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[bookmark: _Toc21020788][bookmark: _Toc29813485][bookmark: _Toc29813956][bookmark: _Toc29814304][bookmark: _Toc37144319][bookmark: _Toc37269293]1	Scope
The present document is a technical report for the work item on Work Item on New Radio (NR) Access Technology, covering the general aspects for BS RF for NR.
NOTE: 	In Rel-15, multiple clauses related to the OTA measurements of the BS were shifted to the OTA BS testing TR 37.941 [36], which includes such aspects as e.g., test tolerance and measurement uncertainty derivations, OTA test chambers descriptions, calibration and test procedure descriptions, etc.

[bookmark: _Toc21020789][bookmark: _Toc29813486][bookmark: _Toc29813957][bookmark: _Toc29814305][bookmark: _Toc37144320][bookmark: _Toc37269294]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	Recommendation ITU-R M.1036-5 (10/2015), "Frequency arrangements for implementation of the terrestrial component of International Mobile Telecommunications (IMT) in the bands identified for IMT in the Radio Regulations (RR)".
[3]	3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception".
[4]	ITU-R Recommendation SM.329: "Unwanted emissions in the spurious domain".
[5]	ITU-R Recommendation SM.328: "Spectra and bandwidth of emissions".
[6]	3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception".
[7]	3GPP TS 37.105: "Active Antenna System (AAS) Base Station (BS) transmission and reception".
[8]	3GPP TR 37.842: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Universal Terrestrial Radio Access (UTRA; Radio Frequency (RF) requirement background for Active Antenna System (AAS) Base Station (BS)".
[9]	3GPP TR 37.843: "Radio Frequency (RF) requirement background for Active Antenna System (AAS) Base Station (BS) radiated requirements".
[10]	R4-1700305, "LS on Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz".
[11]	Code of Federal Regulations, Title 47, Part 30.203, Upper Microwave Flexible Use Service; Emission limits, Federal Communications Commission.
[bookmark: _Hlk496260894][12]	Recommendation ITU-R M.1545: "Measurement uncertainty as it applies to test limits for the terrestrial component of International Mobile Telecommunications-2000".
[13]	Void.
[14]	ETSI EN 301 489: "Electromagnetic compatibility and Radio spectrum Matters (ERM); ElectroMagnetic Compatibility (EMC) standard for radio equipment and services".
[15]	3GPP TS 38.113: "NR; Base Station (BS) and repeater ElectroMagnetic Compatibility (EMC)".
[16]	3GPP TS 37.114: "Active Antenna System (AAS) Base Station (BS) Electromagnetic Compatibility (EMC)".
[17]	3GPP TS 38.141-1: "NR; Base Station (BS) conformance testing; Part 1: Conducted conformance testing".
[18]	3GPP TS 38.141-2: "NR; Base Station (BS) conformance testing; Part 2: Radiated conformance testing".
[19]	3GPP TS 37.104: " NR, E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) radio transmission and reception".
[20]	3GPP TS 38.817-01: "General aspects for User Equipment (UE) Radio Frequency (RF) for NR".
[21]	3GPP TR 36.815: "Further Advancements for E-UTRA; LTE-Advanced feasibility studies in RAN WG4".
[22]	3GPP TS 36.133: "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management".
[23]	3GPP TS 37.113: "Multi-Standard Radio (MSR) Base Station (BS) Electromagnetic Compatibility (EMC)".
[24]	3GPP TR 38.803: "Study on new radio access technology: Radio Frequency (RF) and co-existence aspects".
[25]	3GPP TS 38.211: "NR; Physical channels and modulation".
[26]	3GPP TR 37.843: "Radio Frequency (RF) requirement background for Active Antenna System (AAS) Base Station (BS) radiated requirements". v15.2.0
[27]	3GPP TS 36.141: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) conformance testing".
[28]	IEC 61000-4-3: 2006+AMD1:2007+AMD2:2010: “Electromagnetic compatibility (EMC) - Part 4-3: Testing and measurement techniques - Radiated, radio-frequency, electromagnetic field immunity test”
[29]	ITU-T Recommendation K.114: “Electromagnetic compatibility requirements and measurement methods for digital cellular mobile communication base station equipment”
[30]	ITU-T Recommendation K.48: “EMC requirements for telecommunication equipment - Product family Recommendation”
[31]	3GPP TS 38.133: "NR; Requirements for support of radio resource management".
[32]	3GPP TS 37.141: "NR, E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) conformance testing".
[33]	3GPP TS 37.145-1: "Active Antenna System (AAS) Base Station (BS) conformance testing; Part 1: Conducted conformance testing".
[34]	3GPP TS 37.145-2: "Active Antenna System (AAS) Base Station (BS) conformance testing; Part 2: radiated conformance testing".
[35] 	ERC Recommendation 74-01, "Unwanted emissions in the spurious domain" 
[36]		3GPP TR 37.941: "Radio Frequency (RF) conformance testing background for radiated Base Station (BS) requirements"
------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020796][bookmark: _Toc29813493][bookmark: _Toc29813964][bookmark: _Toc29814312][bookmark: _Toc37144327][bookmark: _Toc37269301]5.1	Relationship with other core specifications
The following relations among the single RAT NR BS core specification and the MSR BS, AAS BS and EMC specifications are identified:
RAT NR BS: 3GPP TS 38.104 [3] is a Single RAT NR BS specification. It is expected to capture BS requirements for the following aspects:
-	Tx, Rx and BS demodulation core requirements for NR BS,
-	Conducted and radiated sets of core requirements for the above listed categories (i.e. Tx, Rx and BS demodulation),
-	Requirements for NSA NR and SA NR deployments (with the consideration of the NSA/SA prioritization in Rel-15),
-	Requirements for FR1 and FR2 frequency ranges, based on the classification defined in 3GPP TR 38.803 [24]:
-	FR1: Both conducted and OTA requirements will be required for FR1. The applicability may depend on the requirements.
-	Requirement set 1-C: Conducted requirements for FR1 Non-AAS BS (which doesn’t include antenna functionality).
-	Requirement set 1-H: Conducted requirements and OTA requirements for FR1 hybrid AAS BS (which includes antenna functionality).
-	Requirement set 1-O: OTA requirements for FR1 OTA AAS BS (which includes antenna functionality).
-	FR2: Only OTA requirements will be required for FR2.
-	Requirement set 2-O: OTA requirements for FR2 OTA AAS BS.
------------------------------ Unchanged part omitted------------------------------
------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020800][bookmark: _Toc29813497][bookmark: _Toc29813968][bookmark: _Toc29814316][bookmark: _Toc37144331][bookmark: _Toc37269305]5.3.2	General
There are 4 distinct types of NR BS each has a different architecture and requirements set corresponding to Table 5.3.2‑1
Table 5.3.2-1: Supported requirement sets
	BS type / Requirement set
	BS Description
	Additional information

	1-C
	A BS operating at FR1 with all requirements defined at individual antenna connectors.

	Following the approach used in 3GPP TS 36.104 and 3GPP TS 37.104 [19]

	1-H
	A BS operating at FR1 with a requirement set holding requirements defined at the TAB and OTA requirements defined at RIB.
	The requirement set is like the one defined for Hybrid AAS BS. Following the approach used in 3GPP TS 37.105 [7]

	1-O
	A BS operating at FR1 with a requirement set consisting only OTA requirements defined at the RIB. 
	Following the approach developed in eAAS and documented in 3GPP TR 37.843 [9]. 

	2-O
	A BS operating at FR2 with a requirement set consisting only of OTA requirements defined at the RIB. 
	This requirement set is relevant for AAS BS and does not require access to RF connectors.


------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020806][bookmark: _Toc29813503][bookmark: _Toc29813974][bookmark: _Toc29814322][bookmark: _Toc37144337][bookmark: _Toc37269311]5.6	Applicability of requirements
The mapping between requirement set and individual requirement is captured in Table 5.6-1.
Table 5.6-1: Requirement set applicability
	Requirement
	Requirement set
	Spatial applicability
of the requirements

	
	1-C
	1-H
	1-O
	2-O
	

	Base station output power
	6.2
	6.2
	NA
	NA
	Conducted requirement

	Output power dynamics 
	6.3
	6.3
	NA
	NA
	

	Transmit ON/OFF power 
	6.4
	6.4
	NA
	NA
	

	Transmitted signal quality
	6.5
	6.5
	NA
	NA
	

	Occupied bandwidth
	6.6.2
	6.6.2
	NA
	NA
	

	ACLR
	6.6.3
	6.6.3
	NA
	NA
	

	Operating band unwanted
Emissions
	6.6.4.x
	6.6.4.x
	NA
	NA
	

	Transmitter spurious emissions
	6.6.5.x
	6.6.5.x
	NA
	NA
	

	Transmitter intermodulation 
	6.7.2
	6.7.2 and 6.7.3
	NA
	NA
	

	Reference sensitivity level
	7.2
	7.2
	NA
	NA
	

	Dynamic range 
	7.3
	7.3
	NA
	NA
	

	In-band selectivity and blocking 
	7.4
	7.4
	NA
	NA
	

	Out-of-band blocking 
	7.5
	7.5
	NA
	NA
	

	Receiver spurious emissions 
	7.6
	7.6
	NA
	NA
	

	Receiver intermodulation
	7.7
	7.7
	NA
	NA
	

	In-channel selectivity 
	7.8
	7.8
	NA
	NA
	

	Performance requirements
	Note
	Note
	NA
	NA
	

	Radiated transmit power
	NA
	9.2
	9.2
	9.2
	Radiated directional requirement

	OTA Base station output power
	NA
	NA
	9.3
	9.3
	Radiated TRP requirement

	OTA Output power dynamics
	NA
	NA
	9.4
	9.4
	Radiated directional requirement

	OTA Transmit ON/OFF power
	NA
	NA
	9.5
	9.5
	Co-location requirement for 1-O
Radiated TRP requirement for 2-O

	OTA Transmitted signal quality
	NA
	NA
	9.6
	9.6
	Radiated directional requirement 

	OTA Occupied bandwidth
	NA
	NA
	9.7.2
	9.7.2
	Radiated directional requirement

	OTA ACLR
	NA
	NA
	9.7.3
	9.7.3
	Radiated TRP requirement

	OTA Operating band unwanted emission 
	NA
	NA
	9.7.4
	9.7.4
	Radiated TRP requirement

	OTA Transmitter spurious emission 
	NA
	NA
	9.7.5
	9.7.5
	Radiated TRP requirement except for co-location requirements applicable for 1-O

	OTA Transmitter intermodulation 
	NA
	NA
	9.8
	NA
	Co-location requirement

	OTA sensitivity
	NA
	10.2
	10.2
	NA
	Radiated directional requirement

	OTA Reference sensitivity level
	NA
	NA
	10.3
	10.3
	Radiated directional requirement

	OTA Dynamic range
	NA
	NA
	10.4
	NA
	Radiated directional requirement

	OTA In-band selectivity and blocking
	NA
	NA
	10.5
	10.5
	Radiated directional requirement

	OTA Out-of-band blocking
	NA
	NA
	10.6
	10.6
	Radiated directional requirement except for co-location requirements applicable for 1-O

	OTA Receiver spurious emission 
	NA
	NA
	10.7
	10.7
	Radiated TRP requirement

	OTA Receiver intermodulation
	NA
	NA
	10.8
	10.8
	Radiated directional requirement

	OTA In-channel selectivity
	NA
	NA
	10.9
	10.9
	Radiated directional requirement

	Radiated Performance requirements
	NA
	NA
	[Note]
	[Note]
	Radiated directional requirement

	NOTE:	Performance requirements / radiated performance requirements were developed based on performance requirements for eAAS BS in TR 37.843 [9].


------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020857][bookmark: _Toc29813554][bookmark: _Toc29814025][bookmark: _Toc29814373][bookmark: _Toc37144388][bookmark: _Toc37269362]6.7.2	Co-location transmitter intermodulation
Traditionally for the transmitter intermodulation requirement is to address the coexistence between the transmitter antenna from one BS and the transmitter antenna from another BS in case the antennas are co-located with assumption that the worst-case coupling loss between them is 30 dB. The requirement assumes that they transmit the same level of power, and the transmitted signals are adjacent to each other in the frequency domain.
For BS type 1-C this results in the power level of the interfering signal being specified as the power at the antenna connector minus the coupling factor of 30dB.
For BS type 1-H the specific co-location coupling is between an aggressor co-located system and the element/sub array of the victim BS type 1-H. Whilst the top-level co-location scenario is the same the resulting interference power definition different as the TAB connector power is not necessarily the same as the aggressor signal power and the coupling between the aggressor antenna and the element/sub array is not necessarily 30dB. However, these 2 effects tend to cancel each other out resulting in the final definition of the interfere being very similar, where the interferer applied to each TAB connector is the wanted signal power at the TAB connector minus 30dB, according to 3GPP TR 37.842 [8], sub-clause 8.2.5.1.
------------------------------ Unchanged part omitted------------------------------
------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020878][bookmark: _Toc29813575][bookmark: _Toc29814046][bookmark: _Toc29814394][bookmark: _Toc37144409][bookmark: _Toc37269383]9	Radiated BS transmitter characteristics
[bookmark: _Toc21020879][bookmark: _Toc29813576][bookmark: _Toc29814047][bookmark: _Toc29814395][bookmark: _Toc37144410][bookmark: _Toc37269384]9.1	General
[bookmark: _Toc21020880][bookmark: _Toc29813577][bookmark: _Toc29814048][bookmark: _Toc29814396][bookmark: _Toc37144411][bookmark: _Toc37269385]9.1.1	Spatial definitions
NOTE:	For description of spatial definition for the OTA requirements, refer to the OTA BS testing TR 37.941 [36].
FR1 NR BS will use the same spatial definitions as AAS BS, these are further described in 3GPP TR 37.842 [8] and 3GPP TR 37.843 [9].
FR2 NR BS spatial definitions will use common spatial definitions as FR1, with few exceptions described in table 9.1.1-1.
OTA transmitter requirements can be split into either:
1.	Directional requirements:
-	The manufacturer to declare beam(s) and coverage ranges over which the beam can be steered.
-	Directional requirement type does not imply the requirement is only in one direction as many requirements have a number of compliance directions. It implies the requirement applies to a single direction at a time.
2.	TRP requirements:
-	TRP can be calculated as:


	where EIRP is the total EIRP of two orthogonal polarizations.
3.	Co-location requirements:
-	Co-location requirements are requirements which are based on assuming the BS type 1-O is co-located with another BS of the same base station class, they ensure that both co-located systems can operate with minimal degradation to each other.
In table 9.1.1-1 classification of the radiated Tx requirements is provided with brief justification.
Table 9.1.1-1: Classification of radiated Tx requirementsVoid
	Tx requirement
	Description 
	Classification

	Radiated transmit power
	The minimum requirements for radiated transmit power, are placed on one or more manufacturer declared beams over a declared OTA peak direction set. OTA requirements for NR BS output power are defined for directional EIRP requirements as radiated transmit power requirements.
This requirement is based on the Rel-13 AAS BS requirement for the EIRP accuracy. 
	Directional 

	OTA BS output power
	TRP metric is used for NR BS output power limit requirement.
	TRP

	OTA output power dynamics
	OTA output power dynamics consists of the Total power dynamic range, as well as the RE power control dynamic range requirements.
For E-UTRA specification, the RE power control dynamic range requirement has no specific test and it is tested together with the EVM. Furthermore, verification of the output power dynamics is not impacted by the spatial aspects around the DUT. Therefore, the OTA output power dynamics requirements are considered as directional requirements. 
	Directional

	OTA transmit ON/OFF power
	For AAS BS, the OTA Transmit OFF power was agreed to be a co-location requirement, defined at the co-location reference antenna conductive output side, subject to scaling.
For NR BS, the same approach is reused. 
	Co-location for BS type 1-O and 
TRP for BS type 2-O

	OTA transient period
	Same as OTA transmit OFF power, for AAS BS, the OTA transient period was agreed to be a co-location requirement defined at the co-location reference antenna conductive output side, subject to scaling.
For NR BS, the same approach is reused.
	Co-location

	OTA transmitted signal quality
	EVM: The range of directions where the EVM requirement must be met is declared by the manufacturer as OTA coverage range, while the requirement itself is considered directional.
Frequency error: The frequency error is coherent and will have a ‘flat’ response in the spatial domain, i.e. OTA frequency error will not depend on the selection of the measurement point within beam’s compliance directions set. Therefore, single directional requirement can be applied.
TAE: In terms of testing effort it is beneficial, to coordinate testing of OTA TAE with testing of other transmitter parameters such as OTA frequency error and radiated transmit power. 
	Directional

	OTA occupied bandwidth
	For occupied bandwidth, the beam characteristics are not important. The requirement should however cover the fact that all transmitter is active and the system is operating at the maximum declared rated total radiated power. Occupied bandwidth is specified as a directional requirement valid over the OTA coverage range.
	Directional

	OTA ACLR
	ACLR requirement is the ratio of two TRP measures: the total radiated filtered mean power centred on the assigned channel frequency to the total radiated filtered mean power centred on an adjacent channel frequency.
	TRP

	OTA operating band unwanted emission 
	The OBUE unwanted emissions requirement in the OTA domain must capture all emissions around the DUT by application of the TRP metric.
	TRP

	OTA transmitter spurious emission 
	Similar to other Unwanted emissions requirements, the metric used to capture transmitter spurious emissions OTA is TRP.
	TRP except for co-location requirements applicable for BS type 1-O

	OTA transmitter intermodulation 
	OTA transmitter intermodulation requirement relies on Unwanted emission requirements (i.e. operating band unwanted emission, transmitter spurious emission, and ACLR; all defined as TRP) in the presence of a wanted signal and an interfering signal.
No requirement for BS type 2-O is defined.
	Co-location



Directional requirements are to be met over one of two defined directions sets, with each direction set being declared:
-	the OTA coverage range: range of directions over which directional requirements associated with BS-UE communication are intended such as modulation quality, TAE and frequency error. It can be regarded as the range of directions which define the cell coverage. There is only one OTA coverage range per BS.
-	the OTA peak directions set: intended for directional requirements which are intended for the centre of the beam for example EIRP accuracy. The OTA peak directions set must always be within the OTA coverage range. There may be more than one OTA peak directions set declared, the declarations cover the range of directions which a beam may be steered. As the BS may generate more than one type of beam with different beam widths and different steering capabilities the declaration allows for multiple OTA peak direction sets to be declared. The minimum set of declarations covers the beams with the narrowest and the widest beam widths.
[bookmark: _Toc21020881][bookmark: _Toc29813578][bookmark: _Toc29814049][bookmark: _Toc29814397][bookmark: _Toc37144412][bookmark: _Toc37269386]9.2	Radiated transmit power
[bookmark: _Toc21020882][bookmark: _Toc29813579][bookmark: _Toc29814050][bookmark: _Toc29814398][bookmark: _Toc37144413][bookmark: _Toc37269387]9.2.1	General
The minimum requirements for radiated transmit power, are placed on one or more manufacturer declared beam(s) over a declared OTA peak direction set. OTA requirements for NR BS output power are defined for directional EIRP requirements as radiated transmit power requirements (sub-clauses 9.2.2 and 9.2.3) and for TRP requirements as OTA base station output power (sub-clauses 9.3.2 and 9.3.3).
Some NR bands have a significantly larger fractional band width than existing bands as shown in Table 9.2.1-1.
Table 9.2.1-1: NR bands
	Band
	Band Definition
fl to fh
(MHz)
	Absolute Bandwidth
fh – fl
(MHz)
	Relative Bandwidth
fh/fl
(dB)
	Fractional Bandwidth
100.(fh-fl)/fc
(%)

	n41
	2496 to 2690 
	194
	0.3
	7.5

	n77
	3300 to 4200  
	900
	1.0
	24.0

	n78
	3300 to 3800 
	500
	0.6
	14.1

	n79
	4400 to 5000
	600
	0.6
	12.8

	n257
	26500 to 29500
	3000
	0.5
	10.7

	n258
	24250 to 27500
	3250
	0.5
	12.6

	n260
	37000 to 40000
	2500
	0.3
	6.5

	n261
	27500 to 28350 
	850
	0.13
	3.0



The fractional bandwidth FBW is given in percent as:

