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A Study on Over-The-Air (OTA) Test Metrics for UE
Conformance Testing on the 5G FR2 Millimeter Wave

Phil-keun Kwak®'', Min-su Kim®, Tae-seung Song
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ABSTRACT

5G is a major industry in itself and a core infrastructure that triggers the 4th Industrial Revolution and has
been commercialized with intense competition and attention from many countries. The frequency band of 5G
NR(New Radio) in 3GPP is divided into FR1(410 M - 7,125 M) and FR2(24.25 (fz - 52.6 (. UE
conformance testing in the FR2(millimeter wave) defines the OTA(Over the Air) testing as a baseline in all
areas of conformance testing(Tx, Rx, Performance, RRM, Protocol). The radiation test causes many technical
issues such as an increase in measurement uncertainty, an increase in the chamber size according to the
measurement distance, mounting of the equipment under test(EUT), and measurement time and cost increase
due to the complexity of test configuration. This study demonstrated that the standardization trend of 3GPP
TSG-RAN WGS(UE conformance testing) to address these issues and analyzed the test metrics, measurement

uncertainty, and measurement points required for conformance testing.
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=%/5G FR2 &+

W Ay ARe 9T b OTA) AR dELe] Ba AT

.M 2

At 0159 ITUEAR 71 E41993h ellx e 54
ol 5571w HIEH =, A 2 An|2ef gk A
S8TARL i 2 2 e 9l vjAE A s}
Gl ITUS| v el 2h=o] IMT-20209] 714 #-3
3} 3 W74 3GPPY] 5G7F FRI|ER AlEE
7%t 3 Fell gl

5G+= NR(New Radio)® %% A% RIT2} NR
7} E-UTRA®] E3FAlel SRIT(Set of Radio
Interface Technologies) 2 A &= A AlA AF3Al
o] e wkom ARg3lr} JRAEGICh 7HH el
A& 20181 849 5G NR| 35~ <<l FR1(410
M - 7,125 MB<] 3.5 2} FR2(24.25 Gz - 52.6 ()2
28 @ oA 5G FAAN] 7|E7]Ee] A=A el
Z4zre] o] thafjA] Algdnby Este] vialw dvk
Bz} Aul=a 199 49 A #2256 54
ARz~ B 2t 1 o|wHelli= 5G] A
Al EolollA oJ23] B 71Ed FAlE ok ik

3GPPel|A+= FR2 H|e] FA14<A1(Tx/Rx), EZ
JA2A ] A 5(Performance-Demod/CSI), F-A1A1
F2](RRM, Radio Resource Management), & &3
o] A3 A3 A HolollA 72K Far Field)27d
3ke] HFAHOTA, Over the Air) A3 7|EA13HH
(Baseline) & A 2|3tar gl

2017 5% RANS5 #75%F A7]3)2e4] 5G+= Al
T2 3 (New Work Item) 02 5315 0]3 o] 4
3] A715]2]e} F 55]¢] Adhoc 3|22 A4 <M
=7} F5538] 1A= AL 9lvk 5G FR2 A4 Alge
OTAZAL skelvt vl 34, &2 SHEET,
A mE A =], FJAP7N71¢] AA, A
T3] B 23k SAAIE 2 w85} 5o §A
]l 715 (Feasibility)ol] gt A& op713kc)

3GPP TSG-RAN WG5(o]Estd 23t A3
W= olefgt 7]eA]l ol dAst] 3 vk
gk s Ae] =2l= 3 g} Earel| A= RFARA Al
oA AEA =9l5l A WELT 2o wE 54
2% 9 24 20E 5 HAl BF3}F 5l diEiA

sk,

II. 5G CH MM AlE

2.1 5G o2t MetdAlY =2of
o] 554l whie] A A1 AA FARF),

3
ZEEZ(Protocol) 272 EH{E 1 o]7|4 RF= F

AFA(TRx), HZ A AeA-5(Demod/CSD),
AT RRM) Z A3k = slvk 3E 1ellA+=
RANS 33| 56 =2 AFA A 45 AASk
o] EyollxE FR2 FA4554] 7441 38.521-2
off WAE A wEZ e diallx] ik

TRx= e E234Y, (HDAeF4, B8
) ~Fe]e] 2 HEAKSpectrum Emission, Spurious)5
2] FAl71] A71A 540 e TR e
o7 Demod/CSI= Tthe¥s+ Ad(Rural, Urban,
cel)3H, sEFEE|ANd

Indoor, Macro/Micro

E 1. RANS 39| 56 434 A1F 74
Table 1. 5G Specifications for conformance testing from
3GPP TSG-RAN WG5S

Specification

(3GPP) Title Description
TS 38.508-1 Common test environments 2% 8 57

for UE conformance testing
Part 2: Common

TS 38.508-2| Implementation Conformance

Statement (ICS) proforma

Special conformance testing

PICS
(Aol

. = A8 7%
TS 38.509 functions for UE =4 Is
Radio transmission and =
54l
TS 38.521-1| reception; Part 1: Range 1 °£U(§(1;1311§x)
Standalone T
Radio transmission and =
54l
TS 38.521-2| reception; Part 2: Range 2 ZUESJF;;X)
Standalone v

Radio transmission and
reception; Part 3: NR
TS 38.521-3| interworking between NR
rangel + NR range2; and
between NR and LTE
Radio transmission and

F4%521(RF TRx)
- H|5H5-R =(FR1/2)

a .
AR A

TS 38.521-4 reception; Pat.‘l 4: (Demod, CSI)
Performance requirements;
Radio Resource
TRl 2]
TS 38.533 Management(RRM) A2kl (RRM)
TS 38.522 Applicability of RF and 183 AE)E

