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SCS(SubCarrier Spacing)

Scalable Numerology

ExampleFlexibility

Sub-6 GHz, mmWaveDifferent spectrumCase 1

eMBB, URLLC, mMTCMultiple servicesCase 2

Low/high SpeedMultiple scenariosCase 3

• Numerologies supported by 3GPP Release 15 (TS 38.211)

• Application scenarios:
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• 3GPP TS 38.104 (RAN4) defines SCS for different frequency bands.

 SCS for bands below 1GHz: 15 kHz, 30 kHz

 SCS for bands btw 1GHz and 6GHz: 15 kHz, 30 kHz, 60 kHz

 SCS for band 24GHz to 52.6GHz: 60 kHz, 120 kHz

 In Release 15, 240 kHz for data is not considered.

• Recommended SCS for different frequency bands (eMBB services):
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Frame Structure Architecture

Slot Configuration (Normal CP)
SCS
(kHz) Number of Slots

/Frame
Number of 

Slots/Subframe
Number of 

Symbols/Slot

1011415

2021430

4041460

80814120

1601614240

3203214480

 Frame length: 10ms
– SFN (System Frame Number) range: 0 to 1023

 Subframe length: 1ms
– Subframe index per system frame: 0 to 9 

 Slot length: 14 symbols

Slot Configuration (Extended CP)

4041260

 Frame structure architecture: 
– Example: SCS = 30 kHz/120 kHz



 Frame and subframe length: Tf and Tsf

– Tf = 10 ms (frame length)

– Tsf = 1 ms (subframe length)

 Time units for the NR system: Ts and Tc
Tc = 0.509 ns: sampling interval for the SCS of 480 kHz

– Ts = 32.552 ns: sampling interval for the SCS of 15 kHz

– K = 64: auxiliary parameter

Time Units for the Physical Layer



Relationship btw SCS and Symbol Length

 SCS and Symbol length/ CP length /Slot length

43210Parameter/Numerology (µ)

240120603015
SCS (kHz):

SCS = 15 x 2^(µ)

4.17 8.33 16.67 33.33 66.67 
OFDM symbol for data duration (us):

T_data = 1/SCS

0.29 0.59 1.17 2.34 4.69 
CP Duration (µs):

T_cp = 144/2048*T_data

4.46 8.92 17.84 35.68 71.35 
OFDM symbol duration(µs):
T_symbol = T_data + T_cp

0.06250.1250.250.51
Slot Length (ms):
T_slot = 1/2^(µ)
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 CP length for different SCS values:
 CP function:

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

Cyclic Prefix (CP)
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(µs)
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Parameter
µ

TCP: 5.2 µs for l = 0 or 7; 4.69 µs for others150

TCP: 2.86 µs for l = 0 or 14; 2.34 µs for others301

TCP: 1.69 µs for l = 0 or 28; 1.17 µs for others
Extended TCP: 4.17 µs
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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
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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

Maximum Number of PortsChannel/Signal

8 or 12PUSCH with DMRS

UL
1PUCCH

1PRACH

4SRS

8 or 12PDSCH with DMRS

DL
1PDCCH 

32CSI-RS

1SSB

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


