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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

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. 

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.
[12]
Recommendation ITU-R M.1545: "Measurement uncertainty as it applies to test limits for the terrestrial component of International Mobile Telecommunications-2000".

[13]
3GPP TS 38.141: “NR; Base Station (BS) conformance testing”. 

[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”
…

[x]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

3
Definitions, symbols and abbreviations

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 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 BS, as well as for the formulation of the unwanted emissions minimum requirements for 1-H and 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.
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
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)

multi-band TAB connector: TAB connector supporting operation in multiple operating bands through common active electronic components(s)

NOTE:
For common TX and RX TAB connectors, the definition applies where common active electronic components are in the transmit path and/or in the receive path.
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 BS.
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

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‑polarised 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.
3.2
Symbols

For the purposes of the present document, the following symbols apply:
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The composite antenna array pattern in dB
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The array element pattern in dB
BeW 
The Beam width in  
BeWϕ
The Beam width in ϕ
BeWθ 
The beamwidth equivalent to the range of OTA REFSENS RoAoA in the θ-axis in degrees.

BeWφ
The beamwidth equivalent to the range of OTA REFSENS RoAoA in the φ-axis in degrees.
Ci
Weighting coefficient

EFF

Far field pattern
Emeas
Measured near field
EVM
Error Vector Magnitude
Fbasis
Basis functions (near field to far field transformation)
LRX 

loss factor accounting for antenna losses, distribution losses, integration losses etc. in the receiver path inside the operating band
LTX 

loss factor accounting for antenna losses, distribution losses, integration losses etc. in the transmitter path inside the operating band
Ncells
The declared number corresponding to the minimum number of cells that can be transmitted by an AAS BS in a particular operating band.
PRated,c,TRP
The rated total radiated power when all the transmitter units are operating at their rated output power for a single carrier
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The array factor
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The azimuth angle (defined between -180° and 180°)
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Elevation angle of the signal direction (defined between -90° and 90°, 0° represents the direction perpendicular to the antenna array)

σ 
Standard uncertainty
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The signal correlation coefficient


The angle in the reference coordinate system between the x-axis and the projection of the radiation vector onto the x/y plane defined between -180° and 180°

The angle in the reference coordinate system between the projection of the x/y plane and the radiation vector defined between -90° and 90°. 0° represents the direction perpendicular to the y/z plane. The angle is aligned with the down-tilt angle
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

AA
Antenna Array
AAS BS
Active Antenna System Base Station

ACIR
Adjacent Channel Interference Ratio

ACLR
Adjacent Channel Leakage Ratio

ACS
Adjacent Channel Selectivity
AoA
Angle of Arrival 

BC
Band Category
BS 
Band Category
CA
Carrier Aggregation

CACLR
Cumulative ACLR
CATR
Compact Antenna Test Range

CS
Capability Set

DTT
Digital terrestrial television

DUT
Device Under Test

EIRP
Equivalent Isotropic Radiated Power

EIS
Equivalent Isotropic Sensitivity

EMC
Electromagnetic compatibility
EMC RE
EMC Radiated Emissions

ERP
Effective Radiated Power 

EUT
Equipment Under Test
FF
Far Field

FOM
Figure of Merit

IL
Insertion Loss
ISD
Inter-Site Distance

LA
Local Area
LPDA
Log-Periodic Dipole Array
MCL
Minimum Coupling Loss 

MR
Medium Range

NF
Near Field
OBUE
Operating Band Unwanted Emissions
OSDD
OTA Sensitivity Direction Declaration

OTA
Over-the-Air
QZ
Quiet Zone

RDN
Radio Distribution Network
RE
Radiating Element
RF RSE 

RF Radiated Spurious Emissions
RIB

Radiated interface boundary
RMC

Reference measurement channel
RoAoA
Range of Angles of Arrival

RSS
Root Square Sum
RXU
Receiver Unit
SEM
Spectrum Emission Mask

SGH
Standard Gain Horn

TAB
Transceiver Array Boundary

TAE
Time Alignment Error
TRP
Total Radiated Power
TRXU
Transceiver Unit
TRXUA
Transceiver Unit Array
TXU
Transmitter Unit
VSWR
Voltage Standing Wave Ratio

WA
Wide Area

Editor’s note: The list of acronyms is to a large part copied form other documetns. A clewan-up will be needed when the report is finalised.
4
General and common aspects
The general and common aspects will be in the TR for General NR UE aspects. A reference will be added here.
5
General BS RF aspects


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: 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 TR 38.803: 

-
FR1: Both conducted and OTA requirements will be required for Range 1. 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.