	
[bookmark: _Hlk509472332]The radiated transmit power in a specific direction in terms of EIRP can be expressed as: EIRP = TRP + D in dBm, where TRP is the total radiated power in dBm and D is the directivity in dBi. For an array antenna the composite directivity is determined by the element directivity and the array factor directivity. From TR 38.803 [24] Annex C, the element directivity can be expressed as:

	
where Aeff is the antenna aperture in m2 and  is the wave length in m.
[bookmark: _Hlk528656129]For a uniform rectangular array antenna, where elements as separated d m along both y-axis and the z-axis, the maximum area for the antenna aperture is limited to an area of (d)2 m2. Typically, the d is in the range of 0.5 to 0.7 and  is derived from the highest supported frequency. Since the directivity is depending on frequency, it is interesting to analyze the directivity characteristics as function of very wide operation bands.
In Table 9.2.1-2, some wide NR bands have been analyzed with respect to directivity variations (due to fixed antenna aperture.
Table 9.2.1-2: Directivity variation over supported frequency range
	Band
	 
(dB)

	n41
	-0.6

	n77
	-2.1

	n78
	-1.2

	n79
	-1.1

	n257
	-0.9

	n258
	-1.1

	n260
	-0.7



It’s clear that the directivity is lower at lowest supported frequency compared with the highest supported frequency as expected. For a NR base station supporting wide bands the directivity variation is managed by declaring EIRP at lowest supported frequency and highest supported frequency within a specific band.
[bookmark: _Toc21020883][bookmark: _Toc29813580][bookmark: _Toc29814051][bookmark: _Toc29814399][bookmark: _Toc37144414][bookmark: _Toc37269388]9.2.2	Minimum requirement for BS type 1-O and BS type 1-H
For requirement set 1-H and 1-O, the radiated transmit power requirements will be the same as those for E-UTRA, background information for the minimum requirement is captured in 3GPP TR 37.842 [8], sub-clause 7.2.4. The radiated transmit power requirements for FR1 are defined as the directional requirements on the output power accuracy for EIRP.
As the radiated transmit power for FR1 is based on the manufacturer’s declarations, the basic limit concept does not apply to this requirement.
The technical background for BS type 1-O extreme condition requirement is captured in TR 37.843 [9].
[bookmark: _Toc21020884][bookmark: _Toc29813581][bookmark: _Toc29814052][bookmark: _Toc29814400][bookmark: _Toc37144415][bookmark: _Toc37269389]9.2.3	Minimum requirement for BS type 2-O
Based on the background information in TR 37.842 [8], and aspects related to FR2 captured in TR 38.803 [24], the minimum requirement for BS type 2-O will be defined. For requirement set 2-O, the radiated transmit power requirements will be defined as the directional requirements on the output power accuracy for EIRP.
The technical background for BS type 2-O extreme condition requirement is influenced by TR 37.843 [9] and adapted for FR2.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020903][bookmark: _Toc29813600][bookmark: _Toc29814071][bookmark: _Toc29814419][bookmark: _Toc37144434][bookmark: _Toc37269408]9.6.2	OTA frequency error for FR1
The OTA frequency error requirement is defined to capture the maximum allowable difference between an assigned frequency and the actual generated frequency. The frequency error requirement is a regulatory requirement in some regions.
Based on the motivation captured in 3GPP TS 37.843 [9], the OTA frequency error will be correlated among all TRX units forming the beam, hence the frequency error is coherent, will have a ‘flat’ response in the spatial domain, i.e. OTA frequency error will not depend on the selection of the measurement point within beam’s compliance directions set.
------------------------------ Unchanged part omitted------------------------------
------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020907][bookmark: _Toc29813604][bookmark: _Toc29814075][bookmark: _Toc29814423][bookmark: _Toc37144438][bookmark: _Toc37269412]9.6.6	OTA modulation quality for FR1
OTA transmit modulation signal quality is measured in terms of error vector magnitude (EVM).  EVM captures a maximum allowed distortion due to degradations in the BS transmitter.
For NR EVM is defined similar to that of E-UTRA in that the measurement device contains a equalization algorithm and the EVM is assessed after equalization.  For 2-O, common phase error compensation algorithm is also needed to be applied in addition to the simple equalization algorithm.  EVM is also measured over a root mean square average over 10 sub-frames.	
Although EVM is expressed in terms of a percentage it is a ratio, that of the error vector and the reference power. Whilst the reference (or wanted) signal may be subjected to beam forming the error vector power has unknown correlation level between transmitter units and hence may be beam formed or not.
The EVM requirement is important only between the BS and its intended UE. Hence the EVM is only of importance in directions where the BS intends to communicate with the UE’s. It is therefore in a set of specific directions from the AAS BS which is of interest rather than the average or total EVM over the entire sphere. Based upon the method captured in 3GPP TR 37.843 [9], the EVM requirement is defined over a declared OTA coverage range.  The range of directions which the NR BS meets the EVM requirement is declared by the manufacturer as OTA coverage range.
------------------------------ Unchanged part omitted------------------------------
------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020944][bookmark: _Toc29813641][bookmark: _Toc29814112][bookmark: _Toc29814460][bookmark: _Toc37144475][bookmark: _Toc37269449]10	Radiated BS receiver characteristics	
[bookmark: _Toc21020945][bookmark: _Toc29813642][bookmark: _Toc29814113][bookmark: _Toc29814461][bookmark: _Toc37144476][bookmark: _Toc37269450]10.1	General
For BS type 1-H and BS type 1-O the same spatial definitions are used as for the AAS BS, as described in 3GPP TR 37.842 [8]TR 37.941 [36] and 3GPP TR 37.843 [9].
For BS type 2-O spatial definitions defined for BS type 1-O are reused, with few exceptions described in table 10.1-1.
For NR BS type 1-O OTA sensitivity is valid over the RoAoA(s) in the declared OSDD(s), where any number of OSDD’s may be declared by the manufacturer to describe the receiver capabilities.
Minimum sensitivity (minSENS) is defined as the lowest declared EIS value from all the declared OSDD’s and is valid over the minSENS RoAoA.
Absolute levels which are based on performance at minSENS are offset from the appropriate conducted absolute power level by the following:
	ΔminSENS = PREFSENS – EISminSENS
OTA REFSENS is valid over the OTA REFSENS RoAoA which is declared by the manufacturer, absolute levels which are based on performance at OTA REFSENS are offset from the appropriate conducted absolute power level by the following:
	ΔREFSENS = PREFSENS – EISREFSENS
In table 10.1-1 classification of the radiated Rx requirements is provided with brief justification.
Table 10.1-1: Classification of radiated Rx requirements
	Rx requirement
	Description and discussion
	Classification

	OTA sensitivity
	Based on the Rel-13 EIS requirement declaration over the OSDD, the OTA sensitivity is directional requirement by definition.
Conformance testing for OTA sensitivity is performed for the five directions same as the Rel-13 AAS OTA sensitivity requirements. This requirement is not applicable for BS type 2-O.
	Directional

	OTA reference sensitivity level
	Conformance testing for OTA reference sensitivity is performed for five directions declared by the manufacturer. 
	Directional

	OTA dynamic range
	It was agreed that the requirement assumes that the wanted signal and interfering signal come from the same direction. Testing is defined in the receiver target reference direction, meaning that this is directional requirement. This requirement is not applicable for BS type 2-O.
	Directional

	OTA in-band selectivity and blocking
	The OTA blocking requirement is tested as follows:
-	In the reference direction of the minSENS OSDD using the minSENS based requirement level
-	In each of the 4 conformance directions at the extremities of the OTA REFSENS RoAoA using the REFSENS based requirement level.
	Directional

	OTA out-of-band blocking
	Out of band blocking is a long test and hence it is optimum to minimize the number of conformance test directions. The antenna gain can be assumed to be maximum at the reference direction, therefore it is sufficient to show conformance at the reference direction only.
	Directional, except for co-location requirement applicable for BS type 1-O

	OTA receiver spurious emission 
	The Rx spurious emissions requirement follows the approach for the Tx spurious emissions, i.e. the emissions in the spurious region needs to be measured as TRP due to unknown radiation pattern.
	TRP

	OTA receiver intermodulation
	Since RX sensitivity and blocking already test at all conformance directions, it is sufficient to test RX IM only in a single direction.
	Directional

	OTA in-channel selectivity
	In channel selectivity requirement is tested in a single direction.
	Directional



Spatial definitions relevant for co-location requirements applicable for BS type 1-O is are described in TR 37.843 [9]TR 37.941 [36].
[bookmark: _Toc21020946][bookmark: _Toc29813643][bookmark: _Toc29814114][bookmark: _Toc29814462][bookmark: _Toc37144477][bookmark: _Toc37269451]10.2	OTA sensitivity
The minimum requirements for OTA sensitivity, are based on one or more manufacturer declared OSDD. For BS type 1-H and 1-O, the OTA sensitivity requirements will be as those for E-UTRA, except that NR specific FRCs required for NR. The background information for the minimum requirement is captured in 3GPP TR 37.842, sub-clause 7.3.2.
For BS type 2-O there are no equivalent conducted requirements and a certain minimum level of beam forming gain is required. As such it is not necessary to have both declared OTA sensitivity and reference sensitivity requirements. Hence there is only one sensitivity requirement for FR2, which is used as reference sensitivity and hence is called REFSENS.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020953][bookmark: _Toc29813650][bookmark: _Toc29814121][bookmark: _Toc29814469][bookmark: _Toc37144484][bookmark: _Toc37269458]10.3.3.3	Noise figure assumptions
The noise figure for the receiver will increase as the frequency increases, the following values have been agreed for each frequency range:
Table 10.3.3.3-1: Noise Figure values for the WP5D response in TR 38.803 [24]
	Frequency range
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	BS
	10 dB
	12 dB


------------------------------ Next modified section ------------------------------
[bookmark: _Toc29813661][bookmark: _Toc29814132][bookmark: _Toc29814480][bookmark: _Toc37144495][bookmark: _Toc37269469]10.5.3.2	FR1
In-band blocking for BS type 1-O uses the same approach as that used for E-UTRA AAS as described in 3GPP TR 37.843. Wanted signal and interferer levels are adjusted to be in line with NR channel BW and FRC’s.
Both the in-band interferer and the wanted signal have requirements at 2 power levels associated with OTA REFSENS and minSENS.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020965][bookmark: _Toc29813662][bookmark: _Toc29814133][bookmark: _Toc29814481][bookmark: _Toc37144496][bookmark: _Toc37269470]
10.5.3.3	FR2
BS type 2-O has a number of differences when considering the OTA blocking levels.
-	There are no conducted requirements, so simulation of conducted interferer power levels do not give a final OTA power level.
-	Beam forming is necessary in order to overcome the path loss.
-	A wide range of implementations with varying antenna maximum beam forming gain are envisaged.
-	Different beam forming architectures result in different statistical spread of interferer power at the active Rx input (i.e. the LNA).
Traditionally the in-band blocking level has been analysis on a statistical basis based on the 99.99% probability of an interferer being possible. This has been used since UTRA where WCDMA modulation was susceptible to blocking and the entire system would be blocked if such an event occurred. The NR OFDMA scheme does not suffer so greatly due to a blocking event hence such a high probability is not required, probabilities between 99% and 99.9% have also been considered.
In the past the wanted signal has not been considered when studying the interferer level, however with an OTA requirement and a beam forming system when considering a statistical worst case, it is important to consider both the wanted and the interfering signal. This is due to the fact that blocking arises when a low power wanted signal and a high-power blocking signal occur simultaneously (the likelihood of this occurring depends on instantaneous power control, scheduling and beam directions) Hence the difference between the wanted signal and the interferer is also important.
Initially the probability of the interferer alone was simulated looking at the same scenarios identified in the co-existence simulation in 3GPP TR 38.803 [24].
The probability of the blocking signal level and also the probability of simultaneous low wanted signal and high blocking signal were both considered. Simulations of both of these aspects suggested that the blocking signal is typically 33dB above the reference sensitivity level. This result was consistent when considering different architectures.
It was agreed that the specification for the interferer power level will be 33dB higher than the OTA REFSENS power level.
As for FR2 there is only a single sensitivity requirement, a 6dB offset from OTA reference sensitivity is used for the wanted signal and a 33dB offset from reference sensitivity is used for the interferer.
[bookmark: _Toc21020966][bookmark: _Toc29813663][bookmark: _Toc29814134][bookmark: _Toc29814482][bookmark: _Toc37144497][bookmark: _Toc37269471]10.6	OTA Out-of-band blocking	
[bookmark: _Toc21020967][bookmark: _Toc29813664][bookmark: _Toc29814135][bookmark: _Toc29814483][bookmark: _Toc37144498][bookmark: _Toc37269472]10.6.1	FR1 OTA out-of-band blocking
The OTA out-of-band blocking requirement derivation for NR is the same as that for AAS and is documented in 3GPP TR 37.843 [9], in summary the OTA out of band blocking is difficult to translate directly from the conducted out of band blocking requirement as
------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020984][bookmark: _Toc29813681][bookmark: _Toc29814152][bookmark: _Toc29814500][bookmark: _Toc37144515][bookmark: _Toc37269489]11.4	Radiated immunity requirements
For the measurement aspects of the radiated immunity requirements, refer to TR 37.941 [36].
[bookmark: _Toc21020985][bookmark: _Toc29813682][bookmark: _Toc29814153][bookmark: _Toc29814501][bookmark: _Toc37144516][bookmark: _Toc37269490]11.4.1	Measurement set-up for testing radiated immunity
NOTE:	In Rel-15, content of this clause was shifted to the OTA BS testing TR 37.941 [36].
In an EMC RI testing test setup for non-AAS BS products, the antenna connectors of the BS are terminated during test to prevent high power levels entering the RX of the EUT. For the AAS BS architectures such as BS type 1-O, due to lack of the antenna connectors (called TAB connectors in case of AAS BS products), it is not possible to terminate TAB connectors and prevent disturbances affecting the RX chain. This may lead to the receiver of the BS type 1-O being inoperable (in case the RF blocking requirements are not met). To avoid the BS type 1-O receiver being inoperable during the EMC RI test, protection mechanisms need to be employed for BS RX during the RI testing.
A high level example of EMC RI test setup for an OTA AAS BS is illustrated in figure 11.4.1-1. The Equipment Under Test (EUT) is placed in an anechoic chamber on top of a turn table. A range antenna or probe antenna generates the interfering RF electromagnetic field.
[image: ]
Figure 11.4.1-1: Example radiated immunity test setup for a BS type 1-OVoid
An important difference of the EMC radiated immunity test setup for an BS type 1-O as compared with testing of the EUT equipped with the antenna connectors is the need for OTA performance parameter monitoring. During EMC RI test the EUT is rotated horizontally in order to expose it to the interfering RF electromagnetic field from all directions in horizontal plane.
According to IEC 61000-4-3 [25], all testing of equipment shall be performed in a configuration as close as possible to actual installation conditions. In order to allow electromagnetic susceptibility testing of the maximum surface for BS type 1-O, the EUT shall be mounted using rack (or pole) mount, if possible.
[bookmark: _Toc21020986][bookmark: _Toc29813683][bookmark: _Toc29814154][bookmark: _Toc29814502][bookmark: _Toc37144517][bookmark: _Toc37269491]11.4.2	Alternatives to protect BS type 1-O during RI test
NOTE:	In Rel-15, content of this clause was shifted to the OTA BS testing TR 37.941 [36].
3GPP has agreed on the use of two mechanisms to protect the BS during RI testing: 
-	Exclusion bands, or
-	Spatial exclusion.
The combined use of these two alternatives is reflected in both AAS BS EMC specification TS 37.114 [16] and the NR BS EMC specification TS 38.113 [15].
[bookmark: _Toc21020987][bookmark: _Toc29813684][bookmark: _Toc29814155][bookmark: _Toc29814503][bookmark: _Toc37144518][bookmark: _Toc37269492]11.4.2.1	Exclusion bands
Exclusion bands were considered as a mechanism to protect the receiver from potential damage/undue stress during the RI test of the non-AAS BS products so far, where the exclusion bands represent a range of frequencies over which no tests are made.
During the discussion of Release 15, the need for widening the size of the exclusion bands in TS 37.113 [23], TS 37.114 [16] and TS 38.113 [15] has been recognized. The parameter proposed to get this extension was the boundary of the in-band and out-of-band region, represented by the maximum offset of the out-of-band boundary from the uplink operating band edge (i.e. ∆fOOB). The value of ∆fOOB was derived considering the width of the NR operating band and was agreed to be: 
-	20 MHz, for operating bands narrower than 100 MHz, or
-	60 MHz, for operating bands wider than 100 MHz. 
The above ∆fOOB values considered the use of spatial exclusion during the EMC RI testing.
Before the significant risk to over-dimension the Rx band filter for BS type 1-O, the need for using a value higher than ∆fOOB to calculate the exclusion bands size was agreed for the test case with no spatial exclusion being considered. In this case the exclusion band takes into account the width of the operating band as follows: 
-	60 MHz, for operating bands narrower than 100 MHz, or
-	200 MHz, for operating bands wider than 100 MHz.
[bookmark: _Toc21020988][bookmark: _Toc29813685][bookmark: _Toc29814156][bookmark: _Toc29814504][bookmark: _Toc37144519][bookmark: _Toc37269493]11.4.2.2	Spatial exclusion
According to IEC 61000-4-3 [28], the EMC Radiated Immunity test is performed with the generating antenna facing each side of the EUT. When technically justified, some EUTs can be tested by exposing fewer faces to the generating antenna. For BS type 1-O the RI test need to be reduced to fewer angular incidences. This is to protect the EUT receiver from being blocked due to received input power levels exceeding the OOB blocking limits during the RI testing. Referring to the IEC 61000-4-3 [25] guidance above, the angular incidence where the front of the BS type 1-O is facing the interferer range antenna needs to be omitted, as depicted in figure 11.4.2.2-1.
[image: 图片1]
Figure 11.4.2.2-1: RI testing directions for BS type 1-O (horizontal plane depicted)
------------------------------ Next modified section ------------------------------
[bookmark: _Toc21020989][bookmark: _Toc29813686][bookmark: _Toc29814157][bookmark: _Toc29814505][bookmark: _Toc37144520][bookmark: _Toc37269494]12	Conformance testing aspects
[bookmark: _Toc21020990][bookmark: _Toc29813687][bookmark: _Toc29814158][bookmark: _Toc29814506][bookmark: _Toc37144521][bookmark: _Toc37269495]12.1	General
This clause captures conformance testing aspects related to the measurement uncertainty of test system for conducted requirements. 
For measurement uncertainty of test system for radiated requirements, refer to TR 37.941 [36].
Text to be added.
[bookmark: _Toc21020991][bookmark: _Toc29813688][bookmark: _Toc29814159][bookmark: _Toc29814507][bookmark: _Toc37144522][bookmark: _Toc37269496]12.2	Conformance testing for cConducted requirements
[bookmark: _Toc21020992][bookmark: _Toc29813689][bookmark: _Toc29814160][bookmark: _Toc29814508][bookmark: _Toc37144523][bookmark: _Toc37269497]12.2.1	Measurement uncertainty of test system
For the frequency range up to 4.2 GHz, the same measurement uncertainty as E-UTRA in TS 36.141 [27] were adopted for conducted requirements.
[bookmark: OLE_LINK24][bookmark: OLE_LINK20]For frequency range 4.2 - 6 GHz, for measurement of transmitter, all uncertainty factors including instrumentation related MU were judged to the same as for the 3 – 4.2 GHz range and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. 
[bookmark: OLE_LINK25]For frequency range 4.2 - 6 GHz, for measurement of receiver, both the wanted signal level error and interferer level error may differ for frequency ranges. Hence the MU for the frequency range is defined separately. The derivation of maximum test system uncertainty for 4.2 – 6 GHz receiver tests is shown in table 12.2.1-1.
This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
Table 12.2.1-1: Maximum test system uncertainty for 4.2 – 6 GHz conducted receiver tests
	Requirement
	Derivation of Test System Uncertainty
	MU (dB)

