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3
Symbols and abbreviations

3.1
Symbols

For the purposes of the present document, the following symbols apply:
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Resource element with frequency-domain index 
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 and time-domain index 
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Value of resource element 
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 [for antenna port
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Matrix for supporting cyclic delay diversity
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Density of random access opportunities per radio frame
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Carrier frequency
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PRACH resource frequency index within the considered time-domain location
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Start symbol in slot 0 of NPDCCH and NPDSCH
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Scheduled bandwidth for uplink NPUSCH transmission, expressed as a number of subcarriers
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Bandwidth for PSBCH transmission, expressed as a number of subcarriers 
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Bandwidth for PSBCH transmission, expressed as a number of resource blocks
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Bandwidth for PSCCH transmission, expressed as a number of subcarriers 
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Bandwidth for PSCCH transmission, expressed as a number of resource blocks
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Bandwidth for PSDCH transmission, expressed as a number of subcarriers 
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Bandwidth for PSDCH transmission, expressed as a number of resource blocks
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Scheduled bandwidth for PSSCH transmission, expressed as a number of subcarriers 
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Scheduled bandwidth for PSSCH transmission, expressed as a number of resource blocks
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Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers 
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Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks
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Number of coded bits to transmit on a physical channel [for codeword 
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Number of modulation symbols to transmit on a physical channel [for codeword 
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Number of modulation symbols to transmit per layer for a physical channel
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Number of modulation symbols to transmit per antenna port for a physical channel
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A constant equal to 2048 for 
[image: image30.wmf]kHz

 

15

=

D

f

 and 4096 for 
[image: image31.wmf]kHz

 

5

.

7

=

D

f



[image: image32.wmf]l

N

,

CP


Downlink cyclic prefix length for OFDM symbol 
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 in a slot
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Cyclic shift value used for random access preamble generation


[image: image35.wmf](1)

cs

N


Number of cyclic shifts used for PUCCH formats 1/1a/1b in a resource block with a mix of formats 1/1a/1b and 2/2a/2b
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Bandwidth available for use by PUCCH formats 2/2a/2b, expressed in multiples of 
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The offset used for PUSCH frequency hopping, expressed in number of resource blocks (set by higher layers)
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Physical layer cell identity
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Narrowband physical layer cell identity
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MBSFN area identity
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Physical layer sidelink synchronization identity
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Downlink bandwidth configuration, expressed in multiples of 
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Smallest downlink bandwidth configuration, expressed in multiples of 
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Largest downlink bandwidth configuration, expressed in multiples of 
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Uplink bandwidth configuration, expressed in multiples of 
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Smallest uplink bandwidth configuration, expressed in multiples of 
[image: image52.wmf]RB

sc

N



[image: image53.wmf] UL

max,

RB

N


Largest uplink bandwidth configuration, expressed in multiples of 
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Sidelink bandwidth configuration, expressed in multiples of 
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Number of symbols for NPSS in a subframe
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Number of symbols for NSSS in a subframe
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Number of consecutive subcarriers in an UL resource unit for NB-IoT
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Number of subcarriers in the frequency domain for NB-IoT
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Number of OFDM symbols in a downlink slot 
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Number of SC-FDMA symbols in an uplink slot 
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Number of consecutive slots in an UL resource unit for NB-IoT
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Number of SC-FDMA symbols in a sidelink slot 
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Resource block size in the frequency domain, expressed as a number of subcarriers 
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Number of sub-bands for PUSCH frequency-hopping with predefined hopping pattern
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Size of each sub-band for PUSCH frequency-hopping with predefined hopping pattern, expressed as a number of resource blocks
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Number of downlink to uplink switch points within the radio frame
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Number of reference symbols per slot for PUCCH
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Timing offset between uplink and downlink radio frames at the UE, expressed in units of 
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Fixed timing advance offset, expressed in units of 
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Timing offset between sidelink and timing reference frames at the UE, expressed in units of 
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Resource index for PUCCH formats 1/1a/1b
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Resource index for PUCCH formats 2/2a/2b
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Resource index for PUCCH formats 3
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Number of PDCCHs present in a subframe
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Physical resource block number
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First physical resource block occupied by PRACH resource considered
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First physical resource block available for PRACH 
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First subcarrier occupied by NPRACH resource considered
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Virtual resource block number


[image: image85.wmf]RNTI

n


Radio network temporary identifier
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Sidelink group destination identity
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System frame number
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Slot number within a radio frame
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Number of antenna ports used for transmission of a channel
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Antenna port number
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Codeword number
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Index for PRACH versions with same preamble format and PRACH density