RRM test cases
Derivation of test tolerances

(RF, RRM)

g oa) 34

TR 38.903 for RRM and UE radio (RF, RRM)

reception conformance tests

Derivation of test points for

radio transmission and A ZQlE 24

TR 38.905

reception conformance test (RF 540

cases

TS 38.523-1 Part 1: Protocol conformance| . w2 A% (FRI2)

specification

EETEpEEE
A4 1)

Part 2: Applicability of

TS 38.523-2
protocol test cases

TS 34.229 IMS over 5GS protocol test P Helnl]e] =

cases

5GS; UE conformance
TS 38.523-3| specification; Part 3: Test
Suites

ZReg A3ud

TS 37.571-1| 5GS positioning test cases | 91*] Al G{A-GNSS)
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(PDSCH, PDCCH, PBCH), 2-4Rx W%, A
AR S(CQI, CSI, RDG Alvte] el whet Foizl
SNRWel|4] dle]E]x]2]$(Data Throughput)d] A%
< ol f¥ RRMS thidke] o)A Fele] 5o
Z IdledeolA 3== A A= A53} RRC 94
AHE(RRC connected) o4 4=3)%]= 3= 2 H(HO)A
o HASP| S8k FAEA 34, ARl e 5
e 947168 S mixuteon z2 T
< L2(MAC, RLC, PDCP), RRC, MM, SM 59| 7|
ZolA Azl A= A(TTCN) el whe =zle] =
= Folstw AHszl  wlAF|(Signalling) S £}
(Sequence) ] 0% FAlTR=A] SA g

Moo

2.2 5G Tht MM Alg Hiol Zis)

3GPP RAN59A A FAAAS A =
7] Al BfdEE o]v] §i5El 7|E|Ee]
AU 2(Test Methodology)< AARESkcl= Zlo]
2t 5G= NR  ®H5RE=(SA, Standalone)$}
E-UTRA®} ©o]%F <4z H[EHSZE(NSA,
Non-Standalone) 2 -8-=|v Ee|AZ QlE|do]x,
ZIeF ZA T8 v/ Al E)E]
¥ 29} %ko] LTES 7|uke 2 213}=|¢t) 5G o]A9]

B 2. A FA oA v
Table 2. Test Parameters for RF TRx
Test LTE NR
Parameter
-FR1 :
Operating 410 M - 7,125 Mk
Mtz - Mz
Frequency 450 3925 -FR2 :
2425 G - 52.6 Gk
-SA (FR1, FR2)
- Single Carrier -NSA (FR1, FR2)
- Carrier Aggregation - EN-DC(LTE 5CC -
Operation - up to 5CC, 100 Mt NR 8CC)
Mode (Rel-10) - NR-CA (FR1 8CC,
- up to 32CC, 640 Mz| FR2 8CC)
(Rel-13) - NR-CA (FR1+FR2
Interworking)
-FR1 :
5, 10, 15, 20, 25
Tested o T T
Bandwidth (1.3, 3, 5, 10, 15, 20 30, 40, 50, 60, 80,
(i) 90, 100
- FR2 : 50, 100, 200,
400
Sub-carrier 15 K -FR1 : 15, 30, 60 Ki
Spacing +FR2 : 60, 120 ki
1/2-BPSK, BPSK,
Modulation SESEMIZ%?(SAAM QPSK, 16QAM,
? 64QAM, 256QAM
UL :CP-OFDM,
Waveform |UL : DFT-s-OFDM DFT-s-OFDM
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Fig. 1. Propagation Loss in the anechoic chamber and
outdoor
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ZAPA A e qrelE e} SHA| T 2]
%] 917 (Conducted)& F3F A =Hrl o2 H=3)gho
A g ZAEEE AddH A=dE Frs)
o] FR19] S % 7|E) gl AewA] &
AWS adR X3k}

vhd FR2 tidellAe] AFAAELS 73 714
(Feasibility) &2 2ls}] WFAHOTA, Over the Air)A|E
nho] il el upHE o R =2]=]7] Alzkgc) FR2
£ 20 Gbps th¥=a 55 dAs] 98 @l &
4 ¥kEul7HComponent Carrier) Z|tH 400ME 7}A] %]
b= Helvlg HHFER2)e] == A5k
o ¥]al 30~40dB == HAEAS F5317] 918 o
Z4]EE(MIMO), B E"(Beam forming)5-2] 7]%°]
ARSEI) whibe] ZREdles vlS A FA| 7] gH|

volge] & AR #- Ao A 1w 4

ok

i},’ H]—g— ni] l:_-;_% ALol A= R] E}_)E o]gH
o3t AwA Algle] e FrlsAd Sl &
AAo)x] odr}. WlEAl/S5l(Beam Correspondence),
T W] #|(Spherical Coverage)2} Zo] WA
V8= A5 8HE (Test Case) = -2 ¥ opz} A3
TR0 A4, AFEA 55 sk H3gAIgel
A OTAAIES fddt sldAe|na 3GPPoM =
FR2 A3 A3 & Fofell AxA OTA WAHAES
7)%(Baseline) 2.2 ZAAs}oi}

