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<<< START OF CHANGES 1>>>
[bookmark: _Toc5122][bookmark: _Toc232582091][bookmark: _Toc17030][bookmark: _Toc28030][bookmark: _Toc31377][bookmark: _Toc154078210]A.2	UL reference measurement channels
[bookmark: _Toc9864][bookmark: _Toc20420][bookmark: _Toc232582092][bookmark: _Toc31965][bookmark: _Toc17100][bookmark: _Toc154078211]A.2.1	General
[bookmark: _Toc9352][bookmark: _Toc2846][bookmark: _Toc4605][bookmark: _Toc232582093][bookmark: _Toc3441][bookmark: _Toc154078212]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
[bookmark: _Toc3134][bookmark: _Toc232582094][bookmark: _Toc9403][bookmark: _Toc12258][bookmark: _Toc26042][bookmark: _Toc154078213]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.
[bookmark: _Toc30172][bookmark: _Toc8767][bookmark: _Toc15491][bookmark: _Toc347][bookmark: _Toc154078214]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 / HD-FDD
	Table A.2.2.1.1-1b
	
	1.4
	QPSK
	1/3
	6
	
	M1
	

	FDD, Full RB allocation, 16-QAM

	FDD / HD-FDD
	Table A.2.2.1.2-1b
	
	1.4
	16QAM
	1/3
	6
	
	M1
	

	FDD, Partial RB allocation, QPSK

	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, Partial RB allocation, 16-QAM

	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
	


[bookmark: _Toc232582095]
[bookmark: _Toc15181][bookmark: _Toc24617][bookmark: _Toc1919][bookmark: _Toc26531][bookmark: _Toc154078215]A.2.2	Reference measurement channels for FDD
[bookmark: _Toc20512][bookmark: _Toc5365][bookmark: _Toc26724][bookmark: _Toc232582096][bookmark: _Toc10594][bookmark: _Toc154078216]A.2.2.1	Full RB allocation
[bookmark: _Toc29852][bookmark: _Toc232582097][bookmark: _Toc28964][bookmark: _Toc606][bookmark: _Toc5139][bookmark: _Toc154078217]A.2.2.1.1	QPSK
Table A.2.2.1.1-1: 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.



[bookmark: _Toc232582098][bookmark: _Toc12149][bookmark: _Toc11217][bookmark: _Toc9706][bookmark: _Toc21284][bookmark: _Toc154078218]A.2.2.1.2	16-QAM
Table A.2.2.1.2-1: Reference Channels for 16-QAM with 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
	
	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.



[bookmark: _Toc232582100][bookmark: _Toc14160][bookmark: _Toc32438][bookmark: _Toc2027][bookmark: _Toc531][bookmark: _Toc154078219]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.
[bookmark: _Toc9904][bookmark: _Toc20258][bookmark: _Toc232582101][bookmark: _Toc7619][bookmark: _Toc1929][bookmark: _Toc154078220]A.2.2.2.1	QPSK
Table A.2.2.2.1-1: 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.



[bookmark: _Toc10947][bookmark: _Toc31784][bookmark: _Toc831][bookmark: _Toc5546][bookmark: _Toc232582102][bookmark: _Toc154078221]A.2.2.2.2	16-QAM
Table A.2.2.2.2-1: 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.



[bookmark: _Toc25077][bookmark: _Toc4017][bookmark: _Toc4904][bookmark: _Toc31071][bookmark: _Toc154078222]A.2.2.3	FFS
[bookmark: _Toc368026644]
[bookmark: _Toc26290][bookmark: _Toc18717][bookmark: _Toc17539][bookmark: _Toc24028][bookmark: _Toc154078223]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
	M1
	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)



[bookmark: _Toc232582104][bookmark: _Toc29358][bookmark: _Toc30414][bookmark: _Toc10174][bookmark: _Toc23111][bookmark: _Toc154078224]A.2.3	FFS

[bookmark: _Toc368026645][bookmark: _Toc31176][bookmark: _Toc32187][bookmark: _Toc29843][bookmark: _Toc11251][bookmark: _Toc154078225][bookmark: _Toc368026635]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



[bookmark: _Toc29543][bookmark: _Toc24585][bookmark: _Toc12052][bookmark: _Toc232582113][bookmark: _Toc31972][bookmark: _Toc154078226]A.3	DL reference measurement channels
<<< END OF CHANGES 1>>>
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