Qm
Modulation order: 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 for 256QAM transmissions
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Time-continuous baseband signal for antenna port 
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 and OFDM symbol 
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 in a slot
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Radio frame indicator index of PRACH opportunity
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Half frame index of PRACH opportunity within the radio frame
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Uplink subframe number for start of PRACH opportunity within the half frame
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Radio frame duration
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Basic time unit
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Slot duration
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Precoding matrix for downlink spatial multiplexing
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Amplitude scaling for PRACH
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Amplitude scaling for PUCCH
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Amplitude scaling for PUSCH
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Amplitude scaling for NPUSCH
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Amplitude scaling for sounding reference symbols
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Subcarrier spacing
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Subcarrier spacing for the random access preamble
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Number of transmission layers
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

CCE
Control Channel Element

CDD
Cyclic Delay Diversity 
CRS
Cell-specific Reference Signal

CSI
Channel-State Information 
DCI
Downlink Control Information

DM-RS
Demodulation Reference Signal

ECCE
Enhanced Control Channel Element

EPDCCH
Enhanced Physical Downlink Control CHannel

EREG
Enhanced Resource-Element Group
NCCE
Narrowband Control Channel Element
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 
NPSS
Narrowband Primary Synchronization Signal

NSSS 
Narrowband Secondary Synchronization Signal
NRS
Narrowband Refernce Signal
PBCH
Physical Broadcast CHannel

PCFICH
Physical Control Format Indicator CHannel

PDCCH
Physical Downlink Control CHannel

PDSCH
Physical Downlink Shared CHannel

PHICH
Physical Hybrid-ARQ Indicator CHannel

PMCH
Physical Multicast CHannel

PRACH
Physical Random Access CHannel 
PRB
Physical Resource Block

PRS
Positioning Reference Signal
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 
REG
Resource-Element Group

SCG
Secondary Cell Group 

SRS
Sounding Reference Signal

VRB
Virtual Resource Block

10
Narrowband IoT

10.1
Uplink
10.1.1
Overview

10.1.1.1
Physical channels


The following narrowband physical channels are defined:

-
Narrowband Physical Uplink Shared Channel, NPUSCH

-
Narrowband Physical Random Access Channel, NPRACH
10.1.1.2
Physical signals

The following uplink narrowband physical signals are defined:

-
Narrowband demodulation reference signal

10.1.2
Slot structure and physical resources

10.1.2.1
Resource grid

A transmitted physical channel or signal in a slot is described by one or several resource grids of 
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 subcarriers and 
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 SC-FDMA symbols. The resource grid is illustrated in Figure 10.1.2.1-1.  

[image: image113.emf]SC-FDMA symbols

One uplink slot

subcarriers

Resource element


Figure 10.1.2.1-1: Uplink resource grid for NB-IoT

The uplink bandwidth in terms of subcarriers 
[image: image114.wmf]UL
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, and the slot duration 
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 are given in Table 10.1.2.1-1.

Table 10.1.2.1-1: NB-IoT parameters.
	Subcarrier spacing
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A single antenna port 
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 is used for all uplink transmissions.

10.1.2.2
Resource elements

Each element in the resource grid is called a resource element and is uniquely defined by the index pair 
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 are the indices in the frequency and time domains, respectively. Resource element 
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[image: image129.wmf]l

k

a

,

. Quantities 
[image: image130.wmf]l

k

a

,

 corresponding to resource elements not used for transmission of a physical channel or a physical signal in a slot shall be set to zero.
10.1.2.3
Resource unit

Resource units are used to describe the mapping of the NPUSCH to resource elements. A resource unit is defined as 
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 consecutive SC-FDMA symbols in the time domain and 
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consecutive subcarriers in the frequency domain, where 
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 are given by Table 10.1.2.3-1.

Table 10.1.2.3-1: Supported combinations of 
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10.1.3
Narrowband physical uplink shared channel

10.1.3.1
Scrambling
10.1.3.2
Modulation

Modulation shall be done according to clause 5.3.2. Table 10.1.3.2-1 specifies the modulation mappings applicable for the narrowband physical uplink shared channel. 

