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3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

BCH
Broadcast channel
CFI
Control Format Indicator

CP
Cyclic Prefix

CSI
Channel State Information
DCI
Downlink Control Information

DL-SCH
Downlink Shared channel
EPDCCH
Enhanced Physical Downlink Control channel 
FDD
Frequency Division Duplexing

HI
HARQ indicator 
LAA
Licensed-Assisted Access

MCH
Multicast channel
NPBCH
Narrowband Physical Broadcast channel

NPDCCH
Narrowband Physical Downlink Control channel

NPDSCH
Narrowband Physical Downlink Shared channel

NPRACH
Narrowband Physical Random Access channel

NPUSCH
Narrowband Physical Uplink Shared channel

PBCH
Physical Broadcast channel
PCFICH
Physical Control Format Indicator channel

PCH
Paging channel
PDCCH 
Physical Downlink Control channel

PDSCH
Physical Downlink Shared channel
PHICH
Physical HARQ indicator channel

PMCH
Physical Multicast channel

PMI
Precoding Matrix Indicator

PRACH
Physical Random Access channel
PSBCH
Physical Sidelink Broadcast Channel

PSCCH
Physical Sidelink Control Channel

PSDCH
Physical Sidelink Discovery Channel

PSSCH
Physical Sidelink Shared Channel
PUCCH
Physical Uplink Control channel

PUSCH
Physical Uplink Shared channel
RACH
Random Access channel
RI
Rank Indication 
SCI
Sidelink Control Information

SL-BCH
Sidelink Broadcast Channel
SL-DCH
Sidelink Discovery Channel

SL-SCH
Sidelink Shared Channel

SR
Scheduling Request

SRS
Sounding Reference Signal

TDD
Time Division Duplexing

TPMI
Transmitted Precoding Matrix Indicator

UCI

Uplink Control Information

UL-SCH
Uplink Shared channel
4
Mapping to physical channels
The mapping to physical channels for Narrowband IoT is provided in section 6.1.
----------------------------------------------------------------------- Omitted --------------------------------------------------------------
6
Narrowband IoT

6.1
Mapping to physical channels
For Narrowband IoT, transport channels 
are mapped onto narrowband physical channels, the channel coding, multiplexing, and interleaving of which are specified in sections 6.3 and 6.4 for the uplink and downlink, respectively. Table 6.1-1 specifies the mapping of the uplink transport channels to their corresponding physical channels. Table 6.1-2 specifies the mapping of the downlink transport channels to their corresponding physical channels.Table 6.1-3 specifies the mapping of control channel information to its corresponding physical channel.  
Table 6.1-1

	TrCH
	Physical Channel

	UL-SCH
	NPUSCH

	RACH
	NPRACH


Table 6.1-2
	TrCH
	Physical Channel

	DL-SCH
	NPDSCH

	BCH
	NPBCH

	PCH
	NPDSCH


Table 6.1-3
	Control information
	Physical Channel

	UCI
	NPUSCH


	DCI
	NPDCCH


6.2
Generic procedures
The generic procedures for channel coding, multiplexing and interleaving are as in section 5.1 unless otherwise noted in section 6.
Usage of coding scheme and coding rate for the different types of TrCH is shown in table 6.2-1. Usage of coding scheme and coding rate for the different control information types is shown in table 6.2-2.
Table 6.2-1: Usage of channel coding scheme and coding rate for TrCHs.

	TrCH
	Coding scheme
	Coding rate

	UL-SCH
	Turbo coding
	1/3

	BCH
	Tail biting convolutional coding
	1/3

	DL-SCH
	
	

	PCH
	
	


Table 6.2-2: Usage of channel coding scheme and coding rate for control information.

	Control Information
	Coding scheme
	Coding rate

	DCI
	Tail biting convolutional coding
	1/3

	UCI
	Block code
	variable

	
	Tail biting convolutional coding
	1/3



6.3
Uplink transport channels and control information
6.3.1
Random access channel

The sequence index for the random access channel is received from higher layers and is processed according to [2]. 

