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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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Value of resource element 
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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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PRACH frequency hopping offset, expressed as a number of resource blocks 
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Start symbol in slot 0 for NPDCCH

[image: image13.wmf]t

NPDSCHStar

l

 
Start symbol in slot 0 for NPDSCH
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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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Scheduled number of repetitions of a NPUSCH transmission
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Scheduled number of repetitions of a NPDSCH transmission
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Scheduled bandwidth for uplink NPUSCH transmission, expressed as a number of subcarriers
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Number of repetitions of identical slots for NPUSCH

[image: image28.wmf](q)

M

bit


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 
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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
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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


[image: image49.wmf]PRS

ID

N


Positioning reference signal 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 
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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 scheduled subframes for NPDSCH transmission
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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 reference signal sequences available for the UL resource unit size
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Number of scheduled UL resource units for NB-IoT
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Total number of uplink narrowbands

[image: image71.wmf]UL

sc

N


Number of subcarriers in the frequency domain for NB-IoT 
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Number of consecutive absolute subframes over which the scrambling sequence stays the same 
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Total number of absolute subframes a PUSCH with repetition spans , expressed as a number of absolute subframes
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Number of repetititions of a PUSCH transmission
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Number of consecutive absolute subframes over which PUCCH or PUSCH stays at the same narrowband before hopping to another narrowband, expressed as a number of absolute subframes
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Narrowband offset between one narrowband and the next narrowband a PUSCH hops to, expressed as a number of uplink narrowbands
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Total number of absolute subframes a PUCCH with repetition spans, expressed as a number of absolute subframes
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Number of repetititions of a PUCCH transmission
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Number of PRACH repetitions per preamble transmission attempt
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Number of subframes allowed for preamble transmission within a 1024-frame interval
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PRACH starting subframe periodicity
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Number of NPRACH repetitions per preamble transmission attempt
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NPRACH resource periodicity
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Frequency location of the first sub-carrier allocated to NPRACH
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Number of sub-carriers allocated to NPRACH
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Number of starting sub-carriers allocated for contention based NPRACH random access
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NPRACH starting subframe 
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Fraction for starting subcarrier index for UE support for multi-tone msg3 transmission
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Periodicity for NPDSCH/NPDCCH gaps 
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Duration for NPDSCH/NPDCCH gaps
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Threshold for applying NPDDCH/NPDCCH gaps
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Total number of downlink narrowbands
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Total number of absolute subframes a PDSCH with repetition spans, expressed as a number of absolute subframes
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Number of repetititions of a PDSCH transmission
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Number of consecutive absolute subframes over which MPDCCH or PDSCH stays at the same narrowband before hopping to another narrowband, expressed as a number of absolute subframes
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Number of narrowbands over which MPDCCH or PDSCH frequency hops
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Narrowband offset between one narrowband and the next narrowband an MPDCCH or PDSCH hops to, expressed as a number of downlink narrowbands
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Number of times a PDSCH carrying SIB1-BR is transmitted over 8 radio frames
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Total number of absolute subframes a MPDCCH with repetition spans , expressed as a number of absolute subframes
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Number of repetitions of a MPDCCH transmission
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Number of ECCEs in a subframe for one MPDCCH
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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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Size of narrow-band random-access resource in number of subcarriers
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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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Subcarrier occupied by NPRACH resource considered
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Virtual resource block number
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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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Absolute subframe number
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Index for subframes allowed for preamble transmission
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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 NPRACH
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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

MPDCCH
MTC Physical Downlink Control Channel

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 
NPRS
Narrowband Positioning Reference Signal
NPSS
Narrowband Primary Synchronization Signal

NSSS 
Narrowband Secondary Synchronization Signal

NRS
Narrowband Reference 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
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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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 SC-FDMA symbols. The resource grid is illustrated in Figure 10.1.2.1-1. The slot number within a radio frame is denoted 
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Figure 10.1.2.1-1: Uplink resource grid for NB-IoT

The uplink bandwidth in terms of subcarriers 
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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.
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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 
[image: image178.wmf](

