([image: ])
	
	0

	[image: ] (ack-NACK-NumRepetitions)
	
	1

	ACK/NACK resource field
	
	0



Table A.3.2-1h: Fixed Reference Channel for Receiver Requirements (FDD and HD-FDD) – for CAT-M2
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks (Note 5)
	
	4

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame (Note 3)
	
	2

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Number of HARQ Processes
	Processes
	8

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Sub-Frame
	
	

	  For Sub-Frames 3,8
	Bits
	256

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A

	  For Sub-Frame 4
	Bits
	N/A

	  For Sub-Frame 6
	Bits
	N/A

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
	
	

	  For Sub-Frames 3,8
	Bits
	1

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A

	  For Sub-Frame 4
	Bits
	N/A

	  For Sub-Frame 6
	Bits
	N/A

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 3,8
	Bits
	912

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A

	  For Sub-Frame 4
	Bits
	M

	  For Sub-Frame 6
	Bits
	N/A
	
	
	
	
	

	Max. Throughput averaged over 1 frame for FDD
	kbps
	51.2

	Max. Throughput averaged over 1 frames for HD-FDD
	kbps
	25.6

	UE DL Category
	
	M2

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz
Note 2:	Reference signal, Synchronization signals and PBCH allocated as per TS 36.211 [3].
Note 3:	For HD-FDD UE, PDSCH are scheduled at the 3rd subframe every 1 radio frame for 1.4MHz channel bandwidth.  Information bit payload is available if downlink subframe is scheduled. The corresponding MPDCCH is scheduled 2 subframes before the corresponding PDSCH transmission.
Note 4:	2 resource blocks allocated to MPDCCH.
Note 5:	4 resource blocks in each narrowband allocated to PDSCH.




Table A.3.2-3: Fixed Reference Channel for Maximum input level for UE Categories 3-8 (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	8

	Modulation
	
	64QAM

	Target Coding Rate
	
	3/4

	Number of HARQ Processes
	Processes
	8

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	2984

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	n/a

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	1

	  For Sub-Frame 5
	
	n/a

	  For Sub-Frame 0
	
	n/a

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	4104

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	n/a

	Max. Throughput averaged over 1 frame
	kbps
	2387.2

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz
Note 2:	Reference signal, Synchronization signals and  PBCH allocated as per TS 36.211 [3]
Note 3:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



Table A.3.2-3a: Fixed Reference Channel for Maximum input level for UE Category 1 (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	8

	Modulation
	
	64QAM

	Target Coding Rate
	
	3/4

	Number of HARQ Processes
	Processes
	8

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	2984

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	n/a

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	1

	  For Sub-Frame 5
	
	n/a

	  For Sub-Frame 0
	
	n/a

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	4104

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	n/a

	Max. Throughput averaged over 1 frame
	kbps
	2387.2

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz
Note 2:	Reference signal, Synchronization signals and  PBCH allocated as per TS 36.211 [3]
Note 3:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



Table A.3.2-3b: Fixed Reference Channel for Maximum input level for UE Category 2 (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	6

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	8

	Modulation
	
	64QAM

	Target Coding Rate
	
	3/4

	Number of HARQ Processes
	Processes
	8

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	2984

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	n/a

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	1

	  For Sub-Frame 5
	
	n/a

	  For Sub-Frame 0
	
	n/a

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	4104

	  For Sub-Frame 5
	Bits
	n/a

	  For Sub-Frame 0
	Bits
	n/a

	Max. Throughput averaged over 1 frame
	kbps
	2387.2

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz
Note 2:	Reference signal, Synchronization signals and  PBCH allocated as per TS 36.211 [3]
Note 3:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



Table A.3.2-3c: Fixed Reference Channel for Maximum input level for UE DL Category 0 (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	2

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	8

	Modulation
	
	64QAM

	Target Coding Rate
	
	3/4

	Number of HARQ Processes
	Processes
	[8]

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1000

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0 (Note 3)
	Bits
	N/A

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	1

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	N/A

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1368

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0 (Note 3)
	Bits
	N/A

	Max. Throughput averaged over 1 frame
	kbps
	800

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz.
Note 2:	Reference signal, Synchronization signals and PBCH allocated as per TS 36.211 [3].
Note 3:	For Sub-Frame 0, it is assumed that the allocated 2PRBs are scheduled on the RBs other than the centre 6PRBs as most of the symbols are occupied by PBCH and synchronization signals.



