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22.3.1.6
NB-IoT / DL-SCH /UL-SCH transport block size selection / DCI format N1/ N0

22.3.1.6.1
Test Purpose (TP)

(1)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { UE on NPDCCH receives DCI format N1 indicating a resource assignment corresponding to [image: image1.wmf]SF

I

 number of subframes and a modulation and coding scheme [image: image2.wmf]MCS

I

 }

    then { UE decodes the received transport block of size corresponding to the read [image: image3.wmf]SF

I

 and [image: image4.wmf]MCS

I

 and forwards it to higher layers }

            }


(2)

with { UE in E-UTRA RRC_CONNECTED state }

ensure that {

  when { UE has pending data for transmission and receives a Resource Block Assignment corresponding to [image: image5.wmf]RU

N

 number of subframes and a modulation and coding scheme [image: image6.wmf]MCS

I

 for NPUSCH scheduling }

    then { UE transmits MAC PDU on NPUSCH on the granted resources using a transport block size corresponding to the read [image: image7.wmf]RU

N

 and [image: image8.wmf]MCS

I

 }

22.3.1.6.2
Conformance requirements

References: The conformance requirements covered in the current TC are specified in: TS 36.212, clause 6.4.3.1, 6.4.3.2; TS 36.213, clauses 16.4.3.1, 16.4.1.5, 16.4.1.5.1; and TS 36.306 clause 4.1C.

 [TS 36.212, clause 6.4.3.1]

DCI format N0 is used for the scheduling of NPUSCH in one UL cell. 

The following information is transmitted by means of the DCI format N0:
-
Flag for format N0/format N1 differentiation – 1 bit, where value 0 indicates format N0 and value 1 indicates format N1
-
Subcarrier indication – 6 bits as defined in section 16.5.1.1 of [3]

-
Resource assignment – 3 bits as defined in section 16.5.1.2 of [3]
-
Scheduling delay – 2 bits as defined in section 16.5.1 of [3]

-
Modulation and coding scheme – 4 bits as defined in section 16.5.1.2 of [3]
-
Redundancy version – 1 bit as defined in section 16.5.1.2 of [3]

-
Repetition number – 3 bits as defined in section 16.5.1.2 of [3]

-
New data indicator – 1 bit
-
DCI subframe repetition number – 2 bits as defined in section 16.6 in [3]

[TS 36.212, clause 6.4.3.2]

DCI format N1 is used for the scheduling of one NPDSCH codeword in one cell and random access procedure initiated by a NPDCCH order. The DCI corresponding to a NPDCCH order is carried by NPDCCH.
The following information is transmitted by means of the DCI format N1:
-
Flag for format N0/format N1 differentiation – 1 bit, where value 0 indicates format N0 and value 1 indicates format N1

-
NPDCCH order indicator – 1 bit

Format N1 is used for random access procedure initiated by a NPDCCH order only if NPDCCH order indicator is set to ‘1’, format N1 CRC is scrambled with C-RNTI, and all the remaining fields are set as follows:

-
Starting number of NPRACH repetitions – 2 bits as defined in section 16.3.1 of [3]

-
Subcarrier indication of NPRACH – 6 bits as defined in section 16.3.1 of [3]

-
All the remaining bits in format N1 are set to one

Otherwise, 
-
Scheduling delay – 3 bits as defined in section 16.4.1 of [3]

-
Resource assignment – 3 bits as defined in section 16.4.1.3 of [3]

-
Modulation and coding scheme – 4 bits as defined in section 16.4.1.5 of [3]

-
Repetition number – 4 bits as defined in section 16.4.1.3 of [3]

-
New data indicator – 1 bit
-
HARQ-ACK resource – 4 bits as defined in section 16.4.2 of [3]. 