NR LTE¢} v]w3}e] 18 Numerology, 57}
T 7S (Waveform), FR2tH 2] 7, ofef
g HEAE, AFHYE .4 wkbvh 2 ks
(SCS)9] =7}, LTE-NR ©|5<17Z(EN/NE-DC),
FR1-FR2 ¥F=TAA(NR-CA) 7] Eol| 23k ekt ui
sxgro R sloln] o] & sl Alg A Al
A BAde] So=| AL olrk RF 23 A8 3-(Test
Case)> A|&]7A(Test Configuration)ell HAE =7
o upe} F3=Ich Y A= fHshA Azka
85 2 & 9= AETA #AFsE A Ao
v Test Point Analysis WS £ 2=l
20 M= T8 AP AT AR
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A=l sisdet

2.3 OTAARE 2IEt & Uy

3GPP= 37K FEle]  OTAAH<l
DFF(Direct Far Field), IFF(Indirect Far Field),
NFTF(Near Field to Far field Transform)S #3123}
a2 9lonfBl Anbrel B4 a7 20 213} sk

< A3l 1FF]e] CATR(Compact
Antenna Test Range)< 5% HHA[K(Reflector) < ©|
850 WAfe] B4 28950 AAT Quite Zonew)
oA FeiskE AT Zelvole] A|zslolck
CATR-> EIRP, TRP, EIS, EVM, Spurious emission,
Blocking 5 A Alq w|E=e] Algrbeslar whd
rele] 27| sIA(AIERARID 5 oF Bert glew
(Black box approach), 438 Fzh= Ao 7 ol
GCF(+5)/PTCRB("=) 3} -2 3¢ qlgwhAlelx
SRARNH(Validation) HAEEE Eo] AH8s}e
Slek

[1) DFF (Direct FarField) IFF (Indirect Far Field) (3 INFTF(Nearfield to Far field)

fas- \
E= = A
« DUT apertureis D < 5 cm =]
= Manufacturer declares antenna | = No manufacturerdeclarationis| = DUT apertureis D <5 cm
array size neede * Manufacturer declares antenna
= EIRP, TRP, EIS, EVM, spurious = EIRP_TRP_EIS_EVM_spurious array size

emissions and blocking metrics emissions and blocking metrics| | * EIRP, TRP_and spurious
emissions metrics can be tested.

TS 38,810 “Study on test methods for New Radio (Rel16)"

can be tested. can be tested.

a2 2. RF A3 AR e 971, 29

=

Aeizh
Fig. 2. OTA RF Testing Methodology (DFF, IFF, NFTF)

. Hgtd AlE ¢let OTA £H HEE

EX

-

A F7HA] OTAAIFE L o] 5-5AIdHe] Fagt &
] akellu} EAKRadiated)d 52 54 ASS Ehals
7] 913 BAoR iAo R $aEhs AlFeldrh
2] 2] 5*‘4“1152 ZWQI Y ES = el vt

o] drpt = 3 AFEsheA] &
qlslr] 93k %Zi_j—_' TRP, EIRP, EIS, Desense 5
7 e gk A *13473?4—2— R
OTAAE-L 2G4 LTEZFA 2] - ted(<6 ()l
A= A defzl 7]se Ak Aueale] vig- 2 He
vlE] tjdellA] A s Agelets 4
of| 4] AAgh Fofo|BR T1of ulE AJFHUHE, Al
TA 2 SAEIEE 59 of=] 7]E 1A AlRe] 2

ﬁ—‘o-‘-'

=

E 3. 5G FR2 T4 &4 A3 9 AF wEE
Table 3. 5G RF TRx test cases and metrics in FR2

Test Case Test Metric
EIRP EIRP
UE Maximum| TRP TRP
output Power herical
P Spherica Spherical Coverage
Coverage

Maximum Power

Tx Power . EIRP@Beam Peak
Reduction
Addi. Maxi P
ddi. Maximum Power | o p o Beam peak
Reduction
Configured Transmitted EIRP@Beam Peak
Power
Minimum Output Power | EIRP@Beam Peak
Output Powery Transmit OFF Power TRP

Dynamics ON/OFF Time Mask |EIRP@Beam Peak
EIRP@Beam Peak

Frequency Error EIRP@Beam Peak
Error Vector Magnitude | EIRP@Beam Peak
EIRP@Beam Peak

Power Control

Tx i
Transmit Carrier Leakage

Signal -
Quality In-band Emissions EIRP@Beam Peak
Equalizer Spectrum EIRP@Beam Peak
Flatness
Occupied Bandwidth |EIRP@Beam Peak
Spectrum Emission Mask TRP
Addi. Spectrum Emission
TRP
Output RF Mask
Py Adjacent Channel
Spectrum . TRP
. Leakage Ratio
Emission . P
Spurious Emissions TRP
Spurious -
purious Emlssl.on band TRP
UE co-exist.
Addi. Spurious Emission TRP
Beam Correspondence -
Beam EIRP EIRP
Power
Reference Ref Sens Level EIS,

Sensitivity | Power Level | EIS Sp. |Spherical Coverage

Cover
Rx | Dynamics | Maximum Input Level | EIS@Beam Peak
Adjacent Channel

Spectrum . EIS@Beam Peak
Sensitivity
Blocking Inband Blocking EIS@Beam Peak
Spectrum Spurious Emissions TRP
23},

A S 918 TRP(ZHAM), EIRP(EES
WA B E), Spherical Coverage(7 #AH2]#]) 3
78] Test Metrice] E31=9lon] T4 $£5A(RF)A
-?g—/ﬂ /K]sﬂz‘ﬂiﬁﬂ /\]tﬂ uﬂEﬂﬁ_ 3z 33:,]_ 71-\4 EIS(N
BT E)= A3 SHellA] B9 Loopback &
Zof|4] £ BER(Bit Error Rate) S 2H&3h= A%
2 Sl A o AR AE vlEE
ZolA] wrl $219] EIRPS} £ 7o) Bz Ak
AL AJEkgicl