Table A.3.2-3d: Fixed Reference Channel for Maximum input level for UE DL Category M1 (FDD and HD-FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	2

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	2

	Modulation
	
	16QAM

	Target Coding Rate
	
	3/5

	Number of HARQ Processes
	Processes
	8

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload
	
	

	  For Sub-Frames 3,8
	Bits
	552

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A

	  For Sub-Frame 4
	Bits
	N/A

	  For Sub-Frame 6
	Bits
	N/A

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
	
	

	For Sub-Frames 3, 8
	
	1

	  For Sub-Frames 0,1,2,5,7,9
	
	N/A

	  For Sub-Frame 4
	
	N/A

	  For Sub-Frame 6
	
	N/A

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	832

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0 
	Bits
	N/A

	Max. Throughput averaged over 1 frame for FDD
	kbps
	110.4

	Max. Throughput averaged over 1 frame for HD-FDD
	
	55.2

	Note 1:	4 symbols allocated to PDCCH for all channel bandwidths.
Note 2:	Reference signal, Synchronization signals and PBCH allocated as per TS 36.211 [3].
Note 3:	For HD-FDD UE, PDSCH are scheduled at the 3rd subframe every 1 radio frame for 1.4MHz. Information bit payload is available if downlink subframe is scheduled. The corresponding MPDCCH is scheduled 2 subframes before the corresponding PDSCH transmission.
Note 4:	2 resource blocks allocated to MPDCCH.



Table A.3.2-3e: Fixed Reference Channel for Maximum input level for UE DL Category M2 (FDD and HD-FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks (Note 5)
	
	2

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame (Note 3)
	
	2

	Modulation
	
	16QAM

	Target Coding Rate
	
	3/5

	Number of HARQ Processes
	Processes
	8

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload
	
	

	  For Sub-Frames 3, 8
	Bits
	552

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A

	  For Sub-Frame 4
	Bits
	N/A

	  For Sub-Frame 6
	Bits
	N/A

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
	
	

	  For Sub-Frames 3, 8
	
	1

	  For Sub-Frames 0,1,2,5,7,9
	
	N/A

	  For Sub-Frame 4
	
	N/A

	  For Sub-Frame 6
	
	N/A

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 3, 8
	Bits
	912

	  For Sub-Frames 0,1,2,5,7,9
	
	N/A

	  For Sub-Frame 4
	Bits
	N/A

	  For Sub-Frame 6
	Bits
	N/A

	Max. Throughput averaged over 1 frame for FDD
	kbps
	110.4

	Max. Throughput averaged over 1 frame for HD-FDD
	
	55.2

	Note 1:	4 symbols allocated to PDCCH for 1.4MHz channel bandwidth.
Note 2:	Reference signal, Synchronization signals and PBCH allocated as per TS 36.211 [3].
Note 3:	For HD-FDD UE, PDSCH are scheduled at the 3rd subframe every 1 radio frame for 1.4MHz. Information bit payload is available if downlink subframe is scheduled. The corresponding MPDCCH is scheduled 2 subframes before the corresponding PDSCH transmission.
Note 4:	2 resource blocks allocated to MPDCCH.
Note 5:	2 resource blocks allocated to PDSCH for 1.4MHz channel bandwidth. 


[bookmark: _Toc232582116]
A.3.2A	Downlink Reference measurement channel for TX characteristics
Tables A.3.2A-1 and A.3.2A-2 describes the reference measurement channels to be used on the downlink during  Transmitter Characteristics (clause 6) for FDD. The number of allocated resource blocks have been defined (partial allocation) to allow the transmission of PBCH, PSS/SSS and system information mapped on PDSCH.
Table A.3.2A-1: Fixed DL PDSCH Dedicated Reference Channel for TX Requirements (FDD)
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	3

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	10

	Modulation
	
	QPSK

	Target Coding Rate
	
	(Note 4)

	Number of HARQ Processes
	Processes
	8

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload
	
	

	  For Sub-Frames 0, 1, 2, 3, 4, 5, 6, 7, 8, 9
	Bits
	88

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
	
	1

	Code block CRC size
	Bits
	0

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1, 2, 3, 4, 6, 7, 8, 9
	Bits
	684

	  For Sub-Frames 5
	
	540

	  For Sub-Frames 0
	
	264

	Max. Throughput averaged over 1 frame
	kbps
	88

	UE-Category
	
	≥ 1

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz
Note 2:	Reference signal, Synchronization signals and PBCH allocated as per TS 36.211 [3]
Note 3:	The PDSCH shall be assigned to the UE under test with a set of allocated localized virtual resource blocks starting from one end of the channel.
Note 4:	To ensure constant transport block size in 1.4MHz, the code rate for subframes varies approx. within {1/8-1/3}