Table 10.1.3.2-1: NPUSCH modulation schemes
	Physical channel
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	Modulation scheme

	NPUSCH
	1
	π/2 BPSK, π/4 QPSK

	
	>1
	QPSK


10.1.3.3
Layer mapping

Layer mapping shall be done according to clause 5.3.2A with 
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10.1.3.4
Transform precoding
Transform precoding shall be done according to clause 5.3.3 with 
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10.1.3.5
Precoding
Precoding shall be done according to clause 5.3.3A assuming a single antenna port.
10.1.3.6
Mapping to physical resources

The block of complex-valued symbols 
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 shall be multiplied with the amplitude scaling factor 
[image: image148.wmf]NPUSCH

b

 in order to conform to the transmit power 
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specified in [4], and mapped in sequence starting with 
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 to subcarriers assigned for transmission of NPUSCH. The mapping to resource elements 
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 corresponding to the subcarriers assigned for transmission and not used for transmission of reference signals, shall be in increasing order of first the index 
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, starting with the first slot in the assigned resource unit.

NPUSCH can be mapped to one or more resource units.
10.1.4
Demodulation reference signal

10.1.4.1
Reference signal sequence

10.1.4.2
Mapping to physical resources

10.1.5
SC-FDMA baseband signal generation

The time-continuous signal 
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 in SC-FDMA symbol 
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 in a slot is defined by clause 5.6 with the following exceptions:
-
The quantity 
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-
The variable 
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-
The values of 
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 are given by Table 10.1.5-1. The remaining 
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 are not transmitted and used for guard period.
Table 10.1.5-1: SC-FDMA parameters for 
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	Configuration
	Cyclic prefix length 
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10.1.6
Narrowband physical random access channel

10.1.6.1
Time and frequency structure
The physical layer random access preamble is based on single-subcarrier frequency-hopping symbol groups. A symbol group is illustrated in Figure 10.1.6.1-1, consisting of a cyclic prefix of length 
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 and a sequence of 5 symbols with total length 
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. The parameter values are listed in Table 10.1.6.1-1.
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Figure 10.1.6.1-1: Random access symbol group
Table 10.6.1.1-1: Random access preamble parameters

	Preamble format
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The preamble consisting of 4 symbol groups can be repeated 1, 2, 4, 8, 16, 32, 64, or 128 times.

The frequency location of the PRACH transmission is contstrained within 
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sub-carriers as given by higher layers. Frequency hopping shall be used within the 12 subcarriers, where the frequency location of the ith symbol groupis given by 
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 denotes the starting subcarrier index of the NPRACH band, and
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where 
[image: image182.wmf])

0

(

~

RA

SC

n

 shall be picked randomly from the configured NPRACH band by the UE, and the pseudo random sequence 
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 is given by clause 7.2. The pseudo random sequence generator shall be initialised with 
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10.1.6.2
Preamble sequence generation

10.1.6.3
Baseband signal generation

Baseband signal generation shall be done according to clause 5.7.3 with 
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Table 10.1.6.3-1: Random access baseband parameters

	Preamble format
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	3.75 kHz


10.1.7
Modulation and upconversion

Modulation and upconversion to the carrier frequency of the complex-valued baseband signal or the complex-valued NPRACH baseband signal is shown in Figure 5.8-1. The filtering required prior to transmission is defined by the requirements in 3GPP TS 36.101 [7]. 

10.2
Downlink

10.2.1
Overview

10.2.1.1
Physical channels

A downlink narrowband physical channel corresponds to a set of resource elements carrying information originating from higher layers and is the interface defined between 3GPP TS 36.212 [3] and the present document 3GPP TS 36.211.
The following downlink physical channels are defined:

-
Narrowband Physical Downlink Shared Channel, NPDSCH

-
Narrowband Physical Broadcast Channel, NPBCH

-
Narrowband Physical Downlink Control Channel, NPDCCH

10.2.1.2
Physical signals

A downlink narrowband physical signal corresponds to a set of resource elements used by the physical layer but does not carry information originating from higher layers. The following downlink physical signals are defined:

-
Narrowband reference signal, NRS
-
Narrowband synchronization signal
10.2.2
Slot structure and physical resource elements

10.2.2.1
Resource grid

The transmitted signal on one antenna port in each slot is described by a resource grid of size one resource block as defined in clause 6.2.3. 

Only 
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10.2.2.2
Resource elements
Resource elements are defined according to clause 6.2.2.
10.2.2.3
Guard period for half-duplex FDD operation

Only type-B half-duplex FDD operation is suported.

