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Terminologies
• TS : Sampling time
• µ : Numerology index
• BWP : Bandwidth part
• CRB : Common Resource block
• PRB : Physical Resource Block
• SCS : subcarrier spacing
• CP : cyclic prefix
• CBW : Carrier Bandwidth
• UE : User Equipment
• CC : component carriers
• SSB : Synchronization Signal Block
• FR1 : Frequency Range 1 (from 450MHz to 6000MHz)
• FR2 : Frequency Range 2 (from 24250MHz to 52600MHz)
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transmission of the parts of the BCCH system information not mapped to the
BCH. Each device has a DL-SCH per cell it is connected to. In slots where
system information is received there is one additional DL-SCH from the
device perspective.

• The Uplink Shared Channel (UL-SCH) is the uplink counterpart to the DL-
SCH—that is, the uplink transport channel used for transmission of uplink
data.

In addition, the Random-Access Channel (RACH) is also defined as a trans-
port channel, although it does not carry transport blocks.

Part of the MAC functionality is multiplexing of different logical channels
and mapping of the logical channels to the appropriate transport channels. The
mapping between logical-channel types and transport-channel types is given in
Fig. 6.11. This figure clearly indicates how DL-SCH and UL-SCH are the main
downlink and uplink transport channels, respectively. In the figures, the corre-
sponding physical channels, described further below, are also included and the
mapping between transport channels and physical channels is illustrated.

To support priority handling, multiple logical channels, where each logical
channel has its own RLC entity, can be multiplexed into one transport channel by
the MAC layer. At the receiver, the MAC layer handles the corresponding demul-
tiplexing and forwards the RLC PDUs to their respective RLC entity. To support
the demultiplexing at the receiver, a MAC header is used. The placement of the
MAC headers has been improved compared to LTE, again with low-latency oper-
ation in mind. Instead of locating all the MAC header information at the begin-
ning of a MAC PDU, which implies that assembly of the MAC PDU cannot start
until the scheduling decision is available, the subheader corresponding to a certain
MAC SDU is placed immediately before the SDU, as shown in Fig. 6.12. This
allows the PDUs to be preprocessed before having received the scheduling deci-
sion. If necessary, padding can be appended to align the transport block size with
those supported in NR.

PCH BCH

PCCH BCCH DTCH DCCH
Logical
channels

Transport
channels

DL-SCH

Physical
channels

PDSCHPBCH

CCCH

PDCCH

DCI

RACH
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CCCH

PUCCH

UCI

Downlink Uplink

FIGURE 6.11

Mapping between logical, transport, and physical channels.
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Channels [Come from the MAC layer as transport blocks]

Downlink

- the Physical Downlink Shared Channel (PDSCH), 

- Used for data transmission

- the Physical Downlink Control Channel (PDCCH), 

- Used for downlink control information

- the Physical Broadcast Channel (PBCH), 

- Carries system information

Uplink

- the Physical Random Access Channel (PRACH),

- Initial access

- the Physical Uplink Shared Channel (PUSCH), 

- Uplink data channel

- and the Physical Uplink Control Channel (PUCCH).

- Uplink control channel

Signals [Generated in the Phy layer]

-Reference signals
- Primary and Secondary sync signals

38.201
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Modulation Schemes and Coding

Downlink

• QPSK
• 16 QAM
• 64 QAM
• 256 QAM

Uplink [OFDM]

• QPSK
• 16 QAM
• 64 QAM
• 256 QAM

Uplink [DFT-s-OFDM]

• Pi/2 BPSK
• QPSK
• 16 QAM
• 64 QAM
• 256 QAM

Coding

• Data: LDPC
• Control: Polar coding

38.201
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Physical layer procedures
Physical layer procedures 

- Cell search

- Power control

- Uplink synchronisation and Uplink timing control

- Random access related procedures

- HARQ related procedures

- Beam management and CSI related procedures

38.201



Copyright:  IIT Madras, 2019

 

 

38.211 
Physical Channels and 

Modulation 

38.212 
Multiplexing and channel 

coding 

38.213, 38.214 
Physical layer procedures 

for data, control 

38.215 
Physical layer – 
Measurements 

 

38.202 
Services provided by the physical layer 

To/From Higher Layers 

38.201



Copyright:  IIT Madras, 2019

HARQ info

ACK/NACK

Error
indications

M
A

C
 s

ch
ed

ul
er

Transport blocks

Resource/power
assignment

Modulation
scheme

Antenna
mapping

HARQ info

ACK/NACK

CRC

HARQ

gNode B
Channel state 

information, etc.

Redundancy
version

Resource mapping

Antenna mapping

Data modulation

Coding + RM

UE

Resource mapping

Antenna mapping

Data demodulation

Coding + RM

CRC

HARQ

D
ow

nl
in

k 
tr

an
sm

is
si

on
 c

on
tr

ol

Resource/power
assignment

Modulation
scheme

Redundancy
version

Physical-layer model for DL-SCH transmission

38.202



Copyright:  IIT Madras, 2019

Data modulation

gNode B
Transport block

(fixed size)

Coding + RM

CRC

Resource mapping

Antenna mapping

Data modulation

Coding + RM

CRC

Resource mapping

Antenna mapping

UE Error
indication

Physical-layer model for BCH transmission

38.202



Copyright:  IIT Madras, 2019
38.211

Frame Structure



Sampling Rates 

• Basic unit of time is 
• Tc=1/(480e3 x 4096) 
• Corresponds to a BW (or a sampling rate) of 1.96608 GHz
• Ts=1/(15e3 x 2048)  (Sampling time of LTE corresponding to 30.72 MHz.)
• K = Ts/Tc = 64
• Lower BW corresponds to multiples of Tc.

  where  Hz and  ( )fmaxc 1 NfT ×D= 3
max 10480×=Df 4096f =N
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Sub-Carrier Spacing [Numerology]
• Multiple Sub-Carrier spacings are allowed in 5G NR
• LTE allowed only 15KHz SCS.
• To ensure that the timing synchronization holds at subframe boundaries, the SCS 

is designed to ensure that an integral multiple of slots in a higher SCS fits in the 
same time duration as a lower SCS slot.
• As the SCS increases, the duration of a symbol decreases according to Tu = 1/Δf

µ Δf = 2µ *15[kHz] CP Frequency
0 15 Normal FR1

1 30 Normal FR1

2 60 Normal / 
Extended FR1/FR2

3 120 Normal FR2

4 240 Normal FR2

38.211
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BSR-Config field descriptions 
logicalChannelSR-DelayTimer 
Value in number of subframes. Value sf20 corresponds to 20 subframes, sf40 corresponds to 40 subframes, and so on. 
periodicBSR-Timer 
Value in number of subframes. Value sf1 corresponds to 1 subframe, value sf5 corresponds to 5 subframes and so on. 
retxBSR-Timer 
Value in number of subframes. Value sf10 corresponds to 10 subframes, value sf20 corresponds to 20 subframes and so on. 

 

– BWP 

The IE BWP is used to configure generic parameters of a bandwidth part as defined in TS 38.211 [16], clause 4.5, and TS 38.213 [13], clause 12. 

For each serving cell the network configures at least an initial downlink bandwidth part and one (if the serving cell is configured with an uplink) or two (if using supplementary 
uplink (SUL)) initial uplink bandwidth parts. Furthermore, the network may configure additional uplink and downlink bandwidth parts for a serving cell. 

The uplink and downlink bandwidth part configurations are divided into common and dedicated parameters. 

BWP information element 

-- ASN1START 

-- TAG-BWP-START 

 

BWP ::=                             SEQUENCE { 

    locationAndBandwidth                INTEGER (0..37949), 

    subcarrierSpacing                   SubcarrierSpacing, 

    cyclicPrefix                        ENUMERATED { extended }                                                 OPTIONAL    -- Need R 

} 

 

 

-- TAG-BWP-STOP 

-- ASN1STOP 

 



Frame Structure.

• Each frame is of duration 
• Frame is identified by SFN
• Each frame is divided into two half-frames

• First half: 0 – 4 sub frames
• Second half: 5 – 9 sub frames

• In a subframe slots are numbered  as
• In a frame slots are numbered as  
• The number of OFDM symbols in a slot  is denoted as 

• Equals 14
• Number of slots in sub frame

• Depends on SCS

( ) ms 10100 cfmaxf =×D= TNfT

{ }1,...,0 subframe,
slots -Î µµ Nn

{ }1,...,0 frame,
slotfs, -Î µµ Nn

slot
symbN

    
0 14 10 1 
1 14 20 2 
2 14 40 4 
3 14 80 8 
4 14 160 16 

 

µ slot
symbN µframe,

slotN µsubframe,
slotN

Number of OFDM 
symbols per slot, slots 
per frame, and slots per 

subframe for normal 
cyclic prefix.
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Time-Frequency Grid in 5G NR
10 ms
Frame

0 1 2 3 4 5 6 7 8 9
Subframe: 1ms

14 OFDM symbols

14 OFDM Symbols

14 OFDM

One slot: 1ms; 15KHz

One slot: 0.5 ms; 30KHz

One slot: 0.125 ms; 120KHz
1. Unlike  LTE, slot is not a fundamental

1. Depends on the Subcarrier spacing
2. # of slots in a sub frame depend on the 

SCS
Copyright:  IIT Madras, 2019
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Slots
• Slots are defined such that data contained in it is 

decodable without any data from other slots.
• Subframes are split into slots and each slot has 14 OFDM 

symbols.
• A slot can contain 7 or 14 OFDM symbols for SCS <=60kHz, while 

a slot always has 14 OFDM symbols for SCS >= 120kHz

• Release 15/16 supports slots with 14 symbols.

• Mini slots are also defined to be used for low latency 
applications and for forward compatibility.
• They can start at any time and can be as small as one 

OFDM symbol.
• They are the smallest scheduling unit
• They can have 2,4 or 7 symbols

Copyright:  IIT Madras, 2019
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Ports

• Will describe in detail once we start MIMO in a few classes. 

• For now, assume port is equal to an antenna
• Each port will have its own reference signals

Copyright:  IIT Madras, 2019



Resource Grid (Part1)

• Number of sub carriers:
• x: UL/DL

• Number of  OFDM symbols :

• Starting Common Resource Block : 
• Indicated by higher layers sig: offsetToCarrier
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Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for 
extended cyclic prefix. 

𝝁
 

𝑵symb
slot

 𝑵slot
frame,𝝁

 
𝑵slot

subframe,𝝁

 2 12 40 4 
 

Table 4.3.2-3: Transition time 𝑵Rx-Tx and 𝑵Tx-Rx 

Transition time FR1 FR2 
𝑁Tx-Rx 25600 13792 
𝑁Rx-Tx 25600 13792 

 

4.4 Physical resources 

4.4.1 Antenna ports 
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred 
from the channel over which another symbol on the same antenna port is conveyed.  

