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5G NR Overview



5G NR MIMO:

Sub-6GHz

vsS mmWave

Public safety/
Emergency

sarvices

s {’3

LTE loT

—

llllll

New 5G NR mmWave
nx10 Gigatet 5G

Automotive
(C-V2X)

Ubiquitous LTE

— S

Small Cells

Macro Cells
*‘/

=% |
" ' Qg LTE loT
r Existing LTE
deployments

| <6CGHz_______ | mmWae

Deployment Scenario

MIMO Order

Number of Simultaneous
Users

Main Benefit

Channel Characteristics
Spectral Efficiency

Transceiver

Macro cells
High user mobility

Up to 8x8

Tens of users
Large coverage area

Spatial multiplexing

Rich multipath propagation
High due to the spatial multiplexing

Digital transceiver

Small cells
Low user mobility

Less MIMO order (typically 2x2)

A few users
Small coverage area

Beamforming for single user
A few propagation paths

Low spectral efficiency
(few users, high path loss)

Hybrid




5G Use Cases > 10 Gbps

peak rates

Enhanced Mobile
Broadband (eMBB)

Massive Machine Type
Communication
(mMMTC)

> 100K
connections
per cell

Ultra Reliable Low
Latency
Communication
(URLLC)

<0.5ms
latency




5GNR KPI (3GPP TR38.913 V15.0.0 2018-06)

Peak data rate

Control plane latency

User plane latency

Mobility

Reliability

Connection density

UE battery life

eMBB

eMBB/URLLC
eMBB/URLLC

eMBB/URLLC

URLLC

mMTC

mMMTC

DL:20Gbps
UL:10Gbps

10ms

URLLC: 0.5ms
eMBB: 4ms

500km/h which defined QoS can be
achieved

URLLC: 99.999% success for 32bytes with
latency 1ms

eV2X: 99.999% success for 300bytes with
latency 3~10ms

1,000,000 devices/km?2

>10 years




5G NR'’s Biggest Contribution

- Multiple OFDM numerologies
— A fancy way to say that scalable Sub-Carrier Spacing (SCS)
— SCS is controlled by a parameter called u

— Why change SCS? What is the real life application? ‘

Outdoor macro

coverage
e.g., FDD 700 MHz

Outdoor macro

and small cell
e.g., TDD 3-5 GHz

Indoor

wideband
e.g., unlicensed 6 GHz

mmWave
e.g., TDD 28 GHz

Source: Qualcomm

Subcarrier spacing,
e.g. 15 kHz

Subcarrier spacing,

—p 4—9 .30 kHz

Subcarrier spacing,

=] |e= e.g.60kHz

Wideband Narrowband Large CP
(e.g. eMBB) (e.g. broadcast)

Illlllllll\

< Frequency

2" scaling of
Sub-Carrier Spacing (SCS)

Carrier bandwidth, e.g. 1,5,10 and 20 MHz

Carrier bandwidth, e.g. 100 MHz

Carrier bandwidth, e.g. 160MHz

|[#———1 Subcarrier spacing, e.g. 120 kHz

Carrier bandwidth, e.g. 400|VIHz




5G NR Frame Structur
and Frequency R



5G NR Frame Structure

4 1ms subframe aligned with LTE

CP-OFDM

Symbol Subframe
— H=0 15kHz SCS 0 1 2 3 4 5 6 7 8 9 10 11 12 13
500 ps
PRI w1 oo T S
+——— 250 us ——>
FR2 — «— 125pus —
| =3 20k scs
5G NR Slot format
“ Symbol number in a slot
, , 0 1 2 3 4 5 6 7 8 9 10 1 12 13
LTE TDD UL/DL configuration L Db Db D D D D D D D D D D D
Subfi b
Uik dowrin] it LTS T e T Bl v U v U U U U UoUoU U U
o sms D [5 “ X X X X X X X X X X X X X X
1 5ms D[S
! 5ms os B 0 D D D D D D D D D D D D X
: —— MK ©° O D O D D D D D D D D X X
7 Toms SE 5 [ b 0 O O D D D D D D X X X
. i N B 0 D D D D D D D D D X X X X
Suurce. Yuaitultii “ D D D D D D D D D x x x x x
B X X X X X X X X X X X X U
B X X X X X X X X X X X X U U
10 [ U U U U U U U U U U U U U




