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[bookmark: _Toc13050393]------------------------------ Modified section ------------------------------
[bookmark: _Toc13050391]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: "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 37.141: "NR, E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) conformance testing"
[32]	3GPP TS 37.145-1: "Active Antenna System (AAS) Base Station (BS) conformance testing; Part 1: Conducted conformance testing"
[33]	3GPP TS 37.145-2: " Active Antenna System (AAS) Base Station (BS) conformance testing; Part 2: radiated conformance testing"
[34]	"Title 47 of the Code of Federal Regulations (CFR)", Federal Communications Commission
------------------------------ Next modified section ------------------------------
3.1	Definitions
For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
active antenna system base station: BS system which combines an antenna array with an transceiver unit array. An AAS BS may include a radio distribution network
array element: subdivision of a passive antenna array, consisting of a single radiating element or a group of radiating elements, with a fixed radiation pattern
antenna connector: connector at the conducted interface of the BS type 1-C
antenna array: group of radiating elements characterized by the geometry and the properties of the array elements
antenna gain: ratio of the radiation intensity, in a given direction, to the radiation intensity that would be obtained if the power accepted by the antenna were radiated isotropically
NOTE:	If the direction is not specified, the direction of maximum radiation intensity is implied.
array factor: radiation pattern of an array antenna when each array element is considered to radiate isotropically
NOTE:	When the radiation pattern of individual array elements are identical, and the array elements are congruent under translation, then the product of the array factor and the array element radiation pattern gives the radiation pattern of the entire array.
angle of arrival: is the direction of propagation of electromagnetic wave incident on an AAS BS antenna array
basic limit: emissions limit from a single transceiver unit of the non-AAS BS type, used for the formulation of the unwanted emissions and output power requirements for 1-C type NR BSBS type 1-C, as well as for the formulation of the unwanted emissions minimum requirements for BS type 1-H and BS type 1-O types NR BS by using emissions scaling
beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array
NOTE:	For certain AAS BS antenna array, there may be more than one beam.
beam centre direction: direction equal to the geometric centre of the half-power contour of the beam
beam direction pair: data set consisting of the beam centre direction and the related beam peak direction
beam peak direction: direction where the maximum EIRP is found
beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two pattern cuts that respectively contain the major and minor axis of the ellipse
BS channel bandwidth: RF bandwidth supporting a single NR RF carrier with the transmission bandwidth configured in the uplink or downlink.
NOTE:	The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.
NOTE:	It is possible for the BS to transmit to and/or receive from one or more UE Bandwidth parts that are smaller than or equal to the BS transmission bandwidth configuration, in any part of the BS transmission bandwidth configuration.
BS type 1-C:	NR base station operating at FR1 with requirements set consisting only of conducted requirements defined at individual antenna connectors
BS type 1-H:	NR base station operating at FR1 with a requirement set consisting of conducted requirements defined at individual TAB connectors and OTA requirements defined at RIB
BS type 1-O:	NR base station operating at FR1 with a requirement set consisting only of OTA requirements defined at the RIB
BS type 2-O:	NR base station operating at FR2 with a requirement set consisting only of OTA requirements defined at the RIB
cell specific beam: Cell specific beam is a beam which is intended to facilitate communication for multiple UEs within a cell
cell splitting: division of the cell's coverage in a sector into multiple subsectors
NOTE:	The subsectors may be divided into the vertical and/or horizontal plane.
demodulation branch: single input to the demodulation algorithms
NOTE:	For UTRA a demodulation branch is referred to as a receive diversity branch or a UL MIMO branch. For E-UTRA a demodulation branch is referred to as an RX antenna in the performance requirement tables.
NOTE:	The term "RX antenna" in chapter 8 of the E-UTRA specification 3GPP TS 36.104 [8] does not refer to physical receiver antennas, but to the demodulation branches.
directions diagram: two-dimensional Cartesian diagram showing φ on the horizontal axis and minus θ on the vertical axis
directivity: ratio of the radiation intensity in a given direction from the antenna to the radiation intensity averaged over all directions
NOTE:	If the direction is not specified, the direction of maximum radiation intensity is implied.
EIRP accuracy directions set: beam peak directions for which the EIRP accuracy requirement is intended to be met
NOTE:	The beam peak directions are related to a corresponding contiguous range or discrete list of beam centre directions by the beam direction pairs included in the set.
EMC antenna port:	RF connector referred to as antenna port in EMC requirements
equivalent isotropic radiated power: in a given direction, the relative antenna gain of a transmitting antenna with respect to the antenna gain of an isotropic radiating element multiplied by the net power accepted by the antenna from the connected transmitter
NOTE:	For an AAS BS the EIRP can be seen as the equivalent power radiated from an isotropic radiating element, producing the same field intensity as the field intensity radiated in the declared beam pointing direction of the active antenna system being considered.
equivalent isotropic sensitivity: power level relative to an isotropic antenna that is required to be incident on the AAS BS array from a specified azimuth/elevation direction in order to meet a specified receiver sensitivity requirement
NOTE:	EIS is directly related to field-strength via free-space impedance and effective aperture antenna area. EIS is expressed as the receiver power that would be collected by an isotropic antenna if it were subject to a uniform field around the whole sphere as the AAS BS array experiences in the specified azimuth/elevation direction.
front-to-back ratio: ratio of maximum directivity of an antenna to its directivity in a specified rearward direction
hybrid AAS BS:	AAS BS which has both a conducted RF interface and a radiated RF interface in the far field and conforms to a hybrid requirements set
hybrid requirements set: Complete set of requirements applied to a hybrid AAS BS with both conducted and radiated requirements