	
	
	Wanted signal level error
	Modulated Interferer level error
	CW Interferer level error
	ACLR effect or  Broadband noise effect
	Total

	7.2 Reference sensitivity level
	wanted_level_error
	1.22
	N/A
	N/A
	N/A
	1.2

	7.4.1 Adjacent channel selectivity 
	[SQRT (wanted_level_error2 + interferer_level_error2)] + leakage effect
	1.22
	1.22
	N/A
	0.4
	2.1

	7.4.2 In-band blocking (General blocking)
	[SQRT (wanted_level_error2 + interferer_level_error2)] + leakage effect
	1.22
	1.39
	N/A
	0.4
	2.2

	7.4.2 In-band blocking
(Narrow band blocking)
	[SQRT (wanted_level_error2 + interferer_level_error2)] + leakage effect
	1.22
	1.22
	N/A
	0.4
	2.1

	7.5.5.1 Out-of-band blocking  (General requirements)
1MHz < finterferer ≤ 3 GHz
	[SQRT (wanted_level_error2 + interferer_level_error2)] + Broadband noise effect
	1.22
	N/A
	1
	0.1
	1.7

	7.5.5.1 Out-of-band blocking  (General requirements)
3.0GHz < finterferer ≤ 4.2 GHz
	[SQRT (wanted_level_error2 + interferer_level_error2)] + Broadband noise effect
	1.22
	N/A
	1.2
	0.1
	1.8

	7.5.5.1 Out-of-band blocking  (General requirements)
4.2GHz < finterferer ≤ 12.75 GHz
	[SQRT (wanted_level_error2 + interferer_level_error2)] + Broadband noise effect
	1.22
	N/A
	3
	0.1
	3.3

	7.5.5.2 Out-of-band blocking (Co-location requirements)
	[SQRT (wanted_level_error2 + interferer_level_error2)] + Broadband noise effect
	1.22
	N/A
	2
	0.4
	2.7

	7.7 Receiver intermodulation
	SQRT [(2 x CW_level_error)2 +(mod interferer_level_error)2  +(wanted signal_level_error)2] + ACLR effect
	1.22
	1.22
	0.98
	0.4
	3

	7.8 In-channel selectivity
	[SQRT (wanted_level_error2 + interferer_level_error2)] + leakage effect
	1.22
	1.22
	N/A
	0.4
	2.1



[bookmark: _Toc21020993][bookmark: _Toc29813690][bookmark: _Toc29814161][bookmark: _Toc29814509][bookmark: _Toc37144524][bookmark: _Toc37269498][bookmark: _Hlk526952483][bookmark: _Hlk526952467]12.3	Conformance testing for OTA TX directional requirements
NOTE:	In Rel-15, content of this clause was shifted to the OTA BS testing TR 37.941 [36].

[bookmark: _Toc21020994][bookmark: _Toc29813691][bookmark: _Toc29814162][bookmark: _Toc29814510][bookmark: _Toc37144525][bookmark: _Toc37269499]12.3.1	EIRP accuracy
[bookmark: _Toc21020995][bookmark: _Toc29813692][bookmark: _Toc29814163][bookmark: _Toc29814511][bookmark: _Toc37144526][bookmark: _Toc37269500]12.3.1.1	FR1
[bookmark: _Toc21020996][bookmark: _Toc29813693][bookmark: _Toc29814164][bookmark: _Toc29814512][bookmark: _Toc37144527][bookmark: _Toc37269501]12.3.1.1.1	General
For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA in TS 37.145-2 were adopted. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same.
For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
[bookmark: _Toc21020997][bookmark: _Toc29813694][bookmark: _Toc29814165][bookmark: _Toc29814513][bookmark: _Toc37144528][bookmark: _Toc37269502]12.3.1.1.2	MU values
The MU value was thus agreed to be 1.1 dB for up to 3 GHz bands and 1.3 dB for 3 – 6 GHz bands. The MU in 4.2 - 6 GHz is valid for BS designed to operate in licensed spectrum.
[bookmark: _Toc21020998][bookmark: _Toc29813695][bookmark: _Toc29814166][bookmark: _Toc29814514][bookmark: _Toc37144529][bookmark: _Toc37269503]12.3.1.1.3	TT values
The TT was decided to be the same as the MU for EIRP accuracy in FR1.
[bookmark: _Toc21020999][bookmark: _Toc29813696][bookmark: _Toc29814167][bookmark: _Toc29814515][bookmark: _Toc37144530][bookmark: _Toc37269504]12.3.1.2	FR2
[bookmark: _Toc21021000][bookmark: _Toc29813697][bookmark: _Toc29814168][bookmark: _Toc29814516][bookmark: _Toc37144531][bookmark: _Toc37269505]12.3.1.2.1	General
The MU assessment was carried out using a CATR chamber only however other chamber types are not precluded if suitable MU assessment is done.
[bookmark: _Toc21021001][bookmark: _Toc29813698][bookmark: _Toc29814169][bookmark: _Toc29814517][bookmark: _Toc37144532][bookmark: _Toc37269506]12.3.1.2.2	MU assessment
[bookmark: _Toc21021002][bookmark: _Toc29813699][bookmark: _Toc29814170][bookmark: _Toc29814518][bookmark: _Toc37144533][bookmark: _Toc37269507]12.3.1.2.2.1	CATR
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures.
Table 12.3.1.2.2.1-1: Compact antenna test range uncertainty assessment for EIRP measurement
	UID (Note 1)
	Uncertainty Source
	Uncertainty value
24.25<f
<29.5GHz
	Uncertainty value
37<f
<40GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui (dB)
[bookmark: _Hlk524986903]24.25<f
<29.5GHz
	Standard uncertainty ui (dB)
[bookmark: _Hlk524986944]37<f
<40GHz

	Stage 2: DUT measurement

	E2-1
	Misalignment  DUT & pointing error
	0.2
	0.2
	Exp. normal
	2
	1 
	0,1
	0,1

	E2-2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.5
	0.7
	 Gaussian
	1
	 1
	0,5
	0,7

	E2-3
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1 
	0,03
	0,03

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0,01
	0,01

	E2-5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0,4
	0.4

	E2-16
	Frequency flatness
	0.25
	0.25
	Normal
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	E2-6
	Network Analyzer
	0.3
	0.3
	Normal
	1
	1
	0,3
	0,3

	E2-7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.43
	0.57
	U-shaped
	√2
	1 
	0,21
	0,26

	E2-8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0
	0

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0,01
	0,01

	E2-9
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	√2
	1
	0,15
	0,2

	E2-10
	SGH Calibration uncertainty
	0.52
	0.52
	Rectangular
	√3
	1
	0,25
	0,25

	E2-11
	Misalignment  positioning system
	0.2
	0.2
	Exp. normal 
	2
	1
	0
	0

	E2-1
	Misalignment  SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0,25
	0,25

	E2-12
	Rotary joints
	0
	0
	U-shaped
	√2
	1
	0
	0

	E2-3
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0,06
	0,06

	E2-5
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0,009
	0,009

	E2-15
	Switching uncertainty
	0.43
	0.43
	Rectangular
	√3
	1
	0,1
	0,1

	Combined standard uncertainty (1σ) (dB)


	0,88
	1,03

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)


	1,73
	2,02

	Note 1:	UID are referenced to 3GPP TR 37.843 [26].



[bookmark: _Toc21021003][bookmark: _Toc29813700][bookmark: _Toc29814171][bookmark: _Toc29814519][bookmark: _Toc37144534][bookmark: _Toc37269508]12.3.1.2.2.2	Summary
Based on the above evaluation, the MU was decided to be 1.7 dB for the frequency range 24.25<f<29.5GHz and 2.0 dB for the frequency range 37<f<40GHz.
[bookmark: _Toc21021004][bookmark: _Toc29813701][bookmark: _Toc29814172][bookmark: _Toc29814520][bookmark: _Toc37144535][bookmark: _Toc37269509]12.3.1.2.3	TT values
The TT was decided to be the same as the MU for EIRP accuracy in FR2.
[bookmark: _Toc21021005][bookmark: _Toc29813702][bookmark: _Toc29814173][bookmark: _Toc29814521][bookmark: _Toc37144536][bookmark: _Toc37269510]12.3.2	Output power dynamic range
[bookmark: _Toc21021006][bookmark: _Toc29813703][bookmark: _Toc29814174][bookmark: _Toc29814522][bookmark: _Toc37144537][bookmark: _Toc37269511]12.3.2.1	FR1
[bookmark: _Toc21021007][bookmark: _Toc29813704][bookmark: _Toc29814175][bookmark: _Toc29814523][bookmark: _Toc37144538][bookmark: _Toc37269512]12.3.2.1.1	General
The output power dynamic range MU for FR1 for up to 4.2 GHz was agreed to be the same as for eAAS. It is expected that the measurement chamber setup, calibration and measurement procedures and the MU budget will be identical for E-UTRA and NR.
Furthermore, for the frequency range 4.2 – 6 GHz, the chamber and instrument uncertainties are the same as those for the frequency range 3 – 4.2 GHz, assuming testing of a BS designed for operation in licensed spectrum.
[bookmark: _Toc21021008][bookmark: _Toc29813705][bookmark: _Toc29814176][bookmark: _Toc29814524][bookmark: _Toc37144539][bookmark: _Toc37269513]12.3.2.1.2	MU value
The MU value was agreed to be +/- 0.4 dB for all bands from 0 to 6 GHz. Refer to TR 37.843 [9] for further information.
[bookmark: _Toc21021009][bookmark: _Toc29813706][bookmark: _Toc29814177][bookmark: _Toc29814525][bookmark: _Toc37144540][bookmark: _Toc37269514]12.3.2.1.3	TT value
The TT value was agreed to be 0.4 dB.
[bookmark: _Toc21021010][bookmark: _Toc29813707][bookmark: _Toc29814178][bookmark: _Toc29814526][bookmark: _Toc37144541][bookmark: _Toc37269515]12.3.2.2	FR2
[bookmark: _Toc21021011][bookmark: _Toc29813708][bookmark: _Toc29814179][bookmark: _Toc29814527][bookmark: _Toc37144542][bookmark: _Toc37269516]12.3.2.2.1	General
Similarly to FR1, since the OTA output power dynamic range requirement is a relative measurement, only the test equipment uncertainty is of importance. 
[bookmark: _Toc21021012][bookmark: _Toc29813709][bookmark: _Toc29814180][bookmark: _Toc29814528][bookmark: _Toc37144543][bookmark: _Toc37269517]12.3.2.2.2	MU value
Based on expected test equipment uncertainty, the output power dynamic range MU for FR2 was decided to be +/- 0.4 dB (same as for FR1).
[bookmark: _Toc21021013][bookmark: _Toc29813710][bookmark: _Toc29814181][bookmark: _Toc29814529][bookmark: _Toc37144544][bookmark: _Toc37269518]12.3.2.2.3	TT value
The TT value was agreed to be 0.4 dB.
[bookmark: _Toc21021014][bookmark: _Toc29813711][bookmark: _Toc29814182][bookmark: _Toc29814530][bookmark: _Toc37144545][bookmark: _Toc37269519]12.3.3	Occupied Bandwidth
[bookmark: _Toc21021015][bookmark: _Toc29813712][bookmark: _Toc29814183][bookmark: _Toc29814531][bookmark: _Toc37144546][bookmark: _Toc37269520]12.3.3.1	FR1
[bookmark: _Toc21021016][bookmark: _Toc29813713][bookmark: _Toc29814184][bookmark: _Toc29814532][bookmark: _Toc37144547][bookmark: _Toc37269521]12.3.3.1.1	General
The MU for the OTA occupied bandwidth depends on the roll-off of the transmitted signal and the instrument MU, not on the OTA chamber related MU. In principle, the occupied bandwidth MU was agreed to be the same as for E-UTRA/eAAS [9]. However NR covers larger BS channel bandwidths than E-UTRA, and thus additional MU relating to larger channel bandwidths were estimated. The MU was decided based on the density of power measurements within the channel bandwidth and the expected test instrument performance.
[bookmark: _Toc21021017][bookmark: _Toc29813714][bookmark: _Toc29814185][bookmark: _Toc29814533][bookmark: _Toc37144548][bookmark: _Toc37269522]12.3.3.1.2	MU value
The MU was agreed to be +/- 100 kHz for BS channel bandwidths up to 10 MHz, +/- 300 kHz for 10 MHz < BS channel bandwidth ≤ 50 MHz and +/- 300 kHz for 50 MHz < BS channel bandwidths ≤ 100 MHz.
[bookmark: _Toc21021018][bookmark: _Toc29813715][bookmark: _Toc29814186][bookmark: _Toc29814534][bookmark: _Toc37144549][bookmark: _Toc37269523]12.3.3.1.3	TT value
The TT value was agreed to be 0 dB.
[bookmark: _Toc21021019][bookmark: _Toc29813716][bookmark: _Toc29814187][bookmark: _Toc29814535][bookmark: _Toc37144550][bookmark: _Toc37269524]12.3.3.2	FR2
[bookmark: _Toc21021020][bookmark: _Toc29813717][bookmark: _Toc29814188][bookmark: _Toc29814536][bookmark: _Toc37144551][bookmark: _Toc37269525]12.3.3.2.1	General
Similarly to FR1, as long as the link budget is sufficient to provide a signal at the test equipment that is within its operating range, then the occupied bandwidth MU depends only on the test equipment MU. In the beam center, for a CATR, there is sufficient link budget and thus the MU was decided based on expected test equipment performance, considering the agreed density of power measurements in the frequency domain.
[bookmark: _Toc21021021][bookmark: _Toc29813718][bookmark: _Toc29814189][bookmark: _Toc29814537][bookmark: _Toc37144552][bookmark: _Toc37269526]12.3.3.2.2	MU value
Based on expected test equipment performance, the MU for occupied bandwidth was decided to be +/- 600 kHz (same as for FR1 for channel bandwidths greater than 50 MHz).
[bookmark: _Toc21021022][bookmark: _Toc29813719][bookmark: _Toc29814190][bookmark: _Toc29814538][bookmark: _Toc37144553][bookmark: _Toc37269527]12.3.3.2.3	TT value
The TT value was agreed to be 0 dB.
[bookmark: _Toc21021023][bookmark: _Toc29813720][bookmark: _Toc29814191][bookmark: _Toc29814539][bookmark: _Toc37144554][bookmark: _Toc37269528]12.3.4	Signal Quality requirements
[bookmark: _Toc21021024][bookmark: _Toc29813721][bookmark: _Toc29814192][bookmark: _Toc29814540][bookmark: _Toc37144555][bookmark: _Toc37269529]12.3.4.1	FR1
[bookmark: _Toc21021025][bookmark: _Toc29813722][bookmark: _Toc29814193][bookmark: _Toc29814541][bookmark: _Toc37144556][bookmark: _Toc37269530]12.3.4.1.1	General
The MU for FR1 for each of EVM, frequency error and TAE for 0 - 4.2 GHz was agreed to be the same as for eAAS. It is expected that the measurement chamber setup, calibration and measurement procedures and the MU budget will be identical for E-UTRA and NR.
Furthermore, for the frequency range 4.2 – 6 GHz, the chamber and instrument uncertainties are the same as those for the frequency range 3 – 4.2 GHz, assuming testing of a BS designed for operation in licensed spectrum.
[bookmark: _Toc21021026][bookmark: _Toc29813723][bookmark: _Toc29814194][bookmark: _Toc29814542][bookmark: _Toc37144557][bookmark: _Toc37269531]12.3.4.1.2	MU values
The MU values are 1% for EVM, +/- 12 Hz for frequency error and 25 ns for time alignment error. Refer to TR 37.843 [9] for further information.
[bookmark: _Toc21021027][bookmark: _Toc29813724][bookmark: _Toc29814195][bookmark: _Toc29814543][bookmark: _Toc37144558][bookmark: _Toc37269532]12.3.4.1.3	TT value
The TT values were agreed to be the same as the MU values.
[bookmark: _Toc21021028][bookmark: _Toc29813725][bookmark: _Toc29814196][bookmark: _Toc29814544][bookmark: _Toc37144559][bookmark: _Toc37269533]12.3.4.2	FR2
[bookmark: _Toc21021029][bookmark: _Toc29813726][bookmark: _Toc29814197][bookmark: _Toc29814545][bookmark: _Toc37144560][bookmark: _Toc37269534]12.3.4.2.1	General
Similarly to FR1, as long as the link budget is sufficient to provide a signal at the test equipment that is within its operating range, then the signal quality requirements MU depends only on the test equipment MU. In the beam center, for a CATR, there is sufficient link budget and thus the MU was decided based on expected test equipment performance.
[bookmark: _Toc21021030][bookmark: _Toc29813727][bookmark: _Toc29814198][bookmark: _Toc29814546][bookmark: _Toc37144561][bookmark: _Toc37269535]12.3.4.2.2	MU values
The MU values are 1% for EVM, +/- 12 Hz for frequency error and 25 ns for time alignment error. Refer to TR 37.843 [9] for further information.
[bookmark: _Toc21021031][bookmark: _Toc29813728][bookmark: _Toc29814199][bookmark: _Toc29814547][bookmark: _Toc37144562][bookmark: _Toc37269536]12.3.4.2.3	TT values
The TT values were agreed to be the same as the MU values.
[bookmark: _Toc21021032][bookmark: _Toc29813729][bookmark: _Toc29814200][bookmark: _Toc29814548][bookmark: _Toc37144563][bookmark: _Toc37269537]12.3.5	EIRP accuracy – extreme conditions
[bookmark: _Toc21021033][bookmark: _Toc29813730][bookmark: _Toc29814201][bookmark: _Toc29814549][bookmark: _Toc37144564][bookmark: _Toc37269538]12.3.5.1	FR1
[bookmark: _Toc21021034][bookmark: _Toc29813731][bookmark: _Toc29814202][bookmark: _Toc29814550][bookmark: _Toc37144565][bookmark: _Toc37269539]12.3.5.1.1	General
For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA in TS 37.145-2 were adopted. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same.
For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
[bookmark: _Toc21021035][bookmark: _Toc29813732][bookmark: _Toc29814203][bookmark: _Toc29814551][bookmark: _Toc37144566][bookmark: _Toc37269540]12.3.5.1.2	MU values
The MU value was thus agreed to be 2.5 dB for up to 3 GHz bands and 2.6 dB for 3 – 6 GHz bands. The MU in 4.2 - 6 GHz is valid for BS designed to operate in licensed spectrum.
[bookmark: _Toc21021036][bookmark: _Toc29813733][bookmark: _Toc29814204][bookmark: _Toc29814552][bookmark: _Toc37144567][bookmark: _Toc37269541]12.3.5.1.3	TT values
The TT was decided to be the same as the MU for EIRP accuracy in FR1.
[bookmark: _Toc21021037][bookmark: _Toc29813734][bookmark: _Toc29814205][bookmark: _Toc29814553][bookmark: _Toc37144568][bookmark: _Toc37269542]12.3.5.2	FR2
[bookmark: _Toc21021038][bookmark: _Toc29813735][bookmark: _Toc29814206][bookmark: _Toc29814554][bookmark: _Toc37144569][bookmark: _Toc37269543]12.3.5.2.1	General
For the direct far field method (see TR 37.843 [26]) the MU budget is very similar to the existing MU budget for the EIRP accuracy requirement. However there are a number of additional sources of uncertainty due to the environmental enclosure that need to be added to the budget.
For FR2 only the CATR MU budget has been assessed however other suitable camber types are not precluded.
[bookmark: _Toc21021039][bookmark: _Toc29813736][bookmark: _Toc29814207][bookmark: _Toc29814555][bookmark: _Toc37144570][bookmark: _Toc37269544]12.3.5.2.2	MU assessment
[bookmark: _Toc21021040][bookmark: _Toc29813737][bookmark: _Toc29814208][bookmark: _Toc29814556][bookmark: _Toc37144571][bookmark: _Toc37269545]12.3.5.2.2.1	CATR
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures.
For the environmental control of the BS required to produce the extreme temperature environment the BS under test is placed inside a RF transparent environmentally sealed enclosure so that the DUT temperature can be controlled whilst the result of the OTA chamber facility is at nominal temperature.
[image: ]
Figure 12.3.5.2.2.1-1: CATR measurement system setup for extreme conditions EIRP accuracy
Table 12.3.5.2.2.1-1: Compact antenna test range uncertainty assessment for EIRP measurement under extreme conditions
	UID
	Uncertainty Source
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui (dB)