For DM-RS associated with a PDSCH, the channel over which a PDSCH symbol on one antenna port is conveyed can 
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two 
symbols are within the same resource as the scheduled PDSCH, in the same slot, and in the same PRG as described in 
clause 5.1.2.3 of [6, TS 38.214].  

For DM-RS associated with a PDCCH, the channel over which a PDCCH symbol on one antenna port is conveyed can 
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two 
symbols are within resources for which the UE may assume the same precoding being used as described in clause 
7.3.2.2. 

For DM-RS associated with a PBCH, the channel over which a PBCH symbol on one antenna port is conveyed can be 
inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols 
are within a SS/PBCH block transmitted within the same slot, and with the same block index according to clause 
7.4.3.1. 

Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on 
one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is 
conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, 
average delay, and spatial Rx parameters.  

4.4.2 Resource grid 

For each numerology and carrier, a resource grid of RB
sc

size,
grid, NN x

P  subcarriers and 𝑁symb
subframe,𝜇 OFDM symbols is defined, 

starting at common resource block P,start
gridN  indicated by higher-layer signalling. There is one set of resource grids per 

transmission direction (uplink or downlink) with the subscript 𝑥 set to DL and UL for downlink and uplink, 
respectively. When there is no risk for confusion, the subscript 𝑥 may be dropped. There is one resource grid for a given 
antenna port 𝑝, subcarrier spacing configuration 𝜇, and transmission direction (downlink or uplink).  

The carrier bandwidth 𝑁grid
size,𝜇 for subcarrier spacing configuration 𝜇 is given by the higher-layer parameter 

carrierBandwidth in the SCS-SpecificCarrier IE. The starting position 𝑁grid
start,𝜇  for subcarrier spacing configuration 𝜇 is 

given by the higher-layer parameter offsetToCarrier in the SCS-SpecificCarrier IE. 

The frequency location of a subcarrier refers to the center frequency of that subcarrier. 

For the downlink, the higher-layer parameter txDirectCurrentLocation in the SCS-SpecificCarrier IE indicates the 
location of the transmitter DC subcarrier in the downlink for each of the numerologies configured in the downlink. 
Values in the range 0 – 3299 represent the number of the DC subcarrier and the value 3300 indicates that the DC 
subcarrier is located outside the resource grid. 
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Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for 
extended cyclic prefix. 

𝝁
 

𝑵symb
slot

 𝑵slot
frame,𝝁

 
𝑵slot

subframe,𝝁

 2 12 40 4 
 

Table 4.3.2-3: Transition time 𝑵Rx-Tx and 𝑵Tx-Rx 

Transition time FR1 FR2 
𝑁Tx-Rx 25600 13792 
𝑁Rx-Tx 25600 13792 

 

4.4 Physical resources 

4.4.1 Antenna ports 
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred 
from the channel over which another symbol on the same antenna port is conveyed.  

For DM-RS associated with a PDSCH, the channel over which a PDSCH symbol on one antenna port is conveyed can 
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two 
symbols are within the same resource as the scheduled PDSCH, in the same slot, and in the same PRG as described in 
clause 5.1.2.3 of [6, TS 38.214].  

For DM-RS associated with a PDCCH, the channel over which a PDCCH symbol on one antenna port is conveyed can 
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two 
symbols are within resources for which the UE may assume the same precoding being used as described in clause 
7.3.2.2. 

For DM-RS associated with a PBCH, the channel over which a PBCH symbol on one antenna port is conveyed can be 
inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols 
are within a SS/PBCH block transmitted within the same slot, and with the same block index according to clause 
7.4.3.1. 

Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on 
one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is 
conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, 
average delay, and spatial Rx parameters.  

4.4.2 Resource grid 

For each numerology and carrier, a resource grid of RB
sc

size,
grid, NN x

P  subcarriers and 𝑁symb
subframe,𝜇 OFDM symbols is defined, 

starting at common resource block P,start
gridN  indicated by higher-layer signalling. There is one set of resource grids per 

transmission direction (uplink or downlink) with the subscript 𝑥 set to DL and UL for downlink and uplink, 
respectively. When there is no risk for confusion, the subscript 𝑥 may be dropped. There is one resource grid for a given 
antenna port 𝑝, subcarrier spacing configuration 𝜇, and transmission direction (downlink or uplink).  

The carrier bandwidth 𝑁grid
size,𝜇 for subcarrier spacing configuration 𝜇 is given by the higher-layer parameter 

carrierBandwidth in the SCS-SpecificCarrier IE. The starting position 𝑁grid
start,𝜇  for subcarrier spacing configuration 𝜇 is 

given by the higher-layer parameter offsetToCarrier in the SCS-SpecificCarrier IE. 

The frequency location of a subcarrier refers to the center frequency of that subcarrier. 

For the downlink, the higher-layer parameter txDirectCurrentLocation in the SCS-SpecificCarrier IE indicates the 
location of the transmitter DC subcarrier in the downlink for each of the numerologies configured in the downlink. 
Values in the range 0 – 3299 represent the number of the DC subcarrier and the value 3300 indicates that the DC 
subcarrier is located outside the resource grid. 
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Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for 
extended cyclic prefix. 
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4.4 Physical resources 

4.4.1 Antenna ports 
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred 
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For DM-RS associated with a PDSCH, the channel over which a PDSCH symbol on one antenna port is conveyed can 
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4.4.2 Resource grid 

For each numerology and carrier, a resource grid of RB
sc

size,
grid, NN x

P  subcarriers and 𝑁symb
subframe,𝜇 OFDM symbols is defined, 

starting at common resource block P,start
gridN  indicated by higher-layer signalling. There is one set of resource grids per 

transmission direction (uplink or downlink) with the subscript 𝑥 set to DL and UL for downlink and uplink, 
respectively. When there is no risk for confusion, the subscript 𝑥 may be dropped. There is one resource grid for a given 
antenna port 𝑝, subcarrier spacing configuration 𝜇, and transmission direction (downlink or uplink).  

The carrier bandwidth 𝑁grid
size,𝜇 for subcarrier spacing configuration 𝜇 is given by the higher-layer parameter 

carrierBandwidth in the SCS-SpecificCarrier IE. The starting position 𝑁grid
start,𝜇  for subcarrier spacing configuration 𝜇 is 

given by the higher-layer parameter offsetToCarrier in the SCS-SpecificCarrier IE. 

The frequency location of a subcarrier refers to the center frequency of that subcarrier. 

For the downlink, the higher-layer parameter txDirectCurrentLocation in the SCS-SpecificCarrier IE indicates the 
location of the transmitter DC subcarrier in the downlink for each of the numerologies configured in the downlink. 
Values in the range 0 – 3299 represent the number of the DC subcarrier and the value 3300 indicates that the DC 
subcarrier is located outside the resource grid. 

SIB1àServingCellConfigCommonSIBàDownlinkConfigCommonSIBàFrequencyinfoDL-SIB/ FrequencyinfoUL-SIB àSCS-
SpecificCarrier
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-- TAG-SCRAMBLINGID-STOP 
-- ASN1STOP 

 

– SCS-SpecificCarrier 

The IE SCS-SpecificCarrier provides parameters determining the location and width of the actual carrier or the carrier bandwidth. It is defined specifically for a numerology 
(subcarrier spacing (SCS)) and in relation (frequency offset) to Point A. 

SCS-SpecificCarrier information element 

-- ASN1START 
-- TAG-SCS-SPECIFICCARRIER-START 
 
SCS-SpecificCarrier ::=             SEQUENCE { 
    offsetToCarrier                     INTEGER (0..2199), 
    subcarrierSpacing                   SubcarrierSpacing, 
    carrierBandwidth                    INTEGER (1..maxNrofPhysicalResourceBlocks), 
    ..., 
    [[ 
    txDirectCurrentLocation         INTEGER (0..4095)                                       OPTIONAL            -- Need S 
    ]] 
} 
 
-- TAG-SCS-SPECIFICCARRIER-STOP 
-- ASN1STOP 

 

SCS-SpecificCarrier field descriptions 
carrierBandwidth 
Width of this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier) (see TS 38.211 [16], clause 4.4.2). 
offsetToCarrier 
Offset in frequency domain between Point A (lowest subcarrier of common RB 0) and the lowest usable subcarrier on this carrier in number of PRBs (using the 
subcarrierSpacing defined for this carrier). The maximum value corresponds to 275*8-1. See TS 38.211 [16], clause 4.4.2. 
txDirectCurrentLocation 
Indicates the downlink Tx Direct Current location for the carrier. A value in the range 0..3299 indicates the subcarrier index within the carrier. The values in the value range 
3301..4095 are reserved and ignored by the UE. If this field is absent for downlink within ServingCellConfigCommon and ServingCellConfigCommonSIB, the UE assumes the 
default value of 3300 (i.e. "Outside the carrier"). (see TS 38.211 [16], clause 4.4.2). Network does not configure this field via ServingCellConfig or for uplink carriers. 
subcarrierSpacing 
Subcarrier spacing of this carrier. It is used to convert the offsetToCarrier into an actual frequency. Only the values 15 kHz, 30 kHz or 60 kHz (FR1), and 60 kHz or 120 kHz 
(FR2) are applicable. 

 

– SDAP-Config 

The IE SDAP-Config is used to set the configurable SDAP parameters for a data radio bearer. All configured instances of SDAP-Config with the same value of pdu-Session 
correspond to the same SDAP entity as specified in TS 37.324 [24]. 