MSR BS: The MSR BS specification in 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 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 TS 38.113. 

-
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 TS 37.113 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 TS 37.113. 

Furthermore, relations among conformance BS specifications are identified as follows: 

Single RAT NR BS: New conformance specifications in TS 38.141-1 and in TS 38.141-2 for the NR BS conformance for conducted and radiated testing will be defined, respectively, 

MSR BS: TS 37.141 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 TS 37.145-1 and TS 37.145-2 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.

5.2
Relationship between minimum requirements and test requirements

While TS 38.104 [3] describe the core requirements, the conformance to the requirements is demonstrated by fulfilling the test requirements specified in the conformance specification 3GPP TS 38.141 [13], part 1 and part 2. An allowance for measurement uncertainty through application of test tolerances is used to create the conformance test requirements using the shared risk principle. 

This is explained through clause 4.2 in TS 38.104 [3], in a way aligned with the specifications for LTE [6] and AAS BS [7]. The shared risk principle is defined in Recommendation ITU‑R M.1545 [12].
5.3
General BS architectures
5.3.1
Background

For R-UTRA all BS specifications are in frequency range 1, historically requirements applied to the antenna connector of a single transceiver and were all conducted.

Evolution of the AAS initially led to the AAS 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 lead to 2 types of AAS and corresponding requirement sets. The hybrid AAS BS which has both a conducted and a radiated interface and 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 1 has the same 3 BS types as E-UTRA, in addition there is NR range 2 which is OTA only due to the high frequency. In addition a certain level of beam forming is required for rage 2 BS so the relationship between coverage range and antenna gain is not the same as in range 1.

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 TS 36.104 and 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 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 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.


5.3.3
FR1 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).


[image: image9]
Figure 5.3.3-1: 1-C BS Transmitter interface


[image: image10]
Figure 5.3.3-2: 1-C BS Receiver interface

5.3.4
FR1 AAS BS type 1-H 

The BS type 1-H the radio architecture is represented by three main functional blocks, the transceiver unit array (TRXUA), the radio distribution network (RDN), and the antenna array (AA). The transceiver units (TRXU) interface with the base band processing within the AAS BS.
The TRXUA consists of multiple transmitter units (TXU) and receiver units (RXUs). The TXU takes the baseband input from the AAS BS and provides the RF TX outputs. The RF TX outputs are distributed to the AA via a RDN. The RXU performs the reverse of the TXU operations. The RDN performs the distribution of the TX outputs into the corresponding antenna paths and antenna elements, and a distribution of RX inputs from antenna paths in the reverse direction. The TXU and RXU can be separated and can have different mapping through the RDN towards the AA.

The transceiver array boundary (TAB) is the point or points at which the TRXUA is connected to the RDN. The point where a TXU or RXU connects with the RDN is called "Transceiver Array Boundary connector" (TAB connector). The TAB connector is defined as conducted requirement reference point. The transmitted signal per carrier from one Transmitter Unit appear at one or more TAB connector(s) and the received signals per carrier from one or more TAB connector(s) appear at a single RXU.
Figure 5.1.4-1 shows a general architecture of a BS type 1-H radio architecture, where M is the total number of transceiver units and K is the total number of TAB connectors at the transceiver array boundary.
NOTE 1:
The RDN may consist of a simple one to one mapping between the TXU(s)/RXU(s) and the passive antenna array. In this case, the RDN would be a logical entity but not necessarily a physical entity.

NOTE 2:
The antenna array includes various implementations and configurations e.g. polarization, array geometry (including element factor and element separation), etc.

NOTE 3:
The physical location of the TRXUA, the RDN, and the AA may differ from this logical representation and is implementation dependent.
NOTE 4:
No specific mapping in the RDN between TAB connectors and antenna elements is assumed. Further the number of separate receiver and transmitter units as well as the mapping in the RDN between TAB connectors and  radiating elements can differ between the transmit and receive directions. The BS type 1-H reference architecture allows for full asymmetry between receiver path and transmit path.
NOTE 5:
For BS type 1-H capable of supporting applications employing beamforming, all or subgroups of TAB connectors can be configured with designated amplitude and phase weights such that one or more beams are radiated from the antenna array.
NOTE 6:
If the TR text and figure 5.3.4-1 contradict each other, then the TR text applies.
NOTE 7: 
The fixed scaling factor of 8 is based on the maximum number of layers/streams specified in release 12 of 3GPP  E-UTRA specifications. The scaling function may be further reconsidered for future releases if the maximum number of layers/streams supported in NR is changed.
[image: image11.emf]Antenna