10.2.3
Narrowband physical downlink shared channel

10.2.3.1
Scrambling

10.2.3.2
Modulation

Modulation shall be done according to clause 6.3.2 using one of the modulation schemes in Table 10.2.3-1
Table 10.2.3-1: Modulation schemes

	Physical channel
	Modulation schemes

	NPDSCH
	QPSK


10.2.3.3
Layer mapping and precoding

Layer mapping and precoding shall be done according to clause 6.6.3 using the same set of antenna ports as the NPBCH.
10.2.3.4
Mapping to resource elements

For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols 
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 shall be mapped in sequence starting with 
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 which meet all of the following criteria in the current subframe: 

-
they are not used for transmission of NPBCH, NPSS, or NSSS, and 

-
they are assumed by the UE not to be used for NRS, and
-
they are not overlapping with resource elements used for CRS as defined in clause 6 (if any), and
-
the index 
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 in the first slot in a subframe fulfils 
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is given by clause XXX of 3GPP TS 36.213 [4].
The mapping to resource elements 
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 meeting the criteria above shall be in increasing order of first the index 
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 and then the index
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, starting with the first slot and ending with the second slot in a subframe.
10.2.4
Narrowband physical broadcast channel

10.2.4.1
Scrambling

Scrambling shall be done according to clause 6.6.1. The scrambling sequence shall be initialised with 
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10.2.4.2
Modulation

Modulation shall be done according to clause 6.6.2 using the modulation scheme in Table 10.2.4.2-1
Table 10.2.4.2-1: Modulation schemes for NPBCH
	Physical channel
	Modulation schemes

	NPBCH
	QPSK


10.2.4.3
Layer mapping and precoding

Layer mapping and precoding shall be done according to clause 6.6.3 with 
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10.2.4.4
Mapping to resource elements

The block of complex-valued symbols
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 for each antenna port is transmitted during 8 consecutive radio frames starting in each radio frame fulfilling 
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 not reserved for transmission of reference signals shall be in increasing order of first the index
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, then the index 
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 and finally the radio frame number. The first three OFDM symbols in a subframe shall not be used in the mapping process. 

For the purpose of the mapping, the UE shall assume cell-specific reference signals for antenna ports 0-3 and narrowband reference signals for antenna ports 0 and 1 being present irrespective of the actual configuration. The frequency shift of the cell-specific reference signals shall be calculated by replacing 
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The UE may assume the NBCH transport block bits are constant across radio frames fulfilling
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10.2.5
Narrowband physical downlink control channel

10.2.5.1
NPDCCH formats

The narrowband physical downlink control channel carries control information. A narrowband physical control channel is transmitted on an aggregation of one or two consecutive narrowband control channel elements (NCCEs), where a narrowband control channel element corresponds to 6 consecutive subcarriers  in a subframe where NCCE 0 occupies subcarriers 0 through 5 and NCCE 1 occupies subcarriers 6 through 11. The NPDCCH supports multiple formats as listed in Table 10.2.5.1-1. For NPDCCH format 1, both NCCEs belong to the same subframe.
Multiple NPDCCHs can be transmitted in a subframe.

Table 10.2.5.1-1: Supported NPDCCH formats

	NPDCCH format
	Number of NCCEs

	0
	1

	1
	2


10.2.5.2
NPDCCH multiplexing and scrambling

10.2.5.3
Modulation

Modulation shall be done according to clause 6.8.3 using the modulation scheme in Table 10.2.5.3-1
Table 10.2.5.3-1: Modulation schemes

	Physical channel
	Modulation schemes

	NPDCCH
	QPSK


10.2.5.4
Layer mapping and precoding

Layer mapping and precoding shall be done according to clause 6.6.3 using the same set of antenna ports as the NPBCH.

10.2.5.5
Mapping to resource elements

The block of complex-valued symbols 
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 shall be mapped in sequence starting with 
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 to resource elements 
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 on the associated antenna port which meet all of the following criteria: 

-
they are part of the NCCE assigned for the NPDCCH transmission, and
-
they are not used for transmission of NPBCH, NPSS, or NSSS , and 
-
they are assumed by the UE not to be used for NRS, and

-
they are not overlapping with resource elements used for PBCH, PSS, SSS, or CRS as defined in clause 6 (if any), and

-
the index 
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 in the first slot in a subframe fulfils 
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 where 
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is given by clause XXXX of 3GPP TS 36.213 [4].

The mapping to resource elements 
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 on antenna port 
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 meeting the criteria above shall be in increasing order of first the index 
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 and then the index
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, starting with the first slot and ending with the second slot in a subframe.
10.2.6
Narrowband reference signal (NRS)

The UE may assume narrowband reference signals are transmitted in all downlink subframes 
in a cell supporting NPDSCH transmission. 

Narrowband reference signals are transmitted on one or two antenna ports 0 to 1.

