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S U B T I T L E  ( D E L E T E  I F  N O T  U S E D )5 G  N R  S P E C I F I C AT I O N S :  C O N D U C T E D  V S  R A D I AT E D

According to 3GPP 38.803:

RAN4 UE specs Spec title

38.101-1
NR; User Equipment (UE) radio transmission and reception

Technical Specification for NR range 1 for UE RF requirements

38.101-2
NR; User Equipment (UE) radio transmission and reception 

Technical Specification for NR range 2 for UE RF requirements

38.101-3

NR; User Equipment (UE) radio transmission and reception 

Technical Specification for NR interworking between NR range1 + NR 

range2 and between NR and LTE for UE RF requirements

38.133 NR; Requirements for support of radio resource management

38.101-4 NR; User Equipment (UE) performance requirements 

38.133 NR; Requirements for support of radio resource management

(*) When measuring FR2. 

No FR1/LTE simultaneous measurements with FR2.

FR1 and LTE tested without FR2

References: R4-1803261, R4-1801587

Mode Frequency r

anges involv

ed

LTE connecti

ons

FR1 connecti

ons

FR2

connections

SA FR1 -- Conducted-

calibrated

--

SA FR2 -- -- Radiated

calibrated

SA FR1 (Pcell) + 

FR2

-- Radiated -not

calibrated (*)

Radiated

calibrated

NSA LTE + FR1 Conducted-

calibrated

Conducted-

calibrated

--

NSA LTE + FR2 Radiated --not

calibrated (*)

Radiated

calibrated

NSA LTE + FR1 (P

cell) + FR2

Radiated --not

calibrated (*)

Radiated --not

calibrated (*)

Radiated

calibrated

http://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_86/Docs/R4-1803261.zip
http://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_86/Docs/R4-1801587.zip


4



5

RAN4 #90



6



7



8

O V E R V I E W

• 3 types of DUT Antenna configuration defined :
• DUT Antenna Configuration can be chosen by an optional declaration from a manufacturer

• 4 permitted testing methodologies agreed so far:
• Direct Far Field (DFF)→Included in 38.810 v2.0.0

• Direct Far Field  (DFF) simplification for centre of beam measurements → Included in 38.810 v2.0.0

• Indirect Far Field (IFF – Method 1) – Compact Antenna Test Range → Included in 38.810 v2.0.0

• Near Field to Far Field Transform (NFTF) → Included in 38.810 v2.1.0

• Attempts to also add Reverberation chamber to these testing methodologies (R4-1803412). Many concerns → Not approved.

• Attempts to also add Near Field without Far field transform to these testing methodologies (R4-1805896). Many concerns→Not

approved.

• Test methods are applicable to test cases based on being less than or equal to a threshold MU.

• The threshold MU for the equivalence framework will be based on DFF for D ≤ 5cm and for IFF for D > 5 cm 

• Test method applicability = f (UE category, D, actual testing distance and resulting calculated MU).

• Applicability of testing methodologies to UE category based on antenna design defined as:

CATR (IFF) covers all

UE categories based

on antenna design

http://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_86/Docs/R4-1803412.zip
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C O N S I D E R  D U T  H AV I N G  C H A R A C T E R I S T I C  D I M E N S I O N  D

Place DUT at distance of minimum 2D2/l from Source:

• Phase variation is 22.5o

• Have to move well beyond minimal 2D2/l to get phase variation much less than 22.5o

• Power decreases as distance from source increases

• SNR becomes more difficult to achieve

Feed Horn

FF Distance

29 cm

24 cm
Plane 

wave
DUT

Source

Far Field Test Range

Lost Power

Lost Power
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C O N S I D E R  D U T  H AV I N G  C H A R A C T E R I S T I C  D I M E N S I O N  D

Feed Horn

FF Distance

29 cm

24 cm
Source

Plane wave
Paraboloid 

Mirror Section
DUT

Collimated Beam = Uniform beam

Power does not decrease with distance of DUT from Mirror
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No mayor difference on CDF if beam peak is not part of the 

spherical coverage grid
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• Consider min peak EIRP level, spherical coverage needs as potential distinguishing factors 

between UE types (other aspects are not precluded)