¥ 40l|A]= WA REAFEEe &4
(Maximum Output Power)&}2] |4~ Q7ARS}H

O

Jl
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o) 22 Ao Anetia
Table 4. Minimum Conformance Requirements of Test
Case maximum Output Power

EIRP(dBm) | TRP
Max | Min |(dBm)
. n257 | 55 | 400 | 35 | 32.0 (85%-tile CDF)
Fixed n258 | 55 | 400 | 35 | 32.0 (85%-tile CDF)
Wireless | n260 | 55 | 380 | 35 | 30.0 (85%-tile CDF)
Access -
n261 | 55 | 400 | 35 | 320 (85%-tile CDF)
n257 | 43 | 29 | 23 | 18.0 (60%-tile CDF)

2 n258 | 43 | 29 23 | 18.0 (60%-tile CDF)
Vehicular | 260 - -

UE Power Class

Spherical Coverage

n261 | 43 | 29 | 23 | 18.0 (60%-tile CDF)
n257 | 43 |224| 23 | 115 (50%-tile CDF)

3 n258 | 43 | 224 | 23 | 115 (50%-tile CDF)
Handheld | 60 | 43 | 206 | 23 8 (50%-tile CDF)
n261 | 43 |224| 23 | 115 (50%-tile CDF)
n257 | 43 | 34 | 23 | 25 (20%-tile CDF)
25 (20%-tile CDF)
29 (20%-tile CDF)
25 (20%-tile CDF)
Test Requirement -TT | +TT -TT

4
High Power | 1258 | 43 | 34 | 23

non-handhel | 1260 | 43 31 23
d

n261 | 43 34 23

(Minimum Conformance Requirement)2 %2]3}31
t} FH A QAR 382 XHTT, Test Tolerance)2}
t}= el 213(MB, Multiband Relaxation)”} 2]-8-%]
2] ke 5"}‘](Core) SFARE | FHE AgA R
A% 274K Test Requirement)-> 3141 @ A8 ol 4]
TT2} MB#S 483} Akesck

. A4 (Beam Peak Direction Search)
Zx“l/‘ o] wA=EleIgIrkar & u, M3 A
o] Alztel] oAl FH-9A 0w Felsljof e Al ©
ko] Hlg] = (Beam Peak)E Z= Zlolth ¥z
3D EIRP 2905 53l 35 = gl w1341 A =
Hellx 345 EIRP gke] HA7E vhes #A13S 9
rlgkc) wegh o= A A% A AH EIRP+= 74
¥3CDF, Cumulative Distribution Function)® 3%
dulo] 7 AR ARt 7Iees AreE
4 oJek ®wl9= A4 =3 += EIRP@Beam Peak W E
& ALgals AA ARl A2 A
gk 73 Ao] FAolr). pC3 whEe] A9 7.5° 3HA
(1106713 2] =l zE]l=  WF(Single  Grid
Approach)< 7]5F(Baseline) &2 A3}k 9lom o]
gk 4 7b4-& FR2 WA Al A17ks 5

7M7) Faslelt

44

32 d= SUY SARMHEIRP)

EIRP(Effective Isotropic Radiated Power)+< &%
< St e §F SAAFeA SA4E e A

SHelle] Agge vl A5 Eel 3,
duleko 7 z12 vkaleE]l= F8l(Main Lobe)2] #
A7 Je= Aoz ~HAED 3 =29 A
2Jgk tlF-52] A% 52,11»— Peak EIRP Z# wEZ-S
Mg BIRPE 4] (1)3} o] vehd 5 glom] of
7|4 EIRP,,, EIRP,, + 77} AwHsE on|ghc].

_ﬁ i3

_1}‘1

=

EIRP(0,6,f) = EIRP, (0,6,f)+ EIRP,,(0,0.f) (1)

Measurement point
EIRP(8, ¢)

>y

T 3. AE S el A
Fig. 3. Definition of Effective Isotropic Radiated Power

3.3 & SAHH(TRP)

TRP(Total Radiated Power): SHE (gL Z7-E]
A W91 A A AR Rk A3t 2
AL mEEA] ok whde] s SAsEE
BIRPS| 3302 6, ¢ 7 4] ()9 o] FH
2 ol A

TRP( f):i.[ [ EIRP(0.9. 1 )sin(0)itdy ()

6=0 =0

7 49} o] whg ERt 7P dAHs 5
Fle & 3AREE vl }7H(Elevation, ©)3}
-°r]7L(A21muth P2 Fo13l 7HA(Grid)olA] ZA

el A )t RS vidk ghelth TRP= ¥

JJLJ_-/] o] 22 Main Lobe <} Side Lobe A
o A71E e AA oA S

EH

r°"
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TRP ~ -f——z [EIRP, (61, &) + EIRPy (61, ¢)] sin(6,)
=

==

a8 4. & Bapy A
Fig. 4. Definition of Total Radiated Power

EIRPEHE] TRPE Toh= A2 2|(3)3} #rh

T N-1M-1 ) .
TRP~ i 3 S (BIRE, 0,6, + IR, 0,6, )5i060,) (3)

b 2 Aol S 98 AR vlEee
al
e}

2 TRP7} Eql=dA] 2%

A=l
(UBF, UE Beamlock Function) Z*]o] 4=3§%lc}

3.4 +H F{H{2|X|(Spherical Coverage)