6.3.2
Uplink shared channel

Data arrives to the coding unit in the form of a transport block over a number of resource units per UL cell. The number of resource units is scheduled according to [3]. The coding steps follow the uplink shared channel according to section 5.2.2, with the following differences:

-
In section 5.1.4.1.2 in the calculation of 
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 , Qm is 1 for π/2-BPSK and 2 for π/4-QPSK. 
-
There is no RI or periodic CSI.
-
[Other exceptions are TBD]

6.3.3
Uplink control information on NPUSCH without UL-SCH data

When control data are sent via NPUSCH without UL-SCH data, the coding steps are according to section 5.2.4, with the following differences:

-
Qm is 1 for π/2-BPSK and 2 for π/4-QPSK. 
-
There is no RI or periodic CSI.
-
[Other exceptions are TBD]

6.4
Downlink transport channels and control information
6.4.1
Broadcast channel

The processing structure for the BCH transport channel is according to Section 5.3.1, with the following differences:
-
The transmission time interval (TTI) is 640ms
-
The size of the BCH transport block is set to 34 bits
-
The CRC mask for NPBCH is selected according to 1 or 2 transmit antenna ports at eNodeB according to Table 5.3.1.1-1 

6.4.2
Downlink shared channel and Paging channel
Figure 6.4.2-1 shows the processing structure for each transport block for the DL-SCH and PCH transport channels. Data arrives to the coding unit in the form of a maximum of one transport blocks over a number of resource units
 per DL cell. The following coding steps can be identified for each transport block of a DL cell:

· CRC attachment

· Channel coding

· Rate matching
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Figure 6.4.2-1: Transport block processing for DL-SCH and PCH.

The CRC attachment, channel coding, and rate matching is performed according to sections 5.1.1, 5.1.3.1 and 5.1.4.2
, respectively. For the CRC attachment, the parity bits are computed and attached according to section 5.1.1 setting L to 16 bits
, resulting in the sequence of bits
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6.4.3
Downlink control information

A DCI transports downlink or uplink scheduling information for one cell and one RNTI. The RNTI is implicitly encoded in the CRC. The processing structure for one DCI is according to Section 5.3.3.
6.4.3.1
DCI Format N0
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
- Resource assignment – [x] bits as defined in section x.x. of [3]

- Modulation and coding scheme– [x] bits as defined in section x.x of [3]
- Repetition number – [x] bits as defined in section x.x of [3]
- New data indicator – 1 bit
- DCI subframe repetition number – [x] bits as defined in [3]

[New field(s) can be added if needed] 
If the number of information bits in format N0 is less than that of format N1, zeros shall be appended to format N0 until the payload size equals that of format N1.

6.4.3.2
DCI Format N1
DCI format N1 is used for the scheduling of one NPDSCH codeword in one cell.
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
- Resource assignment – [x] bits
 as defined in section x.x of [3]
- Modulation and coding scheme – [x] bits as defined in section x.x of [3]
- Repetition number – [x] bits as defined in section x.x of [3]
- New data indicator – 1 bit
- HARQ-ACK resource – [x] bits as defined in section x.x of [3]. 

- DCI subframe repetition number – [x] bits as defined in [3]

[New field(s) can be added if needed] 
----------------------------------------------------------------------- Omitted --------------------------------------------------------------

�Editor’s Note: Will be revised if new TrCH for NB-IoT are agreed.


�Editor’s note: Will be revised (and a new sub-section in 6.3 added) if a PUCCH-like new channel is introduced.


�Editor’s note: The coding scheme(s) for UCI is TBD. This is a placeholder.


�Editor’s note: Placeholder. TBD how to configure the sequence index or whether the sequence index will be fixed for NPRACH.


�Editor’s note: More discussion is needed, especially for HARQ-ACK. Aperiodic CSI may still exist for NB-IoT at least for smaller amounts of CE (similar to eMTC). The same channel interleaver as in LTE could probably be assumed.


�Editor’s note: More discussion is needed.


�Editor’s note: The number of antenna ports (between 1 and 2) is assumed to be detected based on CRC mask and NPBCH blind decoding.


�Editor’s Note: Assumes the DL is similar to the UL. More discussion needed.


�Editor’s note: RV is currently not supported for TBCC. If RV is agreed, 5.1.4.2.2 may need to be copied and revised here.


�Editor’s Note: The TBCC is currently associated with a 16bit CRC.


�Editor’s note: May include both frequency and time domain resource assignment.


�Editor’s note: No agreement yet but the eMTC design might be reused here.


�Editor’s note: Will be moved to DCI format N1 if N1 is possibly smaller than N0.


�Editor’s note: May include both frequency (if necessary) and time domain resource assignment.


�Editor’s note: more discussion is needed on the definition and operation of this field. If defined, it may operate differently than LTE HARQ-ACK offset.
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