• The table below captures all the types discussed so far. It will be revised as new contributions 

are discussed and requirements are clearer

#
Min Peak EIRP

(dBm)
Spherical coverage

Maximum allowed 

EIRP (dBm)

Maximum allowed 

TRP (dBm)
Power Class Comments*

1 [22.0-22.4] Full sphere 43 23 Power Class 3 Handheld UE

2 [26-30]
Half sphere→Full sp

here
43 23 Power Class 2

Vehicle mounted UE (fixed 

on moving platform)

3 [~35] Full sphere 43 23 Power Class 4 Higher power mobile UE

4 [30-40]

Half sphere or further 

limited sphere→Full

sphere

55 35 Power Class 1 FWA on fixed platform

NR FR2 UE Type summary

*Note: these notes are meant to illustrate examples that have the requirements listed, other ex1amples are not precluded

S U B T I T L E  ( D E L E T E  I F  N O T  U S E D )R 4 - 1 8 0 5 9 2 6
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U L  M I M O

1. UL-MIMO Requirement defined for the following table(PC3)

2. For UL MIMO, UE can use either polarized or spatial UL MIMO in implementation. Requirements are same 

and only need to test one of the UL MIMO. Thus, it is not proper to define requirements with “polarization”, 

instead we can use “stream”.
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R E Q U I R E M E N T S  I N  3 8 . 1 0 1 - 2

1. The transmit OFF power is defined as the TRP in the channel bandwidth when the transmitter is OFF. The 

transmitter is considered OFF when the UE is not allowed to transmit or during periods when the UE is not 

transmitting a sub-frame. During DTX and measurements gaps, the transmitter is not considered OFF

2. The requirement is verified with the test metric of TRP (Link=TX beam peak direction)
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R 4 - 1 8 1 2 1 3 4 :  F I N A L LY R E M O V E D  F R O M  3 8 . 1 0 1 - 2

RAN4 #90
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R 4 - 1 8 1 4 1 7 6

Background

- Under certain conditions, the amount of power back-off needed for regulatory compliance of FR2 devices will have an 

impact on performance and may lead to radio link failure [R4-1804127, R4-1813169]

- From network and system perspective, this sudden, drastic and even unpredictable reduction of NR UL power or even 

drop of NR UL transmission is problematic as the network does not know why this sudden NR UL power drop or 

complete NR UL transmission drop has happened

- Some actions could help prevent link failure from the UE and system

- Standards and regulations are under discussion 

Way forward

• RAN4 should decide whether to solely rely on P-MPR to maintain compliance with RFE limits, or introduce 

necessary mitigation techniques to prevent the radio link failure and optimize performance

• Possible options:
▪ Introduce a maximum uplink duty cycle restriction as optional

▪ UE provides information for the network to avoid UL link failure due to large power back-off

▪ Other techniques are not precluded, for example:
• Dynamic uplink duty cycle restriction

• Beam refinement requests
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RAN4 #90

• Tentative Agreements  on ranges and default values:

• The lowest range is 10%

• The highest range is 100%

• The default value is 100%

• Tentative Agreement on CR:

• The change in the CR (R4-1900254) is agreed in the AH.

• The evaluation period is changed to 1s

• LS to RAN2

• RAN4 has discussed the value of maxUplinkDutyCycle which is the UE capability of maximum percentage o

f uplink transmission time that can be scheduled within 10msec time to ensure compliance with applicable el

ectromagnetic energy absorption requirements provided by regulatory bodies. The value ranges are 20% to 

90% with 10% step and default value is 20% for bands n257, n258 and n261 and 40% for n260.