	
	
	24.25<f
	37<f
	
	
	
	24.25<f
	37<f

	
	
	<29.5GHz
	<40GHz
	
	
	
	<29.5GHz
	<40GHz

	Stage 2: DUT measurement

	E2-1
	Misalignment  DUT & pointing error
	0.2
	0.2
	Exp. normal
	2
	1 
	0.1
	0.1

	E2-2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.5
	0.7
	 Gaussian
	1
	 1
	0.5
	0.7

	E2-3
	Standing wave between DUT and test range antenna
	0.03
	0.03
	U-shaped
	1.41
	1 
	0.021
	0.021

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Gaussian
	1
	1 
	0.01
	0.01

	E2-4
	QZ ripple with DUT (extreme)
	0.7
	0.7
	Gaussian
	1
	1
	0.7
	0.7

	E2-34
	Frequency flatness
	0.25
	0.25
	Gaussian
	1
	1
	0.25
	0.25

	E2-30
	radome loss variation
	0.5
	0.5
	Gaussian
	1
	1
	0.5
	0.5

	E2-31
	wet radome loss variation
	0.9
	0.9
	Gaussian
	1
	1
	0.9
	0.9

	E2-33
	Change in absorber behaviour
	0.5
	0.5
	Gaussian
	1
	1
	0.5
	0.5

	Stage 1: Calibration measurement

	E2-6
	Network Analyzer
	0.3
	0.3
	Gaussian
	1
	1
	0.3
	0.3

	E2-7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.43
	0.57
	U-shaped
	1.41
	1 
	0.3
	0.4

	E2-8
	Insertion loss variation in receiver chain
	0
	0
	Rectangular
	1.73
	1
	0
	0

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Gaussian
	1
	1 
	0.01
	0.01

	E2-9
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	1.41
	1
	0.15
	0.21

	E2-10
	SGH Calibration uncertainty
	0.52
	0.52
	Rectangular
	1.73
	1
	0.3
	0.3

	E2-11
	Misalignment  positioning system
	0
	0
	Exp. normal
	2
	1
	0
	0

	E2-1
	Misalignment  SGH and pointing error
	0
	0
	Exp. normal
	2
	1
	0
	0

	E2-12
	Rotary joints
	0
	0
	U-shaped
	1.41
	1
	0
	0

	E2-3
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	1.41
	1 
	0.06
	0.06

	E2-5
	QZ ripple with SGH
	0.009
	0.009
	Gaussian
	1
	1
	0.009
	0.009

	E2-15
	Switching uncertainty
	0.1
	0.1
	Rectangular
	1.73
	1
	0.06
	0.06

	Combined standard uncertainty (1σ) (dB)
	1.56
	1.66

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	3.1
	3.3



[bookmark: _Toc21021041][bookmark: _Toc29813738][bookmark: _Toc29814209][bookmark: _Toc29814557][bookmark: _Toc37144572][bookmark: _Toc37269546]12.3.5.2.2.2	Summary
Based on the above evaluation, the MU was decided to be 3.1 dB for the frequency range 24.25<f<29.5GHz and 3.3 dB for the frequency range 37<f<40GHz.
[bookmark: _Toc21021042][bookmark: _Toc29813739][bookmark: _Toc29814210][bookmark: _Toc29814558][bookmark: _Toc37144573][bookmark: _Toc37269547]12.3.5.2.3	TT values
The TT was decided to be the same as the MU for EIRP accuracy in FR2.
[bookmark: _Toc21021043][bookmark: _Toc29813740][bookmark: _Toc29814211][bookmark: _Toc29814559][bookmark: _Toc37144574][bookmark: _Toc37269548]12.3.6	Transmitter OFF power and transmitter transient period
[bookmark: _Toc21021044][bookmark: _Toc29813741][bookmark: _Toc29814212][bookmark: _Toc29814560][bookmark: _Toc37144575][bookmark: _Toc37269549]12.3.6.1	FR1
The FR1 Transmitter OFF power and transmitter transient period is a co-location requirement and is described in clause 12.8.2.
[bookmark: _Toc21021045][bookmark: _Toc29813742][bookmark: _Toc29814213][bookmark: _Toc29814561][bookmark: _Toc37144576][bookmark: _Toc37269550]12.3.6.2	FR2
[bookmark: _Toc21021046][bookmark: _Toc29813743][bookmark: _Toc29814214][bookmark: _Toc29814562][bookmark: _Toc37144577][bookmark: _Toc37269551]12.3.6.2.1	General
The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if suitable MU assessment is done.
[bookmark: _Toc21021047][bookmark: _Toc29813744][bookmark: _Toc29814215][bookmark: _Toc29814563][bookmark: _Toc37144578][bookmark: _Toc37269552]12.3.6.2.2	MU assessment
[bookmark: _Toc21021048][bookmark: _Toc29813745][bookmark: _Toc29814216][bookmark: _Toc29814564][bookmark: _Toc37144579][bookmark: _Toc37269553]12.3.6.2.2.1	CATR
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures. However, it is noted that in order to achieve the test instrument uncertainties that were assumed, calibration of the spectrum analyzer may be needed.
Table 12.3.6.2.2.1-1: Compact antenna test range uncertainty assessment for EIRP measurements for transmitter OFF power and transmitter transient period
	UID
	Uncertainty Source
	Uncertainty value
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui (dB)
	Standard uncertainty ui (dB)

	(Note 1)
	
	24.25 <f< 29.5 GHz
	37 <f< 40 GHz
	
	
	
	24.25 <f< 29.5 GHz
	37 <f< 40 GHz

	
	
	
	
	
	
	
	
	

	Stage 2: DUT measurement

	E2-1
	Misalignment  DUT & pointing error
	0.3
	0.3
	Exp. normal
	2
	1 
	0.15
	0.15

	Note 2
	RF power measurement equipment 
	1.25
	1.45
	 Gaussian
	1
	 1
	1.25
	1.45

	E2-3
	Standing wave between DUT and test range antenna
	0.03
	0.03
	U-shaped
	1.414
	1 
	0.02
	0.02

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0.01
	0.01

	E2-5
	QZ ripple with DUT
	0.4
	0.4
	Normal 
	1
	1
	0.4
	0.4

	E2-16
	Frequency flatness
	0.25
	0.25
	Normal
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	E2-6
	Network Analyzer
	0.2
	0.2
	Normal
	1
	1
	0.2
	0.2

	E2-7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.72
	0.72
	U-shaped
	1.414
	1 
	0.51
	0.51

	E2-8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	1.732
	1
	0.1
	0.1

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0.01
	0.01

	E2-9
	Influence of the calibration antenna feed cable
	0
	0
	U-shaped
	1.414
	1
	0
	0

	E2-10
	SGH Calibration uncertainty
	0.5
	0.5
	Rectangular
	1.732
	1
	0.3
	0.3

	E2-11
	Misalignment  positioning system
	0.2
	0.2
	Exp. normal 
	2
	1
	0.1
	0.1

	E2-1
	Misalignment  SGH and pointing error
	0
	0
	Exp. normal
	2
	1
	0
	0

	E2-12
	Rotary joints
	0
	0
	U-shaped
	1.414
	1
	0
	0

	E2-3
	Standing wave between SGH and test range antenna
	0.03
	0.03
	U-shaped
	1.414
	1 
	0.02
	0.02

	E2-5
	QZ ripple with SGH
	0.07
	0.07
	Normal
	1
	1
	0.07
	0.07

	E2-15
	Switching uncertainty
	0.1
	0.1
	Rectangular
	1.732
	1
	0.06
	0.06

	Combined standard uncertainty (1σ) (dB)(dB)
	1.49
	1.66

	
	
	

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)(dB)
	2.91
	3.25

	
	
	

	Note 1:	UID are referenced to TR 37.843 [9].
Note 2:	RF power measurement equipment standard uncertainty σ (dB) of the absolute level for a time domain wideband measurement for FR2 is given as 1.25 dB for the frequency range 24.25 < f < 29.5 GHz, 1.45 dB for the frequency range 37 < f < 40 GHz.



[bookmark: _Toc21021049][bookmark: _Toc29813746][bookmark: _Toc29814217][bookmark: _Toc29814565][bookmark: _Toc37144580][bookmark: _Toc37269554]12.3.6.2.2.2	Summary
Based on the above evaluation and root sum square combining of the dB values for the MU, the MU was decided to be 2.9 dB for the frequency range 24.25 < f < 29.5 GHz and 3.3 dB for the frequency range 37 < f < 40 GHz.
[bookmark: _Toc21021050][bookmark: _Toc29813747][bookmark: _Toc29814218][bookmark: _Toc29814566][bookmark: _Toc37144581][bookmark: _Toc37269555]12.3.6.2.3	TT value
The TT value was agreed to be the same as the MU.
[bookmark: _Toc21021051][bookmark: _Toc29813748][bookmark: _Toc29814219][bookmark: _Toc29814567][bookmark: _Toc37144582][bookmark: _Toc37269556]12.4	Conformance testing for OTA RX directional requirements
NOTE:	In Rel-15, content of this clause was shifted to the OTA BS testing TR 37.941 [36].

[bookmark: _Toc21021052][bookmark: _Toc29813749][bookmark: _Toc29814220][bookmark: _Toc29814568][bookmark: _Toc37144583][bookmark: _Toc37269557]12.4.1	General
General aspects, procedures for calibration, measurements and measurement uncertainty evaluation for wanted signal frequency below 4.2GHz are identical to the ones described in TR 37.843 [26], clause 10.3, while those for wanted signal frequency over 4.2GHz are provided in this clause.
[bookmark: _Toc21021053][bookmark: _Toc29813750][bookmark: _Toc29814221][bookmark: _Toc29814569][bookmark: _Toc37144584][bookmark: _Toc37269558]12.4.2	FR1
For wanted signal frequency above 4.2GHz in FR1 (4.2GHz < f ≤ 6GHz), it has been agreed that MU are obtained as:	
	
	
With
	 1.96 0.58
And
	 1.96 0.28
Substituting the variables above into the formula provided in TR 37.843 [26], clause 10.3, the MU for 4.2GHz < f ≤ 6GHz for each receiver directional requirement can be calculated as shown in tables 12.4.2-1 to 12.4.2-3 below.
Table 12.4.2-1: MU for adjacent channel selectivity, narrowband blocking, in-channel selectivity
	Reference
	Test System Uncertainty
	Standard uncertainty ui (dB)

	
	
	IAC
	CATR

	
	
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz

	TS 38.141-1 [17]
	MUconductedwanted (Wanted signal level error)
	1
	1.30
	1
	1.30

	TS 38.141-1 [17]
	MUconductedint (Interferer signal level error)
	1
	1.30
	1
	1.30

	TS 37.843 [26]
	MUEIS (Combined standard uncertainty)
	0.64
	0.77
	0.71
	0.83

	TS 37.843 [26]
	MUTestEquipment (Uncertainty of the RF signal generator)
	0.46
	0.58
	0.46
	0.58

	TS 37.843 [26]
	MUmatching (Impedance mismatch in the transmitting chain)
	0.16
	0.28
	0.15
	0.28

	TS 38.141-1 [17]
	ACLReffect (Impact of interferer leakage)
	0.4
	0.4
	0.4
	0.4

	
	Combined standard uncertainty (1σ)
	1.02
	1.19
	1.08
	1.24

	
	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	2.00
	2.33
	2.12
	2.43



Table 12.4.2-2: MU for in-band blocking
	Reference
	Test System Uncertainty
	Standard uncertainty ui (dB)

	
	
	IAC
	CATR

	
	
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz

	TS 38.141-1 [17]
	MUconductedwanted (Wanted signal level error)
	1
	1.30
	1
	1.30

	TS 38.141-1 [17]
	MUconductedint (Interferer signal level error)
	1.2
	1.46
	1.2
	1.46

	TS 37.843 [26]
	MUEIS (Combined standard uncertainty)
	0.64
	0.77
	0.71
	0.83

	TS 37.843 [26]
	MUTestEquipment (Uncertainty of the RF signal generator)
	0.46
	0.58
	0.46
	0.58

	TS 37.843 [26]
	MUmatching (Impedance mismatch in the transmitting chain)
	0.16
	0.28
	0.15
	0.28

	TS 38.141-1 [17]
	ACLReffect (Impact of interferer leakage)
	0.4
	0.4
	0.4
	0.4

	
	Combined standard uncertainty (1σ)
	1.09
	1.25
	1.14
	1.29

	
	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	2.13
	2.44
	2.24
	2.54



Table 12.4.2-3: MU for receiver intermodulation
	Reference
	Test System Uncertainty
	Standard uncertainty ui (dB)

	
	
	IAC
	CATR

	
	
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz

	TS 38.141-1 [17]
	MUconductedwanted (Wanted signal level error)
	1
	1.30
	1
	1.30

	TS 38.141-1 [17]
	MUconductedmodint (Modulated interferer signal level error)
	1
	1.30
	1
	1.30

	TS 37.843 [26]
	MUconductedCWint (CW interferer signal level error)
	0.7
	1.08
	0.7
	1.09

	TS 37.843 [26]
	MUEIS (Combined standard uncertainty)
	0.64
	0.77
	0.71
	0.83

	TS 37.843 [26]
	MUTestEquipment (Uncertainty of the RF signal generator)
	0.46
	0.58
	0.46
	0.58

	TS 38.141-1 [17]
	MUmatching (Impedance mismatch in the transmitting chain)
	0.16
	0.28
	0.15
	0.28

	TS 38.141-1 [17]
	ACLReffect (Impact of interferer leakage)
	0.4
	0.4
	0.4
	0.4

	
	Combined standard uncertainty (1σ)
	1.24
	1.57
	1.32
	1.62

	
	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	2.43
	3.09
	2.60
	3.17



The MU for the receiver directional requirements are summarized in table 12.4.2-4 below.
Table 12.4.2-4: MU for receiver directional requirements
	Receiver directional requirements
	Expanded uncertainty ue (dB)


	
	f ≤ 3GHz
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz

	Receiver sensitivity and reference sensitivity
	1.3
	1.4
	1.6

	Receiver dynamic range
	0.3
	0.3
	0.3

	Adjacent channel selectivity, narrowband blocking, and in-channel selectivity
	1.7
	2.1
	2.4

	In-band blocking
	1.9
	2.2
	2.5

	Receiver intermodulation
	2.0
	2.6
	3.2



It has been agreed that the TT for the regulatory receiver directional requirements should be zero, while the TT for other receiver directional requirements should be equal to the MU. The TT for the receiver directional requirements are summarized in table 12.4.2-5 below.
Table 12.4.2-5: TT for receiver directional requirements
	Receiver directional requirements
	Expanded uncertainty ue (dB)


	
	f ≤ 3GHz
	3GHz < f ≤ 4.2GHz
	4.2GHz < f ≤ 6GHz

	Receiver sensitivity and reference sensitivity
	1.3
	1.4
	1.6

	Receiver dynamic range
	0.3
	0.3
	0.3

	In-channel selectivity
	1.7
	2.1
	2.4

	Adjacent channel selectivity and narrowband blocking
	0
	0
	0

	In-band blocking
	0
	0
	0

	Receiver intermodulation
	0
	0
	0



[bookmark: _Toc21021054][bookmark: _Toc29813751][bookmark: _Toc29814222][bookmark: _Toc29814570][bookmark: _Toc37144585][bookmark: _Toc37269559]12.4.3	FR2
Summary for MUEIS for IAC and CATR are provided, respectively, in tables 12.4.3-1 and 12.4.3-2 below.
Table 12.4.3-1: Summary for MUEIS for IAC
	UID (refer to TR 37.843 [26])
	Uncertainty source
	Uncertainty value
	Uncertainty value
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)
	Standard uncertainty ui (dB)

	
	
	24.25<f<29.5GHz
	37<f<40GHz
	
	
	
	24.25<f<29.5GHz
	37<f<40GHz

	Stage 2: DUT measurement

	1
	Positioning misalignment between the BS and the reference antenna
	0.18
	0.18
	Rectangular
	1.73
	1
	0.1
	0.1

	2
	Pointing misalignment between the BS and the transmitting antenna
	0.18
	0.18
	Rectangular
	1.73
	1
	0.1
	0.1

	3
	Quality of quiet zone
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	4
	Polarization mismatch between the BS and the transmitting antenna
	0.018
	0.018
	Rectangular
	1.73
	1
	0.01
	0.01

	5
	Mutual coupling between the BS and the transmitting antenna
	0
	0
	Rectangular
	1.73
	1
	0
	0

	6
	Phase curvature
	0.07
	0.07
	Gaussian
	1
	1
	0.07
	0.07

	7
	Uncertainty of the RF signal generator
	0.57
	0.57
	Gaussian
	1
	1
	0.57
	0.57

	8
	Impedance mismatch in the transmitting chain
	0.42
	0.42
	U-shaped
	1.41
	1
	0.3
	0.3

	9
	Random uncertainty
	0.18
	0.25
	Rectangular
	1.73
	1
	0.1
	0.15

	Stage 1: Calibration measurement

	10
	Impedance mismatch between the transmitting antenna and the network analyzer
	0.43
	0.57
	U-shaped
	1.41
	1
	0.3
	0.4

	11
	Positioning and pointing misalignment between the reference antenna and the transmitting antenna
	0.43
	0.43
	Rectangular
	1.73
	1
	0.25
	0.25

	12
	Impedance mismatch between the reference antenna and network analyzer
	0.43
	0.57
	U-shaped
	1.41
	1
	0.3
	0.4

	13
	Quality of quiet zone
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	14
	Polarization mismatch for reference antenna
	0.018
	0.018
	Rectangular
	1.73
	1
	0.01
	0.01

	15
	Mutual coupling between the reference antenna and the transmitting antenna
	0
	0
	Rectangular
	1.73
	1
	0
	0

	16
	Phase curvature
	0.07
	0.07
	Gaussian
	1
	1
	0.07
	0.07

	17
	Uncertainty of the network analyzer
	0.3
	0.3
	Gaussian
	1
	1
	0.3
	0.3

	18
	Influence of the reference antenna feed cable
	0.18
	0.18
	Rectangular
	1.73
	1
	0.1
	0.1

	19
	Reference antenna feed cable loss measurement uncertainty
	0.1
	0.1
	Gaussian
	1
	1
	0.1
	0.1

	20
	Influence of the transmitting antenna feed cable
	0.18
	0.18
	Rectangular
	1.73
	1
	0.1
	0.1

	21
	Uncertainty of the absolute gain of the reference antenna
	0.52
	0.52
	Rectangular
	1.73
	1
	0.3
	0.3

	22
	Uncertainty of the absolute gain of the transmitting antenna
	0
	0
	Rectangular
	1.73
	1
	0
	0

	[image: ]Combined standard uncertainty (1σ) (dB)
	0.96
	1.04

	
	