Array

(AA)

Radio 

Distribution

Network

RDN

#1

#2

#K

Transceiver array boundary

Transceiver array boundary connector (TAB)

Transceiver unit array

(TRXUA)

1 to M

far field region

Composite antenna

Radiated interface boundary


Figure 5.3.4-1: General architecture of BS, type 1-H

5.3.5
FR1 BS type 1-O and FR2 BS type 2-O

BS type 1-O and 2-O BS requirement are applied in the far field at the radiated interface boundary.
The OTA BS types have no transceiver array boundary or TAB connectors defined as they has no conducted requirements.

Figure 5.3.5-1 shows a general architecture of  OTA BS, where P is the total number of transceiver units and P ≥ 8.
NOTE 1: 
If a BS type 1-O is declared to support more than 1 cell (Ncells>1) the total number of transceiver units must be greater than 8* Ncells.

NOTE 2:
The fixed scaling factor of 8 is based on the maximum number of layers/streams specified in release 12 of 3GPP  E-UTRA specifications. The scaling function may be further reconsidered for future releases if the maximum number of layers/streams supported in NR is changed.
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Figure 5.3.5-1: General architecture of FR1 BS type 1-O and FR2 BS type 2-O
5.4
Base station classes


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 and definitions of NR BS classes are exactly the same for BS with and without antenna connectors or TAB connectors.

NR BS classes for BS with antenna connectors or TAB connectors 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 minimum coupling loss equal to 45 dB.

NR BS classes for BS without antenna connectors or TAB connectors 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.

5.5
Regional requirements

Some requirements for NR in TS 38.104 [3] may only apply in certain regions either as optional requirements, or as mandatory requirements set by local and regional regulation. It is normally not stated in the 3GPP specifications under what exact circumstances the regional requirements apply, since this is defined by local or regional regulation. 

A list of such requirements is provided in subclause 4.5 of TS 38.104 [3].
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

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

	Base station output power
	6.2
	6.2
	NA
	NA

	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
	8
	8
	NA
	NA

	Radiated transmit power
	NA
	9.2
	9.2
	FFS

	OTA Base station output power
	NA
	NA
	9.3
	FFS

	OTA Output power dynamics
	NA
	NA
	9.4
	FFS

	OTA Transmit ON/OFF power
	NA
	NA
	9.5
	FFS

	OTA Transmitted signal quality
	NA
	NA
	9.6
	FFS

	OTA Occupied bandwidth
	NA
	NA
	9.7.2
	FFS

	OTA ACLR
	NA
	NA
	9.7.3
	FFS

	OTA Operating band unwanted emission 
	NA
	NA
	9.7.4
	FFS

	OTA Transmitter spurious emission 
	NA
	NA
	9.7.5
	FFS

	OTA Transmitter intermodulation 
	NA
	NA
	9.8
	NA

	OTA sensitivity
	NA
	10.2
	10.2
	FFS

	OTA Reference sensitivity level
	NA
	NA
	10.3
	FFS

	OTA Dynamic range
	NA
	NA
	10.4
	NA

	OTA In-band selectivity and blocking
	NA
	NA
	10.5
	FFS

	OTA Out-of-band blocking
	NA
	NA
	10.6
	FFS

	OTA Receiver spurious emission 
	NA
	NA
	10.7
	FFS

	OTA Receiver intermodulation
	NA
	NA
	10.8
	FFS

	OTA In-channel selectivity
	NA
	NA
	10.9
	FFS

	Radiated Performance requirements
	NA
	NA
	11
	FFS


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.]
5.8
Requirements for BS capable of multi-band operation