Table A.3.2A-1a: Fixed DL PDSCH Dedicated Reference Channel for TX Requirements (FDD) for UE Category M1
	Parameter
	Unit
	Value

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	4

	Subcarriers per resource block
	
	12

	Allocated subframes per Radio Frame
	
	2

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Number of HARQ Processes
	Processes
	[8]

	Maximum number of HARQ transmissions
	
	1

	Information Bit Payload per Sub-Frame
	
	

	  For Sub-Frames 3, 8
	Bits
	256

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A

	  For Sub-Frame 4
	Bits
	N/A

	  For Sub-Frame 6
	Bits
	N/A

	Transport block CRC
	Bits
	24

	Number of Code Blocks per Sub-Frame
	
	

	  For Sub-Frames 3, 8
	Bits
	1

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A

	  For Sub-Frame 4
	Bits
	N/A

	  For Sub-Frame 6
	Bits
	N/A

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 3, 8
	Bits
	912

	  For Sub-Frames 0,1,2,5,7,9
	Bits
	N/A

	  For Sub-Frame 4
	Bits
	N/A

	  For Sub-Frame 6
	Bits
	N/A

	Max. Throughput averaged over 1 frame for FDD
	kbps
	51.2

	Max. Throughput averaged over 1 frames for HD-FDD
	kbps
	25.6

	UE DL Category
	
	M1

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz
Note 2:	Reference signal, Synchronization signals and PBCH allocated as per TS 36.211 [3].
Note 3:	For HD-FDD UE, PDSCH are scheduled at the [3rd] subframe every 1 radio frame for 1.4MHz channel BW. Information bit payload is available if downlink subframe is scheduled. The corresponding M-PDCCH is scheduled 2 subframes before the corresponding PDSCH transmission.
Note 3:	2 resource blocks allocated to M-PDCCH



A.3.3	Reference measurement channel for PDSCH performance requirements (FDD)
A.3.3.1	Single-antenna transmission (Common Reference Symbols)
Table A.3.3.1-1: Fixed Reference Channel QPSK R=1/3
	Parameter
	Unit
	Value

	Reference channel
	
	R.4 FDD

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks (Note 4)
	
	6

	Allocated subframes per Radio Frame
	
	9

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Information Bit Payload (Note 4)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	408

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0
	Bits
	152

	Number of Code Blocks 
(Notes 3 and 4)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	1

	  For Sub-Frame 5
	
	N/A

	  For Sub-Frame 0
	
	1

	Binary Channel Bits (Note 4)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1368

	  For Sub-Frame 5
	Bits
	N/A

	  For Sub-Frame 0
	Bits
	528

	Max. Throughput averaged over 1 frame
(Note 4)
	Mbps
	0.342

	UE Category
	
	≥ 1

	Note 1:	 4 symbols allocated to PDCCH for 1.4 MHz.
Note 2:	Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [3].
Note 3:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).
Note 4:	Given per component carrier per codeword.



Table A.3.3.1-2: Fixed Reference Channel 16QAM R=1/2
	Parameter
	Unit
	Value

	Reference channel
	
	

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	

	Allocated subframes per Radio Frame
	
	

	Modulation
	
	

	Target Coding Rate
	
	

	Information Bit Payload
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	

	  For Sub-Frame 5
	Bits
	

	  For Sub-Frame 0
	Bits
	

	Number of Code Blocks per Sub-Frame
(see Note 3)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	

	  For Sub-Frame 5
	
	

	  For Sub-Frame 0
	
	

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	

	  For Sub-Frame 5
	Bits
	

	  For Sub-Frame 0
	Bits
	

	Max. Throughput averaged over 1 frame
	Mbps
	

	UE Category
	
	

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz
Note 2:	Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [3]
Note 3:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



Table A.3.3.1-4: Fixed Reference Channel Single PRB (Channel Edge)
	Parameter
	Unit
	Value

	Reference channel
	
	

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks
	
	

	Allocated subframes per Radio Frame
	
	

	Modulation
	
	

	Target Coding Rate
	
	

	Information Bit Payload
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	

	  For Sub-Frame 5
	Bits
	

	  For Sub-Frame 0
	Bits
	

	Number of Code Blocks per Sub-Frame (see Note 3)
	
	

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	

	  For Sub-Frame 5
	Bits
	

	  For Sub-Frame 0
	Bits
	

	Max. Throughput averaged over 1 frame
	Mbps
	

	UE Category
	
	

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz
Note 2:	Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [3]
Note 3:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)



Table A.3.3.1-5: FFS

Table A.3.3.1-6: Fixed Reference Channel QPSK R=1/10
	Parameter
	Unit
	Value

	Reference channel
	
	