Given by the higher layer parameter 
carrierBandwidth
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6.4 RRC multiplicity and type constraint values 

– Multiplicity and type constraint definitions 
-- ASN1START 
-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-START 
 
maxBandComb                             INTEGER ::= 65536   -- Maximum number of DL band combinations 
maxCellBlack                            INTEGER ::= 16      -- Maximum number of NR blacklisted cell ranges in SIB3, SIB4 
maxCellInter                            INTEGER ::= 16      -- Maximum number of inter-Freq cells listed in SIB4 
maxCellIntra                            INTEGER ::= 16      -- Maximum number of intra-Freq cells listed in SIB3 
maxCellMeasEUTRA                        INTEGER ::= 32      -- Maximum number of cells in E-UTRAN 
maxEARFCN                               INTEGER ::= 262143  -- Maximum value of E-UTRA carrier frequency 
maxEUTRA-CellBlack                      INTEGER ::= 16      -- Maximum number of E-UTRA blacklisted physical cell identity ranges 
                                                            -- in SIB5 
maxEUTRA-NS-Pmax                        INTEGER ::= 8       -- Maximum number of NS and P-Max values per band 
maxMultiBands                           INTEGER ::= 8       -- Maximum number of additional frequency bands that a cell belongs to 
maxNARFCN                               INTEGER ::= 3279165 -- Maximum value of NR carrier frequency 
maxNR-NS-Pmax                           INTEGER ::= 8       -- Maximum number of NS and P-Max values per band 
maxNrofServingCells                     INTEGER ::= 32      -- Max number of serving cells (SpCells + SCells) 
maxNrofServingCells-1                   INTEGER ::= 31      -- Max number of serving cells (SpCell + SCells) per cell group 
maxNrofAggregatedCellsPerCellGroup      INTEGER ::= 16 
maxNrofSCells                           INTEGER ::= 31      -- Max number of secondary serving cells per cell group 
maxNrofCellMeas                         INTEGER ::= 32      -- Maximum number of entries in each of the cell lists in a measurement 
                                                            -- object 
maxNrofSS-BlocksToAverage               INTEGER ::= 16      -- Max number for the (max) number of SS blocks to average to determine cell 
                                                            -- measurement 
maxNrofCSI-RS-ResourcesToAverage        INTEGER ::= 16      -- Max number for the (max) number of CSI-RS to average to determine cell 
                                                            -- measurement 
maxNrofDL-Allocations                   INTEGER ::= 16      -- Maximum number of PDSCH time domain resource allocations 
maxNrofSR-ConfigPerCellGroup            INTEGER ::= 8       -- Maximum number of SR configurations per cell group 
maxLCG-ID                               INTEGER ::= 7       -- Maximum value of LCG ID 
maxLC-ID                                INTEGER ::= 32      -- Maximum value of Logical Channel ID 
maxNrofTAGs                             INTEGER ::= 4       -- Maximum number of Timing Advance Groups 
maxNrofTAGs-1                           INTEGER ::= 3       -- Maximum number of Timing Advance Groups minus 1 
maxNrofBWPs                             INTEGER ::= 4       -- Maximum number of BWPs per serving cell 
maxNrofCombIDC                          INTEGER ::= 128     -- Maximum number of reported MR-DC combinations for IDC 
maxNrofSymbols-1                        INTEGER ::= 13      -- Maximum index identifying a symbol within a slot (14 symbols, indexed 
                                                            -- from 0..13) 
maxNrofSlots                            INTEGER ::= 320     -- Maximum number of slots in a 10 ms period 
maxNrofSlots-1                          INTEGER ::= 319     -- Maximum number of slots in a 10 ms period minus 1 
maxNrofPhysicalResourceBlocks           INTEGER ::= 275     -- Maximum number of PRBs 
maxNrofPhysicalResourceBlocks-1         INTEGER ::= 274     -- Maximum number of PRBs minus 1 
maxNrofPhysicalResourceBlocksPlus1      INTEGER ::= 276     -- Maximum number of PRBs plus 1 
maxNrofControlResourceSets-1            INTEGER ::= 11      -- Max number of CoReSets configurable on a serving cell minus 1 
maxCoReSetDuration                      INTEGER ::= 3       -- Max number of OFDM symbols in a control resource set 
maxNrofSearchSpaces-1                   INTEGER ::= 39      -- Max number of Search Spaces minus 1 
maxSFI-DCI-PayloadSize                  INTEGER ::= 128     -- Max number payload of a DCI scrambled with SFI-RNTI 
maxSFI-DCI-PayloadSize-1                INTEGER ::= 127     -- Max number payload of a DCI scrambled with SFI-RNTI minus 1 
maxINT-DCI-PayloadSize                  INTEGER ::= 126     -- Max number payload of a DCI scrambled with INT-RNTI 
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Resource Element and Blocks 
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12 subcarriers
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scN # of RB per subcarrier

(k,l)p,u

K:  indicates 
frequency domain
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symbols
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For the uplink, the higher-layer parameter txDirectCurrentLocation in the UplinkTxDirectCurrentBWP IE indicates the 
location of the transmitter DC subcarrier in the uplink for each of the configured bandwidth parts, including whether the 
DC subcarrier location is offset by 7.5 kHz relative to the center of the indicated subcarrier or not. Values in the range 0 
– 3299 represent the number of the DC subcarrier, the value 3300 indicates that the DC subcarrier is located outside the 
resource grid, and the value 3301 indicates that the position of the DC subcarrier in the uplink is undetermined. 

4.4.3 Resource elements 
Each element in the resource grid for antenna port 𝑝 and subcarrier spacing configuration 𝜇 is called a resource element 
and is uniquely identified by (𝑘, 𝑙)𝑝,𝜇 where k  is the index in the frequency domain and l  refers to the symbol position 
in the time domain relative to some reference point. Resource element (𝑘, 𝑙)𝑝,𝜇 corresponds to a physical resource and 
the complex value 𝑎𝑘,𝑙

(𝑝,𝜇). When there is no risk for confusion, or no particular antenna port or subcarrier spacing is 
specified, the indices 𝑝 and 𝜇 may be dropped, resulting in 𝑎𝑘,𝑙

(𝑝) or 𝑎𝑘,𝑙. 

4.4.4 Resource blocks 

4.4.4.1 General 

A resource block is defined as 𝑁sc
RB = 12 consecutive subcarriers in the frequency domain.  

4.4.4.2 Point A 

Point A serves as a common reference point for resource block grids and is obtained from: 

- offsetToPointA for a PCell downlink where offsetToPointA represents the frequency offset between point A and 
the lowest subcarrier of the lowest resource block, which has the subcarrier spacing provided by the higher-layer 
parameter subCarrierSpacingCommon and overlaps with the SS/PBCH block used by the UE for initial cell 
selection, expressed in units of resource blocks assuming 15 kHz subcarrier spacing for FR1 and 60 kHz 
subcarrier spacing for FR2;  

- absoluteFrequencyPointA for all other cases where absoluteFrequencyPointA represents the frequency-location 
of point A expressed as in ARFCN. 

4.4.4.3 Common resource blocks 

Common resource blocks are numbered from 0 and upwards in the frequency domain for subcarrier spacing 
configuration 𝜇. The center of subcarrier 0 of common resource block 0 for subcarrier spacing configuration 𝜇 coincides 
with 'point A'.  

The relation between the common resource block number 𝑛CRB
𝜇  in the frequency domain and resource elements ),( lk  

for subcarrier spacing configuration 𝜇 is given by 

 
»
»
¼

»

«
«
¬

«
 RB

sc
CRB N

k
nP  

where k  is defined relative to point A such that 𝑘 = 0 corresponds to the subcarrier centered around point A. 

4.4.4.4 Physical resource blocks 

Physical resource blocks for subcarrier spacing configuration 𝜇 are defined within a bandwidth part and numbered from 
0 to 𝑁BWP,𝑖

size,μ − 1 where 𝑖 is the number of the bandwidth part. The relation between the physical resource block 𝑛PRB
𝜇  in 

bandwidth part 𝑖 and the common resource block 𝑛CRB
𝜇  is given by 

𝑛CRB
𝜇 = 𝑛PRB

𝜇 + 𝑁BWP,𝑖
start,μ 

where 𝑁BWP,𝑖
start,𝜇  is the common resource block where bandwidth part starts relative to common resource block 0. When 

there is no risk for confusion the index 𝜇 may be dropped. 



Resource Blocks and Maximum CBW
• A resource block is a contiguous set of 12 subcarriers.
• Each numerology has a limit on the number of physical resource blocks it can 

support. (38.101-1 and 38.101-2)
• LTE uses OFDM with a spectral efficiency of 90%, i.e, an LTE band of 20MHz 

uses only 18MHz and the remaining 2MHz are used as guard bands on either 
side of the utilized bandwidth.
• Eg: 100 MHzè No PRB = 273 è used BW = 273*30*12= 98.2 MHz è 98.2% efficient

• NR attempts at 98% spectral efficiency using CP-OFDM.

38.211
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5.3 UE channel bandwidth 

5.3.1 General 
The UE channel bandwidth supports a single NR RF carrier in the uplink or downlink at the UE. From a BS 
perspective, different UE channel bandwidths may be supported within the same spectrum for transmitting to and 
receiving from UEs connected to the BS. Transmission of multiple carriers to the same UE (CA) or multiple carriers to 
different UEs within the BS channel bandwidth can be supported. 

From a UE perspective, the UE is configured with one or more BWP / carriers, each with its own UE channel 
bandwidth. The UE does not need to be aware of the BS channel bandwidth or how the BS allocates bandwidth to 
different UEs. 

The placement of the UE channel bandwidth for each UE carrier is flexible but can only be completely within the BS 
channel bandwidth. 

The relationship between the channel bandwidth, the guardband and the maximum transmission bandwidth 
configuration is shown in Figure 5.3.1-1. 

 

Figure 5.3.1-1: Definition of the channel bandwidth and the maximum transmission bandwidth 
configuration for one NR channel 

5.3.2 Maximum transmission bandwidth configuration 
The maximum transmission bandwidth configuration NRB for each UE channel bandwidth and subcarrier spacing is 
specified in Table 5.3.2-1. 

Table 5.3.2-1: Maximum transmission bandwidth configuration NRB 

 

5.3.3 Minimum guardband and transmission bandwidth configuration 
The minimum guardband for each UE channel bandwidth and SCS is specified in Table 5.3.3-1, 

 

Transmission Bandwidth Configuration NRB [RB]

Transmission 
Bandwidth [RB]

f

Channel Bandwidth [MHz]

Active Resource 
Blocks

Guardband, can be asymmetric

R
esource B

lock

C
hannel EdgeC

ha
nn

el
 E

dg
e

SCS 
(kHz) 

5 MHz 10 MHz 15 MHz 20 MHz 25 MHz 30 MHz 40 MHz 50 MHz 60 MHz 80 MHz 90 MHz 100 
MHz 

NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB 

15 25 52 79 106 133 160 216 270 N/A N/A N/A N/A 

30 11 24 38 51 65 78 106 133 162 217 245 273 

60 N/A 11 18 24 31 38 51 65 79 107 121 135 

38.101-1

38.101-2

Transmission bandwidth configuration NRB for FR1 [38.101-1]



SCS (kHz) 50 MHz 100 MHz 200 MHz 400 MHz

NRB NRB NRB NRB

60 66 132 264 N.A

120 32 66 132 264

Transmission bandwidth configuration NRB for FR2

Copyright:  IIT Madras, 2019
Source: 38.101-1 and 38.101-2

38.101-1

38.101-2



Primary cell, Secondary cell and Serving cell

• Primary cell (Pcell): The MCG cell, operating on the primary 
frequency, in which the UE either performs the initial connection 
establishment procedure or initiates the connection re-establishment 
procedure. 
• Secondary cell: For a UE configured with CA, a cell providing 

additional radio resources on top of Special Cell 
• Serving cell: For a UE in RRC_CONNECTED not configured with CA/DC 

there is only one serving cell comprising of the primary cell. For a UE 
in RRC_CONNECTED configured with CA/ DC the term 'serving cells' is 
used to denote the set of cells comprising of the Special Cell(s) and all 
secondary cells. 

Copyright:  IIT Madras, 2019
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Coordinate system

• Multiple numerologies are present in NR
• Channels (theoretically) can have different SCS
• PDSCH, PBCH..