	

	[image: ]Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	1.89
	2.04

	
	
	



Table 12.4.3-2: Summary for MUEIS for CATR
	UID (refer to TR 37.843 [26])
	Uncertainty Source
	Uncertainty value
MVG
	Uncertainty value
Keysight/NSI-MI
	Uncertainty value
Ericsson
24.25<f
<29.5GHz
	Uncertainty value
Ericsson
37<f
<40GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)
MVG
	Standard uncertainty ui  (dB)
Keysight/NSI-MI
	Standard uncertainty ui  (dB)
Ericsson
24.25<f
<29.5GHz
	Standard uncertainty ui  (dB)
Ericsson
37<f
<40GHz

	
	
	FR2
	FR2
	FR2
	FR2
	
	
	
	FR2
	FR2
	FR2
	FR2

	Stage 2: DUT measurement

	1
	Misalignment  DUT & pointing error
	0.1
	0.1
	0.2
	0.2
	Exp. normal
	2
	1 
	0.05
	0.05
	0.10
	0.10

	2
	Standing wave between DUT and test range antenna
	0.1
	0.03
	0.21
	0.21
	U-shaped
	√2
	1 
	0.07
	0.02
	0.15
	0.15

	3
	RF Signal Generator
	0.9
	0.9
	0.57
	0.57
	 Gaussian
	1
	1
	0.90
	0.90
	0.57
	0.57

	4
	RF leakage & dynamic range, test range antenna cable connector terminated.
	0.1
	0.1
	0.01
	0.01
	Normal
	1
	1 
	0.1000
	0.1000
	0.0100
	0.0100

	5
	QZ ripple with DUT
	0.4
	0.4
	0.4
	0.4
	Normal 
	1
	1
	0.4000
	0.4000
	0.4000
	0.4000

	6
	Miscellaneous Uncertainty
	0
	0
	0
	0
	Normal
	1
	1
	0
	0
	0
	0

	Stage 1: Calibration measurement

	7
	Network Analyzer
	0.4
	0.2
	0.3
	0.3
	Normal
	1
	1
	0.40
	0.20
	0.30
	0.30

	8
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.5
	0.74
	0.43
	0.57
	U-shaped
	√2
	1 
	0.35
	0.52
	0.30
	0.40

	9
	Insertion loss of transmitter chain
	0
	0.12
	0.26
	0.26
	Rectangular
	√3
	1
	0.00
	0.07
	0.15
	0.15

	10
	RF leakage,  (SGH connector terminated & test range antenna connector cable terminated)
	0.1
	0.1
	0.01
	0.01
	Normal
	1
	1 
	0.10000
	0.10000
	0.01000
	0.01000

	11
	Flexing cables & connector repeatability
	0
	0
	0.21
	0.21
	U-shaped
	√2
	1
	0.000
	0.000
	0.148
	0.148

	12
	SGH Calibration uncertainty
	1.6
	0.52
	0.52
	0.52
	Exp. normal 
	2
	1
	0.80
	0.26
	0.26
	0.26

	13
	Misalignment  positioning system
	0.1
	0.1
	0
	0
	Exp. normal 
	2
	1
	0
	0
	0
	0

	14
	QZ ripple with SGH
	0.2
	0.072
	0.1
	0.1
	Normal
	1
	1
	0.20
	0.072
	0.10
	0.100

	15
	Rotary joints
	 
	 
	0
	0
	U-shaped
	√2
	1
	0.000
	0.000
	0.000
	0.000

	16
	Misalignment  SGH and pointing error
	 
	 
	0.3
	0.3
	Exp. normal
	2
	1
	0.00
	0.00
	0.15
	0.15

	17
	Misalignment calibration system
	 
	 
	0
	0
	Exp. normal 
	2
	1
	0
	0
	0
	0

	18
	Standing wave between SGH and test range antenna
	0.1
	0.03
	0.09
	0.09
	U-shaped
	√2
	1 
	0.07
	0.02
	0.06
	0.06

	19
	Switching uncertainty
	 
	0.1
	0.43
	0.43
	Rectangular
	√3
	1
	0.00
	0.06
	0.25
	0.25

	[image: ]Combined standard uncertainty (1σ) (dB)
	1.40
	1.18
	0.95
	0.99

	[image: ]Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)
	2.75
	2.31
	1.87
	1.94



From the summary above, it has been agreed that MUEIS is 2.4dB and the MU for other receiver directional requirements can be calculated as follows:

	 

	
With

	

	
And

	
Substituting the variables above into the formula, the MU in FR2 for each receiver directional requirement can be calculated as shown in tables 12.4.3-3 to 12.4.3-4 below.
Table 12.4.3-3: MU for adjacent channel selectivity, in-band blocking, in-channel selectivity
	Test System Uncertainty
	Standard uncertainty ui (dB)
IAC+CATR

	MUEIS (Expanded uncertainty)
	2.4

	MUTestEquipment (Uncertainty of the RF signal generator)
	0.9

	MUPA (Uncertainty due to use of PA)
	0.2

	ACLReffect (Impact of interferer leakage)
	0.4

	Combined standard uncertainty (1σ)
	1.74

	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	3.40



Table 12.4.3-4: MU for receiver intermodulation
	Test System Uncertainty
	Standard uncertainty ui (dB)
IAC+CATR

	MUEIS (Expanded uncertainty)
	2.4

	MUTestEquipment (Uncertainty of the RF signal generator)
	0.9

	MUCWint (CW interferer signal level error)
	0.9

	MUPA (Uncertainty due to use of PA)
	0.2

	ACLReffect (Impact of interferer leakage)
	0.4

	Combined standard uncertainty (1σ)
	1.99

	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	3.90



The MU for the receiver directional requirements are summarized in table 12.4.3-5 below.
Table 12.4.3-5: MU for receiver directional requirements
	Receiver directional requirements
	Expanded uncertainty ue (dB)
IAC+CATR

	Reference sensitivity
	2.4

	In-channel selectivity
	3.4

	Adjacent channel selectivity and in-band blocking
	3.4

	Receiver intermodulation
	3.9



It has been agreed that the TT for the regulatory receiver directional requirements should be zero, while the TT for other receiver directional requirements should be equal to the MU. The TT for the receiver directional requirements are summarized in table 12.4.3-6 below.
Table 12.4.3-6: TT for receiver directional requirements
	Receiver directional requirements
	Expanded uncertainty ue (dB)
IAC+CATR

	Reference sensitivity
	2.4

	In-channel selectivity
	3.4

	Adjacent channel selectivity and in-band blocking
	0

	Receiver intermodulation
	0



[bookmark: _Toc21021055][bookmark: _Toc29813752][bookmark: _Toc29814223][bookmark: _Toc29814571][bookmark: _Toc37144586][bookmark: _Toc37269560]12.5	Conformance testing for OTA RX out of band blocking

NOTE:	In Rel-15, content of this clause was shifted to the OTA BS testing TR 37.941 [36].

[bookmark: _Toc21021056][bookmark: _Toc29813753][bookmark: _Toc29814224][bookmark: _Toc29814572][bookmark: _Toc37144587][bookmark: _Toc37269561][bookmark: _Hlk530558862]12.5.1	General
General aspects, procedures for calibration, measurements and measurement uncertainty evaluation for wanted signal frequency below 4.2GHz are identical to the ones described in TR 37.843, clause 10.7 [26], while those for wanted signal frequency over 4.2GHz are provided in this clause.
The distance between the test object and test antenna injecting the interferer signal is adjusted when necessary to ensure specified interferer signal level to be received.
[bookmark: _Toc21021057][bookmark: _Toc29813754][bookmark: _Toc29814225][bookmark: _Toc29814573][bookmark: _Toc37144588][bookmark: _Toc37269562]12.5.2	FR1
For wanted signal frequency above 4.2GHz in FR1 (4.2GHz < f ≤ 6GHz), it has been agreed that MU are obtained as:

	
The Noiseeffect from the signal generator is 0.1dB, the MUwantedsignal value is MUEIS in clause 10.4.2 and the MUinterferer value is from TR 37.843, clause 10.7.2.4.3 [26].
The final values are given in table 10.5.2-1.
Table 10.5.2-1: MU values for out of band blocking
	OTA

	OOB blocking MU (dB)
	Wanted signal operating band

	
	4.2GHz<f ≤6.0GHz

	Interferer frequency
	30MHz<f≤3 GHz
	2.2

	
	3GHz<f ≤6GHz
	2.3

	
	6GHz<f ≤12.75GHz
	3.6



It has been agreed that the TT for the out-of-band blocking requirement should be zero, 
[bookmark: _Toc21021058][bookmark: _Toc29813755][bookmark: _Toc29814226][bookmark: _Toc29814574][bookmark: _Toc37144589][bookmark: _Toc37269563]12.5.3	FR2
It has been agreed that the MU for the out-of-band blocking requirement can be calculated as follows:

	

With

	

	

	

	
And

	
Substituting the variables above into the formula, the MU in FR2 for the out-of-band blocking requirement can be calculated as 4.1dB, as shown in table 12.5.3-1 below.
Table 12.5.3-1: MU for out-of-band blocking
	Test System Uncertainty
	Standard uncertainty ui (dB)
IAC+CATR

	MUEIS (Expanded uncertainty)
	2.4

	MUTestEquipment (Uncertainty of the RF signal generator)
	0.9

	MUOOBint (Additional uncertainty for the OOB interferer signal)
	1.1

	MUPA (Uncertainty due to use of PA)
	0.2

	 Broadband noise effect (Impact of interferer broadband noise)
	0.4

	Combined standard uncertainty (1σ)
	2.09

	Expanded uncertainty (1.96σ - confidence interval of 95 %)
	4.10



It has been agreed that the TT for the out-of-band blocking requirement should be zero, 
[bookmark: _Toc21021059][bookmark: _Toc29813756][bookmark: _Toc29814227][bookmark: _Toc29814575][bookmark: _Toc37144590][bookmark: _Toc37269564]12.6	Conformance testing for OTA in band TRP requirements

NOTE:	In Rel-15, content of this clause was shifted to the OTA BS testing TR 37.941 [36].

[bookmark: _Toc21021060][bookmark: _Toc29813757][bookmark: _Toc29814228][bookmark: _Toc29814576][bookmark: _Toc37144591][bookmark: _Toc37269565]12.6.1	BS output power
[bookmark: _Toc21021061][bookmark: _Toc29813758][bookmark: _Toc29814229][bookmark: _Toc29814577][bookmark: _Toc37144592][bookmark: _Toc37269566]12.6.1.1	FR1
[bookmark: _Toc21021062][bookmark: _Toc29813759][bookmark: _Toc29814230][bookmark: _Toc29814578][bookmark: _Toc37144593][bookmark: _Toc37269567]12.6.1.1.1	General
For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA were adopted [9]. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same.
For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
[bookmark: _Toc21021063][bookmark: _Toc29813760][bookmark: _Toc29814231][bookmark: _Toc29814579][bookmark: _Toc37144594][bookmark: _Toc37269568]12.6.1.1.2	MU value
The MU value was agreed to be 1.4 dB for 0 – 3 GHz bands and 1.5 dB for 3 – 6 GHz bands. The MU in 4.2-6 GHz is valid for BS designed to operate in licensed spectrum.
[bookmark: _Toc21021064][bookmark: _Toc29813761][bookmark: _Toc29814232][bookmark: _Toc29814580][bookmark: _Toc37144595][bookmark: _Toc37269569]12.6.1.1.3	TT value
The TT value was agreed to be the same as the MU value.
[bookmark: _Toc21021065][bookmark: _Toc29813762][bookmark: _Toc29814233][bookmark: _Toc29814581][bookmark: _Toc37144596][bookmark: _Toc37269570]12.6.1.2	FR2
[bookmark: _Toc21021066][bookmark: _Toc29813763][bookmark: _Toc29814234][bookmark: _Toc29814582][bookmark: _Toc37144597][bookmark: _Toc37269571]12.6.1.2.1	General
[bookmark: _Hlk527001842]The MU assessment was carried out using a CATR chamber only however other chamber types are not precluded if suitable MU assessment is done.
[bookmark: _Toc21021067][bookmark: _Toc29813764][bookmark: _Toc29814235][bookmark: _Toc29814583][bookmark: _Toc37144598][bookmark: _Toc37269572]12.6.1.2.2 	MU assessment
[bookmark: _Toc21021068][bookmark: _Toc29813765][bookmark: _Toc29814236][bookmark: _Toc29814584][bookmark: _Toc37144599][bookmark: _Toc37269573]12.6.1.2.2.1	CATR
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures.
Table 12.6.1.2.2.1-1: Compact antenna test range uncertainty assessment for EIRP measurements for BS output power
	UID
(Note 1)
	Uncertainty Source
	Uncertainty value
24.25<f
<29.5GHz
	Uncertainty value
37<f
<40GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui (dB)(dB)
24.25<f
<29.5GHz
	Standard uncertainty ui (dB)(dB)
37<f
<40GHz

	Stage 2: DUT measurement

	E2-1
	Misalignment  DUT & pointing error
	0.35
	0.35
	Exp. normal
	2
	1 
	0,174
	0,174

	E2-2
	
RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.5
	0.7
	 Gaussian
	1
	 1
	0,5
	0,7

	E2-3
	Standing wave between DUT and test range antenna
	0.03
	0.03
	U-shaped
	√2
	1 
	0,02
	0,02

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0,01
	0,01

	E2-5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0,4
	0.4

	E2-16
	Frequency flatness
	0.25
	0.25
	Normal
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	E2-6
	Network Analyzer
	0.3
	0.3
	Normal
	1
	1
	0,3
	0,3

	E2-7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.43
	0.57
	U-shaped
	√2
	1 
	0,21
	0,26

	E2-8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0
	0

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0,01
	0,01

	E2-9
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	√2
	1
	0,15
	0,2

	E2-10
	SGH Calibration uncertainty
	0.52
	0.52
	Rectangular
	√3
	1
	0,3
	0,3

	E2-11
	Misalignment  positioning system
	0.2
	0.2
	Exp. normal 
	2
	1
	0
	0

	E2-1
	Misalignment  SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0,25
	0,25

	E2-12
	Rotary joints
	0
	0
	U-shaped
	√2
	1
	0
	0

	E2-3
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1 
	0,06
	0,06

	E2-5
	QZ ripple with SGH
	0.009
	0.009
	Normal
	1
	1
	0,009
	0,009

	E2-15
	Switching uncertainty
	0.43
	0.43
	Rectangular
	√3
	1
	0,1
	0,1

	Combined standard uncertainty (1σ) (dB)(dB)


	0,91
	1,05

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)(dB)


	1,78
	2,06

	Note 1:	UID are referenced to TR 37.843 [9].



[bookmark: _Toc21021069][bookmark: _Toc29813766][bookmark: _Toc29814237][bookmark: _Toc29814585][bookmark: _Toc37144600][bookmark: _Toc37269574]12.6.1.2.2.1A	Reverberation chamber
Table 12.6.1.2.2.1A-1: Reverberation chamber uncertainty assessment for TRP measurements for BS output power
	UID
	Uncertainty source
	Uncertainty
value

24.25<f<29.5
GHz
	Uncertainty 
Value

37<f<40
GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard 
uncertainty 
ui (dB)

24.25<f<29.5GHz
	Standard uncertainty
ui (dB)

37<f<40
GHz

	Stage 2: DUT measurement

	1
	Uncertainty of the measurement equipment
	0.50
	0.70
	Gaussian
	1
	1
	0.50
	0.70

	2
	Impedance mismatch in the receiving chain
	0.20
	0.20
	U-shaped
	√2
	1
	0.14
	0.14

	3
	Random uncertainty
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.30
	0.30
	Gaussian
	1
	1
	0.30
	0.30

	5
	Mean value estimation of reference antenna radiation efficiency
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	6
	Uncertainty of the Network Analyzer
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	8
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	9
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) [dB]
[image: ]
	
0.92
	
1.04

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
[image: ]
	
1.79
	
2.04

	NOTE:	This MU budget is applicable if the data tests in procedure step 4) of the RC test procedure in TR 37.843 [26] are fulfilled.



[bookmark: _Toc21021070][bookmark: _Toc29813767][bookmark: _Toc29814238][bookmark: _Toc29814586][bookmark: _Toc37144601][bookmark: _Toc37269575]12.6.1.2.2.2	Summary
Table 12.6.1.2.2.2-1: Test system specific measurement uncertainty values for the BS output power
	
	Expanded uncertainty ue [dB]

	
	24.25<f<29.5GHz
	37<f<40GHz

	Compact Antenna Test Range
	2.1
	2.4

	Reverberation chamber
	1.8
	2.1

	Common maximum accepted test system uncertainty
	2.1
	2.4



For CATR the expanded MU is established as a root sum square combining of the dB values for the MU and the SE (see clause 12.10), the MU was decided to be 2.1 dB for the frequency range 24.25<f<29.5GHz and 2.4 dB for the frequency range 37<f<40GHz.
[bookmark: _Toc21021071][bookmark: _Toc29813768][bookmark: _Toc29814239][bookmark: _Toc29814587][bookmark: _Toc37144602][bookmark: _Toc37269576]12.6.1.2.3	TT values
The TT values were agreed to be the same as the MU values.
[bookmark: _Toc21021072][bookmark: _Toc29813769][bookmark: _Toc29814240][bookmark: _Toc29814588][bookmark: _Toc37144603][bookmark: _Toc37269577]12.6.2 	Adjacent Channel Leakage Ratio (ACLR)
[bookmark: _Toc21021073][bookmark: _Toc29813770][bookmark: _Toc29814241][bookmark: _Toc29814589][bookmark: _Toc37144604][bookmark: _Toc37269578]12.6.2.1	FR1
[bookmark: _Toc21021074][bookmark: _Toc29813771][bookmark: _Toc29814242][bookmark: _Toc29814590][bookmark: _Toc37144605][bookmark: _Toc37269579]12.6.2.1.1	General
For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA were adopted [9]. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same.
For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
[bookmark: _Toc21021075][bookmark: _Toc29813772][bookmark: _Toc29814243][bookmark: _Toc29814591][bookmark: _Toc37144606][bookmark: _Toc37269580]12.6.2.1.2	MU value
For relative ACLR, the MU value was agreed to be 1.0 dB for 0 – 3 GHz bands and 1.2 dB for 3 – 6 GHz bands. The MU in 4.2-6 GHz is valid for BS designed to operate in licensed spectrum.
For absolute ACLR, the MU value was agreed to be 2.2 dB for 0 – 3 GHz bands and 2.7 dB for 3 – 6 GHz bands. The MU in 4.2-6 GHz is valid for BS designed to operate in licensed spectrum.
[bookmark: _Toc21021076][bookmark: _Toc29813773][bookmark: _Toc29814244][bookmark: _Toc29814592][bookmark: _Toc37144607][bookmark: _Toc37269581]12.6.2.1.3	TT value
For relative ACLR, the TT was agreed to be the same as the MU.
For absolute ACLR, the TT was agreed to be 0dB.
[bookmark: _Toc21021077][bookmark: _Toc29813774][bookmark: _Toc29814245][bookmark: _Toc29814593][bookmark: _Toc37144608][bookmark: _Toc37269582]12.6.2.2	FR2
[bookmark: _Toc21021078][bookmark: _Toc29813775][bookmark: _Toc29814246][bookmark: _Toc29814594][bookmark: _Toc37144609][bookmark: _Toc37269583]12.6.2.2.1	General
The MU assessment was carried out using a CATR chamber only. However, other chamber types are not precluded if suitable MU assessment is done.
[bookmark: _Toc21021079][bookmark: _Toc29813776][bookmark: _Toc29814247][bookmark: _Toc29814595][bookmark: _Toc37144610][bookmark: _Toc37269584]12.6.2.2.2	MU assessment
[bookmark: _Toc21021080][bookmark: _Toc29813777][bookmark: _Toc29814248][bookmark: _Toc29814596][bookmark: _Toc37144611][bookmark: _Toc37269585]12.6.2.2.2.1	CATR
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures. However, it is noted that in order to achieve the test instrument uncertainties that were assumed, calibration of the spectrum analyzer may be needed.
For relative ACLR, the MU budget for CATR was assessed as follows:
Table 12.6.2.2.2.1-1	CATR uncertainty assessment for relative ACLR measurement
	Relative ACLR uncertainty budget

	UID (Note 1)
	Uncertainty Source
	Uncertainty value
24.25<f
<29.5GHz
	Uncertainty value
37<f
<40GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui (dB)(dB)
24.25<f
<29.5GHz
	Standard uncertainty ui (dB)(dB)
37<f
<40GHz

	Stage 2: DUT measurement

	E2-1
	Misalignment DUT & pointing error
	0,3
	0,3
	Exp. normal
	2
	1 
	0,15
	0,15

	E2-2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.75
	0.9
	 Gaussian
	1
	 1
	0.75
	0.9

	E2-5
	QZ ripple with DUT
	0.4
	0.4
	Normal 
	1
	1
	0.4
	0.4

	E2-16
	Frequency flatness
	0.25
	0.25
	Normal
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	E2-6
	Network Analyzer
	0.3
	0.3
	Normal
	1
	1
	0.3
	0.3

	E2-7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.43
	0.74
	U-shaped
	√2
	1 
	0.30
	0.52

	E2-8
	Insertion loss variation in receiver chain
	0.18
	0.20
	Rectangular
	√3
	1
	0.10
	0.12

	E2-15
	Switching uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06

	Combined standard uncertainty (1σ) (dB)(dB)


	1.00
	1.18

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)(dB)


	1.96
	2.31

	Note 1:	UID are referenced to TR 37.843 [9].