T AEERE Al AlEe] FrigiAde] - o)
FE5A AlmdollA Fad e EEA %
A= A Az=gle] A 2 vEYT HE
A= Al AsA| ek i A A=
W] SA#51 7 (Rotation) A FelvpaEo =z 1l
A4 = 5 oA ®le] AE(UBF) Ael= A=k
T AR T 7lsgt A W] 3D 28-S
3] 7+ 2Aellx] FH o EIRPE- SH3le] o] & 72| &
¥ 3<*(CDF, Cumulative Distribution Function)®Z 1}
e o] F3EQl W 84 S AlEkkk

a3 5= AN S =43 sl A
A CATR w4 &A% PC3 2~vFEES] EIRPH:
5 CDFzZl=Z2 ehfiglcl. CDF=0%-tile-> Min
EIRPS- CDF= 100%-tile-> Max Peak EIRPZS 7}7t
oJwlgle}. olE o] n257H, PC3 wEe] HuEy
2 (Max. Output Power)2] A QTFANRS % 49}
Zro] 3)-4-92}= A5} 11.5 dBm(CDF = 50%-tile)
olck &, AA FHellA S4% EIRPHS] 50%°1%
< 11.5 dBm< Z33ljof gl =3k EIRPSAZL]

Er IR

prasress i)
09
08 85%-tile CDF(PC1, FWA) Pass

07 Min
Peak Max
EIRP EIRP

50%-tile CDF(PC3, Handheld)

, 20%-tile CDF(PC4, High Power)

e TT=2.58
Fail Pass

115
-20 -15 -10 -5 5 10

0 15 20 25 30
EIRP(dBm)

J2 5. 7 AREA g 2 R EERs s
Fig. 5. A Concept of Spherical Coverage and CDF Graph

A7 o] HRlE sk AelA Min
Peak EIRP=22.4 dBm ~ Max EIRP=43 dBm " $]ol|
Eololo} dh} EIRP CDF 50%-tile Wh{(half
sphere)el] T3t AR} wiEshd EHolke ov|2
st 4= olok SAQl A9 13 63} o] EAub

50% of the sphere (50%-tile) 80% of the sphere (20%-tile)

100% 80% (20%-tile)  50% (50%-tile)

T3 6. 7 AXEA e7ARR] 4]
Fig. 6. The concept of Spherical Coverage CDF
%-tile[14]
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TollA A2l vt gle vRE AR E 7R &
QlEUFE @ TALSRS whESl 2 gl A8 ofw]
t}. CDF 80%-tile-> 4 771 sHeve] 52 7]
22 g g7k R s|Flel} &= uhelel] tigh A
o] o] F& ofugch™

vEL=Z A A A 727] AR AE %-tile XA
oln] 30°-180°7%=2] tiekgt WomE o] Avhedt
Zoll A J] 34 (Beam tracking)S $|3F —r’ﬂxl—d%}‘ﬂ
(RRM)A1-S- 918l 1~279] °PEﬂv‘r A d 271l 7]t
< o] CDF = 50%-tile & A= QJepi41e]

a7 78 =l <HEVE sHig ©HCDF 3 270
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Fig. 7. SNR vs BS-UE distance: 20%-tile value[14]
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Fig. 8. Combined EIRP CDF for Model 1 and 2[17]
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=E/5G FR2 2 A3 A1HE 918 WAL (OTA) A3 mlEeel A5k A

Requirement #1
[Tx/Rx, TRP/EIRP, etc.]

Method A ] [ Method A ] [ Method A ] [ Method A

Description Description ][ Description] Description

]
Testing, ][ Testing, ][ Testing, ][ Testing, ]]

Calibration ]| Calibration ) |_Calibration )| Calibration

Common Uncertainty budget calculation principle

budget format A budget format A budget format A budget format A
(calibration (calibrati (calibration

measurement) measurement) measurement) measurement)

assessment assessment assessment assessment

Uncertainty ][ Uncertainty ] [ Uncertainty ][ Uncertainty

[
[
(
[
| 5
[
|
|

Standard measurement uncertainty o (f > 24GHz) ]

Common Test Tolerance

38 9. A1F el ME WLTAY) AFY 97
T3]

Fig. 9. Test Mapping of Core Requirements to
conformance requirements[3]

of skaL TT& 73l7] #lsiA wix 54
o} @k

RANS5 822K°19.2) A7]3]2]ell4] FR2 A3A A3
ol el Akedle] Aol dlrsela 4 A4 7
ole] F<lelo® MU/TTS mighbd o= <l #Fgt
) gHA|X] Q] Test Requirement 7} A L] =|#] ¢FolA S
ok MUTTE BRIk} 7171424170 olsl
A7f @i = Holx|qt A7|A i]-ﬂoﬂ/q mE oA}
A7k Ol 4 ol Peld ATHE EEeAie 9
215} MU/TT—‘HﬂHJ'(TF)-O— -5l A A A &=
(Every test case)°l] thallA] AHAIRE MU/TTE 5330
7he AR FeEsln) ek ZE MU/TT 3
3= ISO/IEC Guide 98-3:2008 “Guide to
Expression of Uncertainty in Measurement”™ S5 7~
537, RE/RRM/Demodel] tlgt =4 23w MU)= F
o A A A" ESEMTSU, Maximum  Test
System Uncertainty)®} 543}, MUZH3}& 9|5
(SI, Study Item)S =13}1, 7HA1E FR2 MU2| 2
Y= "HEjz WAgle]l  ¥F A-8E T (Release
independent), A]3JU-> AkdAlS] 8- ofsl] A=
the Zlelefl,