• How do we specify frequency locations of all these channels to the 
UE?
• We require a common reference point
• Point A

Copyright:  IIT Madras, 2019
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Point A (Common reference point) and offset to carrier

S
S
B

Point A

Offset to point A (in terms of 15 KHz for 
FR1 and 60 KHz for Fr2)

15 kHz (FR1)/ 60 
KHz Fr2

Release 15 248 3GPP TS 38.331 V15.8.0 (2019-12) 

3GPP 

Conditional Presence Explanation 
SpCellAdd The field is mandatory present if this FrequencyInfoDL is for SpCell. Otherwise the field is optionally present, Need S. 

 

– FrequencyInfoDL-SIB 

The IE FrequencyInfoDL-SIB provides basic parameters of a downlink carrier and transmission thereon. 

FrequencyInfoDL-SIB information element 

-- ASN1START 

-- TAG-FREQUENCYINFODL-SIB-START 

 

FrequencyInfoDL-SIB ::=             SEQUENCE { 

    frequencyBandList                   MultiFrequencyBandListNR-SIB, 

    offsetToPointA                      INTEGER (0..2199), 

    scs-SpecificCarrierList             SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier 

} 

 

-- TAG-FREQUENCYINFODL-SIB-STOP 

-- ASN1STOP 

 

FrequencyInfoDL-SIB field descriptions 
offsetToPointA 
Represents the offset to Point A as defined in TS 38.211 [16], clause 4.4.4.2. 
frequencyBandList 
List of one or multiple frequency bands to which this carrier(s) belongs.  
scs-SpecificCarrierList 
A set of carriers for different subcarrier spacings (numerologies). Defined in relation to Point A (see TS 38.211 [16], clause 5.3). The network configures this for all SCSs that 
are used in DL BWPs in this serving cell. 

 

– FrequencyInfoUL 

The IE FrequencyInfoUL provides basic parameters of an uplink carrier and transmission thereon. 

FrequencyInfoUL information element 

-- ASN1START 

-- TAG-FREQUENCYINFOUL-START 

 

FrequencyInfoUL ::=                 SEQUENCE { 

    frequencyBandList                   MultiFrequencyBandListNR                                OPTIONAL,   -- Cond FDD-OrSUL 

    absoluteFrequencyPointA             ARFCN-ValueNR                                           OPTIONAL,   -- Cond FDD-OrSUL 

    scs-SpecificCarrierList             SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier, 

    additionalSpectrumEmission          AdditionalSpectrumEmission                              OPTIONAL,   -- Need S 

SIB1àServingCellConfigCommonSIBàDownlinkConfigCommonSIB 
àFrequencyInfoDL-SIB àoffsetToPointA

So, a UE, after SSB synchronization and 
decoding SIB1, will be able to identify the 
point A reference **

More details on this (gap) in the SSB sync lecture

**This is for Pcell. For other cells, absoluteFrequencyPointA is used and is specified in terms of ARFCN

38.211

Resource 
grid

Offset to 
carrier

Resource Grid for MIB (Actual GRID) 
with SCS specified by 
subCarrierSpacingCommon



• NR supports a wide BW. 
• A UE might not require high BW at all times 
• A UE might not  be able to process high bandwidth

• To reduce the power consumption from RF and baseband computation, each UE 
is assigned a BWP.
• They have a lower BW, outside which the UE is not required to transmit or receive signals.

• The BWPs assigned to a UE can overlap in frequency and can be of different 
numerologies.

Band Width Part (BWP) introduction

Carrier
BWP1

BWP2
BWP1

time
Fr

eq
ue

nc
y• DL/UL

• UE can have 4 BWP
• Only one active BWP at a 

time

**More about BWP after SSB and MIB classes

38.211
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Common Resource Blocks and Physical Resource Blocks

Copyright:  IIT Madras, 2019

Point A
Absolute Reference

CC BW 𝑁grid
size,"

RB

0 1 2 3 . . . N N+1 N+2 ..

Common Resource block numbering

0 1 2 . . M M+1

Physical Resource block numbering

BW part

ú
ú
û

ú

ê
ê
ë

ê
= RB

sc
CRB N

knµ , where k is the resource element

start,
BWP,iN µ

start
BWP,PRBCRB iNnn +=

size,
BWP,iN µ

Resource Gridµ,start
gridN
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FFT Size and Sampling 
• Example 1: 30 KHz SCS and 100 MHZ BW

• From the above table we require 273 RB  = 273*12 = 3276 subcarriers (used)
• Therefore, we choose 4096 size FFT/IFFT
• Sampling time= 1/(4096*30e3) = 16*Tc  (recall 64Tc corresponds to 30.72 MSps (LTE))
• Sampling frequency = 4*30.72 = 122.88 MSps

• Example 2: 30 KHz SCS and 50 MHZ BW
• From the above table we require 133 RB  = 133*12 = 1596 subcarriers (used)
• Therefore, we choose 2048 size FFT/IFFT
• Sampling time= 1/(2048*30e3) = 32*Tc  
• Sampling frequency = 2*30.72 = 61.44 MSps

• Example 3: 120 KHz SCS and 400 MHZ BW
• From the above table we require  264 RB = 264*12 = 3168 subcarriers (used)
• Therefore, we choose FFT/IFFT Size = 4096
• Sampling time  = 1/(4096*120e3) = 4*Tc
• Sampling frequency = 16*30.72 = 491.52 MSps

Copyright:  IIT Madras, 2019
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OFDM Signal/CP duration
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Cyclic Prefix

• Cyclic Prefix length (time) =  Tc*NCP,l
u

• Extra CP length for 0,7 OFDM symbols (for 15KHz)
• Extra CP length for 0,14 OFDM symbols (for 30KHz)
• Extra CP length for 0, 56 OFDM symbols (for 120KHz)

µ 0 1 2 3 4

SCS(khz) 15 30 60 120 240

Tu(µs) 66.67 33.33 16.67 8.33 4.17

CP(µs) 4.69 2.34 1.17 0.57 0.29

ï
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Effective Duration of the OFDM symbol (with CP)
• Example 1: 30 KHz SCS and 100 MHZ BW

• Sampling time = 16*Tc  (See previous page)
• Total time (excluding CP) = 16*Tc*4096 = 16*4096*1/(480e3 x 4096)  =  33.33 us
• CP time =  144/2*64*Tc =  2.34us (other than 0 and 14th symbol…)

• Example 2: 30 KHz SCS and 50 MHZ BW
• Sampling time =  32*Tc
• Total time (excluding CP) = 32*Tc*2048 = 33.33 us
• CP time =  144/2*64*Tc =  2.34us (other than 0 and 14th symbol…)

• Example 3: 120 KHz SCS and 400 MHZ BW
• Sampling time = 4*Tc
• Total time(excluding CP) = 4*Tc*4096 =8.3us
• CP time = 144/8*64*Tc = 0.58us (other than 0 and 56th symbol…)

Copyright:  IIT Madras, 2019

38.211



Summary of Frame Structure 30 KHz SCS and 100 MHZ BW

Copyright:  IIT Madras, 2019

• Sampling rate: 122.88 MSPS (Sampling time 16Tc)
• FFT Size: 4096
• Useful subcarriers: 3276 (Corresponds to 98.280MHz)
• 14 symbols/slot
• Slot Duration = 0.5 ms = (352 + 288*13+4096*14)*16Tc
• 2 slots/subframe

4096352 288 4096352 288

0 symbol 1 symbol 2 symbol 14 symbol 15 symbol

0.5 ms

Sampling 
time

38.211

CP Length (samples) =



Summary of Frame Structure 30 KHz SCS and  50 MHZ BW

Copyright:  IIT Madras, 2019

• Sampling rate: 61.44 MSPS (Sampling time 32Tc)
• FFT Size: 2048
• Useful Subcarriers: 1596 (Corresponds to 47.88 MHz)
• 14 symbols/slot
• Slot Duration = 0.5 ms = (176 + 144*13+2048*14)*32Tc
• 2 slots/subframe

2048176 144 2048176 144

0 symbol 1 symbol 2 symbol 14 symbol 15 symbol

0.5 ms

Sampling 
time

38.211



Summary of Frame Structure 120 KHz SCS and  400 MHZ BW

Copyright:  IIT Madras, 2019

• Sampling rate: 491.52 MSPS (Sampling time 4Tc)
• FFT Size: 4096
• Useful Subcarriers: 3168 (corresponds to 380.16 MHz)
• 14 symbols/slot
• Slot Duration = 0.125 ms = (544 + 288*13+4096*14)*4Tc  [CHECK THIS. Not exactly 0.125ms]
• 8 slots/subframe

4096544 288 4096544 288

0 symbol 1 symbol 2 symbol 56 symbol 57 symbol

0.5 ms = 4 slots

Sampling 
time

4096 288

38.211



OFDM signal generation
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Table 5.2.2.2-4: Definition of )(nM  for 24ZC  M   