-
DCI subframe repetition number – 2 bits as defined in section 16.6 in [3]

When the format N1 CRC is scrambled with a RA-RNTI, then the following fields among the fields above are reserved:

-
New data indicator
-
HARQ-ACK resource
If the number of information bits in format N1 is less than that of format N0, zeros shall be appended to format N1 until the payload size equals that of format N0.

[TS 36.306, clause 4.1C]

The field ue-Category-NB defines a combined uplink and downlink capability in NB-IoT. The parameters set by the UE Category are defined in subclause 4.2. Tables 4.1C-1 and 4.1C-2 define the downlink and, respectively, uplink physical layer parameter values for each UE Category.

Table 4.1C-1: Downlink physical layer parameter values set by the field ue-Category-NB
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits

	Category NB1
	680
	680
	2112


Table 4.1C-2: Uplink physical layer parameter values set by the field ue-Category-NB

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI

	Category NB1
	1000
	1000


[TS 36.213, clause 16.4.1.3]

The resource allocation information in DCI format N1, N2 (paging) for NPDSCH indicates to a scheduled UE

-
a number of subframes ([image: image9.wmf]SF

N

) determined by the resource assignment field ([image: image10.wmf]SF

I

) in the corresponding DCI according to Table 16.4.1.3-1.
-
a repetition number ([image: image11.wmf]Rep

N

) determined by the repetition number field ([image: image12.wmf]Rep

I

) in the corresponding DCI according to Table 16.4.1.3-2.
Table 16.4.1.3-1: Number of subframes ([image: image13.wmf]SF

N

) for NPDSCH.
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Table 16.4.1.3-2: Number of repetitions ([image: image16.wmf]Rep

N

) for NPDSCH.
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The number of repetitions for the NPDSCH carrying SystemInformationBlockType1-NB is determined based on the parameter schedulingInfoSIB1 configured by higher-layers and according to Table 16.4.1.3-3.

[TS 36.213, clause 16.4.1.5]

The UE shall use modulation order, [image: image19.wmf]m

Q

= 2.

To determine the transport block size in the NPDSCH, the UE shall first,

-
if NPDSCH carries SystemInformationBlockType1-NB

-
set [image: image20.wmf]TBS

I

 to the value of the parameter schedulingInfoSIB1 configured by higher-layers

-
otherwise

-
read the 4-bit "modulation and coding scheme" field ([image: image21.wmf]MCS

I

) in the DCI and set [image: image22.wmf]MCS

TBS

I

I

=

.

and second,

-
if NPDSCH carries SystemInformationBlockType1-NB 

-
use subclause 16.4.1.5.2 for determining its transport block size.

-
otherwise,

-
read the 3-bit "resource assignment" field ([image: image23.wmf]SF

I

) in the DCI and determine its TBS by the procedure in subclause 16.4.1.5.1.

The NDI as signalled on NPDCCH, and the TBS, as determined above, shall be delivered to higher layers.

[TS 36.213, clause 16.4.1.5.1]

The TBS is given by the ([image: image24.wmf]TBS

I

,[image: image25.wmf]SF

I

) entry of Table 16.4.1.5.1-1. For the value of the higher layer parameter operationModeInfo set to ‘00’ or ‘01’, [image: image26.wmf]10

0
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Table 16.4.1.5.1-1: Transport block size (TBS) table.
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	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	

	6
	88
	176
	256
	392
	504
	600
	
	

	7
	104
	224
	328
	472
	584
	680
	
	

	8
	120
	256
	392
	536
	680
	
	
	

	9
	136
	296
	456
	616
	
	
	
	

	10
	144
	328
	504
	680
	
	
	
	

	11
	176
	376
	584
	
	
	
	
	

	12
	208
	440
	680
	
	
	
	
	


[TS 36.213, clause 16.5.1.1]

The resource allocation information in uplink DCI format N0 for NPUSCH transmission indicates to a scheduled UE

· a set of contiguously allocated subcarriers ([image: image29.wmf]sc

n

) of a resource unit determined by the Subcarrier indication field in the corresponding DCI, 

· a number of resource units ([image: image30.wmf]RU

N

) determined by the resource assignment field in the corresponding DCI according to Table 16.5.1.1-2,
· a repetition number ([image: image31.wmf]Rep

N

) determined by the repetition number field in the corresponding DCI according to Table 16.5.1.1-3.
The subcarrier spacing [image: image32.wmf]f

D

 of NPUSCH transmission is determined by the uplink subcarrier spacing field in the Narrowband Random Access Response Grant according to subclause 16.3.3.

