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Fime (Symbol) = PDCCH (L=3) - Physical Downlink Control Channel
3 PDSCH - Physical Downlink Shared Channel
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Basic Concepts of Frequency-Domain Resources

Omne sublrame

¢ Resource Grid (RG)

— Resource group at the physical layer to define bandwidth
— Frequency domain: available RB resources within the transmission bandwidth

e Resource Element (RE)

— Smallest unit of physical-layer resources
— Time domain: 1 symbol, frequency domain: 1 subcarrier

e Resource Block (RB)

— Basic scheduling unit for data channel
— Frequency domain: 12 contiguous subcarriers

Resource Block Group (RBG)

— Basic scheduling unit for data channel, to reduce control channel overheads
— Frequency domain: {2, 4, 8, 16} RBs
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Frame Structure Architecture

e Frame structure architecture:

scs Slot Conflguratlon (Normal CP) N Example: SCS — 30 kHZ/1 20 kHz
(kHz) Number of Number of Number of Slots
SymbOISISIOt SIOtSISUbframe /Frame B 1 radio frame = 10 subframe = 20 slots = 10 ms N
15 14 1 10 | | I I | | | | I
30 14 2 20 > \
60 14 4 40 % - 1 Euhframe_z 2 slois = 1 ms
120 14 8 80 3
240 14 16 160 -
1 slots =14 symbos = 0.5 ms
480 14 32 320 R - - -
Slot Configuration (Extended CP) |
60 12 4 40 1 radio frame = 10 subframe = 80 =slots = 10 ms |

120 kHz

1 sub carrier
ke




Cyclic Prefix (CP)

® CP function:
— To eliminate inter-channel interference (ICl) caused by multipath

® CP length for different SCS values:

propagation.
Symbol Feriod T | 512k -27# extended cyclic prefix
ML symbol Symbol N+1 N, =144k -27" +16x  normal cyclic prefix, /=0o0r/=7-2"
SN S 144x-27# normal cyclic prefix, [/ #0and /= 7-2"

One OFDM symbol——

| ‘ \
o T(@Q)
> Symbol Period T(s)

time - -

}_ ______ ‘hli h'|“.l’t‘“nl"'lvl'ﬁhv
i ”‘ ‘ . ' : ” Tcp:Ncp'Tc

® NR CP design principle: Parameter| SCS CP
— Same overhead as that in LTE, ensuring aligned symbols btw different H (kHz) (bs)
SCS values and the reference numerology (15 kHz). 0 15 |Tep: 5.2 ps for 1 =0 or 7; 4.69 s for others
1 30 |Tgp: 2.86 ps forl =0 or 14; 2.34 ps for others
5 60 Tep: 1.69 ps for | = 0 or 28; 1.17 ps for others
Extended Tp: 4.17 ps
3 120 [Tgp: 1.11 ps for I = 0 or 56; 0.59 ps for others
4 240 |[Tep: 0.81 psforl=0 or 112; 0.29 ps for others




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

® Main slot types
— Type 1: DL-only slot — Type 2: UL-only slot — Type 3: flexible-only slot

D U X

— Type 4: mixed slot

D X X U D XU D X U D XU D XU
Type4-1 Type4-2 Type4-3 Type4-4 Type4-5
® 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.



UL/DL Slot Configuration

e 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

e 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

Hierarchical configuration
1. Cell-specific RRC configuration

D X X X X X X
2. UE-specific RRC configuration

D D D D X X X | X
3. SFI

D D D D D D D D X
4. DCI

Separate layer configuration

Cell-specific RRC configuration/SFI

X

U



5G NR Physical Resource

1 Numeroloayv

2 Time-Domain Resources

4 Space-Domain Resources



BWP Definition and Application Scenarios

e 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.

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

e 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.

#1 #2

BWP Numerology

L |
| BWP 2 L BWP1 | 3 BWP 2
BWP Bandwidth ! a > I > ;~

P, A

Carrier Bandwidth Carrier Bandwidth Carrier Bandwidth

\ 4



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.

<Random Access Procedure>< RRC Connected Procedure >

i AR Default PDCCH indicating downlink assignment '

@_\ @ ; @ Default @ UE2 BWP inactivity

RN ' L] timer
N i UE1 UE2
UE1 \‘ UE2 i Dedicated —_\\ Dedicated UEZ2 switches to the default
/ : ) BWP.
| BWPs BWPs e
Active”
| / Switch
Carrier Bandwidth

! UE1 Active BWP  UE2 Active BWP UE1 Active BWP UE2 Active BWP

Carrier Bandwidth Carrier Bandwidth



3GPP-defined 5G Frequency Ranges and Bands

450 MHz

Frequency >

range

6000 MHz 24.25 GHz

52.6 GHz

Frequency Range 1 (FR1)

)

Frequency Range 2 (FR2)