𝒖 𝝋(𝟎),… ,𝝋(𝟐𝟑) 
0 -1 -3 3 -1 3 1 3 -1 1 -3 -1 -3 -1 1 3 -3 -1 -3 3 3 3 -3 -3 -3 
1 -1 -3 3 1 1 -3 1 -3 -3 1 -3 -1 -1 3 -3 3 3 3 -3 1 3 3 -3 -3 
2 -1 -3 -3 1 -1 -1 -3 1 3 -1 -3 -1 -1 -3 1 1 3 1 -3 -1 -1 3 -3 -3 
3 1 -3 3 -1 -3 -1 3 3 1 -1 1 1 3 -3 -1 -3 -3 -3 -1 3 -3 -1 -3 -3 
4 -1 3 -3 -3 -1 3 -1 -1 1 3 1 3 -1 -1 -3 1 3 1 -1 -3 1 -1 -3 -3 
5 -3 -1 1 -3 -3 1 1 -3 3 -1 -1 -3 1 3 1 -1 -3 -1 -3 1 -3 -3 -3 -3 
6 -3 3 1 3 -1 1 -3 1 -3 1 -1 -3 -1 -3 -3 -3 -3 -1 -1 -1 1 1 -3 -3 
7 -3 1 3 -1 1 -1 3 -3 3 -1 -3 -1 -3 3 -1 -1 -1 -3 -1 -1 -3 3 3 -3 
8 -3 1 -3 3 -1 -1 -1 -3 3 1 -1 -3 -1 1 3 -1 1 -1 1 -3 -3 -3 -3 -3 
9 1 1 -1 -3 -1 1 1 -3 1 -1 1 -3 3 -3 -3 3 -1 -3 1 3 -3 1 -3 -3 
10 -3 -3 -3 -1 3 -3 3 1 3 1 -3 -1 -1 -3 1 1 3 1 -1 -3 3 1 3 -3 
11 -3 3 -1 3 1 -1 -1 -1 3 3 1 1 1 3 3 1 -3 -3 -1 1 -3 1 3 -3 
12 3 -3 3 -1 -3 1 3 1 -1 -1 -3 -1 3 -3 3 -1 -1 3 3 -3 -3 3 -3 -3 
13 -3 3 -1 3 -1 3 3 1 1 -3 1 3 -3 3 -3 -3 -1 1 3 -3 -1 -1 -3 -3 
14 -3 1 -3 -1 -1 3 1 3 -3 1 -1 3 3 -1 -3 3 -3 -1 -1 -3 -3 -3 3 -3 
15 -3 -1 -1 -3 1 -3 -3 -1 -1 3 -1 1 -1 3 1 -3 -1 3 1 1 -1 -1 -3 -3 
16 -3 -3 1 -1 3 3 -3 -1 1 -1 -1 1 1 -1 -1 3 -3 1 -3 1 -1 -1 -1 -3 
17 3 -1 3 -1 1 -3 1 1 -3 -3 3 -3 -1 -1 -1 -1 -1 -3 -3 -1 1 1 -3 -3 
18 -3 1 -3 1 -3 -3 1 -3 1 -3 -3 -3 -3 -3 1 -3 -3 1 1 -3 1 1 -3 -3 
19 -3 -3 3 3 1 -1 -1 -1 1 -3 -1 1 -1 3 -3 -1 -3 -1 -1 1 -3 3 -1 -3 
20 -3 -3 -1 -1 -1 -3 1 -1 -3 -1 3 -3 1 -3 3 -3 3 3 1 -1 -1 1 -3 -3 
21 3 -1 1 -1 3 -3 1 1 3 -1 -3 3 1 -3 3 -1 -1 -1 -1 1 -3 -3 -3 -3 
22 -3 1 -3 3 -3 1 -3 3 1 -1 -3 -1 -3 -3 -3 -3 1 3 -1 1 3 3 3 -3 
23 -3 -1 1 -3 -1 -1 1 1 1 3 3 -1 1 -1 1 -1 -1 -3 -3 -3 3 1 -1 -3 
24 -3 3 -1 -3 -1 -1 -1 3 -1 -1 3 -3 -1 3 -3 3 -3 -1 3 1 1 -1 -3 -3 
25 -3 1 -1 -3 -3 -1 1 -3 -1 -3 1 1 -1 1 1 3 3 3 -1 1 -1 1 -1 -3 
26 -1 3 -1 -1 3 3 -1 -1 -1 3 -1 -3 1 3 1 1 -3 -3 -3 -1 -3 -1 -3 -3 
27 3 -3 -3 -1 3 3 -3 -1 3 1 1 1 3 -1 3 -3 -1 3 -1 3 1 -1 -3 -3 
28 -3 1 -3 1 -3 1 1 3 1 -3 -3 -1 1 3 -1 -3 3 1 -1 -3 -3 -3 -3 -3 
29 3 -3 -1 1 3 -1 -1 -3 -1 3 -1 -3 -1 -3 3 -1 3 1 1 -3 3 -3 -3 -3 

 

5.3 OFDM baseband signal generation 
5.3.1 OFDM baseband signal generation for all channels except PRACH 

The time-continuous signal � �ts pl
),( P  on antenna port 𝑝 and subcarrier spacing configuration 𝜇 for OFDM symbol 

^ `subframe, slot
slot symb0,1,..., 1l N NP� �  in a subframe for any physical channel or signal except PRACH is defined by 
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and 

- f'  is given by clause 4.2; 

- P  is the subcarrier spacing configuration;  
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- 𝜇0 is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList.  

The starting position of OFDM symbol l  for subcarrier spacing configuration P in a subframe is given by 

� �¯
®


���
 

 
�� otherwise

00

c1CP,u1,start
,start TNNt

l
t

ll
l PPP

P  

5.3.2 OFDM baseband signal generation for PRACH 

The time-continuous signal � �ts p
l

),( P  on antenna port 𝑝 for PRACH is defined by 

𝑠𝑙
(𝑝,𝜇)(𝑡) = ∑ 𝑎𝑘

(𝑝,RA)

𝐿RA−1

𝑘=0

𝑒𝑗2𝜋(𝑘+𝐾𝑘1+�̅�)Δ𝑓RA(𝑡−𝑁CP,𝑙
RA 𝑇c−𝑡start

RA ) 

𝐾 = Δ𝑓 Δ𝑓RA⁄  
𝑘1 = 𝑘0

𝜇 + (𝑁BWP,𝑖
start − 𝑁grid

start,𝜇)𝑁sc
RB + 𝑛RAstart𝑁sc

RB + 𝑛RA𝑁RB
RA𝑁sc

RB − 𝑁grid
size,𝜇 𝑁sc

RB 2⁄  

𝑘0
𝜇 = (𝑁grid

start,𝜇 + 𝑁grid
size,𝜇 2⁄ )𝑁sc

RB − (𝑁grid
start,𝜇0 + 𝑁grid

size,𝜇0 2⁄ )𝑁sc
RB2𝜇0−𝜇 

where � � c
RA

,CPu
RA
start

RA
start TNNttt l���d  and  

- k  is given by clause 6.3.3;  

- f'  is the subcarrier spacing of the initial uplink bandwidth part during initial access. Otherwise, f'  is the 
subcarrier spacing of the active uplink bandwidth part;  

- 𝜇0 is the largest 𝜇 value among the subcarrier spacing configurations by the higher-layer parameter scs-
SpecificCarrierList; 

- start
,BWP iN  is the lowest numbered resource block of the initial uplink bandwidth part and is derived by the higher-

layer parameter initialUplinkBWP during initial access. Otherwise, start
,BWP iN  is the lowest numbered resource 

block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP-Uplink;  

- start
RAn  is the frequency offset of lowest PRACH transmission occasion in frequency domain with respect to PRB 

0 of the initial uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart during initial 
access associated with the initial uplink bandwidth part. Otherwise, start

RAn  is the frequency offset of lowest 
PRACH transmission occasion in frequency domain with respect to physical resource block 0 of the active 
uplink bandwidth part given by the higher-layer parameter msg1-FrequencyStart associated with the active 
uplink bandwidth part; 

- RAn  is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2;  

- RA
RBN  is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 

RBs for PUSCH in Table 6.3.3.2-1.  

- RAL  and uN  are given by clause 6.3.3 

- 𝑁CP,𝑙
RA = 𝑁CP

RA + 𝑛 ∙ 16𝜅 where  

- for ^ `kHz 5,25.1RA �'f , 0 n   

- for ^ `kHz 120,60,30,15RA �'f , 𝑛 is the number of times the interval [𝑡startRA , 𝑡startRA + (𝑁u
RA + 𝑁CP

RA)𝑇c) 
overlaps with either time instance 0 or time instance � � ms 5.02000 cfmax  �' TNf  in a subframe 
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Generation (cont.…)
• For a given SCS,  K0

u =0
• After a little analysis, the mapping boils down to k à K= mod((k-L/2),N), 

k=0,1,2,..,L-1
• k is the sub-carrier index in the resource grid.
• K is the index for the input to the N point IFFT.
• L is the resource grid size (in frequency domain, i.e., no of RE) and is always even 

(since grid size is specified in PRB and is multiple of 12)
• N is the FFT size. 
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Effective Mapping (contd…)
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% Matlab code for illustrating the movement of sub-carries in the final output

N=4096; % FFT Size

N_RB =273; % No RB
N_SC = N_RB*12; % No of populated subcarriers
FFT_in = zeros(1, N);

index_RE= mod((1:N_SC)-N_SC/2, N)+1; % +1 since Matlab indexing starts from 1

X= 1:1:N_SC; % Dummy data in the subcarriers. We can identify the sub-carrier by the 
data it carries

FFT_in(index_RE)= X; % Input to the IFFT

out_frame_time = sqrt(N)*ifft(FFT_in); % IFFT

% Plotting the frequency domain by FFT and FFT shift.

stem((-N/2):1:(N/2-1),abs(1/sqrt(N)*fftshift(fft(out_frame_time))))

k à K= mod((k-L/2),N)



DC subcarrier in 5GNR 
• LTE had a BW of 20 MHZ and every UE supported 20 MHz
• In 5GNR, the BW can be as large as 400 MHz and not all UE can support it
• In 5G NR the UE need not support the entire Carrier BW. In fact it can 

occupy any region the supported carrier
• In LTE DC sub carrier was nulled (common)
• In 5G NR the DC subcarrier has information (no common DC)

Copyright:  IIT Madras, 2019

boundaries, as well as symbol boundaries, is described through multiple resource
grids where there is one resource grid per subcarrier spacing and antenna port
(see Section 7.9 for a discussion of antenna ports), covering the full carrier
bandwidth in the frequency domain and one subframe in the time domain.

The resource grid models the transmitted signal as seen by the device for a
given subcarrier spacing. However, the device needs to know where in the carrier
the resource blocks are located. In LTE, where there is a single numerology and
all devices support the full carrier bandwidth, this is straightforward. NR, on the
other hand, supports multiple numerologies and, as discussed further below in
conjunction with bandwidth parts, not all devices may support the full carrier
bandwidth. Therefore, a common reference point, known as point A, together
with the notion of two types of resource blocks, common resource blocks and

One resource element

One OFDM symbol
On resource block = 12 subcarrie

rs

FIGURE 7.5

Resource element and resource block.

LTE

NR

Carrier center frequency, DC subcarrier used

Device 1
Device 2

Device 3

Carrier center frequency, unused DC subcarrier

Device 1
Device 2
Device 3

Device center frequency (DC subcarrier)

FIGURE 7.4

Handling of the DC subcarrier in LTE and NR.

110 CHAPTER 7 Overall Transmission Structure



DC subcarrier in LTE

Copyright:  IIT Madras, 2019

Downlink

uplink

N
ot used

7.5KHz 

used

Uplink shifted 7.5 KHz relative 
to DL

38.211



DC subcarrier in 5G NR
Downlink

uplink

used

SCS-SpecificCarrier
àtxDirectCurrentLocation

UplinkTxDirectCurrentBWP
àtxDirectCurrentLocation
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UplinkTxDirectCurrentList information element 

-- ASN1START 
-- TAG-UPLINKTXDIRECTCURRENTLIST-START 
 
UplinkTxDirectCurrentList ::=           SEQUENCE (SIZE (1..maxNrofServingCells)) OF UplinkTxDirectCurrentCell 
 
UplinkTxDirectCurrentCell ::=           SEQUENCE { 
    servCellIndex                           ServCellIndex, 
    uplinkDirectCurrentBWP                  SEQUENCE (SIZE (1..maxNrofBWPs)) OF UplinkTxDirectCurrentBWP, 
    ..., 
    [[ 
    uplinkDirectCurrentBWP-SUL              SEQUENCE (SIZE (1..maxNrofBWPs)) OF UplinkTxDirectCurrentBWP               OPTIONAL 
    ]] 
} 
 
UplinkTxDirectCurrentBWP ::=            SEQUENCE { 
    bwp-Id                                  BWP-Id, 
    shift7dot5kHz                           BOOLEAN, 
    txDirectCurrentLocation                 INTEGER (0..3301) 
} 
 
-- TAG-UPLINKTXDIRECTCURRENTLIST-STOP 
-- ASN1STOP 
 

UplinkTxDirectCurrentBWP field descriptions 
bwp-Id 
The BWP-Id of the corresponding uplink BWP. 
shift7dot5kHz 
Indicates whether there is 7.5 kHz shift or not. 7.5 kHz shift is applied if the field is set to true. Otherwise 7.5 kHz shift is not applied. 
txDirectCurrentLocation 
The uplink Tx Direct Current location for the carrier. Only values in the value range of this field between 0 and 3299, which indicate the subcarrier index within the carrier 
corresponding to the numerology of the corresponding uplink BWP and value 3300, which indicates "Outside the carrier" and value 3301, which indicates "Undetermined 
position within the carrier" are used in this version of the specification. 