For NPUSCH transmission with subcarrier spacing[image: image33.wmf]kHz
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 is the subcarrier indication field in the DCI. [image: image36.wmf]63
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is reserved.
For NPUSCH transmission with subcarrier spacing[image: image37.wmf]kHz
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, the subcarrier indication field ([image: image38.wmf]sc
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) in the DCI determines the set of contiguously allocated subcarriers ([image: image39.wmf]sc
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) according to Table 16.5.1.1-1.

Table 16.5.1.1-1: Allocated subcarriers for NPUSCH with [image: image40.wmf]kHz
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	Subcarrier indication field ([image: image41.wmf]sc
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)
	Set of Allocated subcarriers ([image: image42.wmf]sc
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Table 16.5.1.1-2: Number of resource units ([image: image47.wmf]RU

N

) for NPUSCH.
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Table 16.5.1.1-3: Number of repetitions ([image: image50.wmf]Rep

N

) for NPUSCH.
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[TS 36.213, clause 16.5.1.2]

To determine the modulation order, redundancy version and transport block size for the NPUSCH, the UE shall first

-
read the “modulation and coding scheme” field ([image: image53.wmf]MCS

I

) in the DCI, and

-
read the “redundancy version” field ([image: image54.wmf]DCI

rv

) in the DCI, and

-
read the "resource assignment" field ([image: image55.wmf]RU

I

) in the DCI, and 

-
compute the total number of allocated subcarriers ([image: image56.wmf]RU

sc

N

), number of resource units ([image: image57.wmf]RU

N

), and repetition number ([image: image58.wmf]Rep

N

) according to subclause 16.5.1.1.

The UE shall use modulation order, [image: image59.wmf]m

Q

= 2 if [image: image60.wmf]1

RU

sc

>

N

. The UE shall use[image: image61.wmf]MCS

I

and Table 16.5.1.2-1 to determine the modulation order to use for NPUSCH if [image: image62.wmf]1

RU

sc

=

N

.

Table 16.5.1.2-1: Modulation and TBS index table for NPUSCH with [image: image63.wmf]1

RU
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=

N

.

	MCS Index
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	Modulation Order
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	TBS Index
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NPUSCH is transmitted in N consecutive NB-IoT UL slots, ni , i=0,1,…,N-1. The redundancy version [image: image67.wmf])
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The UE shall use ([image: image81.wmf]TBS
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) and Table 16.5.1.2-2 to determine the TBS to use for the NPUSCH. [image: image83.wmf]TBS
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Table 16.5.1.2-2: Transport block size (TBS) table for NPUSCH.
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	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	

	8
	120
	256
	392
	536
	680
	808
	
	

	9
	136
	296
	456
	616
	776
	936
	
	

	10
	144
	328
	504
	680
	872
	1000
	
	

	11
	176
	376
	584
	776
	1000
	
	
	

	12
	208
	440
	680
	1000
	
	
	
	


Table 16.4.1.5.1-1: Transport block size (TBS) table.
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	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	

	6
	88
	176
	256
	392
	504
	600
	
	

	7
	104
	224
	328
	472
	584
	680
	
	

	8
	120
	256
	392
	536
	680
	
	
	

	9
	136
	296
	456
	616
	
	
	
	

	10
	144
	328
	504
	680
	
	
	
	

	11
	176
	376
	584
	
	
	
	
	

	12
	208
	440
	680
	
	
	
	
	


The NDI as signalled on NPDCCH, and the RV and TBS, as determined above, shall be delivered to higher layers.