. NR Uplink (UL) operating band: Downlink (DL) operating Duplex |- = NR Uplink (UL) operating band: | Downlink (DL) operating band:| Duplex |
Operating BS receive: band: Mode- Operating BS receive: BS transmit ¢ Mode-
Band- UE transmit- BS transmit . Band. UE transmit- UE receive-
UE receive- -’ FuL_tow — FuL_nighe FoL_low — FDL_highe 0 f
o? FuL_tlow — FuL_highs FpL low — FDL_highs a B
= nl- 1920 MHz- —- 1980 MHz - | 2110 MHz-_—. 2170 MHz- FDD- | . ”ggg" giggg m:z‘ — ggggg m:z - ggggg mnz” - ggggg m:z - 133" ‘
= n2- 1850 MHz> —- 1910 MHz- 1930 MHz- —. 1990 MHz- FDD-__ |- L9260 Ze — Ze 0 — Ze S
- n3« 1710 MHz- —- 1785 MHz- 1805 MHz- —. 1880 MHz- EDD- .- u n260- 37000 MHz- - 40000 MHz- 37000 MHz- -. 40000 MHz- TDD- [
=  n5. 824 MHz- —. 849 MHz- 869 MHz- — 894MHz- FDD- |-
= n7- 2500 MHz- —o 2570 MHz- 2620 MHz: —. 2690 MHz- FDD- |
= n8- 880 MHz- —- 915 MHz- 925 MHz- —. 960 MHz- FDD-__ |-
= n20- 832 MHz- —. 862 MHz- 791 MHz- —. 821 MHz- FDD-__ |- o Frequency range (MHZ)
= n28- 703 MHz- —. 748 MHz- 758 MHz- —. 803 MHz- FDD-__ |- i
= n3s. 2570 MHz. —. 2620 MHz. | 2570 MHz. —. 2620 MHz. TDD. |- O 3GPP TS 38.101-2 defines 2 NR frequency ranges: FR1 and
= ndl- 2496 MHz- —- 2690 MHz- 2496 MHz- —. 2690 MHz- TDD- |-
= n50- 1432 MHz- —- 1517 MHz- 1432 MHze — 1517 MHz- TDD- |o FR2. FR1 is often called SUb'6 GHZ while FR2 is often
= n5i- 1427 MHz> —- 1432 MHz- 1427 MHz- _—. 1432 MHz- TDD- |-
"=  n66- 1710 MHz= —- 1780 MHz - 2110 MHz- —. 2200 MHz- FDD- |- I
= n70- 1695 MHze —- 1710 MHz - 1995 MHz- —. 2020 MHz- FDD- | referred to as millimeter wave.
= n7l- 663 MHz- —- 698 MHz - 617 MHz- —. 652 MHz- FDD-__ |-
= n74- 1427 MHz> —- 1470 MHz - 1475 MHz- _—. 1518 MHz - FDD-__ |-
= n75e N/A- 1432 MHz- —. 1517 MHz= SDL-__ |-
= n76- N/A- 1427 MHz- —. 1432 MHz- SDL. |-
*  n78- 3300 MHz- —- 3800 MHz - | 3300 MHzo —. 3800 MHz - TDD: | e 5G frequency band
= ni7- 3300 MHz- —- 4200 MHz- 3300 MHz> —. 4200 MHz- TDD- |-
= n79- 4400 MHz- —- 5000 MHz- 4400 MHz- —. 5000 MHz- TDD- |- i i
- n79. 4400 MHz- — 5000 MHz- - oD O 3GPP TS 38.101 mainly defines NR frequency bands.
- n81- 880 MHz- -+~ 915 MHz- N/A- SUL- e H
P—— 550 MHo. — 865 Mo N/A- oL 1. O NR and LTE have some frequency bands in same but the
- n83- 703 MHze —- 748 MHz- N/A- SUL« o . . .
=  n84- 1920 MHz> —- 1980 MHz - N/A- SUL- | frequencies are represented in different ways.



Transmission Bandwidth and Spectrum Utilization

® Transmission bandwidth varies with RG and SCS.
Maximum transmission bandwidth on the gNodeB side (Table 5.3.2-1 and 5.3.2-2 in 3GPP TS 38.104)

20 MHz 25MHz 40MHz 50 MHz 60 MHz 7o 80 MHz 90 100 MHz

MHz MHz

Ngg and Spectrum Utilization (FR1: 400 MHz to 6000 MHz)

SCS 5MHz 10MHz 15MHz M3H°z
(kHz)
15 25 52 79 [160] 106 133
90%  93.6%  94.8% 95.4%  95.8%
30 11 24 38 78] 51 65
792%  86.4%  912% 91.8%  93.6%
50 - 11 18 [38] 24 31
792%  86.4% 86.4%  893%
scs 50MHz | 100MHz | 200MHz | 400 MHz
(kHz) Ngrg and Spectrum Utilization (FR2: 24 GHz to 52 GH2z)
- 66 132 264 N/A
95% 95% 95% \
= 32 66 132 264
92.2% 95% 95% 95%

216 270 - - - - -
97.2% 97.2% \ \ \ \ \
106 133 162 [189] 217 [245] 273
95.4% 95.8% 97.2% 97.7% 98.3%
51 65 79 [93] 107 [121] 135
91.8% 93.6% 94.8% 93.6% 97.2%
|1 Channel Bandwidth [MH=z] }I
; : l< Transmission Bandwidth Configuration Ngs [RB] | : -
=) | Transmission I I1E
= | | Bandwidth [RB]| | =5
E | e RS SET. | &=
il LR ¢
b 5 Lol
| & .
..................... LQ /:,'_Jf

Guardband, can be asymmetric

Maximum transmission bandwidth on the UE side (3GPP TS 38.107-1 and TS 38.101-2).
v The number of RBs in the 30 MHz bandwidth is to be determined.
v" The 70 MHz and 90 MHz bandwidths are not supported.
v" Other values are the same as those on the gNodeB side.