 

UplinkTxDirectCurrentCell field descriptions 
servCellIndex 
The serving cell ID of the serving cell corresponding to the uplinkDirectCurrentBWP. 
uplinkDirectCurrentBWP 
The Tx Direct Current locations for all the uplink BWPs configured at the corresponding serving cell. 
uplinkDirectCurrentBWP-SUL 
The Tx Direct Current locations for all the supplementary uplink BWPs configured at the corresponding serving cell. 

 

Indicates whether there is 7.5 kHz shift or not. 7.5 kHz shift is applied if the field is set to true. Otherwise 7.5 kHz shift is not applied. 
Mainly for LTE alignment (to reduce interference)

In the UL, each UE might have its DC located in  
different locations of the  carrier bandwidth
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Transmission Bandwidth and guard bands
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The relationship between the channel bandwidth, the guardband and the transmission bandwidth configuration is shown 
in figure 5.3.1-1. 
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Figure 5.3.1-1: Definition of channel bandwidth and transmission bandwidth configuration for one NR 
channel 

5.3.2 Transmission bandwidth configuration 
The transmission bandwidth configuration NRB for each BS channel bandwidth and subcarrier spacing is specified in 
table 5.3.2.-1 for FR1 and table 5.3.2-2 for FR2. 

Table 5.3.2-1: Transmission bandwidth configuration NRB for FR1 

 

Table 5.3.2-2: Transmission bandwidth configuration NRB for FR2 

SCS (kHz) 50 MHz 100 MHz 200 MHz 400 MHz 
NRB NRB NRB NRB 

60 66 132 264 N/A 
120 32 66 132 264 

 

NOTE: All Tx and Rx requirements are defined based on transmission bandwidth configuration specified in 
table 5.3.2-1 for FR1 and table 5.3.2-2 for FR2. 

5.3.3 Minimum guardband and transmission bandwidth configuration 
The minimum guardband for each BS channel bandwidth and SCS is specified in table 5.3.3-1 for FR1 and in 
table 5.3.3-2 for FR2. 

Table 5.3.3-1: Minimum guardband (kHz) (FR1) 

SCS 
(kHz) 

5 
MHz 

10 
MHz 

15 
MHz 

20 
MHz 

25 
MHz 

30 
MHz 

40 
MHz 

50 
MHz 

60 MHz 70 
MHz 

80 
MHz 

90 
MHz 

100 
MHz 

NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB 
15 25 52 79 106 133 160 216 270 N/A N/A N/A N/A N/A 
30 11 24 38 51 65 78 106 133 162 189 217 245 273 
60 N/A 11 18 24 31 38 51 65 79 93 107 121 135 

SCS 
(kHz) 

5 
MHz 

10 
MHz 

15 
MHz 

20 
MHz 

25 
MHz 

30 
MHz 

40 
MHz 

50 
MHz 

60 
MHz 

70 
MHz 

80 
MHz 

90 
MHz 

100 
MHz 

15 242.5 312.5 382.5 452.5 522.5 592.5 552.5 692.5 N/A N/A N/A N/A N/A 
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The relationship between the channel bandwidth, the guardband and the transmission bandwidth configuration is shown 
in figure 5.3.1-1. 

Transmission Bandwidth Configuration NRB [RB]

Transmission 
Bandwidth [RB]

f

Channel Bandwidth [MHz]

Active Resource 
Blocks

Guardband, can be asymmetric

R
esource B

lock

C
hannel EdgeC

ha
nn

el
 E

dg
e

. 

Figure 5.3.1-1: Definition of channel bandwidth and transmission bandwidth configuration for one NR 
channel 

5.3.2 Transmission bandwidth configuration 
The transmission bandwidth configuration NRB for each BS channel bandwidth and subcarrier spacing is specified in 
table 5.3.2.-1 for FR1 and table 5.3.2-2 for FR2. 

Table 5.3.2-1: Transmission bandwidth configuration NRB for FR1 

 

Table 5.3.2-2: Transmission bandwidth configuration NRB for FR2 

SCS (kHz) 50 MHz 100 MHz 200 MHz 400 MHz 
NRB NRB NRB NRB 

60 66 132 264 N/A 
120 32 66 132 264 

 

NOTE: All Tx and Rx requirements are defined based on transmission bandwidth configuration specified in 
table 5.3.2-1 for FR1 and table 5.3.2-2 for FR2. 

5.3.3 Minimum guardband and transmission bandwidth configuration 
The minimum guardband for each BS channel bandwidth and SCS is specified in table 5.3.3-1 for FR1 and in 
table 5.3.3-2 for FR2. 

Table 5.3.3-1: Minimum guardband (kHz) (FR1) 

SCS 
(kHz) 

5 
MHz 

10 
MHz 

15 
MHz 

20 
MHz 

25 
MHz 

30 
MHz 

40 
MHz 

50 
MHz 

60 MHz 70 
MHz 

80 
MHz 

90 
MHz 

100 
MHz 

NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB 
15 25 52 79 106 133 160 216 270 N/A N/A N/A N/A N/A 
30 11 24 38 51 65 78 106 133 162 189 217 245 273 
60 N/A 11 18 24 31 38 51 65 79 93 107 121 135 
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MHz 
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MHz 
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MHz 

40 
MHz 

50 
MHz 
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MHz 
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MHz 
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MHz 

90 
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15 242.5 312.5 382.5 452.5 522.5 592.5 552.5 692.5 N/A N/A N/A N/A N/A 
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The relationship between the channel bandwidth, the guardband and the transmission bandwidth configuration is shown 
in figure 5.3.1-1. 
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Figure 5.3.1-1: Definition of channel bandwidth and transmission bandwidth configuration for one NR 
channel 

5.3.2 Transmission bandwidth configuration 
The transmission bandwidth configuration NRB for each BS channel bandwidth and subcarrier spacing is specified in 
table 5.3.2.-1 for FR1 and table 5.3.2-2 for FR2. 

Table 5.3.2-1: Transmission bandwidth configuration NRB for FR1 

 

Table 5.3.2-2: Transmission bandwidth configuration NRB for FR2 

SCS (kHz) 50 MHz 100 MHz 200 MHz 400 MHz 
NRB NRB NRB NRB 

60 66 132 264 N/A 
120 32 66 132 264 

 

NOTE: All Tx and Rx requirements are defined based on transmission bandwidth configuration specified in 
table 5.3.2-1 for FR1 and table 5.3.2-2 for FR2. 

5.3.3 Minimum guardband and transmission bandwidth configuration 
The minimum guardband for each BS channel bandwidth and SCS is specified in table 5.3.3-1 for FR1 and in 
table 5.3.3-2 for FR2. 

Table 5.3.3-1: Minimum guardband (kHz) (FR1) 

SCS 
(kHz) 

5 
MHz 

10 
MHz 

15 
MHz 

20 
MHz 

25 
MHz 

30 
MHz 

40 
MHz 

50 
MHz 

60 MHz 70 
MHz 

80 
MHz 

90 
MHz 

100 
MHz 

NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB 
15 25 52 79 106 133 160 216 270 N/A N/A N/A N/A N/A 
30 11 24 38 51 65 78 106 133 162 189 217 245 273 
60 N/A 11 18 24 31 38 51 65 79 93 107 121 135 
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25 
MHz 
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MHz 
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MHz 

50 
MHz 
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MHz 
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MHz 

15 242.5 312.5 382.5 452.5 522.5 592.5 552.5 692.5 N/A N/A N/A N/A N/A 
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The relationship between the channel bandwidth, the guardband and the transmission bandwidth configuration is shown 
in figure 5.3.1-1. 
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Figure 5.3.1-1: Definition of channel bandwidth and transmission bandwidth configuration for one NR 
channel 

5.3.2 Transmission bandwidth configuration 
The transmission bandwidth configuration NRB for each BS channel bandwidth and subcarrier spacing is specified in 
table 5.3.2.-1 for FR1 and table 5.3.2-2 for FR2. 

Table 5.3.2-1: Transmission bandwidth configuration NRB for FR1 

 

Table 5.3.2-2: Transmission bandwidth configuration NRB for FR2 

SCS (kHz) 50 MHz 100 MHz 200 MHz 400 MHz 
NRB NRB NRB NRB 

60 66 132 264 N/A 
120 32 66 132 264 

 

NOTE: All Tx and Rx requirements are defined based on transmission bandwidth configuration specified in 
table 5.3.2-1 for FR1 and table 5.3.2-2 for FR2. 

5.3.3 Minimum guardband and transmission bandwidth configuration 
The minimum guardband for each BS channel bandwidth and SCS is specified in table 5.3.3-1 for FR1 and in 
table 5.3.3-2 for FR2. 

Table 5.3.3-1: Minimum guardband (kHz) (FR1) 

SCS 
(kHz) 

5 
MHz 
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MHz 

15 
MHz 

20 
MHz 

25 
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30 
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40 
MHz 

50 
MHz 

60 MHz 70 
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90 
MHz 

100 
MHz 

NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB NRB 
15 25 52 79 106 133 160 216 270 N/A N/A N/A N/A N/A 
30 11 24 38 51 65 78 106 133 162 189 217 245 273 
60 N/A 11 18 24 31 38 51 65 79 93 107 121 135 
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15 242.5 312.5 382.5 452.5 522.5 592.5 552.5 692.5 N/A N/A N/A N/A N/A 
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Table: 5.3.3-2: Minimum guardband (kHz) (FR2) 

SCS (kHz) 50 MHz 100 MHz 200 MHz 400 MHz 
60 1210 2450 4930 N/A 

120 1900 2420 4900 9860 
 

The minimum guardband of SCS 240 kHz SS/PBCH block for each BS channel bandwidth is specified in table 5.3.3-3 
for FR2. 

Table: 5.3.3-3: Minimum guardband (kHz) of SCS 240 kHz SS/PBCH block (FR2) 

SCS (kHz) 100 MHz 200 MHz 400 MHz 
240 3800 7720 15560 

 

NOTE: The minimum guardband in Table 5.3.3-3 is applicable only when the SCS 240 kHz SS/PBCH block is 
placed adjacent to the edge of the BS channel bandwidth within which the SS/PBCH block is located. 

The number of RBs configured in any BS channel bandwidth shall ensure that the minimum guardband specified in this 
clause is met. 