10.2.6.1
Sequence generation
The narrowband reference sequence shall be done according to clause 6.10.1 where  
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10.2.6.2
Mapping to resource elements
The reference signal sequence 
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 shall be mapped to complex-valued modulation symbols 
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The variables 
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 and 
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 define the position in the frequency domain for the different reference signals where 
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The cell-specific frequency shift is given by 
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Resource elements 
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 used for transmission of narrowband reference signals on any of the antenna ports in a slot shall not be used for any transmission on any other antenna port in the same slot and set to zero.
Figure 10.2.6.2-1 illustrates the resource elements used for reference signal transmission according to the above definition. The notation 
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 is used to denote a resource element used for reference signal transmission on antenna port
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Figure 10.2.6.2-1. Mapping of downlink narrowband reference signals (normal cyclic prefix)
10.2.7
Synchronization signals

There are 504 unique physical-layer cell identities indicated by the narrowband secondary synchronization signal.
10.2.7.1
Narrowband primary synchronization signal (NPSS)

10.2.7.1.1
Sequence generation
The sequence 
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where the Zadoff-Chu root sequence index 
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 for different symbol indices 
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 is given by Table 10.2.7.1.1-1.

Table 10.2.7.1.1-1: Root indices for the narrowband primary synchronization signal
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10.2.7.1.2
Mapping to resource elements

UE shall not assume that the narrowband primary synchronization signal is transmitted on the same antenna port as any of the downlink reference signals. The UE shall not assume that any transmission instance of the narrowband primary synchronization signal is transmitted on the same antenna port, or ports, used for any other transmission instance of the narrowband primary synchronization signal.
The sequence 
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Table 10.2.7.1.2-1: NPSS number of symbols.
	Cyclic prefix length
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For resource elements 
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 overlapping with resource elements where cell-specific reference signals according to clause 6.10 are transmitted, the corresponding sequence element 
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 is not used for the NPSS but counted in the mapping process.
10.2.7.2
Narrowband secondary synchronization signal (NSSS)

10.2.7.2.1
Sequence generation

10.2.7.2.2
Mapping to resource elements

The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.

The sequence 
[image: image258.wmf](

)

n

d

 shall be mapped to resource elements 
[image: image259.wmf](

)

l

k

,

 in sequence starting with 
[image: image260.wmf])

0

(

d

 in increasing order of first the index 
[image: image261.wmf]k

 over the 12 assigned subcarriers and then the index
[image: image262.wmf]l

 over the assigned last 
[image: image263.wmf]NSSS

symb

N

 symbols of subframe 9 in radio frames fulfilling 
[image: image264.wmf][

]

0

mod

f

=

Z

n

, where 
[image: image265.wmf]NSSS

symb

N

 is given by Table 10.2.7.2.2-1.

Table 10.2.7.2.2-1: NSSS number of symbols
	Cyclic prefix length
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For resource elements 
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 overlapping with resource elements where cell-specific reference signals according to clause 6.10 are transmitted, the corresponding sequence element 
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 is not used for the NSSS but counted in the mapping process.
10.2.8
OFDM baseband signal generation

OFDM baseband signal generation shall be done according to clause 6.12.
10.2.9
Modulation and upconversion

Modulation and upconversion to the carrier frequency of the complex-valued OFDM baseband signal for each antenna port is shown in Figure 6.13-1. The filtering required prior to transmission is defined by the requirements in 3GPP TS 36.104 [6].

�A separate section for single-tone UL transmission might be needed – add if motivated by future RAN1 agreements.


�The new modulation formats need to be specified. Base it on BPSK/QPSK in clause 7 but introduce a phase rotation here.  Wait for RAN1 agreement before including the details.








�For the case of NB-IoT deployed “inband” an LTE carreir we need to link the resrouce grid used for NB-IoT to the resrouce grid used for LTE, hence the definition of the resource grid as a resource block in 6.2.3. 


�Need to decide if the remaining OFDM symbols in a subframe with NPBCH/NPSS/NSSS can be used or not.


�This should preferably be captured elsewhere in 211 or 213 – it does not affect the mapping process!


�Matt: 10.2.5.4: This may necessitate some new link to avoid the CRS tie in 6.6.3, like for 10.2.4.3 for NPDSCH comment.





�Editor’s note: may need further discussions to align the understanding when NRS is transmitted.


�Inherited from Rel-8 to allow coherent detection of SSS – maybe not relevant to NB-IoT with NPSS and NSSS relatively far apart.
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