Multi-band band operation concept is well defined in existing single-RAT and MSR specifications. The most important feature of multi-band BS is to support dynamic power sharing between different bands and hence allow operators more flexibility in the network deployment. From the site engineering point of view, multi-band BS can reduce installation complexity for different bands at the same site. Furthermore, multi-band BS can reduce insertion loss for the antenna sharing multi-band scenario since no combiner is needed. 
The text to Technical Specification for requirements for BS capable of multi-band operation Clause is as follows:
[For BS capable of multi-band operation, the RF requirements in clause 6, 7, 9 and 10 apply separately to each supported operating band unless otherwise stated. For some requirements, it is explicitly stated that specific additions or exclusions to the requirement apply at multi-band antenna connector(s), multi-band TAB connector(s) and multi-band RIB(s) as detailed in the requirement subclause. For type 1-C BS capable of multi-band operation, various structures in terms of combinations of different transmitter and receiver implementations (multi-band or single band) with mapping of transceivers to one or more antenna port(s) in different ways are possible. For multi-band antenna connector(s) the exclusions or provisions for multi-band apply. For single band antenna connector(s), the following applies:

-
Single-band transmitter spurious emissions, operating band unwanted emissions, ACLR, transmitter intermodulation and receiver spurious emissions requirements apply to this antenna connector that is mapped to single-band.

-
If the BS is configured for single-band operation, single-band requirements shall apply to this antenna connector configured for single-band operation and no exclusions or provisions for multi-band capable BS are applicable. Single-band requirements are tested separately at the antenna connector configured for single-band operation, with all other antenna connectors terminated.

A type 1-H BS may be capable of supporting operation in multiple operating bands with one of the following implementations of TAB connectors in the transceiver array boundary:

-
All TAB connectors are single band TAB connectors.

-
Different sets of single band TAB connectors support different operating bands, but each TAB connector supports only operation in one single operating band. 
-
Sets of single band TAB connectors support operation in multiple operating bands with some single band TAB connectors supporting more than one operating band.

-
All TAB connectors are multiband TAB connectors.

-
A combination of single band sets and multi-band sets of TAB connectors provides support of the type 1-H BS capability of operation in multiple operating bands.
Unless otherwise stated all requirements specified for an operating band apply only to the set of TAB connectors supporting that operating band.

In the case of an operating band being supported only by single band TAB connectors in a TAB connector TX min cell group or a TAB connector RX min cell group, single band requirements apply to that set of TAB connectors.
In the case of an operating band being supported only by multi-band TAB connectors supporting the same operating band combination in a TAB connector TX min cell group or a TAB connector RX min cell group, multi-band requirements apply to that set of TAB connectors.
The case of an operating band being supported by both multi-band TAB connectors and single band TAB connectors in a TAB connector TX min cell group or a TAB connector RX min cell group is FFS and is not covered by the present release of this specification.

The case of an operating band being supported by multi-band TAB connectors which are not all supporting the same operating band combination in a TAB connector TX min cell group or a TAB connector RX min cell group is FFS and is not covered by the present release of this specification.
A type 1-O or 2-O BS may be capable of supporting operation in multiple operating bands with one of the following implementations at the radiated interface boundary:

-
All RIBs are single band RIBs.

-
All RIBs are multiband RIBs.

-
A combination of single band sets and multi-band RIBs provides support of the OTA AAS BS capability of operation in multiple operating bands.

For multi-band connectors, multi-band TAB connectors and multi-band RIBs supporting the bands for TDD, the RF requirements in the present specification assume no simultaneous uplink and downlink occur between the bands.

The RF requirements for multi-band connectors, multi-band TAB connectors and multi-band RIBs supporting bands for both FDD and TDD are FFS and are not covered by the present release of this specification.]

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 BS 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 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-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 662911] 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 the 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 662911] 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 the TS 38.104 [3].
6
Conducted BS transmitter characteristics

6.1
General

This subclause describes any general aspects of transmitter characteristics and relations between requirements.

6.2
Base station output power

6.2.1

General

In this sub-clause the NR BS conducted output power requirement is specific at antenna connector for 1-C, or at TAB connector for 1-H, depending on the NR BS type. 

Despite the general requirements for the NR BS output power described in sub-clauses 6.2.2 – 6.2.4, additional regional requirements might be applicable.  

6.2.2

Basic limit

Basic limits for NR BS output power are defined based on the rated carrier output power, which can be specified as the rated system output power per carrier (i.e. Prated,c,sys), or can be specified as the Prated,c,TABC which is applicable per antenna connector (in case of 1-C type BS) or per TAB connector (in case of 1-H type BS). 
In case of Prated,c,TABC the basic limits for the Medium Area BS and for the Local Area BS are adopted from the TS 36.104 [6]conducted E-UTRA requirements values for the the rated carrier output power. 
In case of Prated,c,sys the basic limits for the Medium Area BS and for the Local Area BS are based on the Prated,c,TABC values, subject to scaling applied as described in sub-clause 5.9. 