 

Figure 5.3.3-1: BS PRB utilization 

In the case that multiple numerologies are multiplexed in the same symbol, the minimum guardband on each side of the 
carrier is the guardband applied at the configured BS channel bandwidth for the numerology that is transmitted/received 
immediately adjacent to the guard band. 

For FR1, if multiple numerologies are multiplexed in the same symbol and the BS channel bandwidth is >50 MHz, the 
guardband applied adjacent to 15 kHz SCS shall be the same as the guardband defined for 30 kHz SCS for the same BS 
channel bandwidth. 

For FR2, if multiple numerologies are multiplexed in the same symbol and the BS channel bandwidth is >200 MHz, the 
guardband applied adjacent to 60 kHz SCS shall be the same as the guardband defined for 120 kHz SCS for the same 
BS channel bandwidth. 

 

30 505 665 645 805 785 945 905 1045 825 965 925 885 845 
60 N/A 1010 990 1330 1310 1290 1610 1570 1530 1490 1450 1410 1370 
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Table: 5.3.3-2: Minimum guardband (kHz) (FR2) 

SCS (kHz) 50 MHz 100 MHz 200 MHz 400 MHz 
60 1210 2450 4930 N/A 

120 1900 2420 4900 9860 
 

The minimum guardband of SCS 240 kHz SS/PBCH block for each BS channel bandwidth is specified in table 5.3.3-3 
for FR2. 

Table: 5.3.3-3: Minimum guardband (kHz) of SCS 240 kHz SS/PBCH block (FR2) 

SCS (kHz) 100 MHz 200 MHz 400 MHz 
240 3800 7720 15560 

 

NOTE: The minimum guardband in Table 5.3.3-3 is applicable only when the SCS 240 kHz SS/PBCH block is 
placed adjacent to the edge of the BS channel bandwidth within which the SS/PBCH block is located. 

The number of RBs configured in any BS channel bandwidth shall ensure that the minimum guardband specified in this 
clause is met. 

 

Figure 5.3.3-1: BS PRB utilization 

In the case that multiple numerologies are multiplexed in the same symbol, the minimum guardband on each side of the 
carrier is the guardband applied at the configured BS channel bandwidth for the numerology that is transmitted/received 
immediately adjacent to the guard band. 

For FR1, if multiple numerologies are multiplexed in the same symbol and the BS channel bandwidth is >50 MHz, the 
guardband applied adjacent to 15 kHz SCS shall be the same as the guardband defined for 30 kHz SCS for the same BS 
channel bandwidth. 

For FR2, if multiple numerologies are multiplexed in the same symbol and the BS channel bandwidth is >200 MHz, the 
guardband applied adjacent to 60 kHz SCS shall be the same as the guardband defined for 120 kHz SCS for the same 
BS channel bandwidth. 

 

30 505 665 645 805 785 945 905 1045 825 965 925 885 845 
60 N/A 1010 990 1330 1310 1290 1610 1570 1530 1490 1450 1410 1370 

The starting point of the transmission bandwidth 
configuration on the common resource block grid 
for a given channel bandwidth is indicated by an 
offset to “Reference point A” in the unit of the 
numerology. 

Guard_Band =( Channel_BW – NRB*12*SCS  - SCS)/2

Due to channel raster
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Table 5.3.5-1: BS channel bandwidths and SCS per operating band in FR1 

NR band / SCS / BS channel bandwidth 
NR 

Band 
SCS 
kHz 

5 
MHz 

10 
MHz 

15 
MHz 

20 
MHz 

25 
MHz 

30 
MHz 

40 
MHz 

50 
MHz 

60 
MHz 

70 
MHz 

80 
MHz 

90 
MHz 

100 
MHz 

n1 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n2 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n3 
15 Yes Yes Yes Yes Yes Yes        
30  Yes Yes Yes Yes Yes        
60  Yes Yes Yes Yes Yes        

n5 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n7 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n8 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n12 
15 Yes Yes Yes           
30  Yes Yes           
60              

n20 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n25 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n28 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n34 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n38 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n39 
15 Yes Yes Yes Yes Yes Yes Yes       
30  Yes Yes Yes Yes Yes Yes       
60  Yes Yes Yes Yes Yes Yes       

n40 
15 Yes Yes Yes Yes Yes Yes Yes Yes      
30  Yes Yes Yes Yes Yes Yes Yes Yes  Yes  Yes 
60  Yes Yes Yes Yes Yes Yes Yes Yes  Yes  Yes 

n41 
15  Yes Yes Yes   Yes Yes      
30  Yes Yes Yes   Yes Yes Yes Yes Yes Yes Yes 
60  Yes Yes Yes   Yes Yes Yes Yes Yes Yes Yes 

n50 
15 Yes Yes Yes Yes   Yes Yes      
30  Yes Yes Yes   Yes Yes Yes  Yes   
60  Yes Yes Yes   Yes Yes Yes  Yes   

n51 
15 Yes             
30              
60              

n66 
15 Yes Yes Yes Yes   Yes       
30  Yes Yes Yes   Yes       
60  Yes Yes Yes   Yes       

n70 15 Yes Yes Yes Yes Yes         
30  Yes Yes Yes Yes         
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60  Yes Yes Yes Yes         

n71 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n74 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n75 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n76 
15 Yes             
30              
60              

n77 
15  Yes Yes  Yes  Yes Yes Yes      
30  Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes 
60  Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes 

n78 
15  Yes Yes Yes  Yes Yes Yes      
30  Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes 
60  Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes 

n79 
15       Yes Yes      
30       Yes Yes Yes  Yes  Yes 
60       Yes Yes Yes  Yes  Yes 

n80 
15 Yes Yes Yes Yes Yes Yes        
30  Yes Yes Yes Yes Yes        
60  Yes Yes Yes Yes Yes        

n81 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n82 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n83 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n84 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n86 
15 Yes Yes Yes Yes   Yes       
30  Yes Yes Yes   Yes       
60  Yes Yes Yes   Yes       

 

Table 5.3.5-2: BS channel bandwidths and SCS per operating band in FR2 

NR band / SCS / BS channel bandwidth 
NR 

Band 
SCS 
kHz 

50 
MHz 

100 
MHz 

200 
MHz 

400 
MHz 

n257 60 Yes Yes Yes  
120 Yes Yes Yes Yes 

n258 60 Yes Yes Yes  
120 Yes Yes Yes Yes 

n260 60 Yes Yes Yes  
120 Yes Yes Yes Yes 

n261 60 Yes Yes Yes  
120 Yes Yes Yes Yes 
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60  Yes Yes Yes Yes         

n71 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n74 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n75 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n76 
15 Yes             
30              
60              

n77 
15  Yes Yes  Yes  Yes Yes Yes      
30  Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes 
60  Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes 

n78 
15  Yes Yes Yes  Yes Yes Yes      
30  Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes 
60  Yes Yes Yes  Yes Yes Yes Yes Yes Yes Yes Yes 

n79 
15       Yes Yes      
30       Yes Yes Yes  Yes  Yes 
60       Yes Yes Yes  Yes  Yes 

n80 
15 Yes Yes Yes Yes Yes Yes        
30  Yes Yes Yes Yes Yes        
60  Yes Yes Yes Yes Yes        

n81 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n82 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n83 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60              

n84 
15 Yes Yes Yes Yes          
30  Yes Yes Yes          
60  Yes Yes Yes          

n86 
15 Yes Yes Yes Yes   Yes       
30  Yes Yes Yes   Yes       
60  Yes Yes Yes   Yes       

 

Table 5.3.5-2: BS channel bandwidths and SCS per operating band in FR2 

NR band / SCS / BS channel bandwidth 
NR 

Band 
SCS 
kHz 

50 
MHz 

100 
MHz 

200 
MHz 

400 
MHz 

n257 60 Yes Yes Yes  
120 Yes Yes Yes Yes 

n258 60 Yes Yes Yes  
120 Yes Yes Yes Yes 

n260 60 Yes Yes Yes  
120 Yes Yes Yes Yes 

n261 60 Yes Yes Yes  
120 Yes Yes Yes Yes 
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Global Raster
• Global frequency raster defines a set of RF reference frequencies : Fref
• Used to locate RF channels.
• Defined from 0…100GHz
• Granularity: ΔfGlobal

• RF reference frequencies are designated by an NR Absolute Radio Frequency 
Channel Number (NR-ARFCN) 
• Range [0...3279165] 

• The RF reference frequency for an RF channel maps to a resource element on the 
carrier
• For each operating band a separate ΔfRaster (Channel raster) is defined in terms of 

integral multiples of ΔfGlobal (equal or larger)
• Next slide
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5.4.2 Channel raster 

5.4.2.1 NR-ARFCN and channel raster 

The global frequency raster defines a set of RF reference frequencies FREF. The RF reference frequency is used in 
signalling to identify the position of RF channels, SS blocks and other elements. The global frequency raster is defined 
for all frequencies from 0 to 100 GHz. The granularity of the global frequency raster is ΔFGlobal. 

RF reference frequencies are designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the 
range [0…3279165] on the global frequency raster. The relation between the NR-ARFCN and the RF reference 
frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and 
NREF is the NR-ARFCN. 

 FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs) 

Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster 

Range of 
frequencies(MHz) ΔFGlobal (kHz) FREF-Offs (MHz) NREF-Offs Range of NREF 

0 – 3000 5 0 0 0 – 599999 
3000 – 24250 15 3000 600000 600000 – 2016666 

24250 – 100000 60 24250.08 2016667 2016667 – 3279165 
 

The channel raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in 
the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For 
each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a 
channel raster with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal. 

For SUL bands and for the uplink of all FDD bands defined in table 5.2-1, 

 FREF,shift = FREF + Δshift, where Δshift = 0 kHz or 7.5 kHz 

where Δshift is signalled by the network in higher layer parameter frequencyShift7p5khz as defined in TS 38.331 [11]. 

The mapping between the channel raster and corresponding resource element is given in clause 5.4.2.2. The applicable 
entries for each operating band are defined in clause 5.4.2.3. 

5.4.2.2 Channel raster to resource element mapping 

The mapping between the RF reference frequency on the channel raster and the corresponding resource element is given 
in table 5.4.2.2-1 and can be used to identify the RF channel position. The mapping depends on the total number of RBs 
that are allocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology 
supported by the BS. 

Table 5.4.2.2-1: Channel Raster to Resource Element Mapping 

 𝑁RB𝑚𝑜𝑑 2 = 0 𝑁RB𝑚𝑜𝑑 2 = 1 
Resource element index k  0 6 

Physical resource block number PRBn  
 »

¼

»
«
¬

«
 

2
RB

PRB
N

n  »
¼

»
«
¬

«
 

2
RB

PRB
N

n  

 

k, PRBn  and NRB are as defined in TS 38.211 [9]. 