For absolute ACLR, the MU budget for CATR was assessed as follows:
Table 12.6.2.2.2.1-2: Compact antenna test range uncertainty assessment for EIRP measurements for absolute ACLR
	UID
(Note 1)
	Uncertainty Source
	Uncertainty value
24.25<f
<29.5GHz
	Uncertainty value
37<f
<40GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui (dB)(dB)
24.25<f
<29.5GHz
	Standard uncertainty ui (dB)(dB)
37<f
<40GHz

	Stage 2: DUT measurement

	E2-1
	Misalignment  DUT & pointing error
	0.3
	0.3
	Exp. normal
	2
	1 
	0,15
	0,15

	E2-2
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.9
	0.9
	 Gaussian
	1
	 1
	0,9
	0.9

	E2-3
	Standing wave between DUT and test range antenna
	0.03
	0.03
	U-shaped
	√2
	1 
	0,02
	0,02

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0,01
	0,01

	E2-5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0,4
	0.4

	E2-16
	Frequency flatness
	0.25
	0.25
	Normal
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	E2-6
	Network Analyzer
	0.2
	0.2
	Normal
	1
	1
	0,2
	0,2

	E2-7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.72
	0.72
	U-shaped
	√2
	1 
	0,36
	0,36

	E2-8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0
	0

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.1
	0.1
	Normal
	1
	1 
	0,1
	0,1

	E2-9
	Influence of the calibration antenna feed cable
	0.00
	0.00
	U-shaped
	√2
	1
	0,00
	0,00

	E2-10
	SGH Calibration uncertainty
	0.5
	0.5
	Rectangular
	√3
	1
	0,29
	0,29

	E2-11
	Misalignment  positioning system
	0.2
	0.2
	Exp. normal 
	2
	1
	0
	0

	E2-1
	Misalignment  SGH and pointing error
	0
	0
	Exp. normal
	2
	1
	0
	0

	E2-12
	Rotary joints
	0
	0
	U-shaped
	√2
	1
	0
	0

	E2-3
	Standing wave between SGH and test range antenna
	0.03
	0.03
	U-shaped
	√2
	1 
	0,02
	0,02

	E2-5
	QZ ripple with SGH
	0.07
	0.07
	Normal
	1
	1
	0,07
	0,07

	E2-15
	Switching uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0,06
	0,06

	Combined standard uncertainty (1σ) (dB)(dB)


	1.21
	1,21

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)(dB)


	2.37
	2,37

	Note 1:	UID are referenced to TR 37.843 [9].



[bookmark: _Toc21021081][bookmark: _Toc29813778][bookmark: _Toc29814249][bookmark: _Toc29814597][bookmark: _Toc37144612][bookmark: _Toc37269586]12.6.2.2.2.1A	Reverberation chamber
Table 12.6.2.2.2.1A-1: Reverberation chamber uncertainty assessment for relative TRP ACLR measurement
	UID
	Uncertainty source
	Uncertainty
value

24.25<f<29.5
GHz
	Uncertainty 
Value

37<f<40
GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard 
uncertainty 
ui (dB)

24.25<f<29.5GHz
	Standard uncertainty
ui (dB)

37<f<40
GHz

	Stage 2: DUT measurement

	1
	Uncertainty of the measurement equipment
	0.75
	0.90
	Gaussian
	1
	1
	0.75
	0.90

	2
	Impedance mismatch in the receiving chain
	0.20
	0.20
	U-shaped
	√2
	1
	0.14
	0.14

	3
	Random uncertainty
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.30
	0.30
	Gaussian
	1
	1
	0.30
	0.30

	5
	Mean value estimation of reference antenna radiation efficiency
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	6
	Uncertainty of the Network Analyzer
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	8
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	9
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) [dB]
[image: ]
	
1.07
	
1.18

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
[image: ]
	
2.10
	
2.32

	NOTE:	This MU budget is applicable if the data tests in procedure step 4) of the RC test procedure in TR 37.843 [26] are fulfilled.



Table 12.6.2.2.2.1A-2: Reverberation uncertainty assessment for measurements for absolute TRP ACLR
	UID
	Uncertainty source
	Uncertainty
value

24.25<f<29.5
GHz
	Uncertainty 
Value

37<f<40
GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard 
uncertainty 
ui (dB)

24.25<f<29.5GHz
	Standard uncertainty
ui (dB)

37<f<40
GHz

	Stage 2: DUT measurement

	1
	Uncertainty of the measurement equipment
	0.90
	0.90
	Gaussian
	1
	1
	0.90
	0.90

	2
	Impedance mismatch in the receiving chain
	0.20
	0.20
	U-shaped
	√2
	1
	0.14
	0.14

	3
	Random uncertainty
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.30
	0.30
	Gaussian
	1
	1
	0.30
	0.30

	5
	Mean value estimation of reference antenna radiation efficiency
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	6
	Uncertainty of the Network Analyzer
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	8
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	9
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) [dB]
[image: ]
	
1.18
	
1.18

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
[image: ]
	
2.32
	
2.32

	NOTE:	This MU budget is applicable if the data tests in procedure step 4) of the RC test procedure in TR 37.843 [26] are fulfilled.



[bookmark: _Toc21021082][bookmark: _Toc29813779][bookmark: _Toc29814250][bookmark: _Toc29814598][bookmark: _Toc37144613][bookmark: _Toc37269587]12.6.2.2.2.2	Summary
Table 12.6.2.2.2.2-1: Test system specific measurement uncertainty values for relative ACLR
	
	Expanded uncertainty ue [dB]

	
	24.25<f<29.5GHz
	37<f<40GHz

	Compact Antenna Test Range
	2.3
	2.6

	Reverberation chamber
	2.1
	2.3

	Common maximum accepted test system uncertainty
	2.3
	2.6



Table 12.6.2.2.2.2-2: Test system specific measurement uncertainty values for absolute ACLR
	
	Expanded uncertainty ue [dB]

	
	24.25<f<29.5GHz
	37<f<40GHz

	Compact Antenna Test Range
	2.7
	2.7

	Reverberation chamber
	2.3
	2.3

	Common maximum accepted test system uncertainty
	2.7
	2.7



For CATR the expanded MU is established as a root sum square combining of the dB values for the MU and the SE (see clause 12.10), the MU for absolute ACLR was decided to be 2.7 dB for the frequency range 24.25<f<29.5GHz and 2.7 dB for the frequency range 37<f<40GHz. The MU for relative ACLR was decided to be 2.3 dB for the frequency range 24.25<f<29.5GHz and 2.6 dB for the frequency range 37<f<40GHz. 
[bookmark: _Toc21021083][bookmark: _Toc29813780][bookmark: _Toc29814251][bookmark: _Toc29814599][bookmark: _Toc37144614][bookmark: _Toc37269588]12.6.2.2.3	TT values
The TT was agreed to be the same as the MU.
[bookmark: _Toc21021084][bookmark: _Toc29813781][bookmark: _Toc29814252][bookmark: _Toc29814600][bookmark: _Toc37144615][bookmark: _Toc37269589]12.6.3	Operating Band Unwanted Emissions (OBUE)
[bookmark: _Toc21021085][bookmark: _Toc29813782][bookmark: _Toc29814253][bookmark: _Toc29814601][bookmark: _Toc37144616][bookmark: _Toc37269590]12.6.3.1	FR1
[bookmark: _Toc21021086][bookmark: _Toc29813783][bookmark: _Toc29814254][bookmark: _Toc29814602][bookmark: _Toc37144617][bookmark: _Toc37269591]12.6.3.1.1	General
For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA were adopted [9]. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same.
For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
[bookmark: _Toc21021087][bookmark: _Toc29813784][bookmark: _Toc29814255][bookmark: _Toc29814603][bookmark: _Toc37144618][bookmark: _Toc37269592]12.6.3.1.2	MU value
The MU value was agreed to be 1.4 dB for 0 – 3 GHz bands and 1.5 dB for 3 – 6 GHz bands. The MU in 4.2-6 GHz is valid for BS designed to operate in licensed spectrum.
[bookmark: _Toc21021088][bookmark: _Toc29813785][bookmark: _Toc29814256][bookmark: _Toc29814604][bookmark: _Toc37144619][bookmark: _Toc37269593]12.6.3.1.3	TT value
The TT value was agreed to be the same as the MU value for 0-10MHz from the carrier and 0dB for >10MHz from the carrier.
[bookmark: _Toc21021089][bookmark: _Toc29813786][bookmark: _Toc29814257][bookmark: _Toc29814605][bookmark: _Toc37144620][bookmark: _Toc37269594]12.6.3.2	FR2
[bookmark: _Toc21021090][bookmark: _Toc29813787][bookmark: _Toc29814258][bookmark: _Toc29814606][bookmark: _Toc37144621][bookmark: _Toc37269595]12.6.3.2.1	General
The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if suitable MU assessment is done.
[bookmark: _Toc21021091][bookmark: _Toc29813788][bookmark: _Toc29814259][bookmark: _Toc29814607][bookmark: _Toc37144622][bookmark: _Toc37269596]12.6.3.2.2	MU assessment
[bookmark: _Toc21021092][bookmark: _Toc29813789][bookmark: _Toc29814260][bookmark: _Toc29814608][bookmark: _Toc37144623][bookmark: _Toc37269597]12.6.3.2.2.1	CATR
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures. However, it is noted that in order to achieve the test instrument uncertainties that were assumed, calibration of the spectrum analyzer may be needed.
Table 12.6.3.2.2.1-1: Compact antenna test range uncertainty assessment for EIRP measurements for occupied bandwidth unwanted emissions
	UID
(Note 1)
	Uncertainty Source
	Uncertainty value
24.25<f
<29.5GHz
	Uncertainty value
37<f
<40GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui (dB)(dB)
24.25<f
<29.5GHz
	Standard uncertainty ui (dB)(dB)
37<f
<40GHz

	Stage 2: DUT measurement

	E2-1
	Misalignment  DUT & pointing error
	0.3
	0.3
	Exp. normal
	2
	1 
	0,15
	0,15

	E2-2
	
RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.9
	0.9
	 Gaussian
	1
	 1
	0,9
	0.9

	E2-3
	Standing wave between DUT and test range antenna
	0.03
	0.03
	U-shaped
	√2
	1 
	0,02
	0,02

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0,01
	0,01

	E2-5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0,4
	0.4

	E2-16
	Frequency flatness
	0.25
	0.25
	Normal
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	E2-6
	Network Analyzer
	0.2
	0.2
	Normal
	1
	1
	0,2
	0,2

	E2-7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.72
	0.72
	U-shaped
	√2
	1 
	0,36
	0,36

	E2-8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0
	0

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.1
	0.1
	Normal
	1
	1 
	0,1
	0,1

	E2-9
	Influence of the calibration antenna feed cable
	0.00
	0.00
	U-shaped
	√2
	1
	0,00
	0,00

	E2-10
	SGH Calibration uncertainty
	0.5
	0.5
	Rectangular
	√3
	1
	0,29
	0,29

	E2-11
	Misalignment  positioning system
	0.2
	0.2
	Exp. normal 
	2
	1
	0
	0

	E2-1
	Misalignment  SGH and pointing error
	0
	0
	Exp. normal
	2
	1
	0
	0

	E2-12
	Rotary joints
	0
	0
	U-shaped
	√2
	1
	0
	0

	E2-3
	Standing wave between SGH and test range antenna
	0.03
	0.03
	U-shaped
	√2
	1 
	0,02
	0,02

	E2-5
	QZ ripple with SGH
	0.07
	0.07
	Normal
	1
	1
	0,07
	0,07

	E2-15
	Switching uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0,06
	0,06

	Combined standard uncertainty (1σ) (dB)(dB)


	1.21
	1,21

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)(dB)


	2.37
	2,37

	Note 1:	UID are referenced to TR 37.843 [9].



[bookmark: _Toc21021093][bookmark: _Toc29813790][bookmark: _Toc29814261][bookmark: _Toc29814609][bookmark: _Toc37144624][bookmark: _Toc37269598]12.6.3.2.2.1A	Reverberation chamber
Table 12.6.3.2.2.1A-1: Reverberation chamber uncertainty assessment for measurements for occupied bandwidth unwanted emissions
	UID
	Uncertainty source
	Uncertainty
value

24.25<f<29.5
GHz
	Uncertainty 
Value

37<f<40
GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard 
uncertainty 
ui (dB)

24.25<f<29.5GHz
	Standard uncertainty
ui (dB)

37<f<40
GHz

	Stage 2: DUT measurement

	1
	Uncertainty of the measurement equipment
	0.90
	0.90
	Gaussian
	1
	1
	0.90
	0.90

	2
	Impedance mismatch in the receiving chain
	0.20
	0.20
	U-shaped
	√2
	1
	0.14
	0.14

	3
	Random uncertainty
	0.10
	0.10
	Rectangular
	√3
	1
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.30
	0.30
	Gaussian
	1
	1
	0.30
	0.30

	5
	Mean value estimation of reference antenna radiation efficiency
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	6
	Uncertainty of the Network Analyzer
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20

	8
	Mean value estimation of transfer function
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27

	9
	Uniformity of transfer function
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50

	Combined standard uncertainty (1σ) [dB]
[image: ]
	
1.18
	
1.18

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
[image: ]
	
2.32
	
2.32

	NOTE:	This MU budget is applicable if the data tests in procedure step 4) of the RC test procedure in TR 37.843 [26] are fulfilled.



[bookmark: _Toc21021094][bookmark: _Toc29813791][bookmark: _Toc29814262][bookmark: _Toc29814610][bookmark: _Toc37144625][bookmark: _Toc37269599]12.6.3.2.2.2	Summary
Table 12.6.3.2.2.2-1: Test system specific measurement uncertainty values for occupied bandwidth unwanted emissions
	
	Expanded uncertainty ue [dB]

	
	24.25<f<29.5GHz
	37<f<40GHz

	Compact Antenna Test Range
	2.7
	2.7

	Reverberation chamber
	2.3
	2.3

	Common maximum accepted test system uncertainty
	2.7
	2.7



For CATR the expanded MU is established as a root sum square combining of the dB values for the MU and the SE (see clause 12.10), the MU was decided to be 2.7 dB for the frequency range 24.25<f<29.5GHz and 2.7 dB for the frequency range 37<f<40GHz.
[bookmark: _Toc21021095][bookmark: _Toc29813792][bookmark: _Toc29814263][bookmark: _Toc29814611][bookmark: _Toc37144626][bookmark: _Toc37269600]12.6.3.2.3	TT value
The TT value was agreed to be the same as the MU (2.7dB) for 0-10% of the BS channel bandwidth away from the carrier, and 0dB for >10% of BS channel bandwidth from the carrier.
[bookmark: _Toc21021096][bookmark: _Toc29813793][bookmark: _Toc29814264][bookmark: _Toc29814612][bookmark: _Toc37144627][bookmark: _Toc37269601][bookmark: _Hlk529875499]12.7	Conformance testing for OTA out of band TRP requirements

NOTE:	In Rel-15, content of this clause was shifted to the OTA BS testing TR 37.941 [36].
[bookmark: _Toc21021097][bookmark: _Toc29813794][bookmark: _Toc29814265][bookmark: _Toc29814613][bookmark: _Toc37144628][bookmark: _Toc37269602]12.7.1	Transmitter Spurious Emissions
[bookmark: _Toc21021098][bookmark: _Toc29813795][bookmark: _Toc29814266][bookmark: _Toc29814614][bookmark: _Toc37144629][bookmark: _Toc37269603]12.7.1.1	FR1
The measurement uncertainty for BS type 1-O out of band TRP requirements is based on the AAS BS MU analysis in TR 37.843 [9]. 
The TRP MU consists of an MU per point and a Summation Error (SE) which allows for errors in the calculation of the TRP from multiple directional power measurements and allows for a sparse grid to be used to reduce measurement time. The total MU is calculated as follows:

	
Refer to clause 12.10 for the SE value. 
The spurious emission requirements cover a large frequency range from 30MHz to 26GHz, many of the chambers chosen for analysis cannot cover this entire range. The MU analysis is therefore based on a general chamber analysis rather than any specific method.
Other chambers may of course be used as long as the MU is within the specified value (or the test requirement is offset appropriately) and they are suitable for the frequencies being tested. 
It is not necessary to measure TRP in the far field as a large enough range may be impractical for the frequency range being considered.
The MUperpoint value in TR 37.843 [9] is:
MUperpoint = 2.20 dB,	30MHz < f ≤ 6 GHz
MUperpoint = 4.15 dB,	6GHz < f ≤ 26 GHz
By adding the MU per point and the SE values together we have the following total MU:
MUtotal = 2.3 dB,		30 MHz < f ≤ 6 GHz
MUtotal = 4.2 dB,		6 GHz < f ≤ 26 GHz
The test tolerance for mandatory spurious emissions is zero.
[bookmark: _Toc21021099][bookmark: _Toc29813796][bookmark: _Toc29814267][bookmark: _Toc29814615][bookmark: _Toc37144630][bookmark: _Toc37269604]12.7.1.2	FR2
[bookmark: _Toc21021100][bookmark: _Toc29813797][bookmark: _Toc29814268][bookmark: _Toc29814616][bookmark: _Toc37144631][bookmark: _Toc37269605]12.7.1.2.1	General
The spurious emissions requirements of the BS type 2-O are between 30MHz to the 2nd harmonic of the DL operating band. Currently the upper frequency limit calculated MU is 60GHz.
This range can be split into a number of regions:
30 MHz < f ≤ 6 GHz
	This region also exists in FR1, the same MU is assumed for FR2 and for FR1
6 GHz < f ≤ 18 GHz
	This is also an FR1 region however the MU values assumed in FR1 is larger than the in-band MU for FR2 which is at a higher frequency. An FR2 BS will likely be smaller than an FR1 BS and hence the chamber can be smaller and the requirements on the quiet zone can be relaxed. In addition, the test equipment is suitable for much higher frequencies (FR2 in band is above the frequency range) implying a low uncertainty. The MU in the region therefore is assumed to be the same as the FR2 in-band MU.
18 GHz < f ≤ 40 GHz
	This frequency range covers the FR2 in-band region. The in-band MU budget is found in sub-clause 12.3.1.2.2.
40 GHz < f ≤ 60 GHz
	This frequency range is above the in-band region, the measured frequencies are above the measurement frequency of the test equipment and hence a mixer is used to down convert the measured frequency to within the range of the test equipment.
[bookmark: _Toc21021101][bookmark: _Toc29813798][bookmark: _Toc29814269][bookmark: _Toc29814617][bookmark: _Toc37144632][bookmark: _Toc37269606]12.7.1.2.2	MU per point
[bookmark: _Toc21021102][bookmark: _Toc29813799][bookmark: _Toc29814270][bookmark: _Toc29814618][bookmark: _Toc37144633][bookmark: _Toc37269607]12.7.1.2.2.1	Indoor anechoic chamber MU Assessment
Descriptions of uncertainty contributors are given in TR 37.843 [26] Annex C1.
Table 12.7.1.2.2.1-1: Indoor anechoic chamber test range uncertainty assessment for spurious emissions 
	UID
	Uncertainty source
	40 GHz < f ≤ 60 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	40 GHz < f ≤ 60 GHz