)

l

k

,

 corresponds to the complex value 
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 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

The narrowband physical uplink shared channel supports two formats:

-
NPUSCH format 1, used to carry the UL-SCH

-
NPUSCH format 2, used to carry uplink control information
10.1.3.1
Scrambling

Scrambling shall be done according to clause 5.3.1. The scrambling sequence generator shall be initialised with 
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 where 
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 is the first slot of the transmission of the codeword. In case of NPUSCH repetitions, the scrambling sequence shall be reinitialised according to the above formula after every 
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 transmissions of the codeword with 
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 set to the first slot and the frame, respectively, used for the transmission of the repetition. The quantity 
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 is given by clause 10.1.3.6.
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
	NPUSCH format
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	Modulation scheme

	1
	1
	BPSK, QPSK

	
	>1
	QPSK

	2
	1
	BPSK


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
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If a mapping to 
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When higher layer parameter npusch-AllSymbols is set to false, resource elements in SC-FDMA symbols overlapping with a symbol configured with SRS according to srs-SubframeConfig shall be counted in the NPUSCH mapping but not used for transmission of the NPUSCH. When higher layer parameter npusch-AllSymbols is set to true, all symbols are transmitted.

10.1.4
Demodulation reference signal

10.1.4.1
Reference signal sequence

10.1.4.1.1
Reference signal sequence for 
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The reference signal sequence for NPUSCH format 1 is given by:
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10.1.4.1.2
Reference signal sequence for 
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The reference signal sequences 
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If group hopping is not enabled, the base sequence index 
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If group hopping is enabled, the base sequence index 
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 is given by clause 10.1.4.1.3.
The cyclic shift 
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Table 10.1.4.1.2-1: Definition of 
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Table 10.1.4.1.2-2: Definition of 
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Table 10.1.4.1.2-3: Definition of 
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10.1.4.1.3
Group hopping
For the reference signal for NPUSCH format 1, sequence-group hopping can be enabled where the sequence-group number 
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where the number of reference signal sequences available for each resource unit size, 
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is given by Table 10.1.4.1.3-1.

Table 10.1.4.1.3-1: Definition of 
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Sequence-group hopping can be enabled or disabled by means of the cell-specific parameter groupHoppingEnabled provided by higher layers. Sequence-group hopping for NPUSCH can be disabled for a certain UE through the higher-layer parameter groupHoppingDisabled despite being enabled on a cell basis unless the NPUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure. 
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The sequence-shift pattern 
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10.1.4.2
Mapping to physical resources

The sequence 
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The set of sub-carriers used in the mapping process shall be identical to the corresponding NPUSCH transmission as defined in clause 10.1.3.6. 
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Table 10.1.4.2-1: Demodulation reference signal location for NPUSCH. 
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10.1.5
SC-FDMA baseband signal generation

For 
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where 
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 is a symbol counter that is reset at the start of a transmission and incremented for each symbol during the transmission.

Table 10.1.5-1: SC-FDMA parameters for 
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The SC-FDMA symbols in a slot shall be transmitted in increasing order of 
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Only normal CP is supported for Narrowband IoT uplink in this release of the specification.

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 identical 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 10.1.6.1-1: Random access preamble parameters
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The preamble consisting of 4 symbol groups transmitted without gaps shall be transmitted 
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 times.

The transmission of a random access preamble, if triggered by the MAC layer, is restricted to certain time and frequency resources.

A NPRACH configuration provided by higher layers contains the following:

-
NPRACH resource periodicity 
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 (nprach-Periodicity),

-
frequency location of the first subcarrier allocated to NPRACH 
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 (nprach-SubcarrierOffset),

-
number of subcarriers allocated to NPRACH 
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  (nprach-NumSubcarriers), 
-
number of starting sub-carriers allocated to contention based NPRACH random access 
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 (nprach-NumCBRA-StartSubcarriers),
-
number of NPRACH repetitions per attempt 
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 (numRepetitionsPerPreambleAttempt),

-
NPRACH starting time 
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 (nprach-StartTime),

-
Fraction for calculating starting subcarrier index for the range of NPRACH subcarriers reserved for indication of UE support for multi-tone msg3 transmission 
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NPRACH transmission can start only 
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NPRACH configurations where 
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The NPRACH starting subcarriers allocated to contention based random access are split in two sets of subcarriers, 
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where the second set, if present, indicate UE support for multi-tone msg3 transmission.