EAEMU)E

41 ExEsT Q0
ST AT ofe] 8elFe] g HhEA

RAN4o]| i% WA SR
2jslo] A|EW(DFF, IFF, NFTF) % A3 w|=g

uiD Uncertainty source Uncertainty | Distribution |Divisor | Standard
value of the uncertainty
probability (o) [dB;
Stage 2: DUT measurement
1 |Positioning misalignment 0.10 Normal 2.00 0.05
2 |Quality of Quiet Zone (NOTE 1) 1.50 Actual 1.00 [1.50]
3 |Standing wave between DUT and 0.00 U-shaped 1.41 0.00
measurement antenna
4 [Mismatch (NOTE 2) 1.30 Actual 1.00 [1.30]
5 |Insertion loss variation of receiver 0.10 Rectangular | 1.73 0.06
chain
6 |RF leakage (from measurement 0.10 Actual 1.00 0.10
lantenna to receiver)
7  |Uncertainty of the RF power 2.16 Normal 2.00 [1.08]
|___|measurement equipment (NOTE 3)
8  |Amplifier Uncertainties 2.00 Normal 2.00 1.00
9 |Random Uncertainty 0.40 Rectangular | 1.73 0.23
10 |Influence of the XPD 0.68 U-shaped 1.41 0.48
Stage 1: Cali i it
11 |Mismatch RX chain 0.00 U-shaped 1.41 0.00
12 |Misalignment positioning system 0.00 Normal 2.00 0.00
13 |Quality of the Quiet Zone for the 1.50 Actual 1.00 [1.50]
|___|calibration process (NOTE 1)
14 |Amplifier Uncertainties 0.00 Normal 2.00 0.00
15 |Uncertainty of network analyzer 0.40 Normal 2.00 0.20
16 |Insertion As loss variation of 0.00 Rectangular | 1.73 0.00
receiver chain
17 |Mismatch in the connection of 0.07 U-shaped 1.41 0.05
calibration antenna
18 |Uncertainty of the absolute gain of 1.60 Normal 2.00 [0.8]
the calibration antenna
19 |Influence of the calibration antenna 0.00 Normal 2.00 0.00
feed cable: Flexing cables,
ladapters, attenuators, connector
repeatability
20 |RF leakage (from measurement 0.10 Actual 1.00 0.10
lantenna to receiver)
21 |Positioning and pointing 0.10 Normal 2.00 0.05
misalignment between the
reference antenna and the
receiving antenna
22 |Standing wave between reference 0.00 U-shaped 1.41 0.00
calibration antenna and
measurement antenna
EIRP Expanded uncertainty (1.960 - confidence interval of 95 %) [dB] [5.99]
TRP Expanded uncertainty (1.960 - confidence interval of 95 %) [dB] [5.13]

2| 10. IFF #A)9] EIRP/TRP SA4E3t% 29][3]
Fig. 10. IFF method measurement uncertainty for EIRP
and TRP measurement[3]