minSENS: the lowest declared EIS value for the OSDD’s declared for OTA sensitivity requirement
multi-band connector: antenna connector of the BS type 1-C or TAB connector of the BS type 1-H, associated with a transmitter or receiver that is characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band
multi-band RIB: operating band specific RIB which is paired with one or more additional operating band specific RIBs where the multiple bands are supported through common active electronic component(s)
OTA AAS BS: AAS BS which has a radiated RF interface only and conforms to the OTA requirements set
OTA coverage range: a common range of directions within which TX OTA requirements that are neither specified in the OTA peak directions sets nor as TRP are intended to be met
OTA peak directions set(s): set(s) of beam peak directions within which certain TX OTA requirements are intended to be met, all OTA peak directions set(s) are subsets of the OTA coverage range
NOTE:	The beam peak directions are related to a corresponding contiguous range or discrete list of beam centre directions by the beam direction pairs included in the set.
OTA REFSENS RoAoA: is the RoAoA determined by the contour defined by the points at which the achieved EIS is 3dB higher than the achieved EIS in the reference direction.
NOTE: This contour will be related to the average element/sub-array radiation pattern 3dB beam width
OTA requirements set:	complete set of OTA requirements applied to an OTA AAS BSBS type 1-O or BS type 2-O.
radiating element: basic building block of an array element characterized by its radiation properties
radiation pattern: angular distribution of the radiated electromagnetic field or power level in the far field region
radio distribution network: passive network which distributes radio signals generated by the active transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the active transceiver unit array.
NOTE:	The number of transmission outputs from the RDN should be greater than or equal to the number of transmission inputs for a single frequency.
NOTE:	In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping.
operating band: frequency range in which NR operates (paired or unpaired), that is defined with a specific set of technical requirements.
OTA sensitivity directions declaration: set of manufacturer declarations comprising an EIS value and the directions where it applies
polarization match: condition that exists when a plane wave, incident upon an antenna from a given direction, has a polarization that is the same as the receiving polarization of the antenna in that direction.
receiver target: angles of arrival in which reception is performed
receiver target redirection range: union of all the sensitivity RoAoA achievable through redirecting the receiver target related to the OSDD
receiver target reference direction: direction, inside the receiver target redirection range declared by the manufacturer for conformance testing
NOTE:	For an OSDD without receiver target redirection range, this is a direction inside the sensitivity RoAoA.
reference beam direction pair: declared beam direction pair, including reference beam centre direction and reference beam peak direction where the reference beam peak direction is the direction for the intended maximum EIRP within the EIRP accuracy compliance directions set
sensitivity RoAoA: RoAoA within which the declared EIS of an OSDD is intended to be achieved at any instance of time for a specific AAS BS direction setting
single band RIB: operating band specific RIB without any common active electronic component(s) shared with other operating bands
single direction requirement: AAS BS requirement which is applied in a specific direction within the OTA coverage range for the Tx and FFS for the receiver.
single-band TAB connector: TAB connector supporting either operation only in a single operating band, or operation in multiple operating bands without any common active electronic component(s)
TAB connector: transceiver array boundary connector
TAB connectors beam forming group: group of TAB connectors associated with an EIRP beam declaration, comprising of the complete set of TAB connectors from which a declared beam is transmitted
transceiver array boundary: conducted interface between the transceiver unit array and the composite antenna
transceiver unit: active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals, and which may include passive RF filters
transceiver unit array: array of transceiver units which generate radio signals in the transmit direction and accept radio signals in the receive direction
TRP requirement: AAS BS requirements, which requires dual‑polarized measurements of the figure of merit over the whole sphere around the DUT
UE channel bandwidth: The RF bandwidth supporting a single NR RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell. The channel bandwidth is measured in MHz and is used as a reference for transmitter and receiver RF requirements.
------------------------------ Next modified section ------------------------------
5.2	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 Range 1FR1. The applicability may depend on the requirements.
-	Requirement set 1-C: Conducted requirements for FR1 Non-AAS BSBS type 1-C (which doesn’t include antenna functionality).
-	Requirement set 1-H: Conducted requirements and OTA requirements for FR1 hybrid AAS BSBS type 1-H (which includes antenna functionality).
-	Requirement set 1-O: OTA requirements for FR1 OTA AAS BSBS type 1-O (which includes antenna functionality).
-	FR2: Only OTA requirements will be required for FR2.
-	Requirement set 2-O: OTA requirements for FR2 OTA AAS BSBS type 2-O.
MSR BS: The MSR BS specification in 3GPP TS 37.104 [19] will be updated in Rel-15 for capability sets of Single RAT NR BS and LTE+NR MSR BS.
-	It shall be noted that the MSR BS specification is considered as non-AAS specification, defining conducted requirements.
-	Work on the Multi-Standard BS specifications updates for NR will start after work on the Single RAT NR BS specification is completed.
AAS BS: The AAS BS specification in 3GPP TS 37.105 [7] will be updated in Rel-15 for capability sets of Single RAT NR BS and LTE+NR MSR BS. In Rel-15, the AAS BS specification is expected to be extended with the full set of OTA requirements.
-	Work on the AAS BS specifications updates for NR will start after work on the Single RAT NR BS specification is completed.
EMC: New EMC specification for the NR BS will be defined in 3GPP TS 38.113 [15].
-	The NR BS EMC specification will reuse the eAAS WI work on the EMC requirements for the OTA AAS BS, i.e. EMC testing of DUT’s with radiating antenna elements.
-	It shall be noted, that each of the EMC specifications for Single RAT refers to the MSR EMC specification in 3GPP TS 37.113 [23] for the additional optional applicability of the MSR EMC requirements.