The frequency location of the NPRACH transmission is constrained within 
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 sub-carriers. Frequency hopping shall be used within the 12 subcarriers, where the frequency location of the ith symbol group is given by 
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 being the subcarrier selected by the MAC layer from 
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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
Baseband signal generation

The time-continuous random access signal 
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 is defined by


[image: image391.wmf](

)

(

)

(

)

CP

0

RA

SC

2

/

1

)

(

2

NPRACH

T

t

f

Kk

i

n

j

i

RA

e

t

s

-

D

+

+

=

p

b


Where 
[image: image392.wmf]CP

SEQ

0

T

T

t

+

<

£

, 
[image: image393.wmf]NPRACH

b

 is an amplitude scaling factor in order to conform to the transmit power 
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 specified in clause  16.3.1 in 3GPP TS 36.213 [4], 
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 accounts for the difference in subcarrier spacing between the random access preamble and uplink data transmission,  and the location in the frequency domain controlled by the parameter 
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Table 10.1.6.2-1: Random access baseband parameters

	Preamble format
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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
-
Narrowband positioning reference signal, NPRS
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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Narrowband positioning reference signals are transmitted on antenna port 
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. The channel over which a symbol on antenna port 
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 is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed only within 
[image: image403.wmf]M

 consecutive subframes where

-
if the higher layer parameter nprsBitmap is configured , 
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 equals the length of the nprsBitmap 

-
if the higher layer parameter nprsBitmap is not configured, 
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 where 
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 is configured by higher layers
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 supported.

10.2.3
Narrowband physical downlink shared channel

10.2.3.1
Scrambling

Scrambling shall be done according to clause 6.3.1. The scrambling sequence generator shall be initialised with 
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 where
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is the first slot of the transmission of the codeword.

In case of NPDSCH repetitions and the NPDSCH carrying the BCCH, the scrambling sequence generator shall be reinitialized according to the expression above for each repetition.

In case of NPDSCH repetitions and the NPDSCH is not carrying the BCCH, the scrambling sequence generator shall be reinitialized according to the expression above after every 
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 transmission of the codeword with
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 set to the first slot and the frame, respectively, used for the transmission of the repetition.
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

NPDSCH can be mapped to one or more than one subframes, 
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, as given by clause 16.4.1.3 of 3GPP TS 36.213 [4], each of which shall be transmitted 
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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 to resource elements 
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 which meet all of the following criteria in the current subframe: 

-
the subframe is 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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 where 
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is given by clause 16.4.1.4 of 3GPP TS 36.213 [4].
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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. For NPDSCH not carrying BCCH, after mapping to a subframe, the subframe shall be repeated for 
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 is then repeated until 
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 subframes have been transmitted. For NPDSCH carrying BCCH, the 
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is mapped to 
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 subframes in sequence and then repeated until 
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The NPDSCH transmission can be configured by higher layers with transmission gaps where the NPSDCH transmission is postponed. There are no gaps in the NPDSCH transmission if 
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 is given by [4]. The gap starting frame and subframe is given by 
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 where the gap periodicity,
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 is given by the higher layer parameter dl-GapDurationCoeff. For NPDSCH carrying the BCCH there are no gaps in the transmission. 

The UE shall not expect NPDSCH in subframe 
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 if it is not a NB-IoT downlink subframe, except for transmissions of NPDSCH carrying SystemInformationBlockType1-NB in subframe 4. In case of NPDSCH transmissions, in subframes that are not NB-IoT downlink subframes, the NPDSCH transmission is postponed until the next NB-IoT downlink subframe.  