(TRP, EIRP, EIS, Spherical Coverage)®d & Z4&-3+
% 7]%&S A Eka 9ok 13 1094 CATR(FF)
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st F98 B3n gqlowe ﬁ%]f‘fb]ﬂ(EUT)
=2 A] == QZ(Quite Zone)2] 4, A|~Hl 7
=2 u]f_uﬂz] =Z7] BIe Lo o]_g_‘ﬁ A
(Cahbratlon)ézq Al WEAsRE QzEE 2 WAk
23 5o= *@%ﬂ 95%°l|4] EIRP/TRP= 717+
599/5 13 dBY] =2 B3 o) AbEE Sl F5EAS
=|#] 242 Aefolc). LTEY 5G FR1(0.7~1.8dB)oll H]
3 <F 5dBe| =2 A E-3 %= Pass/Fail 4 3HA|
R A el|4 2 2k3KRelaxation) S 3]-8-5}7] ﬂ_i 7t
A Q5 3hgo| Zolx| g EAIXYYR}L} A|FAF 1
ol Al #33}#] edck RANS 817H(’18.11) X47]§Hoﬂ
I =i x4171(TT 0)F HlgAH oz A
kst AE SEHTT)7| e 745 o] SAHESE
= 35 oot gl I L5 sk = glom
2 A A R2AES E2)EHA] oLg}r/Pzz]
T8l 11-& FR12 SHel|A] TTZkel] whe A=Al g
(False Failure) T4 55 Jepdch 71259
TT=0%] 73-%-, Pass/Fail Al gl whde] 7%
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FR1 Probability of False Failure (borderline UE) vs TT uip Uncertainty source Um\:{:rltua;nty D's;'f'z"’:o" Divisor uﬁi’;‘;:“:y
MU shown in yellow, TT shown in green probability (o) [dB]
—— MaxPower Sensitivity Stage 2: DUT
005 il Positioning misalignment 0.00 Normal .00 0.00
905 Measure distance uncertainty 0.00 Rectangular 73 0.00
2 |3 |Quality of Quiet Zone (NOTE 1) 0.6 Actual 00 0.6
% o 4 Mismatch 1.30 Actual .00 1.30
S o Standing wave between the DUT and 0.00 U-shaped M 0.00
5 o ~ measurement antenna
%‘ - 6 Uncertainty of the RF power measurement 2.16 Normal 2.00 1.08
N 1.01,10.7% equipment (NOTE 3)
£ w0 )
3 7 Phase curvature 0 U-shaped 41 0.00
Lg 2% 1.60,2.5% 18 Amplifier uncertainties 10 Normal .00 1.05
& 1% ~—__ Random uncertainty 0 Normal .00 0.25
o L 01,9.3% \ - 0 influence of the XPD 1 U-shaped | 1.41 0.00
0 e o o o0 ° o ! 2 [11_[Insertion Loss Variation 0 Rectangular 73 0.00
T (d8) 1.50,2.5% 2 |RF leakage (from measurement antenna to 0 Actual .00 0.00
the receiver/transmitter)
(a) FR1 13 influence of TRP grid 0.25 Actual ] 0.25
14 |Influence of beam peak search grid 0.00 Actual 1 0.00
15 Multiple measurement antenna uncertainty 0.15 Actual 1 0.15
Fotal measurement uncertainy | Valus | (NOTE 9)
[EIRP Expanded uncertainty (@23.45 | [4.43] 16 0.00 (TRP) |Rectangular | 1.73 | 0.00 (TRP)
gg‘hlz'%g(‘io—wn(msn:smlewa\ of DUT repositioning 0.08 (EIRP) 0.05 (EIRP
FR2 Probability of False Failure (borderline UE) vs TT @515 Gyt e omsonca | Stage 1: Calibrati
robability of False Failure (bor erline Jvs - 7 |Mismatch 0 U-shaped 41 0.00
MU shown in yellow, TT shown in green [EIRP Expanded uncertainty (@408 | [4.83] [18 __|Amplifier Uncertainties 0 lormal 00 0.00
— EIRP EIS gg‘:‘;;ﬁq""’"’“’”‘“e'“‘e"’a‘ & 9 |Misalignment of positioning System 0 jormal .00 0.00
0 ITRP Expanded uncertainty (@23.45 | [4.69] 0 |Uncertainty of the Network Analyzer 3 jormal .00 0.37
. g;ﬂlz’%g?q—wnﬁﬂsncs interval of 1 |Uncertainty of the absolute gain of the 60 lormal 00 0.30
£ w ITRP Expanded uncortainty (@32.125 | [472] calibration antenna
T GHz)tLgﬁa—wnmencemleNm of 22  |Positioning and pointing misalignment 0.01 Rectangular | 1.73 0.00
2 FTRP Expanded uncertainy (@108 | 15.00] between the reference antenna and the
£ GHZD (1.960 - confidence interval of measurement antenna
5. 98] 23 _|Phase centre offset of antenna 0.00 1.73 0.00
z i E(',iﬁf,f,,m iotorval of 95 %) ,ﬂm e 24 _|Quality of quiet zone for calibration process 04 Actual 1.00 0.4
3 v L 25 |Standing wave between reference 0.00 U-shaped 1.41 0.00
K 2.5% 5.07,2.5% "
calibration antenna and measurement
< 2.91,10.0% - antenna
EA B - o B - . 26 |Influence of the calibration antenna feed 0.14 Normal 2.00 0.07
0 o 10 15 20 2 50 40 cable
TT(d8) 27 __|Insertion Loss Variation 0.00 Rectangular | 1.73 0.00
FR2 ic uncertainties (NOTE 6) Value
(b) 28 error due to TRP calct /quadrature (NOTE 4) 0.00
29 Influence of noise (23.45GHz <= f <= 32.125GHz) 0.1
_ _ _ s - 29 | Influence of noise (32.125GHz < f <= 40.8GHz) 0.3
Ozl 11, s8exfe] wE ARAS] A ZHE(FRI, 30 Systematic error related to beam peak search (NOTE 5) 05
Total measurement uncertaini Value
FR2) [22] EIRP Expanded uncertainty (23.45GHz <= f <= 32.125GHz) (1.960 - confidence interval 4.89
H 0H : : of 95 %) [dB]
Fig. 11. Probability of false failure vs Test Tolerance in EIRP Expanded uncertainty (32. 125GHz < { <= 40.8GHz) (1.960 - confidence Interval of | 5.08
%
FR] 4 FR2[22] TRP Expanded uncertainty (23.45GHz <= f <= 32.125GHz) (1.960 - confidence interval 4.42
of 95 %) [dB]
TRP Expanded uncertainty (32.125GHz < f <= 40.8GHz) (1.960 - confidence interval of 4.62
95 %) [dB

Als) g g-go] 50% A7t TT= ldBi skslslelS
AR A FELS 10% TEoE 57 3
Ealst 4= )t FR2(b)olA MU=TTQLJ (=)
AR FAHEE 2.5%AH N4 EIRP/EIS&&=+=
Z+7} 4.46/5.07 dBe] 1L ©]& FR1%} 5Y3t 10% &
2 slAFMNE A9 314227} 331291 dBR =
oJEA & g 4 gk o] Feo|PE stz
AlFEEe] HE FHEeAe  SAHEERY
50~65%(TT=0.5/0.6/0.65xMU) 2.2 A 2]=|gjcsl

RAN59IM = e SAHESEE A2 918 =3
=] ]l 3k, EFHERE, REIdHe oE As
(Divisor)& 73] 7NHA|8}=(Test Case), Test
Metric & 2] Power Class® 2 7|4 ¢l MU/TT
= Hledsle] A3 8- FA8KTest Requirement)S 3
oJ5tA =l

EAR 2] 2E MUTT= 18 129] 3% 3

C2E vl R FA A op|E= Al EEE
9 AT asle] AbEdl aF 1394
PC3 whZe] Z &3 (Max Output Power)
A3} EIRP/TRP Z2A BT 442~5.09 dB ©]
v 2 §4-23= 0 B= 2.65~2.87 dB o2 =&
el

o &

o,
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a2 12. pC3wrEe] djE¥ a2 EIRP/TRP SH L=
Wl 2345, 32,125, 40.8 G, QZ<30 cm)[23]

Fig. 12. Uncertainty assessment for EIRP and TRP
measurement of Max Output Power (f=23.45GHz,
32.125GHz, 40.8GHz, Quiet Zone size < 30 cm) for PC3
UEs[23]