22.3.1.6.3
Test description

22.3.1.6.3.1
Pre-test conditions

System Simulator:

-
Ncell 1.

-
MasterInformationBlock-NB using parameters as specified in TS 36.508 [18] Table 8.1.4.3.2-1 with condition "Standalone"
NOTE: According to TS 36.213 [30] clause 16.4.1.5.1 for Inband Operation Mode ITBS is restricted to 0 ≤ ITBS ≤ 10 i.e. ISF/IMCS combinations with IMCS = 11, 12 could not be tested

UE:

None.

Preamble:

-
UE is in state NB-IoT UE Attach, Connected Mode, UE Test Loopback Activated (State 2B-NB) according to [18] in Ncell 1.

22.3.1.6.3.2
Test procedure sequence

Table 22.3.1.6.3.2-1: RLC SDU size used as test data

	TBSUL
[bits]
	UL RLC SDU size

[bits]

	56 < TBsize ≤1000 (Note)
	TBSUL – 56 (Note)

	Note:
UL MAC PDU contains 2 MAC SDUs (RLC STATUS PDU, RLC AMD PDU with a single RLC SDU):
2 bytes
R/R/E/LCID/L header for 1st MAC SDU
1 byte

R/R/E/LCID header for 2nd MAC SDU
2 bytes
RLC STATUS PDU
2 bytes
RLC AMD header
N bytes
UL RLC SDU 