5G-NR Key Parameters

LTE SubBGHz mmWave

Upto 6GHz 450MHz - 6000 MHz 24250 MHz - 52600 MHz
FDD, TDD FDD, TDD TDD
15KHz 15, 30, 60KHz 60, 120KHz
1.5, 3, 5, 10, 20MHz 5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100 MHz 50, 100, 200, 400 MHz
DL: 8x8 UL: 4x4 DL: 2x2 UL: 2x2
Spatial Multiplexing for higher Throughput Beamforming for better SNR
10ms
| 1ms
QPSK, 160AM, 640AM in both direction pi/2-BPSK, BPSK, QPSK, 16QAM, 64QAM, 2560AM
- DL: OFDMA  UL: SC-FDMA DL: CP-OFDM  UL: CP-OFDM, DFT-s-OFDM
5 Carriers (1PCC+4SCC) 16 Carriers maximum

Source: LP




FR1: Frequency Range and Operating Bands

Frequency range | Corresponding frequency

designation range

NR operating
band

NR operating bands

Uplink (UL) operating band
BS receive / UE transmit

Downlink (DL) operating band
BS transmit / UE receive

FR1 450MHz - 6000MHz Fut iow — FuL nian FoL iow — FoL nian

nl 1920 MHz — 1980 MHz 2110 MHz — 2170 MHz FDD

n2 1850 MHz — 1910 MHz 1930 MHz — 1990 MHz FDD

n3 1710 MHz — 1785 MHz 1805 MHz — 1880 MHz FDD

n5 824 MHz — 849 MHz 869 MHz — 894 MHz FDD

n7 2500 MHz — 2570 MHz 2620 MHz — 2690 MHz FDD

n8 880 MHz — 915 MHz 925 MHz — 960 MHz FDD

nl2 699 MHz — 716 MHz 729 MHz — 746 MHz FDD

n20 832 MHz — 862 MHz 791 MHz — 821 MHz FDD

n25 1850 MHz — 1915 MHz 1930 MHz — 1995 MHz FDD

n28 703 MHz — 748 MHz 758 MHz — 803 MHz FDD

n34 2010 MHz — 2025 MHz 2010 MHz — 2025 MHz TDD

— n38 2570 MHz — 2620 MHz 2570 MHz — 2620 MHz TDD
LTE Covered bands n39 1880 MHz — 1920 MHz 1880 MHz — 1920 MHz TDD
n40 2300 MHz — 2400 MHz 2300 MHz — 2400 MHz TDD

n4l 2496 MHz — 2690 MHz 2496 MHz — 2690 MHz TDD

n50 1432 MHz — 1517 MHz 1432 MHz — 1517 MHz TDD?!

n51 1427 MHz — 1432 MHz 1427 MHz — 1432 MHz TDD

n66 1710 MHz — 1780 MHz 2110 MHz — 2200 MHz FDD

n70 1695 MHz — 1710 MHz 1995 MHz — 2020 MHz FDD

n71 663 MHz — 698 MHz 617 MHz — 652 MHz FDD

n74 1427 MHz — 1470 MHz 1475 MHz — 1518 MHz FDD

n75 N/A 1432 MHz — 1517 MHz SDL

n76 1427 MHz — 1432 MHz SDL

NR operating band | Uplink(MHz) | Downlink(MHz) | Duplex mode | Region/Country

663-698 617-652 US, Canada
n77 3300-4200 3300-4200 TDD us
n78 3300-3800 3300-3800 TDD China, Japan,
S.Korea, EU
n79 4400-5000 4400-5000 TDD China, Japan

Source: 3GPP TS38.521-1 V15.2.0 (2019-03)



FR2: Frequency Range, Operating Bands

Definition of frequency ranges

Frequency range designation Corresponding frequency range

FR2 24.25GHz — 52.6GHz

26.5GHz 29.5GHz

" n257 | Japan, South Korea

24.25GHz 27.5GHz

" n258 | China, EU, UK

37GHz 40GHz

2600 Us, uk

27.5GHz 28.35GHz

- US, Canada

24.25GHz

Source: 3GPP TS38.521-2 V15.2.0 (2019-03)




UE Channel Bandwidth
|

<l

Channel Bandwidth [MHz]

Transmission Bandwidth Configuration Ngg [RB]