	Stage 2: DUT measurement

	E1-1 (Note 1)
	Positioning misalignment between the AAS BS and the reference antenna
	0.018
	Rect
	√3
	1
	0.010

	E1-2 (Note 1)
	Pointing misalignment between the AAS BS and the receiving antenna
	0
	Rect
	√3
	1
	0.000

	E1-3 (Note 1)
	Quality of quiet zone
	0.1
	Gaus
	1
	1
	0.100

	E1-4 (Note 1)
	Polarization mismatch between the AAS BS and the receiving antenna
	0.018
	Rect
	√3
	1
	0.010

	E1-5 (Note 1)
	Mutual coupling between the AAS BS and the receiving antenna
	0
	Rect
	√3
	1
	0.000

	E1-6 (Note 1)
	Phase curvature
	0.05
	Gaus
	1
	1
	0.050

	E1-7 (Note 1)
	Uncertainty of the RF Power Measurement Equipment
	0.6
	Gaus
	1
	1
	0.600

	E1-19 (Note 1)
	test system frequency flatness
	0.25
	Gaus
	1
	1
	0.25

	(Note 2)
	Uncertainty of the LNA
	0
	Gaus
	1
	1
	0.000

	(Note 3)
	Uncertainty of the Mixer
	2.25
	Gaus
	1
	1
	2.250

	E1-8 (Note 1)
	Impedance mismatch in the receiving chain
	0.42
	U
	√2
	1
	0.297

	E1-9 (Note 1)
	Random uncertainty
	0.1
	Rect
	√3
	1
	0.058

	Stage 1: Calibration measurement

	E1-10 (Note 1)
	Impedance mismatch between the receiving antenna and the network analyzer
	0.57
	U
	√2
	1
	0.403

	E1-11 (Note 1)
	Positioning and pointing misalignment between the reference antenna and the receiving antenna
	0.43
	Rect
	√3
	1
	0.248

	E1-12 (Note 1)
	Impedance mismatch between the reference antenna and the network analyzer.
	0.57
	U
	√2
	1
	0.403

	E1-3 (Note 1)
	Quality of quiet zone
	0.1
	Gaus
	1
	1
	0.100

	E1-4 (Note 1)
	Polarization mismatch for reference antenna
	0.018
	Rect
	√3
	1
	0.010

	E1-5 (Note 1)
	Mutual coupling between the reference antenna and the receiving antenna
	0
	Rect
	√3
	1
	0.000

	E1-6 (Note 1)
	Phase curvature
	0.07
	Gaus
	1
	1
	0.070

	E1-13 (Note 1)
	Uncertainty of the network analyzer
	0.3
	Gaus
	1
	1
	0.300

	E1-14 (Note 1)
	Influence of the reference antenna feed cable
	0.18
	Rect
	√3
	1
	0.104

	E1-15 (Note 1)
	Reference antenna feed cable loss measurement uncertainty
	0.1
	Gaus
	1
	1
	0.100

	E1-16 (Note 1)
	Influence of the receiving antenna feed cable
	0.18
	Rect
	√3
	1
	0.104

	E1-17 (Note 1)
	Uncertainty of the absolute gain of the reference antenna
	0.52
	Rect
	√3
	1
	0.300

	E1-18 (Note 1)
	Uncertainty of the absolute gain of the receiving antenna
	0
	Rect
	√3
	1
	0.000

	Combined standard uncertainty (1σ) (dB)(dB)
	2.49

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)(dB)
	4.88

	Note 1:	UID are referenced to TR 37.843 [26].
Note 2:	Uncertainty of the LNA - To maintain a low noise figure for the measurement system (possibly considering the addition of a down conversion mixer for high frequencies) and LNA may be required. The variation in the gain of the LNA after the calibration procedure is accounted for in this uncertainty contribution
Note 3:	Uncertainty of the Mixer - Higher frequency emissions beyond the upper frequency range of the measurement equipment require down converting prior to measurement.  The uncertainty introduced by the down conversion is accounted for in this uncertainty contribution.



[bookmark: _Toc21021103][bookmark: _Toc29813800][bookmark: _Toc29814271][bookmark: _Toc29814619][bookmark: _Toc37144634][bookmark: _Toc37269608]12.7.1.2.2.2	CATR MU Assessment
Descriptions of uncertainty contributors are given in TR 37.843 [26] Annex C1.
Table 12.7.1.2.2.2-1: Compact antenna test range uncertainty assessment for spurious emissions 
	UID
(Note)
	Uncertainty source
	40 GHz < f ≤ 60 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	40 GHz < f ≤ 60 GHz

	Stage 2: DUT measurement

	E2-1 (Note 1)
	Misalignment DUT & pointing error
	0.3
	Rect
	√3
	1
	0.173

	E2-2 (Note 1)
	RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.7
	 Gaus
	1
	1
	0.7

	(Note 2)
	Uncertainty of the LNA
	0
	 Gaus
	1
	1
	0

	(Note 3)
	Uncertainty of the Mixer
	2.25
	 Gaus
	1
	1
	2.25

	E2-3 (Note 1)
	Standing wave between DUT and test range antenna
	0.21
	U
	√2
	1
	0.148

	E2-4 (Note 1)
	RF leakage, test range antenna cable connector terminated.
	0.001
	Normal 
	1
	1
	0.001

	E2-5 (Note 1)
	QZ ripple with DUT
	0.0928
	Normal
	1
	1
	0.0928

	E2-16 (Note 1)
	test system frequency flatness
	0.25
	Gaus
	1
	1
	0.25

	E2-14 (Note 1)
	Miscellaneous uncertainty
	0
	 Rect
	√3
	1
	0.000

	Stage 1: Calibration measurement

	E2-6 (Note 1)
	Network Analyzer
	0.3
	Normal
	1
	1
	0.3

	E2-7 (Note 1)
	Mismatch of receiver chain (i.e. between receiving antenna and measurement receiver)
	0.57
	U
	√2
	1
	0.403

	E2-8 (Note 1)
	Insertion loss variation in receiver chain
	0.18
	Rect
	√3
	1
	0.104

	E2-4 (Note 1)
	RF leakage (SGH connector terminated & test range antenna connector cable terminated)
	0.001
	Normal
	1
	1
	0.001

	E2-9 (Note 1)
	Influence of the calibration antenna feed cable
	0.29
	U
	√2
	1
	0.205

	E2-10 (Note 1)
	Uncertainty of the absolute gain of the calibration antenna
	0.52
	Rect
	√3
	1
	0.300

	E2-11 (Note 1)
	Misalignment positioning system
	0
	Exp. normal 
	2
	1
	0

	E2-1 (Note 1)
	Misalignment SGH and pointing error
	0.5
	Exp. normal
	2
	1
	0.25

	E2-12 (Note 1)
	Rotary joints
	0
	U
	√2
	1
	0.000

	E2-3 (Note 1)
	Standing wave between SGH and test range antenna
	0.09
	U
	√2
	1
	0.064

	E2-5 (Note 1)
	QZ ripple with SGH
	0.009
	Normal
	1
	1
	0.009

	E2-15 (Note 1)
	Switching uncertainty
	0.43
	Rect
	√3
	1
	0.248

	Combined standard uncertainty (1σ) (dB)(dB)
	2.5

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)(dB)
	4.9

	Note 1:	UID are referenced to TR 37.843 [26].
Note 2:	Uncertainty of the LNA - To maintain a low noise figure for the measurement system (possibly considering the addition of a down conversion mixer for high frequencies) and LNA may be required. The variation in the gain of the LNA after the calibration procedure is accounted for in this uncertainty contribution
Note 3: 	Uncertainty of the Mixer - Higher frequency emissions beyond the upper frequency range of the measurement equipment require down converting prior to measurement.  The uncertainty introduced by the down conversion is accounted for in this uncertainty contribution.



12.7.1.2.2.2A	Reverberation Chamber MU Assessment
The detailed descriptions of uncertainty sources relevant for the reverberation chamber test method can be found in TR 37.843 [26].
Table 12.7.1.2.2.2A-1: Reverberation Chamber uncertainty assessment spurious emissions 380 MHz – 18 GHz
	UID
	Uncertainty source
	Uncertainty value
380 MHz < f ≦ 3 GHz
	Uncertainty value
3 GHz < f ≦ 3.8 GHz
	Uncertainty value
3.8 GHz < f ≦ 12.75 GHz
	Uncertainty value
12.75 GHz < f ≦ 18 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui [dB]
380 MHz < f ≦ 3 GHz
	Standard uncertainty ui [dB]
3 GHz < f ≦ 3.8 GHz
	Standard uncertainty ui [dB]
3.8 GHz < f ≦ 12.75 GHz
	Standard uncertainty ui [dB]
12.75 GHz < f ≦ 18 GHz

	Stage 2: DUT measurement

	1
	Uncertainty of the measurement equipment
	0.14
	0.26
	0.26
	0.37
	Gaussian
	1
	1
	0.14
	0.26
	0.26
	0.37

	2
	Impedance mismatch in the receiving chain
	0.2
	0.2
	0.45
	0.45
	U-shaped
	√2
	1
	0.14
	0.14
	0.32
	0.32

	3
	Random uncertainty
	0.1
	0.1
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.50
	0.50
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50
	0.50
	0.50

	5
	Mean value estimation of reference antenna mismatch efficiency
	0.27
	0.27
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27
	0.27
	0.27

	6
	Uncertainty of the Network Analyzer
	0.13
	0.20
	0.20
	0.20
	Gaussian
	1
	1
	0.13
	0.20
	0.20
	0.20

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20
	0.20
	0.20

	8
	Mean value estimation of power transfer function
	0.27
	0.27
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27
	0.27
	0.27

	9
	Uniformity of transfer function
	1.5
	1.5
	1.5
	1.5
	Gaussian
	1
	1
	1.5
	1.5
	1.5
	1.5

	Combined standard uncertainty (1σ) [dB]
[image: ]
	1.66
	1.68
	1.70
	1.72


	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
[image: ]
	3.25
	3.29
	3.33
	3.37

	NOTE:	This MU budget is applicable if the data tests in procedure step 4) of the RC test procedure in TR 37.843 [26] are fulfilled.



Table 12.7.1.2.2.2A-2: Reverberation Chamber uncertainty assessment spurious emissions 18 GHz – 60 GHz
	UID
	Uncertainty source
	Uncertainty value
18 GHz < f ≦ 26.5 GHz
	Uncertainty value
26.5 GHz < f ≦ 40 GHz
	Uncertainty value
40 GHz < f ≦ 60 GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Uncertainty value
18 GHz < f ≦ 26.5 GHz
	Uncertainty value
26.5 GHz < f ≦ 40 GHz
	Uncertainty value
40 GHz < f ≦ 60 GHz

	Stage 2: DUT measurement

	1
	Uncertainty of the measurement equipment
	0.52
	0.84
	1.15
	Gaussian
	1
	1
	0.52
	0.84
	1.15

	2
	Impedance mismatch in the receiving chain
	0.45
	0.45
	0.45
	U-shaped
	√2
	1
	0.32
	0.32
	0.32

	3
	Random uncertainty
	0.1
	0.1
	0.1
	Rectangular
	√3
	1
	0.06
	0.06
	0.06

	Stage 1: Calibration measurement

	4
	Reference antenna radiation efficiency
	0.50
	0.50
	0.50
	Gaussian
	1
	1
	0.50
	0.50
	0.50

	5
	Mean value estimation of reference antenna radiation efficiency
	0.27
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27
	0.27

	6
	Uncertainty of the Network Analyzer
	0.20
	0.30
	0.30
	Gaussian
	1
	1
	0.20
	0.30
	0.30

	7
	Influence of the reference antenna feed cable
	0.20
	0.20
	0.20
	Gaussian
	1
	1
	0.20
	0.20
	0.20

	8
	Mean value estimation of transfer function
	0.27
	0.27
	0.27
	Gaussian
	1
	1
	0.27
	0.27
	0.27

	9
	Uniformity of transfer function
	1.5
	1.5
	1.5
	Gaussian
	1
	1
	1.5
	1.5
	1.5

	Combined standard uncertainty (1σ) [dB]
[image: ]
	1.76
	1.89
	2.05

	Expanded uncertainty (1.96σ - confidence interval of 95 %) [dB]
[image: ]
	3.45

	3.71
	4.02

	NOTE:	This MU budget is applicable if the data tests in procedure step 4) of the RC test procedure in TR 37.843 [26] are fulfilled.



[bookmark: _Toc21021104][bookmark: _Toc29813801][bookmark: _Toc29814272][bookmark: _Toc29814620][bookmark: _Toc37144635][bookmark: _Toc37269609]12.7.1.2.2.3	MU per point Summary
Table 12.7.1.2.2.3-1: Test system specific measurement uncertainty values 
	
	Expanded uncertainty ue (dB)

	
	40 GHz < f ≤ 60 GHz

	Indoor Anechoic Chamber
	4.88

	Compact Antenna Test Range
	4.88

	…
	

	Common maximum accepted test system uncertainty
	4.9



[bookmark: _Toc21021105][bookmark: _Toc29813802][bookmark: _Toc29814273][bookmark: _Toc29814621][bookmark: _Toc37144636][bookmark: _Toc37269610]12.7.1.2.3	Test Tolerance
The conduced test tolerance for the mandatory spurious emissions requirements is zero. As the requirements are set by regulatory limits the same test tolerance is used for OTA.
TT = 0.
[bookmark: _Toc21021106][bookmark: _Toc29813803][bookmark: _Toc29814274][bookmark: _Toc29814622][bookmark: _Toc37144637][bookmark: _Toc37269611]12.7.1.2.4	Summary
For the frequency range 40 GHz < f ≦ 60 GHz adding the MUperpoint and the SE (see clause 12.10) we have:

	
Hence, we have the following MU values for the whole spurious emissions range:
Table 12.7.1.2.4-1: FR2 Spurious emissions MU and TT values
	Frequency range
	MU (dB)
	TT (dB)
	Comment

	30 MHz < f ≦ 6 GHz
	2.3
	0
	Same as FR1

	6 GHz < f ≦ 18 GHz
	2.7
	0
	Same as FR2 in-band

	18 GHz < f ≦ 40 GHz
	2.7
	0
	Same as FR2 in-band

	40 GHz < f ≦ 60 GHz
	5
	0
	 



[bookmark: _Toc21021107][bookmark: _Toc29813804][bookmark: _Toc29814275][bookmark: _Toc29814623][bookmark: _Toc37144638][bookmark: _Toc37269612]12.7.2	Receiver Spurious Emissions
[bookmark: _Toc21021108][bookmark: _Toc29813805][bookmark: _Toc29814276][bookmark: _Toc29814624][bookmark: _Toc37144639][bookmark: _Toc37269613]12.7.2.1	FR1
The measurement uncertainty for BS type 1-O out of band TRP requirements is based on the AAS BS MU analysis in TR 37.843 [9]. 
The TRP MU is very similar to that for the transmitter mandatory spurious emissions. However, the receiver requirements are at a much lower power level so TRP calculation may be affected by the noise floor of the measurement system. The following uncertainty contribution is added to take into account this effect:
	Measurement system dynamic range uncertainty: uncertainty due to the test requirement being close to the measurement equipment noise floor and the noise floor contributing significantly to the TRP total.
The MUperpoint value in TR 37.843 [9] is:
MUperpoint = 2.39 dB,		30 MHz < f ≤6 GHz
MUperpoint = 4.18 dB,	,	6 GHz < f ≤ 26 GHz
By adding the MU per point and the SE values (see clause 12.10) together we have the following total MU:
MUtotal = 2.5 dB,		30 MHz < f ≤ 6 GHz
MUtotal = 4.2 dB,		6 GHz < f ≤ 26 GHz
The test tolerance for receiver spurious emissions is equal to the MU so the TT values are as follows:
TT = 2.5 dB,		30 MHz < f ≤ 6 GHz
TT = 4.2 dB,		6 GHz < f ≤ 19 GHz
[bookmark: _Toc21021109][bookmark: _Toc29813806][bookmark: _Toc29814277][bookmark: _Toc29814625][bookmark: _Toc37144640][bookmark: _Toc37269614]12.7.2.2	FR2
The receiver spurious emissions requirements of the BS type 2-O are between 30MHz to the 2nd harmonic of the DL operating band. Currently the upper frequency limit calculated MU is 60GHz.
This range can be split into a number of regions:
30 MHz < f ≤ 6 GHz
	The same value is assumed for receiver spurious emissions as for transmitter spurious emissions. This is the same as the in band FR2 MU value.
6 GHz < f ≤ 18 GHz
	The same value is assumed for receiver spurious emissions as for transmitter spurious emissions. This is the same as the in band FR2 MU value.
18 GHz < f ≤ 40 GHz
	The same value is assumed for receiver spurious emissions as for transmitter spurious emissions. This is calculated in clause 12.7.1.2.
40 GHz < f ≤ 60 GHz
	The same value is assumed for receiver spurious emissions as for transmitter spurious emissions. This is calculated in clause 12.7.1.2.
The test tolerance for receiver spurious emissions is equal to the MU so the TT values are as follows:
The receiver spurious emissions MU and TT values for FR2 are given in table 12.7.2.2-1:
Table 12.7.2.2-1: FR2 receiver Spurious emissions MU and TT values
	Frequency range
	MU (dB)
	TT (dB)
	Comment

	30 MHz < f ≦ 6 GHz
	2.5
	2.5
	Same as FR1

	6 GHz < f ≦ 18 GHz
	2.7
	2.7
	Same as FR2 in-band

	18 GHz < f ≦ 40 GHz
	2.7
	2.7
	Same as FR2 in-band

	40 GHz < f ≦ 60 GHz
	5
	5
	 



[bookmark: _Toc21021110][bookmark: _Toc29813807][bookmark: _Toc29814278][bookmark: _Toc29814626][bookmark: _Toc37144641][bookmark: _Toc37269615]12.7.3	Additional Spurious Emissions requirements
[bookmark: _Toc21021111][bookmark: _Toc29813808][bookmark: _Toc29814279][bookmark: _Toc29814627][bookmark: _Toc37144642][bookmark: _Toc37269616]12.7.3.1	FR1
The measurement uncertainty for BS type 1-O out of band TRP requirements is based on the AAS BS MU analysis in TR 37.843 [9].
The additional spurious emission requirements including the co-existence with other BS in the same geographical area are based on existing co-existence with other 3GPP bands so the frequency ranges for the uncertainty assessment are different from the mandatory spurious emissions. In this case the uncertainty budgets for the in-band chambers are considered in the MU analysis. As the TRP level is at a low power level the measurement system dynamic range uncertainty is also considered as with the receiver spurious emissions.
Adding the MUperpoint and the SE we have: 