( N = (TBSUL – 56) / 8


Table 22.3.1.6.3.2-2: TB sizes and ISF/ITBS combinations used for UL and DL

	
	DL
	UL

	S.No
	ISF
	IMCS = ITBS
	TBSDL
	IRU
	IMCS / ITBS
	TBSUL

	1
	0
	0
	16
	0
	0/0
	16

	2
	0
	1
	24
	0
	2/1
	24

	3
	0
	2
	32
	0
	1/2
	32

	4
	0
	3
	40
	0
	3/3
	40

	5
	0
	4
	56
	0
	4/4
	56

	6
	0
	5
	72
	0
	5/5
	72

	7
	0
	6
	88
	0
	6/6
	88

	8
	0
	7
	104
	0
	7/7
	104

	9
	0
	8
	120
	0
	8/8
	120

	10
	0
	9
	136
	0
	9/9
	136

	11
	0
	10
	144
	0
	10/10
	144

	12
	0
	11
	176
	0
	10/10
	144

	13
	0
	12
	208
	0
	10/10
	144

	14
	1
	0
	32
	1
	0/0
	32

	15
	1
	1
	56
	1
	2/1
	56

	16
	1
	2
	72
	1
	1/2
	72

	17
	1
	3
	104
	1
	3/3
	104

	18
	1
	4
	120
	1
	4/4
	120

	19
	1
	5
	144
	1
	5/5
	144

	20
	1
	6
	176
	1
	6/6
	176

	21
	1
	7
	224
	1
	7/7
	224

	22
	1
	8
	256
	1
	8/8
	256

	23
	1
	9
	296
	1
	9/9
	296

	24
	1
	10
	328
	1
	10/10
	328

	25
	1
	11
	376
	1
	10/10
	328

	26
	1
	12
	440
	1
	10/10
	328

	27
	2
	0
	56
	2
	0/0
	56

	28
	2
	1
	88
	2
	2/1
	88

	29
	2
	2
	144
	2
	1/2
	144

	30
	2
	3
	176
	2
	3/3
	176

	31
	2
	4
	208
	2
	4/4
	208

	32
	2
	5
	224
	2
	5/5
	224

	33
	2
	6
	256
	2
	6/6
	256

	34
	2
	7
	328
	2
	7/7
	328

	35
	2
	8
	392
	2
	8/8
	392

	36
	2
	9
	456
	2
	9/9
	456

	37
	2
	10
	504
	2
	10/10
	504

	38
	2
	11
	584
	2
	10/10
	504

	39
	2
	12
	680
	2
	10/10
	504

	40
	3
	0
	88
	3
	0/0
	88

	41
	3
	1
	144
	3
	2/1
	144

	42
	3
	2
	176
	3
	1/2
	176

	43
	3
	3
	208
	3
	3/3
	208

	44
	3
	4
	256
	3
	4/4
	256

	45
	3
	5
	328
	3
	5/5
	328

	46
	3
	6
	392
	3
	6/6
	392

	47
	3
	7
	472
	3
	7/7
	472

	48
	3
	8
	536
	3
	8/8
	536

	49
	3
	9
	616
	3
	9/9
	616

	50
	3
	10
	680
	3
	10/10
	680

	51
	4
	0
	120
	4
	0/0
	120

	52
	4
	1
	176
	4
	2/1
	176

	53
	4
	2
	208
	4
	1/2
	208

	54
	4
	3
	256
	4
	3/3
	256

	55
	4
	4
	328
	4
	4/4
	328

	56
	4
	5
	424
	4
	5/5
	424

	57
	4
	6
	504
	4
	6/6
	504

	58
	4
	7
	584
	4
	7/7
	584

	59
	4
	8
	680
	4
	8/8
	680

	60
	4
	8
	680
	4
	9/9
	776

	61
	4
	8
	680
	4
	10/10
	872

	62
	5
	0
	152
	5
	0/0
	152

	63
	5
	1
	208
	5
	2/1
	208

	64
	5
	2
	256
	5
	1/2
	256

	65
	5
	3
	328
	5
	3/3
	328

	66
	5
	4
	408
	5
	4/4
	408

	67
	5
	5
	504
	5
	5/5
	504

	68
	5
	6
	600
	5
	6/6
	600

	69
	5
	7
	680
	5
	7/7
	712

	70
	5
	7
	680
	5
	8/8
	808

	71
	5
	7
	680
	5
	9/9
	936

	72
	5
	7
	680
	5
	10/10
	1000

	73
	6
	0
	208
	6
	0/0
	208

	74
	6
	1
	256
	6
	2/1
	256

	75
	6
	2
	328
	6
	1/2
	328

	76
	6
	3
	440
	6
	3/3
	440

	77
	6
	4
	552
	6
	4/4
	552

	78
	6
	5
	680
	6
	5/5
	680

	79
	6
	5
	680
	6
	6/6
	808

	80
	6
	5
	680
	6
	7/7
	1000

	81
	7
	0
	256
	7
	0/0
	256

	82
	7
	1
	344
	7
	2/1
	344

	83
	7
	2
	424
	7
	1/2
	424

	84
	7
	3
	568
	7
	3/3
	568

	85
	7
	4
	680
	7
	4/4
	680

	86
	7
	4
	680
	7
	5/5
	872

	87
	7
	4
	680
	7
	6/6
	1000


Table 22.3.1.6.3.2-3: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U – S
	Message
	
	

	1
	Void.
	-
	-
	-
	-

	-
	EXCEPTION: Steps 1 to 8 are repeated as per table 22.3.1.6.3.2-2 with values of  ISF, DL IMCS,  IRU and UL IMCS
	-
	-
	-
	-

	2
	SS looks up for TBSUL   in table 22.3.1.6.3.2-1 as per the execution counter
	-
	-
	-
	-

	-
	EXCEPTION: Steps 3 to 6 are performed for TBSUL>56 
	-
	-
	-
	-

	3
	SS creates one UL RLC SDU of size TBSUL, embeds it in an ESM DATA TRANSPORT and  DLInformationTransfer-NB and splits the resulting DL RLC SDU into three RLC AMD PDUs ( if TBSDL < 100 bits ) or two equal sized RLC AMD PDUs ( if TBSDL > 100 bits ) 
(NOTE 1)
	-
	-
	-
	-