S P E C I F I C  A B S O R P T I O N  R AT E  ( S A R )  
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U E  ( R E L - 1 5 ) ,  B S  ( R E L - 1 5 )  A N D  M I M O  O TA ( R E L - 1 6 )

TDoc Title Source Type Agenda it

em

Agenda item description

R4-1812177 Discussion on simplified TDL channel models Intel Corporation discussion 7.13.1.5 Channel model [NR_newRAT-Perf]

R4-1812178 Discussion on channel models for FR2 Intel Corporation discussion 7.13.1.5 Channel model [NR_newRAT-Perf]

R4-1812326 Simplification of FR1 TDL channel models Huawei Technologies Sweden AB discussion 7.13.1.5 Channel model [NR_newRAT-Perf]

R4-1812327 Simplification of FR2 TDL channel models Huawei Technologies Sweden AB discussion 7.13.1.5 Channel model [NR_newRAT-Perf]

R4-1812328 TP on channel models for TS38.101-4 Huawei Technologies Sweden AB pCR 7.13.1.5 Channel model [NR_newRAT-Perf]

R4-1812334

TP for introducing propagation conditions (Annex B) 

of TS 38.101-4 Huawei Technologies Sweden AB pCR 7.13.1.5 Channel model [NR_newRAT-Perf]

R4-1812736 Views on HST scenarios NTT DOCOMO, INC. discussion 7.13.1.5 Channel model [NR_newRAT-Perf]

R4-1812853

Simplified propagation channel models for FR1 UE 

demodulation requirements Ericsson other 7.13.1.5 Channel model [NR_newRAT-Perf]

R4-1812854

Simplified propagation channel models for FR2 UE 

demodulation requirements Ericsson other 7.13.1.5 Channel model [NR_newRAT-Perf]

R4-1813572 Impact of tap reduction on TDL models Keysight Technologies UK Ltd discussion 7.13.1.5 Channel model [NR_newRAT-Perf]

R4-1812210

Draft CR on FR2 channel models delay quantization 

grid Intel Corporation draftCR 10.1.3 Channel Model [FS_NR_test_methods]

R4-1813242 Channel model for BS demodulation Keysight Technologies UK Ltd discussion 7.13.2.5 Channel model [NR_newRAT-Perf]

R4-1812332 NR UE MIMO OTA channel model for FR1 and FR2 Huawei Technologies Sweden AB discussion 10.4.4 Channel Models [FS_NR_MIMO_OTA_test]

R4-1813602

Channel model and test method considerations for 

NR radiated requirements Keysight Technologies UK Ltd other 10.4.4 Channel Models [FS_NR_MIMO_OTA_test]

Summary:

• Rel-15 UE Channel model simplification concluded (12 taps, ΔT≤5ns, simplification method clarified)

• Rel-15 BS Channel model following UE channel model (TDL, similar simplification method in FR1, 

defined profiles applicable to each demod test)

• Rel-16 UE Channel model to use TR38.901 CDL models CDL-A, CDL-B, and CDL-C for NR MIMO 

OTA.as a starting point
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D E L AY  P R O F I L E

1. The delay profiles are simplified from the TR 38.901 [5] TDL models

- The Maximum number of taps : [12]

- 5ns quantization grid (200MHz sampling frequency)
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C O M B I N AT I O N S  O F  C H A N N E L  M O D E L  PA R A M E T E R S

1. The propagation conditions used for the performance measurements in multi-path fading environment are 

indicated as a combination of a channel model name and a maximum Doppler frequency 
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1. RAN4 defines a methodology how to calculate the SNR set by the TE at the reference point for a wanted 

BB SNR

* SNR of DL signal at reference point → Reference point definition for DL SNR is the [UE RX baseband port]
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D E M O D R E Q U I R E M E N T

[Requirements applicable rules]

- Requirements applicable rules for SA and NSA

Previous agreements:

For SA/NSA Normal demodulation performance requirements only verified NR carrier requirements, additional EN-DC specific 

requirements can be further discussed after normal requirements finalized.

For EN-DC Normal demodulation performance requirements and CSI requirements:

- Test applicability in FR2 considering TE achievable SNR limitation

- Requirements applicable rules for FR2 Bands

[Es, SNR ,Noc and DL power allocation…]

- Noc for multi-band supporting in FR2

- DL Power allocation setting 

- PDSCH mapping type, TDD UL/DL configuration, TRS configuration
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• R4-1813563 Work plan for Rel-16 NR MIMO OTA SI – Approved

Some concerns on the scope (more details required) and challenges to complete the work in time. So far, app

roved to be aligned with plenary decisions

W O R K  P L A N

• For FR2 testing 

methodologies, approve the 

two phases approach to 

finalize the objectives of FR2 

NR MIMO OTA (i.e. finalize 

the static geometry testing 

and start dynamic testing 

discussion).  