-	NR BS EMC specification shall also consider additional optional conformance requirements in the extended Rel‑15 version of the MSR EMC specification in 3GPP TS 37.113 [23].
Furthermore, relations among conformance BS specifications are identified as follows:
Single RAT NR BS: New conformance specifications in 3GPP TS 38.141-1 [17] and in 3GPP TS 38.141-2 [18] for the NR BS conformance for conducted and radiated testing will be defined, respectively,
MSR BS: 3GPP TS 37.141 [31] MSR BS conformance testing specification will be updated with the NR RAT.
-	Work on the Multi-Standard BS conformance testing specifications updates for NR will start after work on the Single RAT NR BS conformance testing specification is completed.
AAS BS: AAS BS conformance testing specifications in 3GPP TS 37.145-1 [32] and 3GPP TS 37.145-2 [33] will be updated based on the AAS BS core specification modifications.
-	Work on the AAS BS specifications updates for NR BS will start after work on the Single RAT NR BS specification is completed.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050401]5.3.1	Background
For E-UTRA all BS specifications are in frequency range 1FR1, historically requirements applied to the antenna connector of a single transceiver and were all conducted.
Evolution of the AAS initially led to the AAS BS specification which had both a conducted interface and an OTA interface, this was then enhanced to provide an OTA only set of requirements, this has led to 2 types of AAS BS and corresponding requirement sets:. 
1. The hybrid AAS BS which has both a conducted and a radiated interface, and
2.  the OTA AAS BS which has only a radiated interface.
The work on the AAS BS lead for the need to refer to the original BS specifications with a unique term, the term non-AAS was adopted and whilst it is not ideal to refer to something by what it is not, there has been no more appropriate alternative has been found so the term non-AAS has stuck.
There are 2 major differences between the non-AAS and the AAS architectures and requirement sets:
1.	The AAS BS refers to a system of many transceiver units and the requirements are related to the sum of all the transceiver units. Non-AAS specifications refer to only a single Transceiver
2.	The AAS BS has the antenna included as part of the architecture and has a radiated interface.
The intention of the AAS BS specification was to maintain the same levels of protection and performance as an equivalent non-AAS system with the same number of transceiver units. As it is possible for an AAS to have a very large number of transceiver units whereas practical non-AAS installations are likely to have only as many transceivers as there are MIMO channels available (8 for E-UTRA), hence AAS emission (wanted and unwanted) are capped at the equivalent of 8 transceivers no matter how many transceiver units they have.
An E-UTRA AAS does not have to have mandatory beam forming, hence all OTA requirements which involve assumptions on antenna gain are designed so they can be met with a passive antenna gain with the same coverage area.
NR range 1FR1 has the same 3 BS types as E-UTRA, in addition there is NR range 2FR2 which is OTA only due to the high frequency. In addition, a certain level of beam forming is required for range 2 FR2 BS so the relationship between coverage range and antenna gain is not the same as in range 1FR1.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050403]5.3.3	BS type 1-C
BS type 1-C requirements are applied at the BS antenna connector (port A) for a single transmitter or receiver with a full complement of transceivers for the configuration in normal operating conditions. If any external apparatus such as an amplifier, a filter or the combination of such devices is used, requirements apply at the far end antenna connector (port B).
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Figure 5.3.3-1: BS type 1-C BS Ttransmitter interface
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Figure 5.3.3-2: BS type 1-C BS Rreceiver interface
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050406]5.4	Base station classes
[bookmark: _Hlk487019015]The requirements for NR BS apply to Wide Area Base Stations, Medium Range Base Stations and Local Area Base Stations unless otherwise stated. The associated deployment scenarios for each class are exactly the same for BS with and without antenna connectors or TAB connectors.
NR BS classes for BS type 1-C and BS type 1-H are defined as indicated below:
-	Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum coupling loss equal to 70 dB.
-	Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum coupling loss equals to 53 dB.
-	Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum coupling loss equal to 45 dB.
NR BS classes for BS type 1-O and BS type 2-O are defined as indicated below:
-	Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum distance along the ground equal to 35 m.
-	Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum distance along the ground equal to 5 m.
-	Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum distance along the ground equal to 2 m.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050409]5.7	Requirements for contiguous and non-contiguous spectrum
Requirements for contiguous and non-contiguous spectrum are well defined in existing single-RAT and MSR specifications. Both contiguous and non-contiguous operation has been requested in various NR-LTE CA/DC combinations and is considered to be completed within Rel’15 timeframe.
The text to Technical Specification for requirements for contiguous and non-contiguous spectrum Clause is as follows:
[A spectrum allocation where an BS operates can either be contiguous or non-contiguous. Unless otherwise stated, the requirements in the present specification apply for BS configured for both contiguous spectrum operation and non-contiguous spectrum operation.
For BS operation in non-contiguous spectrum, some requirements apply both at the Base Station RF Bandwidth edges and inside the sub-block gaps. For each such requirement, it is stated how the limits apply relative to the Base Station RF Bandwidth edges and the sub-block edges respectively.]
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050411]5.9	Basic limits and scaling of emissions
For conducted Tx unwanted emissions requirements on ACLR, spectrum emission mask, operating band unwanted emissions and transmitter spurious emissions in clause 6 (and for conducted Rx spurious emissions requirement in clause 7), as well as for the BS output power requirement, the following sub-clauses apply:
6.x.y	Conducted requirement A
6.x.y.1	Basic limits
Table with basic limits for NR BS in FR1.
6.x.y.2	non-AAS requirement A
Minimum conducted requirement for 1-C type NR BSBS type 1-C in FR1 is defined as basic limit, i.e. no scaling and no antenna considered.
Minimum 1-C requirement [dBm] = basic limit
Where:
-	basic limit is defined in 6.x.y.1