Sub clause Maximum Test System Uncertainty Derivation of MTSU
6.2.1.1 UE maximum PC3 MTSU = 1.00 x MU (from
output power (EIRP) Minimum peak EIRP, Max EIRP Table B.3-2-2 in TR 38.903)
Quiet Zone size < 30 cm
+4.89 dB (FR2a)

+5.09 dB (FR2b)

6.2.1.1 UE maximum PC3

output power (TRP) Max TRP

Quiet Zone size < 30 cm
+4.42 dB (FR2a)

+4.62 dB (FR2b)

6.2.1.2 UE maximum PC3

output power (Spherical | Quiet Zone size < 30 cm

MTSU = 1.00 x MU (from
Table B.3-2-2 in TR 38.903)

MTSU = 1.00 x MU (from
Table B.3-2-4 in TR 38.903)

coverage) +4.60 dB (FR2a)
45.20 dB (FR2b)
Sub clause Test Tols (TT) Formula for test

6.2.1.1 UE maximum PC3
output power (EIRP) Minimum peak EIRP

Minimum peak EIRP
TT = 0.60 x (MTSUjgs - 0.1)

IFF (Quiet Zone size < 30 cm) (FR2a)
2.87 dB (FR2a) TT = 0.60 X (MTSUjr - 0.3)
2.87 dB (FR2b) (FR2b)
Max EIRP
0dB
6.2.1.1 UE maximum PC3 Max TRP
output power (TRP) Max TRP TT = 0.60 x MTSUpr

IFF (Quiet Zone size < 30 cm)
2.65 dB (FR2a)
2.77 dB (FR2b)
6.2.1.2 UE maximum PC3 PC3
output power (Spherical | IFF (Quiet Zone size < 30 cm) TT =0.60 x (MTSUjer - 0.3)
coverage) 2.58 dB (FR2a) (FR2a)
2.58 dB (FR2b) TT = 0.60 X (MTSUr - 0.9)
(FR2b)

T3 13, HuEEAE d5] HF SAEgE 2 e
6]

Fig. 13. Measurement Uncertainty and Test Tolerance for
Max Output Power[6]
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(a) Constant Step Size Grid

(b) Constant Density Grid

a2l 14, 3% a8 Esi3)
Fig. 14. Measurement Grid Types[3]

E5 24 = 24 ools Ak )
Table 5. Measurement Grid Requirements for test
metrics

Test Type of Grid Standard | Measurement
Metric P Deviations |Grid Decision
Constant St
Beam | TORSEN S 02 @b | 1106 (7.5%)
Peak size
search | Constant Density| < 0.2 dB 800
Constant Ste; o
Spherical P Corz @ | 266 (159)
Coverage
Constant Density | < 0.11 dB 200
228
(12°%19°)
Constant Step | ¢ 0.2~0.25| - Clenshaw
size dB Curtis
TRP - sin(theta)
weights
135
Constant Density | { 0.23 dB | - Charged
particle

(Coarse) 73 Aol o]o] F< A (Fine) 3 4-S 43
= /iHeR aRl= A 5 2 2L S
AHslEl AL wWAE H8sta odrk ¥ 15+
Coarse-Fine H19] f12]& Adwgic}. dre] He|gh
< 93l 2D A 67 W& 7Hd3hd %71 Coarse
AEF o= of 36702] A 12} ZA 3t 484
7re Ao o] F SAAAI SA el wEke
v A&k t‘%_]i] ol 4] Beam Peakdl 44 ®lo]
AEs] HEHA Wkt ¥ Fine AEHo® al

Fow e

Coarse Search
it Global TX Beam Peak

(missoddurng coarse

‘\‘,. ;_(_(
v, g
e .
- o

e b=
e b
“r _':
. oA
P eeeen™
rryyd

(a) Coarse search Approach

Grid Points to be
Fine Search Region: investigated in fine search

Fine Search Grid Points

Fine grid spacing
—| }—  Finegid
oo

f

° Coarse grid point
(Ociss derss POl s)
EIRP fine grid points

A
e oot q * (05, ¢;) around
rryyt (Beras s POl )

(b) Fine search Approach

T2l 15, Coarse-Fine %% = 74 Z12]=(6]

Fig. 15. Coarse and Fine Beam Peak Search Grid[6]
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E 6. ~Fe]ofs Wap 34| TRP J2]= 7AH)
Table 6. TRP measurement grid requirement for spurious
emission measurements

Level .
of | Grid Type | Standard | Systemic| b
. Deviation Error
Grid
Consternt Step N/A N/A 35
size
Coarse C >
onstant
A A
Density N N/ (AO=AP=30")
Constant Step | o 3 g5 | o b 135
s1ze
Fine
Constant 266
. dB dB
Density 0.31 0 (AO6=Ad=15°)

mlm

& Az We=E Aes] A =k o] <12
3DE #AshH Baselineq! wA(WA) zE]=HR
110671%1(7.5%) ll B]314] CoarseBE7(15°)2 2667
el 101 Fine 15 (7.5°) 22 2] 1/8 (138
A1) F-2 2709 1/87A(27643) S ZAsoi = oF
2-4 W] A7F AZEE P S glee ok & glek
Fre]ol2~ ®EAlK(Spurious Emission) A& 3H-5-2]

TRP wWEEZ AFeg wd gy} ol
Coarse-Fine HH2]<] ]?‘Fj e FAAo R was)
I 9ler % 69 755 RESslof vk
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it Sl A ® AR, SHARE 5
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