NR-ARFCN Calculation

® The relation between the NR-ARFCN NREr and the RF reference frequency FRer in MHz for the downlink and uplink
is given by the following equation:

where FREF-0Offs and NRef-Offs are given in below (Table 5.4.2.1-1 in 3GPP TS 38.104), and AFGlobal could be used as AFraster

Frequency range AF giopal Frer.ofrs [MHZ] NRer.offs Range of Ngee
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

® AFRaster is the channel raster granularity, which may be equal to or larger than AFGiobal.
-- The channel raster for each operating band is recommended as below (Section 4.3.1.3 in TR38.817-01)

4.3.1.3 RF Channel raster

FR1 FR2 NR Bands should have the same raster for both UL and DL (for both UL and DL 100kHz or RB bascd raster is used).
Channel raster could also be different for different bands and only a single raster should be defined per band.

Bands The following raster granularity is agreed:
- TR AT SRR ISR (frequency range below Band 41) is based on
Sub2.4G 2.6G~6G 24.25G~52.6G 300K TzGme s 1T

-  Potenticl eptimization far of the placement of sscondary carder insluding RE-olignment hetwesn primary
ary ier is ffa

Channel raster 100kHz 15kHz 60kHz g o

for Bands above 2.6GHz (above and including Band 41) is tentatively agreed to be a sube
e 1SKETs for range 1 and GOKETs for tange 29, pending Ffurther check At AL4 IR A4S and RAN 1

Band n85 (SUTL band covering the same frequency range as n41) will use the channel raster defined for SUT
bands which is ffs.



5G NR Physical Resource

1 Numerology
2 Time-Domain Resources
3 Frequency-Domain Resources

n Space-Domain Resources: Layer, Antenna Port, QCL




Codeword and Antenna Ports

e 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.

Codewords Layers Antenna ports
. Modulation OFDM signal
Scrambling
1 mapper Layer A”;e”r?a KIE EfEEEn generation
o
. Modulation ~ Mapper ma OFDM si
Scramblin pper signal
g mapper NE WE(EEED generation

Number of codewords < Number of layers < Number of antenna ports

Protocol-defined number of codewords

— 1to 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

PUSCH with DMRS 8or12
PUCCH 1
UL
PRACH 1
SRS 4
PDSCH with DMRS 8 or12
PDCCH 1
DL
CSI-RS 32
SSB 1
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1 Overview

2 Details about 5G NR Channels and Signals



NR Physical Channels and Signals Overview
[Downlink Physical ChanneliSignal Functions ]

SS Used for time-frequency synchronization and cell search.
PBCH | Carries system information to be broadcast.
Physical Physical Physical Physical Transmits control signaling, such as signaling for uplink and downlink scheduling
Channel Signal Channel Signal PDCCH | g power control.
PDSCH | Carries downlink user data.
PBCH PSS/SSS PRACH DMRS DMRS | Used for downlink data demodulation and time-frequency synchronization.
PTRS | Tracks and compensates downlink phase noise.
CSI-RS Used for downlink cha.nnel r_neasurement, beam. management, RRM/RLM
PDCCH DMRS PUCCH PTRS measurement, and refined time-frequency tracking.
PDSCH PTRS PUSCH SRS PRACH | Carries random access request information.
PUCCH Transmits L1/L2 contrql signaling, §uqh as signaling for HARQ feedback, CQl
feedback, and scheduling request indicator.
CSI-RS 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
Preamble Msg3
PRACH PUSCH
wst | ) | ) (P“t/)lségéH
PSS/SSS MIB - (PDCCH, (PDCCH, :
(PBCH) "\ PDSCH) PDSCH) PDSCH)
UE HARQ excluded from HARQ included
RAR in Msg4
Cell search Random access
gNodeB
csl ACK/NACK
(PUCCH/ (PUCCH/ _
PUSCH) Data \ pyscH)/ Data ... Paging
CSI-RS (PDCCH, (PDCCH, (PDCCH,
PDSCH) PDSCH) PDSCH)
UE
Downlink data transmission
gNodeB
SRS SR BSR/Data BSR/Data
(PUCCH) (PUSCH) (PUSCH)
UL Grant ACK/NACK
(PDCCH) (PDCCH)
UE

Uplink data transmission



Time-Frequency Domain Distribution

Schedulable and configurable resources through flexible physical channel and signal design

H PDCCH ® DMRS for PDSCH mPDSCH mm SSB ™ CSI-RS mGP wUL (SRS) #PUSCH

m PUCCH IDMRS for PUSCH M PRACH

BWP

L I T A A A
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