file:///C:/Users/mdernand/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/V2ZX3UW6/R4-1813563%20Work%20plan%20for%20Rel-16%20NR%20MIMO%20OTA%20SI.doc
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• Performance metrics scope in SID (RP-181402)

• General
• The study is based on key performance metrics identified by operators, network infrastructure vendors, and UE vendors

• A study to define the environmental conditions is needed
• Noise-limited and interference-limited (with spatial interference emulation) scenarios shall be considered

• FR1
• Use the performance metric based on the LTE MIMO OTA performance metrics in TS37.144 and CTIA MIMO OTA Test Plan as a starting 

point such that 
• The DUT configuration, DUT positions (FS DMP, FS DML, FS DMSU), and DUT azimuth positions should be reused where possible

• FR2
• MIMO throughput under static geometry environment is the first priority

• MIMO throughput under dynamic geometry environment is the second priority

• Noise-limited environmental condition is the first priority

• Agreements

• Issue #1: Performance metrics for NR MIMO OTA (FR1 and FR2 static)
• Option 1 agreed: Use averaged  MIMO OTA throughput as the baseline performance metrics for NR MIMO OTA testing, 

the definition of MIMO OTA throughput is the same as LTE MIMO

• Issue #2: environmental conditions for FR1 (noise-limited and interference-limited)
• Way Forward: encourage operators and UE vendors to provide views on environmental conditions for FR1 and FR2 stat

ic.

P E R F O R M A N C E  M E T R I C S  
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[FR1]

• The contribution of some companies showed similar outcome in terms of the sector sizes after the 
channel models were filtered by the BS antenna pattern and after power scaling

• A lot of companies objected to 3D channel model implementations for FR1 and suggested to re-us
e the existing MIMO OTA systems 

• Various agreements on channel model were made (all captured in the WF), including BS antenna 
assumptions, selection of just two CDL channel models, etc. 

[FR2]

• There were fewer discussions in this meeting on FR2 when compared to FR1 and little progress w
as made for FR2 other some select small channel model assumption agreements

• Feedback on our FR2 contributions included the need to define the UE antenna assumptions and t
he need to present test zone size for the proposed system

F R 1  &  F R 2
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Way forward

• Scenarios for RRM test cases which can be supported by the NR Test Methods
• Scenario #1: 1 AoA with signal coming from the UE RX beam peak direction

• Scenario #2: 1 AoA with signal coming from the non UE RX beam peak direction

• Scenario #3: 2 AoA

• Signal directions
• Option 1: One signal comes from the UE RX beam peak direction. The other signal comes from the non RX beam peak direction

• Option 2: Both signals come from the non-beam peak directions

• NOTE 1: Type 1 (UE is using “fine” UE RX beams) and Type 2 (UE is using “rough” UE RX beams) RRM test cases can be used for either scenario

• NOTE 2: it is up to RRM room to decide whether any of the scenarios can be used for RRM test case definition.

• The following modes of Side condition emulation can be supported by the NR Test Methods

• Mode 1: TE emulates target SNR conditions
• Scenario 1/2: TE transmits desired signal and artificial noise jointly. The noise power is set to reach target SNR conditions in the referenc

e point

• Scenario #3: TE can transmit both desired and noise signals from both directions. 
• Option 1: Same noise level can be applied for both tested directions.

• Option 2: Different noise levels can be applied for different directions.

• Assumption is that the respective signal and noise levels per AoA at the reference point will be defined in the test description

• Mode 2: TE emulates desired signal only without artificial noise
• NOTE: It is up to RRM room to select applicable mode for each test case

R 4 - 1 8 1 4 3 1 3
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VA L I D AT E  M M WAV E  5 G  D E V I C E S  A C R O S S  W O R K F L O W  

3D MPACCATR

• Indirect far field

• Module to full device testing

• 30 cm device size 

RF/Antenna/RCT Protocol/Functional/PCT Mobility and Performance

• Direct far field 

• Module to full device testing

• Light weight and bench top

• Direct far field 

• Module to full device testing

• Supports fading models with Channel Emulator

2DMPAC                             RMTC                  mini-RMTC