I
Transmission I
|

| Bandwidth [RB]|

Channel Edge

H
H
)
H
H
-
r.
)
%
L .
- —

3O0[] 32N05Y

Active Resource
Blocks
FR1 Guardband, can be asymmetric
Table 5.3.2-1: Maximum transmission bandwidth configuration Nre
20 25 40 60 80 100
[ﬁﬁsj SMHz | 10MH=z | 158MHz MHz MHz 30 MHz MHz S0MHz MHz MHz a0 MHz MHz
o MNrs MNes MNes Mes MNrs MNes MNes Mes Mrs Mes Mes Mea
15 25 52 79 106 133 160 216 270 MiA NJA N/A N/A
30 11 24 38 a1 65 78 106 133 162 217 245 273
60 N/A 11 18 24 31 38 51 65 79 107 121 135
FR2 Table 5.3.2-1: Maximum transmission bandwidth configuration Ngg

SCS (kHz) S0MHz 100MHz 200MHz 400 MHz
NRB NRB NRB NRB
60 66 132 264 N/A
120 32 66 132 264




Sub6GHz and mmWav
Testing



Test Items In Sub6G and mmWave

Test Item = Sub-6GHz mmWave
(Conducted) (Conducted) (OTA)

UE Maximum Output Power

EVM Yes Yes Yes
Carrier Leakage Yes Yes Yes
In-band Emission Yes Yes Yes
Spectrum Flatness Yes Yes Yes
SEM Yes Yes Yes

ACLR Yes Yes Yes




Common UL configuration definitions

Outer_Full

RB Offset = 1, RB
Duration = 16

Inner_16RB_left Inner_Full ~ % of total RB
A

RE allocation T
& £ £ P -
Edge full left cramet | aconin | orom | 3 | 3 §' 21 3|3 § g i
3 3 -] )
g _ _ Bandwidth .EI El E- 5] o El EI E. E jge_fu”_rlght
&l 8| 2| 8 b 2 s
@ 08| & | F £ £
15 | DFTs | 2@0 | 2@ | @0 | i@os | 5@ | 1e@e | @i | 1@
cP| 2@0 | 2@23 | 1@0 | 1@2a | 25@0 | 13@6 | @1 | 1@23
iy 3 DFTs | 2@0 | 2@9 | 1@0 | 1@10 | 10@0 | 5@2 | 1@ 1@ |
CP 2@0 2@9 1@0 1@10 11@0 5@2 i@l | 1@9
DFTs | NA | NA | NA | NA | NA | NA | NA | NA .
E 1RB | ft o CP_| NA | NA | NA | NA | NA | NA | NA | NA Ed e 1RB r ht
ge e 15 DFTs | 2@0 | 2@50 | 1@0 | i@51 | 50@0 | 25@12 1@50
— — CP_| 2@0 | 2@50 | 1@0 | 1@s1 | 52@0 | 26@13 1@50 — —
Tk o | DFs | 2@0 | 2@22 | 1@0 | 1@23 | 24@0 | 12@6 1822
CP | 2@0 | 2@22 | 1@0 | 1@23 | 24@0 | 12@6 1622
oo | DETs 200 | 2@9 | 1@0 | i@io | 1o@o | s@> 1@9
CP 2@0 2@9 | 1@0 1@10 11@0 5@2 1
15 | DFTs [ 2@0 | 2@r7 | @0 | 1@7s | 75@0 | %@is @77
cP| 2@0 | 2@77 | 1@0 | 1@rs | 7e@o | e@ie @7
15MHz. 30 DFT-s. 2@0 2@36 1@0 1@37 36@0 18@9 @1 | 1@36
Inner_1RB_left s me o e oaR AR ms R
- e AR B EE AR AR AR AR AR R Inner_1RB_right
” DFTs | 2@0 | 2@104 | 1@0_| @105 | 100@o 25 Ta@iod |
3 CP_| 2@0 | 2@104 | 10 | 1@105 | 106@0 | 53@26 @104 - -
S o |DFTs | 2@0 | 2@a9 | 1@0 | 1@s0 | 50@o 12 1@
CP 2@0 2@49 | 1@0 1@50 51@0 25@12 1@49
oo | DFT= [ 2@0 | 2@22 [ @0 | 1@23 | 24@0 | 12@e 1@22
cP | 2@0 | 2@22 | 1@0 | 1@23 | 24@0 | 12@6 1§22
5 | DFTs | 2@0 [2@i31| i@ | @132 | 128@0 | G4@32 @131
cP_| 2@0 | 2@131 | 1@0 | 1@132 | 133@0 | 67@33 @131
pree =3 DFT | 2@0 | 2@63 | 1@o | 1 [ 6a@0 | @16 1@63_|
z CP_| 2@0 | 2@63 | 1@0_| 1@e4 | 65@0 | 33@16 1@63
o0 | DFTs | 2@0 | 2@20 | 1@0 | 1@30 | 30@0 | 15@r 1@20
cP | 2@o | 2@20 | 1@0 [ 1@30 | 31@o | 15@7 1§20