 ,		f ≤ 3 GHz

 ,		3 GHz < f ≤ 4.2 GHz

 ,		4.2 GHz < f ≤ 6 GHz
By adding the MU per point and the SE values (see clause 12.10) together we have the following total MU:
MUtotal = 2.6 dB,		f ≤ 3 GHz
MUtotal = 2.6 dB,		3 GHz < f ≤ 4.2 GHz
MUtotal = 3.0 dB,		4.2 GHz < f ≤ 6 GHz
For additional requirements for co-existence between 3GPP bands the TT values are as follows:
MUtotal = 2.6 dB,		f ≤ 3 GHz
MUtotal = 2.6 dB,		3 GHz < f ≤ 4.2 GHz
MUtotal = 3.0 dB,		4.2 GHz < f ≤ 6 GHz
For PHS, and public safety additional requirements the TT=0dB.
The MUperpoint value in TR 37.843 [9] is:
MUperpoint = 2.48 dB,		f ≤3 GHz
MUperpoint = 2.52 dB,		3 GHz < f ≤ 4.2 GHz
MUperpoint = 2.93 dB,	,	4.2 GHz < f ≤ 6 GHz
By adding the MU per point and the SE values (see clause 12.10) together we have the following total MU:
MUtotal = 2.6 dB,		f ≤ 3 GHz
MUtotal = 2.6 dB,		3 GHz < f ≤ 4.2 GHz
MUtotal = 3.0 dB,		4.2 GHz < f ≤ 6 GHz
The test tolerance for co-existence between 3GPP systems is equal to the MU so the TT values are as follows: 
TT = 2.6 dB,		f ≤ 3 GHz
TT = 2.6 dB,		3 GHz < f ≤ 4.2 GHz
TT = 3.0 dB,		4.2 GHz < f ≤ 6 GHz
The test tolerance for additional requirement which are based on regulation (for example co-existence with PHS systems) is zero.
[bookmark: _Toc21021112][bookmark: _Toc29813809][bookmark: _Toc29814280][bookmark: _Toc29814628][bookmark: _Toc37144643][bookmark: _Toc37269617]12.7.3.2	FR2
 The analysis done for mandatory spurious emissions in section 12.7.1.2 applies also for additional spurious emissions.
[bookmark: _Toc21021113][bookmark: _Toc29813810][bookmark: _Toc29814281][bookmark: _Toc29814629][bookmark: _Toc37144644][bookmark: _Toc37269618]12.8	Conformance testing for OTA co-location requirements

NOTE:	In Rel-15, content of this clause was shifted to the OTA BS testing TR 37.941 [36].
[bookmark: _Toc21021114][bookmark: _Toc29813811][bookmark: _Toc29814282][bookmark: _Toc29814630][bookmark: _Toc37144645][bookmark: _Toc37269619]12.8.1	General
Co-location requirements are only applicable for FR1.
Conformance to co-location requirements is shown using co-location proximity method which is described in TS 38.141-2 [18], clause 4.12. In rel-15 co-location requirements have been defined only for FR1.
[bookmark: _Toc21021115][bookmark: _Toc29813812][bookmark: _Toc29814283][bookmark: _Toc29814631][bookmark: _Toc37144646][bookmark: _Toc37269620]12.8.2	OTA transmitter OFF power
General aspects, procedures for calibration and measurements, and measurement uncertainty evaluation are identical to the ones described in TR 37.843 [9], clause 10.6.2. For NR in 4.2 – 6 GHz frequencies, the specified maximum test system uncertainty and the measurement uncertainty budget are identical to what is specified for eAAS in frequency range 3 – 4.2 GHz.
[bookmark: _Toc21021116][bookmark: _Toc29813813][bookmark: _Toc29814284][bookmark: _Toc29814632][bookmark: _Toc37144647][bookmark: _Toc37269621]12.8.3	OTA co-location spurious emissions
General aspects, procedures for calibration and measurements and measurement uncertainty evaluation are identical to the ones described in TR 37.843 [9], clause 10.6.3. For NR in 4.2 – 6 GHz frequencies, the specified maximum test system uncertainty and the measurement uncertainty budget are identical to what is specified for eAAS in frequency range 3 – 4.2 GHz.
[bookmark: _Toc21021117][bookmark: _Toc29813814][bookmark: _Toc29814285][bookmark: _Toc29814633][bookmark: _Toc37144648][bookmark: _Toc37269622]12.8.4	OTA transmitter intermodulation
General aspects, procedures for calibration and measurements and measurement uncertainty evaluation are identical to the ones described in TR 37.843 [9], clause 10.6.4. For NR in 4.2 – 6 GHz frequencies, the specified maximum test system uncertainty and the measurement uncertainty budget are identical to what is specified for eAAS in frequency range 3 – 4.2 GHz.
[bookmark: _Toc21021118][bookmark: _Toc29813815][bookmark: _Toc29814286][bookmark: _Toc29814634][bookmark: _Toc37144649][bookmark: _Toc37269623]12.8.5	OTA co-location blocking
General aspects, procedures for calibration and measurements and measurement uncertainty evaluation for frequencies up to 4.2 GHz are identical to the ones described in TR 37.843 [9], clause 10.6.5. For NR in 4.2 – 6 GHz frequencies, the measurement uncertainty budget is provided in table 12.8.5-1.

	UID
	Uncertainty source
	Standard uncertainty ui (dB)
	Distribution of the probability
	Divisor based on distribution shape
	ci
	Standard uncertainty ui (dB)

	
	
	4.2 GHz < f ≤ 6 GHz
	
	
	
	4.2 GHz < f ≤ 6 GHz

	Stage 2: DUT measurement

	 
	Uncertainty related to the selection of the CLTA (Note)
	1.5
	Rectangular
	√3
	1
	0.87

	
	
	
	
	
	
	

	 
	Uncertainty related to the placement of the CLTA (Note)
	1.7
	Rectangular
	√3
	1
	0.98

	
	
	
	
	
	
	

	 
	Impedance mismatch between feeder cable and CLTA
	0.25
	U-Shaped
	√2
	1
	0.18

	
	
	
	
	
	
	

	9
	Random uncertainty
	0.1
	Rectangular
	√3
	1
	0.06

	 
	Reflections in anechoic chamber
	0.01
	Rectangular
	√3
	1
	0

	Stage 1: Calibration measurement

	7
	Conducted measurement uncertainty
	1.2
	Gaussian
	1
	1
	1.2

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
Combined standard uncertainty (1σ) (dB)
[image: ] 


 
	
1.79

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)

[image: ]
 
	
3.51

	NOTE:	It has been recognized that the selection and exact placement of the co-location test antenna will introduce uncertainty on the co-location measurement. Therefore, CLTA MU needs to be included to the MU budgets. Parameters for acceptable co-location test antennas and its placement are specified in the TS. Fulfilling these criteria for CLTA selection and placement is deemed sufficient for the test purposes. Therefore, measurement uncertainty related to the selection of the co-location test antenna and its alignment does not need to be analysed. Instead, the MU documented in the TR and TS can be directly used for total test system uncertainty evaluation and the test system is considered to meet the MU by meeting the CLTA selection and placement criteria. 



[bookmark: _Toc21021119][bookmark: _Toc29813816][bookmark: _Toc29814287][bookmark: _Toc29814635][bookmark: _Toc37144650][bookmark: _Toc37269624]12.9	Conformance testing for performance requirements

NOTE:	In Rel-15, content of this clause was shifted to the OTA BS testing TR 37.941 [36].

[bookmark: _Toc21021120][bookmark: _Toc29813817][bookmark: _Toc29814288][bookmark: _Toc29814636][bookmark: _Toc37144651][bookmark: _Toc37269625]12.9.1	General
[bookmark: _Hlk528681428]For eAAS, a method for OTA testing for demodulation requirements was agreed posed that is based on the use of an anechoic chamber, as illustrated in the example in figure 12.9.1-1. The fading channel profile is created in test equipment in the same manner as for conducted requirements. The OTA anechoic chamber in effect replaces the cables between the test gear and the RX antenna ports of the basestation. The method is able to test one independent RX path per polarization. Multiple TX can be generated in the test gear, but a maximum of 2 RX can be tested.
[image: ]
Figure 12.9.1-1: Example OTA test setup for performance requirements (1TX-2RX illustrated)
The eAAS method is easily applicable for NR demodulation requirements. No alternative method has been identified for OTA testing in the Rel-15 timeframe. Thus, it was agreed that the eAAS test method is used as the baseline assumption for NR demodulation requirements for FR1 and FR2 in Rel-15.
[bookmark: _Toc21021121][bookmark: _Toc29813818][bookmark: _Toc29814289][bookmark: _Toc29814637][bookmark: _Toc37144652][bookmark: _Toc37269626]12.9.2	FR1
[bookmark: _Toc21021122][bookmark: _Toc29813819][bookmark: _Toc29814290][bookmark: _Toc29814638][bookmark: _Toc37144653][bookmark: _Toc37269627]12.9.2.1	Conducted testing
For conducted testing of performance requirements, the same approach as eAAS is adopted. Performance requirements with 2, 4 and 8 RX (i.e. up to 8 demodulation branches) are defined for conducted testing. The NR BS may provide more receivers with TAB connectors than the number of demodulation branches. In this case, the manufacturer selects and declares a (sub)set of TAB connectors equal to or larger than to the number of demodulation branches for testing. TAB connectors not used for testing are terminated.
It should be noted that although a (sub)set of TAB connectors are used for demodulation testing in order to reduce test complexity, each applicable demodulation requirement shall be achievable using all TAB connectors. The receiver sensitivity RF test in clause 10.2 ensures that all TAB connectors are either tested or declared to be equivalent.
[bookmark: _Toc21021123][bookmark: _Toc29813820][bookmark: _Toc29814291][bookmark: _Toc29814639][bookmark: _Toc37144654][bookmark: _Toc37269628]12.9.2.2	OTA testing
When the MU for the demodulation requirements was assessed for eAAS, it was decided that the MU could correspond exactly to the conducted MU. The reason for this is that the key parameter for the demodulation requirements is SNR. The transmitter sends both wanted signal and AWGN, which at the receiver is expected to be received well above the receiver noise floor. Thus, the RX SNR the same as the transmitter SNR (the proportion of noise due to the RX noise floor is expected to be insignificant), which depends only on the test gear. Variations in absolute receiver level due to uncertainties in the chamber will cause small variations in the absolute levels of wanted signal and AWGN; but the ratio of wanted signal and AWGN, and thus the SNR will not be impacted. The same logic can be applied for NR.
A single UE is considered for the transmitter for the current release (i.e. no interfering UEs). [For FR1, it can be expected that the measurement equipment performance will be the same for both LTE and NR as long as the characteristics of the fading channel are similar.]
[bookmark: _Toc21021124][bookmark: _Toc29813821][bookmark: _Toc29814292][bookmark: _Toc29814640][bookmark: _Toc37144655][bookmark: _Toc37269629]12.9.2.3	Measurement uncertainty
For both OTA and conducted, the FR1 MU is as follows:

	8 PUSCH, PUCCH, PRACH with [single antenna port] and fading channel
	±  [0.6] dB
	[Overall system uncertainty for fading conditions comprises two quantities:
1. Signal-to-noise ratio uncertainty
2. Fading profile power uncertainty

Items 1 and 2 are assumed to be uncorrelated so can be root sum squared:
Test System uncertainty = [SQRT (Signal-to-noise ratio uncertainty 2 + Fading profile power uncertainty 2)]
Signal-to-noise ratio uncertainty ±0.3 dB
Fading profile power uncertainty ±0.5 dB]

	8 PRACH with [single antenna port] and AWGN
	±  [0.3] dB
	[Signal-to-noise ratio uncertainty ±0.3 dB]


	8 PUSCH with [two antenna port] and fading channel
	±  [0.8] dB
	[Overall system uncertainty for fading conditions comprises two quantities:
1. Signal-to-noise ratio uncertainty
2. Fading profile power uncertainty

Items 1 and 2 are assumed to be uncorrelated so can be root sum squared:
Test System uncertainty = [SQRT (Signal-to-noise ratio uncertainty 2 + Fading profile power uncertainty 2)]
Signal-to-noise ratio uncertainty ±0.3 dB
Fading profile power uncertainty ±0.7 dB for MIMO]



[bookmark: _Toc21021125][bookmark: _Toc29813822][bookmark: _Toc29814293][bookmark: _Toc29814641][bookmark: _Toc37144656][bookmark: _Toc37269630]12.9.3	FR2
FFS
[bookmark: _Toc21021126][bookmark: _Toc29813823][bookmark: _Toc29814294][bookmark: _Toc29814642][bookmark: _Toc37144657][bookmark: _Toc37269631]12.10	TRP measurements

NOTE:	In Rel-15, content of this clause was shifted to the OTA BS testing TR 37.941 [36].
[bookmark: _Toc21021127][bookmark: _Toc29813824][bookmark: _Toc29814295][bookmark: _Toc29814643][bookmark: _Toc37144658][bookmark: _Toc37269632]12.10.1	General
Refer to clause 10.8 in TR 37.843 [26] for further details. 
A summary of TRP measurement procedures and their applicability to different OTA BS requirements is shown in Table 12.10.1-1. Note, OTA FR2 transmit ON/OFF power is excluded from the table although the core requirement is specified as TRP because conformance is verified through EIRP measurements. Refer to clause 9.5 for more details.
Table 12.10.1-1 - Applicability of TRP measurement methods
	

	OTA base station output power
	OTA unwanted emissions: Adjacent channel leakage ratio (ACLR)
(Note 1)
	OTA Operating band unwanted emission (OBUE)
	OTA transmitter spurious emissions OTA
(Note 2)

	Full sphere using reference steps (accurate)
	X
	X
	X
	X

	Full sphere using sparse sampling (overestimate)
	
	
	
	X (Note 3)

	Two cuts + Pattern multiplication (accurate) (Note 4)
	X
	X
	X
	

	Two/three cuts (overestimate)
	
	X
	X
	X (Note 3)

	Beam-based directions
	X
	X (Note 5)
	X (Note 5)
	

	Peak method
	
	
	X
	X

	Equal sector with peak average
	
	
	X
	X

	Pre-scan
	
	X
	X
	X

	NOTE 1:	Two TRP measurements are needed.
NOTE 2:	Pre-scan is needed to identify the frequencies of interest. Pre-scan can also be applied to ACLR, OBUE and SEM.
NOTE 3:	At harmonic frequencies the use of this method is FFS due to risk of high beamforming gain
NOTE 4:	Pattern multiplication is conditional
NOTE 5:	Applicable if the directivity of corresponding requirement at the reference direction is equivalent to the directivity at the reference direction when EUT emits Prated,c,TRP and Prated,c,EIRP.
NOTE 6:	If box is blank the method is not excluded but the methodology has not been described in clause 10.8, TR 37.843; if a suitable analysis is shown the method may be applied.



The summation error is based on a reasonable number of test directions and the minimum beam width, which is in turn dependent on antenna size and frequency, i.e., the reference steps see Figure 10.8.2.2-1 in TR 37.843 [26]. It has been agreed that a reasonable trade-off between accuracy and sampling is achieved when the SE is 0,75 dB for FR1 BS (which is adopted from OTA AAS BS) and 1,2 dB for FR2 BS. For FR2 BS, the beams are expected to be narrower than an FR1 BS and hence the SE is higher.

------------------------------ Next modified section ------------------------------
[bookmark: _Toc21021128][bookmark: _Toc29813825][bookmark: _Toc29814296][bookmark: _Toc29814644][bookmark: _Toc37144659][bookmark: _Toc37269633]
Annex A:
Aspects related to measurement of OTA unwanted emission
NOTE:	In Rel-15, content of this annex was shifted to the OTA BS testing TR 37.941 [36].


[bookmark: _Toc21021129][bookmark: _Toc29813826][bookmark: _Toc29814297][bookmark: _Toc29814645][bookmark: _Toc37144660][bookmark: _Toc37269634]A.1	General
In this Annex essential information related to measurement aspects related to testing OTA unwanted emission is captured. Applicable methods are listed in clause 10.8 of TR 37.843 [26].
[bookmark: _Toc21021130][bookmark: _Toc29813827][bookmark: _Toc29814298][bookmark: _Toc29814646][bookmark: _Toc37144661][bookmark: _Toc37269635]A.2	Test range
Test of OTA unwanted emission required an OTA test environment, capable of measuring TRP emission under the condition that the test object is radiating the wanted signal at full power. To handle high RF power from the test object required careful planning of the setup (e.g. test personal and test equipment cannot be placed inside the test chamber during the test). To avoid measurement chamber influence and external interferer on the test result, use of a shielded anechoic chamber is preferable. A positioner is used to move the test object according to selected measurement grid for a proper TRP measurement. The emission is measured at the output RF port of the measurement antenna placed at a suitable test distance. In Figure A.2-1, a principle test environment suitable for OTA unwanted emission is depicted. 

[image: ]
Figure A.2-1: Principle test environment
The test environment may differ between OTA unwanted emission requirements; OTA ACLR, OTA OBUE and OTA spurious emission. For OTA spurious emission, a test environment similar to the one used for EMC radiated emission or a Shielded Indoor Anechoic Chamber (IAC) can be used. For OTA unwanted emission requirements defined within the in-band region other test environments could be considered e.g. CATR or IAC.
A band stop filter is needed to protect the measurement receiver from the wanted signal, achieving dynamic range for the emission to be measured with acceptable measurement uncertainty.
[bookmark: _Toc21021131][bookmark: _Toc29813828][bookmark: _Toc29814299][bookmark: _Toc29814647][bookmark: _Toc37144662][bookmark: _Toc37269636]A.3	Measurement distance
The measurement distance is the distance between the test object and the measurement antenna (or probe antenna). The measurement distance is usually determined by the signal-to-noise ratio (SNR) required for the measurement receiver to detect the emission level with acceptable measurement uncertainty. Unlike, EIRP, total radiated power (TRP) is not exclusively a far-field parameter. TRP is defined as the total radiated power radiated by an object, regardless to the distance. Since emission power levels tends to be low, it is essential to conserve the path-loss in the test setup, by minimizing the measurement distance. Another aspect is the for the lower limit (30 MHz) the far-field criteria would result in unpractical measurement distances for OTA testing. Further guidance on near-field testing can be found in Annex G of TR 37.843 [26].
[bookmark: _Toc21021132][bookmark: _Toc29813829][bookmark: _Toc29814300][bookmark: _Toc29814648][bookmark: _Toc37144663][bookmark: _Toc37269637]A.4	Sampling grid selection
A dense full-sphere grid, i.e. using reference steps, will result in a very large number of measurement points to extract TRP per frequency, while a sparse grid requires a few measurements. The selection of grid and corresponding sampling resolution determines the measurement uncertainty error contribution related to sampling the radiating power over the sphere. Determining proper sampling grids for emission, assumptions of the spatial distribution of emission should be considered. If it can be established that the emission is radiating in all directions, the sample grid resolution can be significantly reduced. See clause 10.8 of TR 37.843 [26] for further details.
The ability of direct emission in certain direction is set by the physical size of DUT, number of radiating sources and correlation properties. For low frequencies, where D << , it is reasonable to believe that the radiated emission will be omni-directional, while for the case where D >> , there is a potential risk that emission leaking through the encapsulation or the antenna aperture can be directed in a certain direction. Therefore, the process to determine the sampling grid and corresponding resolution needs to include the frequency as one parameter. Consequently, a concept with a fixed sampling grid over the whole spurious frequency domain is not suitable to balance measurement uncertainty with test time.
----------------------------- End of modified section ------------------------------
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