10.2.4
Narrowband physical broadcast channel

10.2.4.1
Scrambling

Scrambling shall be done according to clause 6.6.1 with 
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 denoting the number of bits to be transmitted on the NPBCH. 
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 equals 1600 for normal cyclic prefix. The scrambling sequence shall be initialised with 
[image: image444.wmf]Ncell

ID

init

N

c

=

 in radio frames fulfilling
[image: image445.wmf]0

64

mod

f

=

n

.
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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2000 and 
2001 are used for the transmission of the narrowband physical broadcast channel. 
10.2.4.4
Mapping to resource elements

The block of complex-valued symbols
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 for each antenna port is transmitted in subframe 0 during 64 consecutive radio frames starting in each radio frame fulfilling 
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 to resource elements 
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. The mapping to resource elements 
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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 
[image: image455.wmf]l

. After mapping to a subframe, the subframe shall be repeated in subframe 0 in the 7 following radio frames, before continuing the mapping of
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 to subframe 0 in the following radio frame. 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 2000 and 2001 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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in clause 6.10.1.2.  

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.
One or two 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
Scrambling

Scrambling shall be done according to clause 6.8.2. The scrambling sequence shall be initialised at the start of subframe k0 according to [4] section 16.6 and after every 4th NPDCCH subframe with 
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is the first slot of the NPDCCH subframe in which scrambling is (re-)initialized.
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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 on the associated antenna port which meet all of the following criteria: 

-
they are part of the NCCE(s) 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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is given by clause 16.6.1 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. 

The NPDCCH transmission can be configured by higher layers with transmissions gaps where the NPDCCH transmission is postponed. The configuration is the same as described for NPDSCH in clause 10.2.3.4.

The UE shall not expect NPDCCH in subframe 
[image: image472.wmf]i

 if it is not a NB-IoT downlink subframe. In case of NPDCCH transmissions, in subframes that are not NB-IoT downlink subframes, the NPDCCH transmission is postponed until the next NB-IoT downlink subframe.  

10.2.6
Narrowband reference signal (NRS)

Before a UE obtains operationModeInfo:

-
The UE may assume narrowband reference signals (NRSs) are transmitted in subframes #0 and #4 and in subframes #9 not containing NSSS.

On an NB-IoT carrier for which a UE receives higher-layer parameter operationModeInfo indicating guardband or standalone
-
Before the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #1, #3, #4 and in subframes #9 not containing NSSS.

-
After the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #1, #3, #4, subframes #9 not containing NSSS, and in NB-IoT downlink subframes.
On an NB-IoT carrier for which DL-CarrierConfigCommon-NB is present and no inbandCarrierInfo is present
-
When an NB-IoT UE is configured by higher layers to decode NPDCCH with CRC scrambled by the P-RNTI, the UE may assume NRSs are transmitted in the NPDCCH candidate where the UE finds a DCI with CRC scrambled by the P-RNTI. The UE may also assume NRSs are transmitted 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after the NPDCCH candidate where the UE finds a DCI with CRC scrambled by the P-RNTI. If the DCI with CRC scrambled by the P-RNTI schedules a NPDSCH, the UE may assume NRSs are transmitted in the NB-IoT DL subframes carrying the NPDSCH and 4 subframes after the NPDSCH.  
-
During random access procedure, during the window controlled by higher layers where the UE shall attempt to decode the NPDCCH with DCI scrambled by RA-RNTI (see [8], subclause 5.1.4), before the DCI scrambled by RA-RNTI is detected, the UE may assume NRSs are transmitted in the Type-2 CSS configured by higher layers, as well as 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after each Type-2 CSS. If a DCI scrambled by the RA-RNTI is detected, the UE may assume NRSs are transmitted in the NPDSCH scheduled by the DCI scrambled by the RA-RNTI, as well as 4 NB-IoT DL subframes before and after the scheduled NPDSCH. In addition, when the UE attempts to decode a DCI with CRC scrambled by the RA-RNTI as well as receiving the NPDSCH scheduled by the DCI scrambled by the RA-RNTI, the UE may assume NRSs are transmitted in subframes #0, #1, #3, #4 and #9.