6.x.y.3	AAS requirement A
Minimum conducted requirement for 1-H type NR BSBS type 1-H in FR1 is defined based on basic limit with the emissions scaling applied, i.e. basic limit is scaled up to an AAS BS requirement according to the number of active transceiver units.
Minimum 1-H requirement [dBm] = basic limit + 10*log10(N) 
Where:
-	basic limit is defined in 6.x.y.1
-	Scaling factor N ≤ 8

For operation in Region 2, where the FCC guidance for MIMO systems in [FCC publication number 66291134] is applicable, N shall be equal to 1 for the purposes of calculating the spurious emissions limits. For all other unwanted emissions requirements, N value shall be according to the number of active transmitters per cell. Note, that such limitation of the applicability of the emissions scaling will be reflected in 3GPP TS 38.104 [3].
9.x.y	Radiated requirement A
9.x.y.1	AAS requirement A
Minimum radiated requirement for 1-O NR BS in FR1 is defined based on basic limit with the emissions scaling applied, i.e. basic limit is scaled up to an AAS BS requirement according to the number of active transceiver units.
Minimum 1-O requirement [dBm] = basic limit + 10*log10(N) 
Where:
-	basic limit is defined in 6.x.y.1
-	Scaling factor N is fixed to 8
Therefore the resulting OTA limit can be derived as:
Minimum 1-O requirement [dBm] = basic limit + 9 dB 
For operation in Region 2, where the FCC guidance for MIMO systems in [FCC publication number 66291134] is applicable, N shall be equal to 1 for the purposes of calculating the spurious emissions limits. For all other unwanted emissions requirements, N value shall be according to the number of active transmitters per cell. Note, that such limitation of the applicability of the emissions scaling will be reflected in 3GPP TS 38.104 [3].
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050418]6.2.3	Non-AAS BS output requirement
For BS type 1-C, the output power limit requirement equals to the basic limits, as defined in subclause 6.2.2 and applies per antenna connector during the transmitter ON period.
Minimum conducted output power accuracy requirement for the 1-C type BS type 1-C is reused from the AAS BS specification in 3GPP TS 37.105 [7]. Requirement for normal and extreme conditions is reused.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050425]6.4.1	Transmitter OFF power
Transmitter OFF power is defined as the mean power measured over 70/N us filtered with a square filter of bandwidth equal to the transmission bandwidth configuration of the BS (BWConfig) centred on the assigned channel frequency during the transmitter OFF period. N = SCS/15, where SCS is Sub Carrier Spacing in kHz.
The requirements for transmitter OFF power spectral density is agreed to be less than [-85 dBm/MHz, as currently specified in E-UTRA].
Following the same principle applied to E-UTRA multi-band operation, it is agreed that for NR BS capable of multi-band operation, the requirement to be only applicable during the transmitter OFF period in all supported operating bands.
[bookmark: _Toc13050426]6.4.2	Transmitter transient period
The transmitter transient period is the time period during which the transmitter is changing from the OFF period to the ON period or vice versa. The transmitter transient period is illustrated in Figure 6.4.2-1 as adopted from the E-UTRA requirement on transmitter transient period as specified in 3GPP TS 36.104 [6]. 
[image: ]
Figure 6.4.2-1: Illustration of the relations of transmitter ON period, transmitter OFF period and transmitter transient period. 
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------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050428]6.5.1	General
Unless otherwise stated, the requirements in subclause 6.5 apply per antenna connector for BS type 1-C type NR BS, or per TAB connector for BS type 1-H type NR BS, during the transmitter ON period.
[bookmark: _Toc13050429]6.5.2	Frequency error
Frequency error performance mainly depends on PLL performance within transceiver chain and the timing and synchronization performance. The example approach of timing and synchronization in the real network is to deploy one GNSS receiver with BS, then high quality GNSS receiver derives frequency and timing from the satellite signals and the synchronization equipment then use it as reference clock for network timing. This approach has been adopted for legacy system, like GSM, UTRA and E-UTRA for many years. Therefore for range1 NRFR1, it is also quite beneficial to reuse existing timing and synchronization network directly to reduce the network construction cost. Meanwhile, similar PLL performance of NR BS as E-UTRA BS is also expected as they are operating at the same frequency range. Based on the above considerations, RAN4 agreed that frequency error requirement of LTE can be reused for NR range1FR1.
The 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.
The core requirement for the conducted frequency error for FR1 requirement will be reused from conducted frequency error requirement from 3GPP TS 37.105 [7] specification.
For conformance testing purposes, the frequency error shall be tested at the maximum and minimum power settings (together with the EVM test).
[bookmark: _Toc13050430]6.5.3	Time alignment error
[bookmark: _Toc13050431]6.5.3.1	General
Frames of NR signals present at antenna connectors (for BS type 1-C type NR BS), or at TAB connectors (for BS type 1-H type NR BS) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna port(s) or at the transceiver array boundary may experience certain timing differences.
For a specific set of NR signals/transmitter configurations/transmission modes, the conducted Time Alignment Error (TAE) is defined as the largest allowed timing difference (i.e. error) between two different reference signals belonging to different antenna connectors (for 1-C type NR BSBS type 1-C), or TAB connectors (for 1-H type NR BSBS type 1-H).
TAE is only applicable for NR BS transmitting from multiple antennas via MIMO, CA, or combination of them.
In UTRA and E-UTRA, TAE requirement was defined for TX diversity, MIMO transmission, carrier aggregation and their combinations. However in NR, there is no TX diversity transmission mode defined. As a result, no TAE tests need to be developed for TX diversity for NR operation.
In case of 1-H type NR BSBS type 1-H the number of TAB connectors could be large. Therefore, a concept for reducing number of test combinations was introduced in 3GPP TS 37.105 [7]. In TAE requirement for AAS BS is designed as:
The TAE between any two TAB connectors from different transmitter groups shall not exceed the specified minimum requirements above, where transmitter groups are associated with the TAB connectors in the transceiver unit array corresponding to MIMO transmission, CA, etc.
[bookmark: _Toc13050432]6.5.3.2	Carrier aggregation
[bookmark: _Toc13050433]6.5.3.2.1	General
TAE requirements for CA is generally discussed and set as a requirement isolated at the base station while it is the TAE at the UE that matters (generally referred as MRTD). This can lead to wrong or unbalanced requirements.
The maximum allowed TAE at the UE depends of implementation choices and potential design restrictions within the UE, so this is not a single fixed figure.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050446]6.6.4	Operating band unwanted emissions
A set of band-centric masks are defined for NR in Frequency Range 1FR1, based on the same principles as for LTE. Details of the masks are as follows:
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050449]6.6.5.2	Basic limits
Category A or Category B basic limits are defined for the conducted Tx spurious emissions requirements for NR BS in Range 1FR1, as outlined in Table 6.6.5.2.1-1 and Table 6.6.5.2.1-2 of 3GPP TS 38.104 [3], respectively.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050451]6.6.5.4	AAS conducted Tx spurious emissions requirement
The transmitter spurious emission limits for 1-H conducted requirement apply from 9 kHz to 12.75 GHz, excluding the frequency range from ΔfUEM below the lowest frequency of each supported downlink operating band, up to ΔfUEM above the highest frequency of each supported downlink operating band, where the ΔfUEM is defined in sub-clause 6.6.4.
The transmitter spurious emission limits for BS type 1-H are based on the emissions scaling, where the emissions limits are defined as:
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050461]7.3	Dynamic range
[bookmark: _Hlk508467101]Dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received BS channel bandwidth. In this condition a throughput requirement shall be met for a specified reference measurement channel.
FRC
NR supports multiple numerologies as well as increased number of BS channel bandwidths, e.g. up to 100MHz for frequency range 1FR1. To better balance the spec complexity and test permutation, it was agreed to define the following FRCs for dynamic range requirement. The SNR @95% maximum throughput point for each FRC will be used for the wanted signal calculation.
7.3-1: Fixed reference channel and SNR points for dynamic range
	FRC
	BS channel bandwidth [MHz]
	Subcarrier spacing [kHz]