UE Maximum Output Power
Assumption of UE Types

UE Power class UE type

Fixed wireless access(FWA) UE
Vehicular UE
Handheld UE

High power non-handheld UE

Max Power Limit | FR1 Power FR1 Power | FR2 Power FR2 Power | FR2 Power FR2 Power

Class2 Class3 Class 1 Class 2 Class 3 Class 4
(dBm) (dBm) (EIRP dBm) | (EIRP dBm) | (EIRP dBm) (EIRP dBm)
FR1 band 26 23
FR2 n257 55 /40-TT 43 /29-TT 43 /22.4-TT 43 / 34-TT
FR2 n258 55 /40-TT 43 /29-TT 43 /22.4-TT 43 [ 34-TT
FR2 n260 55/38-TT - 43 /20.6-TT 43 / 31-TT
FR2 n261 55 /40-TT 43 /29-TT 43 /22.4-TT 43 / 34-TT

Test Tolerance FR2b
DUT < 15 cm 3.18dB 3.31dB
DUT < 30 cm 3.11dB 3.24dB

RB allocation Inner_Full Outer_Full
Inner_1RB _Left
Inner_1RB_Right




EVM

- + + Modulation Error
Tajet Symbol
+ “+ Trbuaited Symbol
< » |

+ + |+ +
+ |+ +

Modulation Average EVM Level

--------

--------

--------

Pi/2-BPSK

QPSK % 17.5
16QAM % 12.5
64QAM % 8

256QAM % 3.5 .

RB allocation
(FR1)

Inner_Full,
Outer_Full

Inner_Full,
Outer_Full

Inner_Full,
Outer_Full

Outer_Full

Outer_Full

RB allocation
(FR2)

Inner_Full,
Outer_Full

Inner_Full,
Outer_Full

Inner_Full,
Outer_Full

Inner_Full,
Outer_Full




EVM

- What different EVM results look like

Aggregate power

Physical Slot Number
1Q Offset

Frequency Offset
Symbol Clock Error
Data EVM

Data Peak EVM
DMRS EVM

RF Carrier Freq 1.950 GHz B . _ RF Carrier Freq 1.922 GHz




Carrier leakage

ﬁsuﬂ CHANT Spectrum %_} CHANT Spectrum
E‘;ﬁ 7' 99% OBW 0.524 MHz RF Carrier Freq 3.550 GHz CC;O N 99% OBW 0.524 MHz RF Carrier Freq 3.550 GHz
: :
04 04 -
: Carrier : Carrier
&.20- &.:20
§i g1
5?“30- éao—
bt -
: :
0 45 45 * %0 45 45
| O Marker | Min Frequency [MHz] [(Auto | [ Reset | | [JMarker Iin Frequency [MHz] [ Auto | [ Reset |
Frequency Range Output power range Relative limit (dBc) | RB allocation
> 10dBm
0~ 10dBm -25
-30~0dBm -20 Inner_1RB_Left
-40~ -30 dBm -10
FR2 power class 1 EIRP >17 dBm -25
4 dBm < EIRP <17 dBm -20
FR2 power class 2 EIRP > 6 dBm -25
-13dBm < EIRP <6 dBm -20
Inner_16RB_ Left
FR2 power class 3 EIRP >0 dBm -25
-13dBm < EIRP <0 dBm -20
FR2 power class 4 EIRP > 11 dBm -25

-13 dBm < EIRP <11 dBm -20



Inband Emission

Inband Emissions (All unallocated RB) [dE]