-    During random access procedure, when an NB-IoT UE is configured by higher layers to decode NPDCCH with CRC scrambled by the temporary C-RNTI and/or the C-RNTI, before the the DCI scrambled by temporary C-RNTI and/or C-RNTI is detected, the UE may assume NRSs are transmitted in the Type-2 CSS configured by higher layers, as well as 10 NB-IoT DL subframes before the start of each Type-2 CSS and 4 NB-IoT DL subframes after the end of each Type-2 CSS until the mac-ContentionResolutionTimer expires. If a DCI scrambled by the temporary C-RNTI or C-RNTI is detected, the UE may assume NRSs are transmitted in the NPDSCH scheduled by the DCI scrambled by the temporary C-RNTI or C-RNTI as well as 4 NB-IoT DL subframes before and after the scheduled NPDSCH. 

-
An NB-IoT UE may assume NRSs are transmitted in NB-IoT DL subframes that are used for Type1A-NPDCCH common search space, and Type2A-NPDCCH common search space, as well as 10 NB-IoT DL subframes prior and 4 NB-IoT DL subframes after each Type1A-NPDCCH common search space and Type2A-NPDCCH common search space. A UE may assume NRSs are transmistted in NB-IoT DL subframes carrying NPDSCH scheduled by DCI CRC scrambled by G-RNTI or SC-RNTI as well as 4 NB-IoT DL subframes prior and after the scheduled NPDSCH. 

-
In other cases, the UE may assume NRSs are transmitted in subframes #0, #1, #3, #4, #9, and in NB-IoT downlink subframes and shall not expect NRSs in other downlink subframes. 
On an NB-IoT carrier for which a UE receives higher-layer parameter operationModeInfo indicating inband-SamePCI or inband-DifferentPCI,
-
Before the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #4 and in subframes #9 not containing NSSS.

-
After the UE obtains SystemInformationBlockType1-NB, the UE may assume narrowband reference signals are transmitted in subframes #0, #4, subframes #9 not containing NSSS, and in NB-IoT downlink subframes. 
On an NB-IoT carrier for which DL-CarrierConfigCommon-NB is present and inbandCarrierInfo is present: 
-
When an NB-IoT UE is configured by higher layers to decode NPDCCH with CRC scrambled by the P-RNTI, the UE may assume NRSs are transmitted in the NPDCCH candidate where the UE finds a DCI with CRC scrambled by the P-RNTI. The UE may also assume NRSs are transmitted 10 NB-IoT DL subframes before and 4 NB-IoT DL subframes after the NPDCCH candidate. If the DCI with CRC scrambled by the P-RNTI schedules a NPDSCH, the UE may assume NRSs are transmitted in the NB-IoT DL subframes carrying the NPDSCH and 4 subframes after the NPDSCH.  
-
During random access procedure, during the window controlled by higher layers where the UE shall attempt to decode the NPDCCH with DCI scrambled by RA-RNTI (see [8], subclause 5.1.4), before the DCI scrambled by RA-RNTI is detected, the UE may assume NRSs are transmitted in the Type-2 CSS configured by higher layers, as well as 10 NB-IoT DL subframes before and and 4 NB-IoT DL subframes after the start of each Type-2 CSS. If a DCI scrambled by the RA-RNTI is detected, the UE may assume NRSs are transmitted in the NPDSCH scheduled by the DCI scrambled by the RA-RNTI, as well as 4 NB-IoT DL subframes before and after the scheduled NPDSCH. In addition, when the UE attempts to decod a DCI with CRC scrambled by the RA-RNTI as well as receiving the NPDSCH scheduled by the DCI scrambled by the RA-RNTI, the UE may assume NRSs are transmitted in subframes #0, #4 and #9.