	G-FR1-A2-1
	5
	15

	G-FR1-A2-2
	5
	30

	G-FR1-A2-3
	10
	60

	G-FR1-A2-4
	20
	15

	G-FR1-A2-5
	20
	30

	G-FR1-A2-6
	20
	60



Interference level
Receiver dynamic range requirement is to ensure that the base station can receive high throughput also in the presence of increased interference levels. It measures the effects of base station receiver impairments. While measuring these effects, uncertainty due to the receiver’s own thermal noise floor should be minimized. So the interference level should be increased by a certain amount of margin to mask the receiver’s own noise floor. From a scenario of view, it is reasonable to adopt the similar amount of interference signal margin for NR as for E-UTRA. The mean power of interfering signal is defined in the following method:
	PIntf = -174dBm/Hz+10*log10(NRB*SCS*12) + NF + 20
Where:
-	NRB is the transmission bandwidth configuration NRB  defined in TS 38.104 [3] Section subclause 5.3.2;
-	NF is noise figure of NR BS receiver in dB, where 5dB is assumed for WA, 10dB for MR ,13dB for LA;
Wanted signal
The mean power of the wanted signal is defined in the following method:
	Pwanted= = -174dBm/Hz+10*log10(NRB*SCS*12) + NF + 20+SNR+IM
Where
-	NF is noise figure of NR BS receiver in dB, where 5dB is assumed for WA, 10dB for MR ,13dB for LA;
-	IM is implementation margin reserved for BS manufacturer in dB; For high MCS level, IM is assumed to be 2.5dB;
-	NRB depends on the FRCs defined for dynamic range requirement;
-	SNR is the value to satisfy the 95% throughput of measurement channel.;
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050464]7.4.2	In-band bBlocking
The following have been agreed for conducted in-band blocking requirement in FR1:
-	To specify the below 6GHz NR BS receiver in-band blocking conducted requirement for each NR BS class with an interfering signal power equal to that for the corresponding E-UTRA BS class, and the wanted signal level calculated as the BS reference sensitivity plus 6dB.
-	The SNR for the BS reference sensitivity can be obtained at [95 ]% relative throughput from link level simulations.
-	The interfering signal should be defined as the same type as the interfering signal for the ACS requirement, with carrier frequency offset of two times the BS channel bandwidth of the interfering signal plus additional frequency offset like E-UTRA to avoid orthogonality between sub-carriers of wanted and interfering signal.
-	Consider extension on the lower and upper boundaries for the in-band blocking requirements.
-	Once the alignment of the boundary for both NR and E-UTRA is agreed for the transmitter the same solution is used for the receiver boundary.
For the narrowband blocking requirement, the requirement should be specified with an offset calculated for the exact position of the interfering signal such that the sub-carrier grid of the interferer is ½ of the subcarrier spacing offset from the sub-carrier grid of the wanted signal. Furthermore, the SCS of the interferer and the wanted signal could be set the same, such that the offset is achieved for all subcarriers of the interferer and wanted signal. However, since only the first few sub-carriers tend to impact blocking performance it is preferable to apply 15 kHhz sub-carrier spacing for the interferer regardless of the wanted signal SCS, since the 15 kHhz sub-carrier spacing has the highest spectrum utilization. Testing with the minimum distance from the active PRBs of the interferer and the wanted signal bandwidth edge is seen as more important than aligning the SCSs.
For the general blocking requirement, since the requirement relates to the receiver processing a large general power level, it is not important to consider the SCS for the wanted signal or the offset. The SCS was assumed to be 15 kHhz.
The wanted signal SCS should be the lowest SCS supported by the BS for the BS channel bandwidth in question.
The OTA blocking requirement is tested using the same set of 5 conformance directions as the OTA sensitivity requirement. However, in each direction, only one of the two blocking requirements is tested. Each of the two requirements is tested in at least one direction.
Based on above agreements, the general blocking requirements is specified in Table 7.4.2.2-1 of 3GPP TS 38.104 [3] and and the narrowband blocking requirement in Table 7.4.2.2-2 and Table 7.4.2.2-3 of 3GPP TS 38.104 [3].
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050484]9.3.2	Output power requirement for FR1
For BS type 1-O requirements set, the TRP will be used as a metric for NR BS output power limit requirement. The OTA BS output power limit requirement for 1-O applies per RIB interface during the transmitter ON period.
For BS type 1-O requirements set, the output power limit requirement is based on the basic limits defined in sub-clause 6.2.2, with the emissions scaling applied based on the basic limit as described in sub-clause 5.9.
Minimum radiated output power accuracy requirement for the 1-O type NR BSBS type 1-O in normal conditions is reused from the AAS BS specification in 3GPP TS 37.105 [7].
No extreme condition requirement is specified for BS type 1-O.
[bookmark: _Toc13050485]9.3.3	Output power requirement for FR2
Minimum radiated output power accuracy requirement for the 2-O type NR BSBS type 2-O is+/- 3dB.
There is no upper limit for the rated carrier TRP output power of BS type 2-O. This is due to the expectation that co-existence between MR and LA BS with a WA network will not be compromised by output power due to beamforming and greater pathloss.
No extreme condition requirement is specified for BS type 2-O.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050497]9.5.2	OTA Transmitter transient period
For OTA, the transmitter transient period is defined the same as for the conducted case. That is, it is defined as the time period during which the transmitter is changing from the OFF period to the ON period or vice versa. The transmitter transient period is illustrated in Figure 9.5.2-1.
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Figure 9.5.2-1: Illustration of the relations of transmitter ON period, transmitter OFF period and transmitter transient period.
In E-UTRA BS, the transmitter transient period for both OFF to ON and ON to OFF are specified to be shorter than 17 us.