&
=}

-70

Frequency

Worst Margin:18.087 dB

O Marer | Min Delta

RB allocation

Carrier Leakage




IQ Image Limit =

- General Limit

FR1

FR2

>10dBm
0~10dBm

FR2 powerclass 1 EIRP >27 dBm

FR2 power class 2
EIRP <27 dBm

FR2 power class 3  EIRP > 10 dBm

EIRP <10 dBm
FR2 power class 4 EIRP >21 dBm
EIRP <21 dBm

Frequency Range | Output power range | Relative limit (dB) | RB allocation

Inner_1RB_Left

Inner_1RB_Right
25

20 Inner_16RB_Left
25 Inner_16RB_Right

20 ax

Norst Margin:18.087 dB

&)
=}
L

nallocated RB) [dB]

max{ —25-10- IOQIO(NRB /LCRB)!
20109,y EVM =3 -5 (|Age| -1/ Ligg

—57dBm +101log,,(SCS /15kHz) — Pyg }

N
—25 —10.1ogy, (ﬁ)
max (Jagz1-1)
20, logme‘s'M)— G- I I:;E - 50 100

RB Index

15

—55.1dBm — Py




EVM Equalizer Spectrum Flatness

(. ol
L1 Ll
I L
. (I |

Max(Range2) — Min(Rangel) | yy : I Range2

I Rangel Peak-to-Peak b |

o J g ) | | Peak-to-Peak
Max(Rangel) — Min(Range2) . :—:
|
|

Ra:nge:% Rangel Rai'ngélz
Lma > >
FR1 3300MHz 3300+3 MHz 4200-3MHz 4200MHz
FR2 37000MHz 37000+X MHz 40000-X MHz 40000MHz

*X, in MHz, is equal to 20%
of the CC bandwidth

[__sot1 | T Spectrum Flatness Table
Range Parameter Normal Extreme Unit Range | Parameter I Normal Extreme ' Unit
'Max(Range 1) - Min(Range 2)  — = dB Max(Range 1)- Min(Range 2) 218 218 dB
Max(Range 2) - Min(Range 1) - - dB Max(Range 2) - Min(Range 1) 095 132 dB
1 Peak to Peak Ripple 193 193 dBpp 1 Peak to Peak Ripple 194 194 dBpp
Min Peak 3.00 3.00 dBpp Min Peak 2227 2227 dBpp
Max Peak 493 493 dBpp Max Peak 2420 2420 dBpp
2 Peak to Peak Ripple - - dBpp 2 Peak to Peak Ripple 119 1.56 dBpp
Min Peak - - dBpp Min Peak 22.02 22.02
Max Peak - - dBpp Max Peak 23.22 23.58

*Only check Range1 result if a channel doesn’t occupy Range2.




Spectrum Emission Mask (FR1)
-

Channel bandwidth+

Egde Left 1RB & Out_Full are tested

— = = = - ——

| —

i \

i g * 100% BW

E ' : :

e N\ 10+TT 100% BW

i s | | + 5MHz

i L | 13+TT | o

: o — — -

! PI— | | i

: Limit[O, 1]I* T ; ; :

! l—ﬂ i P

i i i o

| 1 i i 1

e ! i i I

P ! : : !

L 1 | i 1
i § 254TT i :
F B W - ___ ! P
! T TIT e — : 1
: i B B

TT =1.5dB for f < 3GHz ' ' 1+(1MHZ/2) 5- (1MHZ/2) : : !
TT = 1.8dB for f is 3~6GHz 0 [6-100] [10- 105]

f | Afoos Frequency (MHz)

0+(30kHz/2) 1-(30kHz/2)

- 10MHz | 15MHz | 20MHz | 25MHz | 30MHz | 40MHz | 50MHz | 60Mhz | 80MHz | 90MHz | 100MHz

Limit[0,1] -15

* Exception when CBW is 5MHz, AfooB is 6MHz, not 100% BW



Spectrum Emission Mask (FR2)

Spectrum emission I|m|t (dBm)/ Channel

Out_Full is tested

Afoos 100 200 400
(MHz) MHz MHz MHz  MHz
Channel bandwidth+ TT TT TT
- A BRI
, l: +TT TT 1T T
i | 2 o
| | +TT +TT  TT 1T
i Iy +TT +TT  TT TT
! :\ 200% BW BEEELL 113 EEE 13- -
i 1 | +TT +TT 1T TT
i i ! : +TT 1T TT
- i | 5 o
| L ! T
| ] BT | -----
| L !
y — -13+TT :
e p !
I L
! :
1 |
| - I
| =~ - I
Y s S "*J!
0 [5-40] [100-800]
Test Tolerance 0+(IMHz/2) [5-40MHz]-(IMHz/2)
23.45-30.3GHz | 30.3~40.8GHz
IFF(DUT < 15cm) TBD TBD