-    During random access procedure, when an NB-IoT UE is configured by higher layers to decode NPDCCH with CRC scrambled by the temporary C-RNTI and/or the C-RNTI, before the DCI scrambled by temporary C-RNTI and/or C-RNTI, is detected, the UE may assume NRSs are transmitted in the Type-2 CSS configured by higher layers, as well as 10 NB-IoT DL subframes before the start of each Type-2 CSS and 4 NB-IoT DL subframes after the end of each Type-2 CSS until the mac-ContentionResolutionTimer expires. If a DCI scrambled by the temporary C-RNTI or C-RNTI is detected, the UE may assume NRSs are transmitted in the NPDSCH scheduled by the DCI scrambled by the temporary C-RNTI or C-RNTI as well as 4 NB-IoT DL subframes before and after the scheduled NPDSCH. 

-
An NB-IoT UE may assume NRSs are transmitted in NB-IoT DL subframes that are used for Type1A-NPDCCH common search space, and Type2A-NPDCCH common search space, as well as 10 NB-IoT DL subframes prior and 4 NB-IoT DL subframes after each Type1A-NPDCCH common search space and Type2A-NPDCCH common search space. A UE may assume NRSs are transmistted in NB-IoT DL subframes carrying NPDSCH scheduled by DCI CRC scrambled by G-RNTI or SC-RNTI as well as 4 NB-IoT DL subframes prior and after the scheduled NPDSCH. 

-
In other cases, the UE may assume NRSs are transmitted in subframes #0, #4, #9, and in NB-IoT downlink subframes and shall not expect NRSs in other downlink subframes.
An NB-IoT UE may assume NRSs are not transmitted in subframes that are configured by higher layer parameter nprsBitmap for narrowband positioning reference signal transmission.
10.2.6.1
Sequence generation

The narrowband reference sequence shall be initialised according to clause 6.10.1.1 where  
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10.2.6.2
Mapping to resource elements

Narrowband reference signals are transmitted on one or two antenna ports
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If the higher layer indicates UE may assume that 
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, UE may assume  
-
the number of antenna ports for the cell-specific reference signals as defined in clause 6.10.1 is the same as for the narrowband reference signals, 
-
the antenna ports for cell-specific reference signals {0, 1} are equivalent to antenna ports for narrowband reference signals {2000, 2001}, respectively, and

-
the cell-specific reference signals are available in all subframes where the narrowband reference signals are available. 

If the higher layer does not indicate UE may assume that 
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, UE may assume

-
the number of antenna port for the cell-specific reference signals as defined in clause 6.10.1 is obtained from the higher layer parameter eutra-NumCRS-Ports,
-
the cell-specific reference signals are available in all subframes where the narrowband reference signals are available, and


the cell-specific frequency shift for cell-specific reference signals as defined in clause 6.10.1.2 is given by
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The reference signal sequence 
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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 
[image: image493.wmf]v

 is given by



[image: image495.wmf]ï

ï

î

ï

ï

í

ì

-

=

=

-

=

=

-

=

=

-

=

=

=

1

 

and

 

2001

 

if

0

2

 

and

 

2001

 

if

3

1

 

and

 

2000

 

if

3

2

 

and

 

2000

 

if

0

DL

symb

DL

symb

DL

symb

DL

symb

N

l

p

N

l

p

N

l

p

N

l

p

v



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.
Narrowband reference signals shall not be transmitted in subframes containing NPSS or NSSS.

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)
10.2.6A
Narrowband positioning reference signal (NPRS)

Narrowband positioning reference signals (NPRSs) shall only be transmitted in resource blocks in NB-IoT carriers configured for NPRS transmission. In a subframe configured for NPRS transmission, the starting positions of the OFDM symbols configured for NPRS transmission shall be identical to those in a subframe in which all OFDM symbols have the same cyclic prefix length as the OFDM symbols configured for NPRS transmission. NPRS are defined for 
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NPRSs are transmitted on antenna port 2006. 
10.2.6A.1
Sequence generation
The NPRS sequence 
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where 
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 is the slot number within a radio frame, 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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at the start of each OFDM symbol where 
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10.2.6A.2
Mapping to resource elements
For an NB-IoT carrier which is configured for NPRS tranmission, the reference signal sequence 
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where
-
when the higher layer parameter when the higher layer parameter operationModeInfoNPRS for the configured NB-IoT carrier is set to in-band
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where 
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-
when the higher layer parameter operationModeInfoNPRS for the configured NB-IoT carrier is set to standalone or guard-band
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and where 
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If higher layer parameter nprsBitmap is not configured, resource elements in OFDM symbols 5 and 6 in each slot shall not be used for transmission of NPRS.
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Figure 10.2.6A.2-1: Mapping of NPRS (operationModeInfoNPRS is set to in-band, nprsBitmap configured)