For NR, since larger sub-carrier spacing are introduced, such as 30 kHz, 60 kHz and 120 kHz, the length of symbol is reduced significantly. It means if the same transient period is kept and the same number of symbol is configured for gap period (GP), the cell coverage will be reduced and BS to BS distance without interference will also be reduced. This may bring the risk of introducing BS to BS interference in the network. Balance needs to be considered between transient period requirements and BS to BS interference in the network. So NR BS transient periods need to be optimized.
Based on the above argument, it is agreed to adopt shorter transient periods for NR BS than the values specified for E-UTRA BS by considering the capabilities of current hardware. A value of 10 µs is agreed and accepted for the transmitter transient periods for FR1 as specified in Table 9.5.3.2-1 of 3GPP TS 38.104 [3].
For FR2, a value of 3 µs is agreed for the transmitter transient period as specified in Table 9.5.3.3-1 of 3GPP TS 38.104 [3].
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050500]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 TRS 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.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050508]9.7.2	OTA Occupied bandwidth	
The OTA occupied BW requirement is the same as the conducted occupied BW requirement in sub-clause 6.6.2.1. For frequency range1FR1 and frequency range 2 FR2 the spatial requirements are the same as those used of an OTA AAS BS as in TR 37.843 [9], occupied BW is a directional requirement
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050518]9.7.5.2	AAS radiated Tx spurious emissions requirement for FR1
The OTA Tx spurious emission requirement for 1-O type NR BSBS type 1-O is defined at RIB interface for the spurious range from 30 MHz (as opposed to the 9 kHz limit for the conducted requirement) up to the 12.75 GHz, excluding the frequency range from ΔfUEM below the lowest frequency of each supported downlink operating band, up to ΔfUEM above the highest frequency of each supported downlink operating band, where the ΔfUEM is defined in sub-clause 6.6.4. For operating bands for which the 5th harmonics reaches beyond the 12.75 GHz, the upper limit of the spurious range is extended up to the 5th harmonic of the fundamental range, but not higher than 26 GHz.
Spurious emissions limits for 1-O are based on the basic limits defined for Cat. A and for Cat. B in Table 6.6.5-1 and Table 6.6.5-2, with the fixed emissions scaling applied based on the basic limit as described in sub-clause 5.9.
Minimum radiated requirement for BS type 1-O is defined based on basic limit with the emissions scaling applied. The basic limits are in subclause 6.6.5.2 of 3GPP TS 38.104 [3].
[bookmark: _Toc13050519]9.7.5.3	AAS radiated Tx spurious emissions requirement for FR2
The Tx spurious emission requirement for BS type 2-O is defined at RIB for the spurious range from 30 MHz up to the 2nd harmonics of the upper frequency edge of the operating band.
Only Category A limits are defined for FR2 and are the same as limits defined for basic limits in subclause 6.6.5.2. The limits are specified in table 9.7.5.3.2-1 of TS 38.104 [3].
For conformance testing of the Tx spurious emissions requirement for BS type 2-O, the upper frequency limit of the spurious range might be limited by to [60] GHz value, considering practical OTA measurement capabilities of the OTA test ranges in the spurious range.
Table 9.7.5.3-1: (Void)
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050537]10.1	General
For BS type 1-H and BS type 1-O the same spatial definitions are used as for the AAS BS described in 3GPP TR 37.842 [8] 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.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050544]10.3.3.2	Antenna gain and loss assumptions
For WA BS the antenna gain (G) has been identified for the 28GHz band to be the range 10 to 33 dB.
G includes the antenna directivity and the antenna loss.
Losses may arise from a number of factors, including array related aspects such as scan loss, mutual coupling, steering loss, RF phase error, beam straddling, allowances for beam shaping algorithms, drop towards the coverage edge, radome related losses, antenna mismatch, and any other antenna array related RF losses.
The antenna mismatch may be different between the Rx and Tx the antenna mismatch discussed here is for Rx only. If we need to discuss Tx antenna gain and mismatch, this can be discussed separately.
The current agreements assume there are no filter losses included, if band filtering is needed between the LNA and the antenna then additional loss may be added the value of this is FFS.
The exact distribution of directivity and loss is not formally agreed however the max and min values are based on the approximate extreme cases (based on 28GHz):
Low gain case:
	The minimum usable low gain for a wide area BS can be approximated based on the minimum cell size for a wide area BS. The minimum distance for a UE to the antenna for a wide area BS is 35m (assuming a 23.5m vertical separation). It is reasonable to expect that high throughput and hence high SINR should be achievable at distances greater than this. To achieve and UL SINR of 15 dBi for a 200MHz channel at 100m at least 10dB antenna gain is required.
	This is equivalent to antenna of approx. 4x4 elements (0.5λ spacing) with 3dB off peak margin and 4dB losses.
High gain case:
	The high gain is limited by practical implementation of the antenna, a 64x32 element (0.5λ spacing) antenna would consist of 2048 elements and have a directivity of 38.1dBi. With some many elements it is likely the losses would be higher than for a smaller antenna, hence 3dB off peak margin and 5dB losses result in a gain of 30 dBi. Two such panels are considered and hence the upper gain limits 33dBi.
Contributors to the loss are further discussed in subclause [5.10].
For higher frequencies as the noise figure is higher (see sub-clause 10.3.3.3) the antenna gain required to maintain the same OTA REFSENS value is higher. As the low gain case is based on a reasonable minimum cell size it is reasonable that the OTA REFSENS is not reduced further for the higher frequencies, so for the 45GHz range the minimum expectation for G will be 12dB rather than 10dB.
Note this does not take into account the effect of higher FSPL on the cell size at higher frequencies.
Table 10.3.3.2-1: G assumptions for calculating FR2 WA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	WA
	10 to 33 dBi
	12 to 35 dBi