IFF(DUT < 30cm) 4.6dB 5.6dB



Spectrum Emission Mask

FR1 Edge 1RB_Left RF1 Outer_Full

2 150 5 % 10 o 160

Marker | 1 requer (CAuto ) (Reset || © Marke Frequency MHz] [ Auto | [ Reset |
Slot 1
0

1
|

FR2 Outer Full

r
S

il
]

Spectrum Emission Mask [dBm/RBW]

-200 -100 0 100 200
O Marker =~ Min Delta Szl L | Auto | [ Reset |

en
IS




ACLR (Adjacent Channel Leakage Ratio)

UTRA2 UTRAl NR ACLR

. |-
I~ d

5MHz 100MHz 98.31MHz

NR ACLR measurement bandwidth

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

4515 9.375 14235 19.095 23.955 28.815 38.895 48.615 58.35 78.15 88.23 98.31

_ Power Class 2 Power Class 3

NR ACLR limit 31+TT dB 30+TT dB
TT=0.8dB for f < 4.0GHz, TT=1.0dB for 4.0GHz < f < 6.0GHz




ACLR (FR1)

W Absolute(dBm)

W Absolute(dBm)
M Relative(dB)

M Relative(dB)

-100 0

Frequency[MHz]
Slot 1 N . able
(NR| UTRA|
Frequency(MHz) Relative(dB) Absolute(dBm) Frequency(MHz) Relative(dB) Absolute(dBm)

200.00 4739 2526 || 5750 5026 2812
-100.00 -39.77 -17.63 -52.50 -48.57 -26.43

0.00 0.00 2214 0.00 0.00 2214
100.00 -36.17 -14.03 5280 4671 24 57

200.00 -46.49 -24.35 57.50 -47.08 2494




ACLR (FR2)

0 -
100MHz BW

220 -
)
i
o W Absolute(dBm)
< 40 M Relative(dB)

60 -

0
Frequency[MHz]
200MHz BW

W Absolute(dBm)
M Relative(dB)

-200 -100 0O 100 200 300 400 500
Frequency[MHz]
A0

-500 -400 -300




LitePoint 5G Solutio



LitePoint 5G Product Offerings

mmWave RF: 1Qgig-5G
« Fully-integrated solution for 28 GHz & 39 GHz bands

» Supports Verizon 5G Technical Forum pre-5G and 3GPP
NR specification evolution

258GHz 30.1GHz 35.4 GHz 41 GHz

...
8385

» Supports 8x100 MHz component carrier channels
* Instrument Bandwidth of 1 GHz

mmWave IF: 1Qgig-IF

» Supports Verizon 5G pre-5G and 3GPP NR
specification evolution

» Supports 8x100 MHz channels
* Instrument Bandwidth of 1.7 GHz

IQxstream-5G: Sub6GHz-5G
« 200 MHz Bandwidth
» Supports 5G sub-6GHz spectrum bands: 3.3 — 4.9 GHz
» Supports existing 2G/3G/4G cellular bands
» Supports WiFi 802.11n/ac/ax



mmWave Production Setup

- Stepl. Find the specific angle with largest EIRP
- Step2. Use the same angle for mass production

- Step3. Measure the signal for both H and V polarization in each
antenna module

- Step4. Check measurement result




Production testing solution (mmWave)




For more information:

« Visit www.litepoint.com
- Read LitePoint’'s mmWave OTA Test Article Series:

1.

The Road Towards Faster, Simpler, and Smarter Test Equipment for
mmWave Products. |IEEE Standards e-Magazine, March 21, 2018.

Link-budget calculations: Needed for 5G OTA testing. EDN
Magazine, January 22, 2019,

Over-the-Air Testing for 5G mmWave Devices: DFF or CATR? Microwaves
and RF Magazine, February 13, 2019

Understanding 5G millimeter wave beamforming test, RF Global Net, Date:
April 15, 2019

Thanks!



http://www.litepoint.com/
https://www.standardsuniversity.org/e-magazine/march-2018-volume-8-issue-1-5g-802-11/the-road-towards-faster-simpler-and-smarter-test-equipment-for-mmwave-products/
https://www.edn.com/design/test-and-measurement/4461446/Link-budget-calculations--Needed-for-5G-OTA-testing
https://www.mwrf.com/test-measurement/over-air-testing-5g-mmwave-devices-dff-or-catr
https://www.rfglobalnet.com/doc/understanding-g-millimeter-wave-beamforming-test-0001

