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Frame Structure Architecture

SCS

(kHz)

Slot Configuration (Normal CP)

Number of 

Symbols/Slot

Number of 

Slots/Subframe

Number of Slots

/Frame

15 14 1 10

30 14 2 20

60 14 4 40

120 14 8 80

240 14 16 160

480 14 32 320

Slot Configuration (Extended CP)

60 12 4 40

⚫ Frame structure architecture: 

– Example: SCS = 30 kHz/120 kHz



⚫ CP length for different SCS values:
⚫ CP function:

– To eliminate inter-channel interference (ICI) caused by multipath 

propagation.

Cyclic Prefix (CP)

Parameter

µ

SCS

(kHz)

CP

(µs)

0 15 TCP: 5.2 µs for l = 0 or 7; 4.69 µs for others

1 30 TCP: 2.86 µs for l = 0 or 14; 2.34 µs for others

2 60
TCP: 1.69 µs for l = 0 or 28; 1.17 µs for others

Extended TCP: 4.17 µs

3 120 TCP: 1.11 µs for l = 0 or 56; 0.59 µs for others

4 240 TCP: 0.81 µs for l = 0 or 112; 0.29 µs for others
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⚫ NR CP design principle:

– Same overhead as that in LTE, ensuring aligned symbols btw different 

SCS values and the reference numerology (15 kHz).



Slot Format and Type

⚫ Slot structure (section 4.3.2 in 3GPP TS 38.211)

– Downlink, denoted as D, for downlink transmission

– Flexible, denoted as X, for flexibly usage.

– Uplink, denoted as U, for uplink transmission

⚫ Compared with LTE slot format, NR features:

– Flexibility: symbol-level uplink/downlink adaptation in NR while subframe-level in LTE

– Diversity: More kinds of uplink/downlink configurations are supported in NR to cope with more scenarios and service types.

X

– Type 3: flexible-only slot

D X X U D X U D X U D X UD X U

Type4-1 Type4-2 Type4-3 Type4-4 Type4-5

– Type 4: mixed slot

– Type 2: UL-only slot

UD

⚫ Main slot types

– Type 1: DL-only slot



UL/DL Slot Configuration

⚫ Configuration (section 11.1 in 3GPP TS 38.213)

– Layer 1: semi-static configuration through cell-specific RRC signaling

– Layer 2: semi-static configuration through UE-specific RRC signaling

– Layer 3: dynamic configuration through UE-group SFI

– Layer 4: dynamic configuration through UE-specific DCI

⚫ Main characteristics: hierarchical configuration or 

separate configuration of each layer

– Different from LTE, the NR system supports UE-specific 

configuration, which delivers high flexibility and high resource 

utilization

– Support for symbol-level dynamic TDD

D D DX DX DX DUDX X DX DX

DX X DX DXDD DUD D DU

DD D DD DXDD DUD D DU

DD D DDDD DUD D DUD

1. Cell-specific RRC configuration

2. UE-specific RRC configuration

3. SFI

4. DCI

⚫ Hierarchical configuration

⚫ Separate layer configuration

DD D DDDD DUD D DUD

Cell-specific RRC configuration/SFI

D
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⚫ Definition and characteristics

– The BWP is a new concept introduced in the NR system. It is a set of contiguous bandwidth resources allocated by the gNodeB to UEs. 

Its configuration is mandatory for 5G service access.

– It is a UE-level concept (BWP configurations vary with UEs). All channel resources allocated to UEs or to be scheduled are within the 

BWP range.

⚫ Application scenarios

– Scenario#1: UEs with a small bandwidth access a large-bandwidth network.

– Scenario#2: UEs switch between small and large BWPs to save battery power.

– Scenario#3: The numerology is unique for each BWP and service-specific.

BWP Definition and Application Scenarios

Numerology 

1
BWP1

Carrier Bandwidth

#3
Numerology 2

BWP 2

BWP

BWP Bandwidth 

Carrier Bandwidth

#1

BWP 2

# 2

BWP 1

Carrier Bandwidth



BWP Types
• Initial BWP: used in the initial access phase

• Dedicated BWP: configured for UEs in RRC_CONNECTED mode. 

-- According to 3GPP specifications, a maximum of 4 dedicated BWPs can be configured for a UE.

• Active BWP: one of the dedicated BWPs activated by a UE in RRC_CONNECTED mode. 

-- According to 3GPP specifications, a UE in RRC_CONNECTED mode can activate only 1 dedicated BWP at a given time.

• Default BWP: one of the dedicated BWPs used by the UE in RRC_CONNECTED mode after the BWP inactivity timer expires. 

Carrier Bandwidth

Initial BWP

Carrier Bandwidth

UE1 Active BWP

Random Access Procedure RRC Connected Procedure

Carrier Bandwidth

default

Default

UE1 

Dedicated 

BWPs

UE1 UE2

Default

UE2 

Dedicated 

BWPs

UE2 Active BWP UE2 Active BWPUE1 Active BWP

UE2 BWP inactivity 

timer

PDCCH indicating downlink assignment

UE2 switches to the default 

BWP.

Active
Active

Switch



3GPP-defined 5G Frequency Ranges and Bands

⚫ Frequency range (MHz)

 3GPP TS 38.101-2 defines 2 NR frequency ranges: FR1 and 

FR2. FR1 is often called sub-6 GHz while FR2 is often 

referred to as millimeter wave.

⚫ 5G frequency band

 3GPP TS 38.101 mainly defines NR frequency bands.

 NR and LTE have some frequency bands in same but the 

frequencies are represented in different ways.