	Channel bandwidth
	MHz
	1.4

	Allocated resource blocks (Note 3)
	
	

	Allocated subframes per Radio Frame
	
	

	Modulation
	
	

	Target Coding Rate
	
	

	Information Bit Payload
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	

	  For Sub-Frame 5
	Bits
	

	  For Sub-Frame 0
	Bits
	

	Number of Code Blocks per Sub-Frame (Note 3)
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	

	  For Sub-Frame 5
	
	

	  For Sub-Frame 0
	
	

	Binary Channel Bits Per Sub-Frame
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	

	  For Sub-Frame 5
	Bits
	

	  For Sub-Frame 0
	Bits
	

	Max. Throughput averaged over 1 frame
	Mbps
	

	UE Category
	
	

	Note 1:	4 symbols allocated to PDCCH for 1.4 MHz.
Note 2:	Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [3].
Note 3:	If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).



A.3.5	Reference measurement channels for PDCCH/PCFICH performance requirements
A.3.5.1	FDD
Table A.3.5.1-1: Reference Channel FDD
	Parameter
	Unit
	Value

	Reference channel
	
	R.16 FDD

	Number of transmitter antennas
	
	2

	Channel bandwidth
	MHz
	1.4

	Number of OFDM symbols for PDCCH
	symbols
	2

	Aggregation level
	CCE
	2

	DCI Format
	
	Format 2

	Cell ID
	
	0

	Payload (without CRC)
	Bits
	31
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A.3.5.2	[FFS]

A.3.7	[FFS]
A.3.8	[FFS]
A.3.9	[FFS]

A.3.10	Reference Measurement Channels for EPDCCH performance requirements
A.3.10.1	FDD

A.3.10.2	[FFS]
A.3.11	Reference Measurement Channels for MPDCCH performance requirements
A.3.11.1	FDD and half-duplex FDD
FFS
A.3.11.2	[FFS]
A.3.12	Reference measurement channels for NPDSCH performance requirements
Editor’s note: The note 2 in Table A.3.12.1.2-1 and note 1 in Table A.3.12.2.1-1 are still under discussion with RAN4.
A.3.12.1	[FFS]
A.3.12.2	Standalone
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
	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.3.12.2.1-2: NPDSCH Reference Channel with 1Tx Antenna for UE Category NB2
	Parameter
	Unit
	Value
	Value

	Reference channel
	
	R.NB.7 FDD
	

	Carrier Type
	
	Non-anchor
	

	Channel bandwidth
	KHz
	200
	

	Allocated subframes per Radio Frame
	
	Note 1
	

	Modulation
	
	QPSK
	

	ITBS/ISF
	
	9/5
	

	Target Coding Rate
	
	1/2
	

	Coding Rate
	
	0.5
	

	Information Bit Payload
	
	
	

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

	  For Sub-Frame 0,5
	Bits
	936
	

	  For Sub-Frame 4,9
	Bits
	936
	

	Number of Code Blocks 
	
	
	

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

	  For Sub-Frame 0,5
	Bits
	1
	

	  For Sub-Frame 4,9
	Bits
	1
	

	Binary Channel Bits
	
	
	

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

	  For Sub-Frame 0,5
	Bits
	320
	

	  For Sub-Frame 4,9
	Bits
	320
	

	Max. Average Throughput
	Bps
	Note 2
	

	UE Category
	
	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.



A.3.13	Reference measurement channels for NPDCCH performance requirements
A.3.13.1	Half-duplex FDD
Table A.3.13.1-1 Reference Channel for Category NB1 UE
	Parameter
	Unit
	Value

	Reference channel
	
	R.NB.3 FDD
	R.NB.4 FDD

	Number of NRS ports
	
	1
	2

	Channel bandwidth
	MHz
	0.2
	0.2

	Aggregation level
	NCCE
	2
	2

	DCI Format
	
	N1
	N1

	Payload (without CRC)
	Bits
	23
	23



A.3.14	Reference measurement channels for NPBCH performance requirements for Cat NB1 UEs
Table A.3.14-1: Reference Channel for Category NB1 UE
	Parameter
	Unit
	Value

	Reference channel
	
	R.NB.1
	R.NB.2

	Number of transmitter antennas
	
	1
	2

	Channel bandwidth
	KHz
	200
	200

	Modulation 
	
	QPSK
	QPSK

	Target coding rate
	
	50/1600
	50/1600

	Payload (without CRC)
	Bits
	34
	34



A.4	CQI reference measurement channels
FFS
A.5	OFDMA Channel Noise Generator (OCNG)
A.5.1	OCNG Patterns for FDD
The following OCNG patterns are used for modelling allocations to virtual UEs (which are not under test). The OCNG pattern for each sub frame specifies the allocations that shall be filled with OCNG, and furthermore, the relative power level of each such allocation.