Medium range and local area BS are intended to cover smaller cell sizes and hence the antenna gain requirements are lower., For medium range and local area BS the following assumptions for G have been agreed.
Table 10.3.3.2-2: G assumptions for calculating FR2 MR and LA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	MR
	[5 to 28] dBi
	[7 to 30] dBi

	LA
	0 to 23 dBi
	2 to 25 dBi


------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050546]10.3.3.4	SNR and IM
IM is the implementation margin associated with the RF parts and the BB, not including the antenna mismatch. It is the same for all frequency ranges and both conducted and OTA requirements. It has been agreed that:
-	For REFSENS and ICS:
-	IM = 2 dB
The SNR values are found by simulation and are explained in annex B, for FR2 OTA sensitivity the values are as show in table 10.3.3.4-1.
Table 10.3.3.4-1: SNR values for FR2 OTA RF sensitivity
	FRC
	SNR (dB)

	G-FR2-A1-1
	-1.1

	G-FR2-A1-2
	-1.1

	G-FR2-A1-3
	-1.2



There is a 0.1dB difference between the SNR for the different FRC’s, however as it has been agreed that the OTA sensitivity will be declared in integer values the difference between the FRC’s is not significant, the SNR can be rounded down to -1dB, therefore a single range can be declared covering all FRC’s
G-FR2-A1-3 has a CBW of 100 MHz, assumption so far have been based on FRC with 50MHz CBW, how the 100MHz CBW of the FRC is handled is FFS.
[bookmark: _Toc13050547]10.3.3.5	OTA Reference sensitivity ranges
Considering the gain range is adjusted to account of the higher NF at the higher frequencies a single range is defined for all bands as follows:
OTA reference sensitivity level for FR2 is:
[bookmark: _Hlk508468660]-	1 dB step within the range -96 to -119 dBm dB for WA
-	[1] dB step within the range -91 to -114 dBm for MR
-	[1] dB step within the range -86 to -109 dBm dB for LA
[bookmark: _Toc13050548]10.4	OTA Dynamic range
[bookmark: _Toc13050549]10.4.1	Dynamic range requirements for Range 2 NR BSFR2
In the table below, we summarize investigations from different companies related to mmWave receiver noise floor rise requirements.
Table 10.4.1-1: Investigations related to mmWave receiver noise floor rise
	R4-1706752: BS receiver dynamic range for mmWave bands
Source: Huawei, HiSilicon
	Proposal:
The dynamic range simulation result for mmWave bands is small and no need to specify the requirement.


	R4-1705097, Simulation results for receiver dynamic range of NR BS receiver with different deployment scenarios
Source: Ericsson

	Observation-1:
Noise floor rise for dynamic range of NR receiver is ~0dB for all scenarios at 50 percentile UL interference.
Observation-2:
Noise floor rise for dynamic range of NR receiver is ~0dB for UMa and UMi scenarios at 90 percentile UL interference.
Observation-3:
Noise floor rise for dynamic range of NR receiver for InH scenario at 99 percentile UL interference is not substantial.
Proposal:
There is no need to specify dynamic range requirement for NR BS.

	R4-1705430: Proposal on mmWave NR BS Receiver Dynamic Range
Source: Nokia, Alcatel-Lucent Shanghai Bell
	Proposal:
To specify the mmWave NR BS receiver dynamic range requirement with the interference level of 15dB over the receiver thermal noise floor, and the wanted signal level calculated as the interference signal level plus the required UL 16QAM SNR and implementation margin. Here the SNR can be obtained at 95% relative throughput from link level simulations, and the implementation margin can be defined as 2.5dB.


	R4-1706813: Simulation results for receiver dynamic range of NR BS receiver without array gain for different deployment scenarios,
Source: Ericsson
	Observation:
Noise floor rise for dynamic range of NR receiver without including the array gain is ~0dB for all scenarios at 50 and 99 percentile UL interference.
Proposal:
There is no need to specify dynamic range requirement for NR BS.


	R4-1706774: Discussion on receiver dynamic range and ICS requirement of range2 NR BS
Source: ZTE Corporation
	Proposal 1:
not to specify the dynamic range requirement for rang2 NR BS.