	3A
	SS gets current timing and NPDCCH period N is the next NPDCCH period which can be used by the SS for a DL transmission
	-
	-
	-
	-

	4
	At NPDCCH period N+1 the SS sends a DCI format N1 and a MAC PDU containing an RLC AMD PDU with polling field ‘P’ set to '0' and containing the 1st AMD PDU of the RLC SDU created at step 3.
	<--
	DCI N1 format with  ISF, DL IMCS
MAC PDU with 1st AMD PDU of the DL RLC SDU
	-
	-

	4A
	IF TBSDL < 100 bits 

At NPDCCH period N+2 the SS sends a DCI format N1 and a MAC PDU containing an RLC AMD PDU with polling field ‘P’ set to '0' and containing the 2nd AMD PDU of the RLC SDU created at step 3.

	<--
	DCI N1 format with  ISF, DL IMCS
MAC PDU with 2nd AMD PDU of the DL RLC SDU
	-
	-

	4B
	At NPDCCH period N+i the SS sends a DCI format N1 and a MAC PDU containing an RLC AMD PDU  with polling field ‘P’ set to '1' and containing the last   AMD PDU of the RLC SDU created at step 3.
Where i=3 if TBSDL < 100 bits, otherwise i=2.
(NOTE 2)
	<--
	DCI N1 format with  ISF, DL IMCS
MAC PDU with last AMD PDU of the DL RLC SDU
	-
	-

	5
	In the NPDCCH period N+3   after the transmission at step 4B the SS allocates an uplink grant for the UL TBS according to 22.3.1.6.3.2-2
	<--
	(UL Grant)

DCI N0 format with  IRU and UL IMCS
	-
	-

	6
	CHECK: Does UE return an RLC SDU with the same content as created and embedded in the ESM DATA TRANSPORT at step 3 using the Resource unit Assignment and modulation and coding scheme as configured by the SS in step 5?
	-->
	 MAC PDU containing RLC STATUS PDU and RLC AMD PDU with UL RLC SDU
	1,2
	P

	7
	The SS transmits an RLC STATUS PDU to acknowledge correctly received data
	<--
	RLC STATUS PDU 
	-
	-

	8
	Void
	
	
	-
	-

	NOTE 1:
DL RLC SDU with size n contains a DLInformationTransfer-NB with ESM_DATA_TRANSPORT:
18  or 26
bits 
DLInformationTransfer-NB(PER encode: ‘0000000000’B + 8 bits ( length of  DedicatedInfoNAS <= 127 bytes ) or 16 bits length ( 128 bytes <= length of DedicatedInfoNAS < 16383 bytes ))
1/2 byte
Protocol discriminator ( SECURITY PROTECTED NAS MESSAGE )
1/2 byte
Security header type ( SECURITY PROTECTED NAS MESSAGE )
4 bytes
Message authentication code ( SECURITY PROTECTED NAS MESSAGE )
1 byte

Sequence number  ( SECURITY PROTECTED NAS MESSAGE )
1/2 byte
Protocol discriminator ( ESM_DATA_TRANSPORT )
1/2 byte
EPS bearer identity ( ESM_DATA_TRANSPORT )
1 byte

Procedure transaction identity ( ESM_DATA_TRANSPORT )
1 byte

ESM data transport message identity ( ESM_DATA_TRANSPORT )
2 bytes
length indicator of the user data container ( ESM_DATA_TRANSPORT )
N bytes
User data container contents ( UL RLC SDU )
6 bits

Aligned bits ( PER encode )
n = N+14 or  N+15 bytes
DL RLC SDU 
( to achieve the maximum TBS in UL (1000 bits) the DL RLC SDU needs to be segmented

NOTE 2:
 setting of the poll bit causes the UE to insert an RLC Status PDU in the UL message of step 6


22.3.1.6.3.3
Specific message contents

None.
< end of modified section >