In each test case the OCNG is expressed by parameters OCNG_RA and OCNG_RB which together with a relative power level () specifies the PDSCH EPRE-to-RS EPRE ratios in OFDM symbols with and without reference symbols, respectively. The relative power, which is used for modelling boosting per virtual UE allocation, is expressed by:




where  denotes the relative power level of the i:th virtual UE. The parameter settings of OCNG_RA, OCNG_RB, and the set of relative power levels are chosen such that when also taking allocations to the UE under test into account, as given by a PDSCH reference channel, a transmitted power spectral density that is constant on an OFDM symbol basis is targeted.
Moreover the OCNG pattern is accompanied by a PCFICH/PDCCH/PHICH reference channel which specifies the control region. For any aggregation and PHICH allocation, the PDCCH and any unused PHICH groups are padded with resource element groups with a power level given respectively by PDCCH_RA/RB and PHICH_RA/RB as specified in the test case such that a total power spectral density in the control region that is constant on an OFDM symbol basis is targeted.
A.5.1.1	OCNG FDD pattern 1: One sided dynamic OCNG FDD pattern
This OCNG Pattern fills with OCNG all empty PRB-s (PRB-s with no allocation of data or system information) of the DL sub-frames, when the unallocated area is continuous in frequency domain (one sided).
Table A.5.1.1-1: OP.1 FDD: One sided dynamic OCNG FDD Pattern
	
Relative power level  [dB]
	PDSCH Data

	Subframe
	

	0
	5
	1 – 4, 6 – 9
	

	Allocation
	

	First unallocated PRB
–
Last unallocated PRB
	First unallocated PRB
–
Last unallocated PRB
	First unallocated PRB
–
Last unallocated PRB
	

	0
	0
	0
	Note 1

	
Note 1:	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The parameteris used to scale the power of PDSCH.

Note 2:	If two or more transmit antennas with CRS are used in the test, the OCNG shall be transmitted to the virtual users by all the transmit antennas with CRS according to transmission mode 2. The parameter applies to each antenna port separately, so the transmit power is equal between all the transmit antennas with CRS used in the test. The antenna transmission modes are specified in section 7.1 in 3GPP TS 36.213.


A.5.2	FFS

A.5.3	OCNG Patterns for Narrowband IoT
The following OCNG patterns are used for modelling allocations to virtual narrowband IoT UEs (which are not under test). The OCNG pattern for each sub frame specifies the allocations that shall be filled with OCNG, and furthermore, the relative power level of each such allocation. 

In each test case the OCNG is expressed by parameters OCNG_RA and OCNG_RB which together with a relative power level () specifies the NPDSCH EPRE-to-NRS EPRE ratios in OFDM symbols with and without Narrowband reference symbols, respectively. The relative power, which is used for modelling boosting per virtual UE allocation, is expressed by:




where  denotes the relative power level of the i:th virtual UE. The parameter settings of OCNG_RA, OCNG_RB, and the set of relative power levels are chosen such that when also taking allocations to the UE under test into account, as given by a NPDSCH or NPDCCH reference channel, a transmitted power spectral density that is constant on an OFDM symbol basis is targeted.
A.5.3.1	Narrowband IoT OCNG pattern 1
Table A.5.3.1-1: NB.OP.1 FDD: OCNG FDD Pattern 1
	Bandwidth
	
Relative power level  [dB]
	NPDCCH and corresponding NPDSCH
Data

	
	Subframe
	

	
	Unused subframes
	

	200KHz
	0
	Note 2

	
Note 1:	These subframes are assigned to an arbitrary number of virtual UEs with one NPDSCH per virtual UE with corresponding NPDCCH; the data transmitted over the OCNG NPDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The parameteris used to scale the power of NPDSCH and NPDCCH.
Note 2:	Subframes and/or REs available for narrowband IOT DL transmission depend on the in-band, guard band or standalone mode indicated in MIB, and scheduling delay between NPDCCH, NPDSCH, NPUSCH format 2 and NPDCCH specified in test cases.

Note 3:	If two or more transmit antennas with NRS are used in the test, the OCNG shall be transmitted to the virtual users by all the transmit antennas with NRS according to transmit diversity scheme. The parameter applies to each antenna port separately, so the transmit power is equal between all the transmit antennas with NRS used in the test.



<< END OF CHANGES >>
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