[image: image527.emf]even-numbered slots odd-numbered slots

Antenna port 2006


Figure 10.2.6A.2-2: Mapping of NPRS (operationModeInfoNPRS is set to standalone or guard-band, nprsBitmap configured.)

10.2.6A.3
NPRS subframe configuration

On a NB-IoT DL carrier configured for NPRS transmission, an NB-IoT UE can assume NPRSs are transmitted in DL subframes configured by all higher layer parameters nprsBitmap, the NB-IoT carrier-specific subframe configuration period 
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If  
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 are not configured for an NB-IoT downlink carrier configured for NPRS transmission, an NB-IoT UE shall assume NPRSs are transmitted in downlink subframes configured by higher layer parameter nprsBitmap. 
-
If nprsBitmap is not configured for an NB-IoT downlink carrier configured for NPRS transmission, an NB-IoT UE shall assume NPRSs are transmitted in downlink subframes configured by the higher layer parameters 
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-
If the higher layer parameter operationModeInfoNPRS for the configured NB-IoT carrier is set to in-band, the higher layer parameters nprsBitmap shall be configured.
-
If  
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The NPRSs shall not be mapped to resource elements 
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 allocated to resource blocks of NPBCH, NPSS, NSSS, or SystemInformationBlock-Type1-NB regardless of their antenna port 
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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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 used for the narrowband primary synchronization signal is generated from a frequency-domain Zadoff-Chu sequence according to
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where the Zadoff-Chu root sequence index 
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Table 10.2.7.1.1-1: Definition of 
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10.2.7.1.2
Mapping to resource elements

The same antenna port shall be used for all symbols of the narrowband primary synchronization signal within a subframe.
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 the transmissions of the narrowband primary synchronization signal in a given subframe use the same antenna port, or ports, as the narrowband primary synchronization signal in any other subframe.
The sequences 
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[image: image555.wmf](

)

l

k

,

 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

The sequence 
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where
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The binary sequence 
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 is given by Table 10.2.7.2.1-1. The cyclic shift 
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Table 10.2.7.2.1-1: Definition of 
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10.2.7.2.2
Mapping to resource elements

The same antenna port shall be used for all symbols of the narrowband secondary synchronization signal within a subframe.
UE shall not assume that the narrowband secondary synchronization signal is transmitted on the same antenna port as any of the downlink reference signals. The UE shall not assume that the transmissions of the narrowband secondary synchronization signal in a given subframe use the same antenna port, or ports, as the narrowband secondary synchronization signal in any other subframe.
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10.2.8
OFDM baseband signal generation

For an NB-IoT carrier 
-
for which the higher layer parameter operationModeInfo indicates ‘inband-DifferentPCI’ and for all NB-IoT downlink physical channels and signals except NPRS,

-
for which the higher layer parameter operationModeInfo indicates ‘Guardband’ or ‘Standalone’,, 
-
for an NB-IoT carrier for which the higher layer parameter CarrierConfigDedicated-NB is present and no inbandCarrierInfo is present, or 
-
for an NB-IoT carrier for which the higher layer parameters CarrierConfigDedicated-NB and inbandCarrierInfo are present and the higher layers do not indicate 
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 is the frequency location of the center of the Narrowband IoT PRB minus the frequency location of the center of the LTE signal. 
Only normal CP is supported for Narrowband IoT downlink in this release of the specification.
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].
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