450 MHz 6000 MHz 24.25 GHz 52.6 GHz

Frequency Range 1 (FR1) Frequency Range 2 (FR2)

Source: 3GPP TS 38.101

Frequency 

range





NR-ARFCN Calculation

Frequency range ΔFGlobal FREF-Offs [MHz] NREF-Offs Range of NREF

0 – 3000 MHz 5 kHz 0 MHz 0 0 – 599999

3000 – 24250 MHz 15 kHz 3000 MHz 600000 600000 – 2016666

24250 – 100000 MHz 60 kHz 24250 MHz 2016667 2016667 – 3279167

• ΔFRaster  is the channel raster granularity, which may be equal to or larger than ΔFGlobal.  

-- The channel raster for each operating band is recommended as below (Section 4.3.1.3 in TR38.817-01)

Bands
FR1 FR2

Sub2.4G 2.6G~6G 24.25G~52.6G

Channel raster 100kHz 15kHz 60kHz

• The relation between the NR-ARFCN NREF and the RF reference frequency FREF in MHz for the downlink and uplink 

is given by the following equation:

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

where FREF-Offs and NRef-Offs are given in below (Table 5.4.2.1-1 in 3GPP TS 38.104), and ΔFGlobal could be used as ΔFraster
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Codeword and Antenna Ports
⚫ Basic concepts

– Codeword

– Upper-layer service data on which channel coding applies.

– Codewords uniquely identify data flow. By transmitting different 

data, MIMO implements spatial multiplexing. 

– The number of codewords depends on the rank of the channel 

matrix.

– Layer

– Used to define mapping relationship btw codewords and transmit 

antenna.

– Antenna port

– Antennas ports are defined based on reference signals.

Number of codewords ≤ Number of layers ≤ Number of antenna ports

⚫ Protocol-defined number of codewords

– 1 to 4 layers: 1 codeword

– 5 to 8 layers: 2 codewords

⚫ Protocol-defined maximum number of layers

– For DL/User: 8@SU; 4@MU 

– For UL/User: 4@SU or MU

⚫ Protocol-defined number of antenna ports

Channel/Signal Maximum Number of Ports

UL

PUSCH with DMRS 8 or 12

PUCCH 1

PRACH 1

SRS 4

DL

PDSCH with DMRS 8 or 12

PDCCH 1

CSI-RS 32

SSB 1

Scrambling

Scrambling

Modulation

mapper

Modulation

mapper

Layer

mapper

Antenna 

Port

mapper

RE mapper

RE mapper

OFDM signal

generation

OFDM signal

generation

Codewords Layers Antenna ports
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NR Physical Channels and Signals Overview

Downlink

Physical 
Channel

PBCH

PDCCH

PDSCH

Physical 
Signal

DMRS

PTRS

CSI-RS

PSS/SSS

Uplink

Physical 
Channel

PRACH

PUCCH

PUSCH

Physical 
Signal

DMRS

SRS

PTRS

Downlink Physical Channel/Signal Functions

SS Used for time-frequency synchronization and cell search.

PBCH Carries system information to be broadcast.

PDCCH
Transmits control signaling, such as signaling for uplink and downlink scheduling 

and power control.

PDSCH Carries downlink user data.

DMRS Used for downlink data demodulation and time-frequency synchronization.

PTRS Tracks and compensates downlink phase noise.

CSI-RS
Used for downlink channel measurement, beam management, RRM/RLM 

measurement, and refined time-frequency tracking.

Uplink Physical Channel/Signal Function

PRACH Carries random access request information.

PUCCH
Transmits L1/L2 control signaling, such as signaling for HARQ feedback, CQI 

feedback, and scheduling request indicator.

PUSCH Carries uplink user data.

DMRS Used for uplink data demodulation and time-frequency synchronization.

PTRS Tracks and compensates uplink phase noise.

SRS
Used for uplink channel measurement, time-frequency synchronization, and beam 

management.



Application of NR Physical Channels

⚫ Physical channels involved in cell search

– PSS/SSS -> PBCH -> PDCCH -> PDSCH

⚫ Physical channels involved in random access

– PRACH -> PDCCH -> PDSCH -> PUSCH

⚫ Physical channels involved in downlink data 

transmission

– PDCCH -> PDSCH -> PUCCH/PUSCH

⚫ Physical channels involved in uplink data 

transmission

– PUCCH -> PDCCH -> PUSCH -> PDCCH

gNodeB

UE

PSS/SSS MIB
(PBCH)

RMSI
(PDCCH, 
PDSCH)

...

Preamble
(PRACH)

RAR
(PDCCH, 
PDSCH)

Msg3
(PUSCH)

Msg4
(PDCCH, 
PDSCH)

HARQ excluded from 

RAR

HARQ included 

in Msg4

Cell search Random access

gNodeB

UE

CSI-RS
... Data

(PDCCH, 
PDSCH)

Data
(PDCCH, 
PDSCH)

Downlink data transmission

CSI
(PUCCH/
PUSCH)

ACK/NACK
(PUCCH/
PUSCH) ... Paging

(PDCCH, 
PDSCH)

gNodeB

UE

SRS

...
UL Grant
(PDCCH)

ACK/NACK
(PDCCH)

Uplink data transmission

SR
(PUCCH)

BSR/Data
(PUSCH)

BSR/Data
(PUSCH)



Time-Frequency Domain Distribution
⚫ Schedulable and configurable resources through flexible physical channel and signal design.

GP 

B
W

P

PDCCH DMRS for PDSCH PDSCH SSB CSI-RS UL (SRS) PUSCH PUCCH DMRS for PUSCH PRACH
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