	R4-1704930: Discussion on NR BS dynamic range,	
Source: CATT
	Observation 1: Due to the considerable path loss in mmW frequency range, the interference signals reach to the BS side will be much lower in NR system than in LTE system.
 Observation 2: The UE specific BF will bring on significant rejections to the interference signals in the directions other than the direction of wanted signal.
Observation 3: The large BS channel bandwidth of NR will result in a higher noise floor.
Observation 4: Considering that there has been the REFSENS requirement which is aims to measure the receiver capability to receive the wanted signal in the level of noise floor, it seems unnecessary to define a similar requirement, say dynamic range requirement.
Observation 5: For sub-6GHz NR BS dynamic requirement, it’s acceptable to reuse the same requirement of LTE except that the reference measurement channel may need to be further investigated for the new numerologies, BS channel bandwidth and coding schemes.

	R4-1709427: Further simulation results for range2 NR BS Dynamic Range
Source: CATT
	Additional simulation results



As it is seen from the above summary, most of the investigations points to a common conclusion that there is no need to define NR BS receiver dynamic range requirement for mmWave base station, considering the noise floor rise for NR BS receiver dynamic range in the simulated scenarios.
In addition to the above investigations, it also been discussed whether other requirements implicitly demonstrate compliance to a small (e.g. 5dB) dynamic range.
For LTE, the demodulation requirements are set well above the noise floor. It is reasonable to assume that a similar approach may be adopted for NR demodulation, then the demodulation requirements will be set well above the receiver noise floor.
In case of LTE, with 5MHz channel bandwidth, the noise floor is -103dBm with a 5dB Noise Figure. So, the 5dB noise floor rise would result in -98dBm in AWGN. As seen in Table 8.2.1.4.2-1 of TS 36.141 [27], the AWGN power level at the BS input is specified as -80.4dBm/18MHz for 20MHz channel bandwidth. For receiver dynamic range test, 16-QAM is used, the SINR in that case is around 10.3dB, which results in absolute signal level around -75dBm. This is well above 5dB from the noise floor.
In NR, the AWGN noise level will be higher compared to LTE levels, due to channel bandwidth and noise figure levels. However, if we follow same approach in defining the demodulation requirements as it is done for LTE, the absolute levels for demodulation requirements will be well above the AWGN noise floor. Thus, we do not see any need for testing dynamic range requirements in the order of 5dB.
Based on the above discussions and based on proposals from multiple companies, the following is agreed:
Agreement: There is no need to specify dynamic range requirement for range2 NR BSBS type 2-O.
The absolute levels for demodulation requirements shall be well above (e.g. at least ~5dB) the AWGN noise floor, thus the small dynamic range shall be handled via demodulation requirements.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050557]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.ei.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: _Toc13050566]------------------------------ Next modified section ------------------------------
10.8.1	General Receiver intermodulation
The blocking requirements capture the selectivity of the receiver, whilst the receiver intermodulation given the two interferers condition would capture the linearity of the receiver.
For FR1, the RX IM wanted signal and interferer levels are re-used from E-UTRA. The interfering signal subcarrier spacing is the same as the wanted signal subcarrier spacing. The lowest supported wanted signal SCS is tested. The frequency offset of the CW is adjusted taking into account the NR spectrum utilization for each bandwidth such that the RX IM signal overlaps the wanted signal to within a few subcarriers.
For FR2, the RX IM levels are set re-using the same principles as FR1. In FR1, the general receiver intermodulation requirements with two interferers (one modulated and one CW) and corresponding joint probabilities between the two interferers which would be lower than one interferer, the relation between general blocking level and receiver intermodulation level is summarized in Table 10.8.1-1 which indicate an offset in level around 8-9 dB between general blocking and receiver intermodulation interferer levels of ~8-9 dB. Note that for receiver intermodulation, interferers having same level resemble the worst case compared to asymmetrical interferer levels.
Table 10.8.1-1:	Existing general receiver blocking and intermodulation requirements
	
	UTRA
TS 25.104
	E-UTRA
TS 36.104
	MSR
TS 37.104

	General blocking level
	-40 dBm
	-43 dBm
	-40 dBm

	General receiver intermodulation level
	-48 dBm
	-52 dBm
	-48 dBm

	Level offset
	8 dB
	9 dB
	8 dB



Given the involvement of statistics of two interferer and OTA spatial aspect for mm-waves and possible non-symmetrical interferer levels etc, to avoid lengthy investigation, a pragmatic approach similar to existing RATs is used to define the receiver intermodulation requirements for FR2 bands. Thus, simulations of interferer levels were carried out under the assumption that the requirement would be based on equal levels. The simulations demonstrated that the for 1% RX IM probability, the RX IM interferer levels are around 8-10 dB lower than the in-band blocking level under this assumption.
Thus it was decided that for FR2, the interferer levels for general receiver intermodulation should be derived by applying an offset of 8 dB below OTA blocking levels.
In addition, for FR2, the modulated interferer bandwidth should be 50 MHz, but larger interferer bandwidths are not precluded in later releases when wide band operation is considered.
	------------------------------ Next modified section ------------------------------	
[bookmark: _Toc13050577]11.4.1	Measurement set-up for testing radiated immunity
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 BS type 1-O 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-O
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.
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050581]12	Conformance testing aspects
[bookmark: _Toc13050582]12.1	General
Text to be added. In this clause aspects related to the conformance teting of the NR BS are captured. 
------------------------------ Next modified section ------------------------------
[bookmark: _Toc13050719]12.10.1	General
Refer to subclause 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 subclause 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 subclause 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 BSBS type 1-O (which is adopted from OTA AAS BS) and 1,2 dB for FR2 BSBS type 2-O. For BS type 2-OFR2 BS, the beams are expected to be narrower than an for BS type 1-OFR1 BS and hence the SE is higher.
----------------------------- End of modified section ------------------------------
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