5.4.2.3 Channel raster entries for each operating band 

The RF channel positions on the channel raster in each NR operating band are given through the applicable NR-
ARFCN in table 5.4.2.3-1 for FR1 and table 5.4.2.3-2 for FR2, using the channel raster to resource element mapping in 
clause 5.4.2.2. 
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5.4.2 Channel raster 

5.4.2.1 NR-ARFCN and channel raster 

The global frequency raster defines a set of RF reference frequencies FREF. The RF reference frequency is used in 
signalling to identify the position of RF channels, SS blocks and other elements. The global frequency raster is defined 
for all frequencies from 0 to 100 GHz. The granularity of the global frequency raster is ΔFGlobal. 

RF reference frequencies are designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the 
range [0…3279165] on the global frequency raster. The relation between the NR-ARFCN and the RF reference 
frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and 
NREF is the NR-ARFCN. 

 FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs) 

Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster 

Range of 
frequencies(MHz) ΔFGlobal (kHz) FREF-Offs (MHz) NREF-Offs Range of NREF 

0 – 3000 5 0 0 0 – 599999 
3000 – 24250 15 3000 600000 600000 – 2016666 

24250 – 100000 60 24250.08 2016667 2016667 – 3279165 
 

The channel raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in 
the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For 
each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a 
channel raster with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal. 

For SUL bands and for the uplink of all FDD bands defined in table 5.2-1, 

 FREF,shift = FREF + Δshift, where Δshift = 0 kHz or 7.5 kHz 

where Δshift is signalled by the network in higher layer parameter frequencyShift7p5khz as defined in TS 38.331 [11]. 

The mapping between the channel raster and corresponding resource element is given in clause 5.4.2.2. The applicable 
entries for each operating band are defined in clause 5.4.2.3. 

5.4.2.2 Channel raster to resource element mapping 

The mapping between the RF reference frequency on the channel raster and the corresponding resource element is given 
in table 5.4.2.2-1 and can be used to identify the RF channel position. The mapping depends on the total number of RBs 
that are allocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology 
supported by the BS. 

Table 5.4.2.2-1: Channel Raster to Resource Element Mapping 

 𝑁RB𝑚𝑜𝑑 2 = 0 𝑁RB𝑚𝑜𝑑 2 = 1 
Resource element index k  0 6 

Physical resource block number PRBn  
 »

¼

»
«
¬

«
 

2
RB

PRB
N

n  »
¼
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¬
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2
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k, PRBn  and NRB are as defined in TS 38.211 [9]. 

5.4.2.3 Channel raster entries for each operating band 

The RF channel positions on the channel raster in each NR operating band are given through the applicable NR-
ARFCN in table 5.4.2.3-1 for FR1 and table 5.4.2.3-2 for FR2, using the channel raster to resource element mapping in 
clause 5.4.2.2. 
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- For NR operating bands with 100 kHz channel raster, ΔFRaster = 20 × ΔFGlobal. In this case, every 20th NR-
ARFCN within the operating band are applicable for the channel raster within the operating band and the step 
size for the channel raster in table 5.4.2.3-1 is given as <20>. 

- For NR operating bands with 15 kHz channel raster below 3 GHz, ΔFRaster = I × ΔFGlobal, where I ϵ {3,6}. In this 
case, every Ith NR-ARFCN within the operating band are applicable for the channel raster within the operating 
band and the step size for the channel raster in table 5.4.2.3-1 is given as <I>. 

- For NR operating bands with 15 kHz and 60 kHz channel raster above 3 GHz, ΔFRaster = I ×ΔFGlobal, where I ϵ 
{1, 2}. In this case, every Ith NR-ARFCN within the operating band are applicable for the channel raster within 
the operating band and the step size for the channel raster in table 5.4.2.3-1 and table 5.4.2.3-2 is given as <I>. 

- For frequency bands with two ΔFRaster in FR1, the higher ΔFRaster applies to channels using only the SCS that is 
equal to or larger than the higher ΔFRaster and SSB SCS is equal to the higher ΔFRaster. 

- For frequency bands with two ΔFRaster in FR2, the higher ΔFRaster applies to channels using only the SCS that is 
equal to the higher ΔFRaster and the SSB SCS that is equal to or larger than the higher ΔFRaster. 

Table 5.4.2.3-1: Applicable NR-ARFCN per operating band in FR1 

NR 
operating 

band 

ΔFRaster 
(kHz)  

Uplink 
range of NREF 

(First – <Step size> – Last) 

Downlink 
range of NREF 

(First – <Step size> – Last) 
n1 100 384000 – <20> – 396000 422000 – <20> – 434000 
n2 100 370000 – <20> – 382000 386000 – <20> – 398000 
n3 100 342000 – <20> – 357000 361000 – <20> – 376000 
n5 100 164800 – <20> – 169800 173800 – <20> – 178800 
n7 100 500000 – <20> – 514000 524000 – <20> – 538000 
n8 100 176000 – <20> – 183000 185000 – <20> – 192000 

n12 100 139800 – <20> – 143200 145800 – <20> – 149200 
n20 100 166400 – <20> – 172400 158200 – <20> – 164200 
n25 100 370000 – <20> – 383000 386000 – <20> – 399000 
n28 100 140600 – <20> – 149600 151600 – <20> – 160600 
n34 100 402000 – <20> – 405000 402000 – <20> – 405000 
n38 100 514000 – <20> – 524000 514000 – <20> – 524000 
n39 100 376000 – <20> – 384000 376000 – <20> – 384000 
n40 100 460000 – <20> – 480000 460000 – <20> – 480000 

n41 15 499200 – <3> – 537999 499200 – <3> – 537999 
30 499200 – <6> – 537996 499200 – <6> – 537996 

n50 100 286400 – <20> – 303400 286400 – <20> – 303400 
n51 100 285400 – <20> – 286400 285400 – <20> – 286400 
n66 100 342000 – <20> – 356000 422000 – <20> – 440000 
n70 100 339000 – <20> – 342000 399000 – <20> – 404000 
n71 100 132600 – <20> – 139600 123400 – <20> – 130400 
n74 100 285400 – <20> – 294000 295000 – <20> – 303600 
n75 100 N/A 286400 – <20> – 303400 
n76 100 N/A 285400 – <20> – 286400 

n77 15 620000 – <1> – 680000 620000 – <1> – 680000 
30 620000 – <2> – 680000 620000 – <2> – 680000 

n78 15 620000 – <1> – 653333 620000 – <1> – 653333 
30 620000 – <2> – 653332 620000 – <2> – 653332 

n79 15 693334 – <1> – 733333 693334 – <1> – 733333 
30 693334 – <2> – 733332 693334 – <2> – 733332 

n80 100 342000 – <20> – 357000 N/A 
n81 100 176000 – <20> – 183000 N/A 
n82 100 166400 – <20> – 172400  N/A 
n83 100 140600 – <20> –149600 N/A 
n84 100 384000 – <20> – 396000 N/A 
n86 100 342000 – <20> – 356000 N/A 

 

• For each band, the ΔfRaster is used to 
increment 

• For frequency bands with two ΔFRaster in FR1, 
the higher ΔFRaster applies to channels using 
only the SCS that is equal to or larger than 
the higher ΔFRaster and SSB SCS is equal to 
the higher ΔFRaster. 

For example, in the n78 Khz and using 30 KHz
SCS, we should use 30 KHz for the raster.

For 3.5 GHz (Center frequency), the closest 
Raster point is ??



Synchronization Raster
• For faster synchronization
• More details when we look at SSB
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Table 5.4.2.3-2: Applicable NR-ARFCN per operating band in FR2 

NR 
operating 

band 

ΔFRaster 
(kHz)  

Uplink and Downlink 
range of NREF 

(First – <Step size> – Last) 

n257 60 2054166 – <1> – 2104165 
120 2054167 – <2> – 2104165 

n258 60 2016667 – <1> – 2070832 
120 2016667 – <2> – 2070831 

n260 60 2229166 – <1> – 2279165 
120 2229167 – <2> – 2279165 

n261 60 2070833 – <1> – 2084999 
120 2070833 – <2> – 2084999 

 

5.4.3 Synchronization raster 

5.4.3.1 Synchronization raster and numbering 

The synchronization raster indicates the frequency positions of the synchronization block that can be used by the UE for 
system acquisition when explicit signalling of the synchronization block position is not present. 

A global synchronization raster is defined for all frequencies. The frequency position of the SS block is defined as 
SSREF with corresponding number GSCN. The parameters defining the SSREF and GSCN for all the frequency ranges are 
in table 5.4.3.1-1. 

The resource element corresponding to the SS block reference frequency SSREF is given in clause 5.4.3.2. The 
synchronization raster and the subcarrier spacing of the synchronization block is defined separately for each band. 

Table 5.4.3.1-1: GSCN parameters for the global frequency raster 

Range of frequencies 
(MHz) 

SS block frequency position 
SSREF GSCN Range of GSCN 

0 – 3000 N * 1200 kHz + M * 50 kHz, 
N = 1:2499, M ϵ {1,3,5} (Note) 3N + (M-3)/2 2 – 7498 

3000 – 24250 3000 MHz + N * 1.44 MHz,  
N = 0:14756 7499 + N 7499 – 22255 

24250 – 100000 24250.08 MHz + N * 17.28 MHz,  
N = 0:4383 22256 + N 22256 – 26639 

NOTE: The default value for operating bands with SCS spaced channel raster is M=3. 
 

5.4.3.2 Synchronization raster to synchronization block resource element mapping 

The mapping between the synchronization raster and the corresponding resource element of the SS block is given in 
table 5.4.3.2-1.  

Table 5.4.3.2-1: Synchronization Raster to SS block Resource Element Mapping 

Resource element index k 120 
  

 

k is the subcarrier number of SS/PBCH block defined in TS 38.211 clause 7.4.3.1 [9]. 

5.4.3.3 Synchronization raster entries for each operating band 

The synchronization raster for each band is give in table 5.4.3.3-1. The distance between applicable GSCN entries is 
given by the <Step size> indicated in table 5.4.3.3-1 for FR1 and table 5.4.3.3-2 for FR2. 



Example (n78 band 3.3-3.8GHz), 100 MHz BW, 30 KHz SCS. Center Freq around 3.5

• [38.104, Table 5.3.2-1] NRB = 273
• From 5.4.2.3.1, 38.104
• The raster is 30KHz or Nref step size is 2
• the closest raster point is 633334 (NR-ARFCN)
• Corresponds to 3500.01 MHz.

• Global Raster granularity = 15 KHZ
• 273RB = 273*12 RE * 30 KHz
• PRB mapping = floor(273/2)= 136 RB
• 6th Sub carrier.

• 135 RB correspond to
• 135*12*2 = 3240 ARFCN

• 6 RE correspond to 12 ARFCN

Fc=3500.01 MHz
Arfcn=633334

13
5 

RB

136th RB

13
7 

RB

Arfcn=633334-3240-12
=630082 absoluteFrequencyPointA

Since ARFCN corresponds to 15 KHz
Our SCS = 30 KHz
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