Similar to the E-UTRA BS and MSR BS, there is no upper limit for the rated carrier output power of the Wide Area Base Station.
6.2.3

Non-AAS BS output requirement 

For 1-C type BS, the output power limit requirement equals basic limits, as defined in sub-clause 6.2.2 and applies per antenna connector (in case of 1-C type BS), or per system during the transmitter ON period. 
Minimum conducted output power accuracy requirement for the 1-C type BS is reused from the AAS BS specification in TS 37.105 [7]. Requirement for normal and extreme conditions is reused.

6.2.4

AAS BS output power requirement

For 1-H type BS, 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. 
The requirement applies per TAB connector or per system during the transmitter(s) ON period.

Minimum conducted output power accuracy requirement for the 1-H type BS is reused from the AAS BS specification in TS 37.105 [7]. Requirement for normal and extreme conditions is reused. 

6.2.5

Control channel accuracy requirements
Detailed structure of the subclause is TBD.

6.3
Output power dynamics

Detailed structure of the subclause is TBD.

6.4
Transmit ON/OFF power

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.

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 TS 36.104.
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Figure 6.4.2-1: 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 17us.
For NR, since larger sub-carrier spacing are introduced, such as 30kHz, 60kHz and 120kHz, 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 aforementioned 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 10us has been proposed and accepted for the transmitter transient periods for FR1 as indicated in Table 6.4.2-1.
Table 6.4.2-1: Transmitter transient period for FR1
	Transition
	Transient period length [us]

	OFF to ON
	10

	ON to OFF
	10


The transmitter transient period for non-AAS NR BS is agreed to be shorter than the values listed in the minimum requirement Table 6.4.2-1 for FR1.
The transmitter transient period for AAS NR BS is agreed to be shorter than the values listed in the minimum requirement Table 6.4.2-1 for FR1.

6.5
Transmitted signal quality

6.5.1 
General
Unless otherwise stated, the requirements in clause 6.5 apply per antenna connector for 1-C type NR BS, or per TAB connector for 1-H type NR BS, during the transmitter ON period.
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 NR, 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 range1. 

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 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).
6.5.3

Time alignment error
Frames of NR signals present at antenna connectors (for 1-C type NR BS), or at TAB connectors (for 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 BS), or TAB connectors (for 1-H type NR BS). 

TAE is only applicable for NR BS transmitting from multiple antennas via transmit diversity, MIMO, CA, or some combinations of these three. 
The minimum requirement for conducted TAE requirement in FR1 shall not exceed the specified minimum requirements below: 

-
For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.
-
Other cases for the transmit diversity, MIMO, CA, or some combinations of these three are FFS, considering classification of the existing E-UTRA TAE requirement,
In case of 1-H type NR BS the number of TAB connectors could be large. Therefore, a concept for reducing number of test combinations was introduced in 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 TX diversity, MIMO transmission, CA, etc.

6.6
Unwanted emissions

6.6.1
General

This subclause describes relations between unwanted emissions requirements.

6.6.2
Occupied bandwidth


6.6.2.1
Occupied bandwidth for FR1 

The occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage /2 (=0.5%) of the total mean transmitted power. See also Recommendation ITU-R SM.328. 

It was agreed that the same principle with existing E-UTRA (99% power should be within channel bandwidth can be reused, and the minimum requirement for FR1 occupied bandwidth shall be less than the channel bandwidth supported by NR. 

Furthermore, the minimum requirement may be applied regionally.

Detailed structure of the subclause is TBD. Basic limit not required to be considered for this requirement as no emissions scaling applies.

6.6.3
Adjacent Channel Leakage Power Ratio (ACLR) 

The following have been agreed for conducted ACLR requirement in FR1:
-
Adopt the E-UTRA BS (45dB) ACLR1 and ACLR2 to all NR BS classes. 

-
Adopt each E-UTRA BS absolute limit to the corresponding NR BS class, whichever is less stringent compared to the ACLR.

-
The same channel bandwidth with wanted signal can be assumed as the adjacent channel bandwidth.
-
Transmission bandwidth configuration of wanted channel (it would differ depend on subcarrier spacing and/or channel bandwidth) should be used as a measurement bandwidth for wanted signal power measurement.
-
Maximum transmission bandwidth configuration of the channel bandwidth (between subcarrier spacing) specified in Release 15 should be used as a measurement bandwidth for adjacent channel power measurement, i.e. the measurement bandwidth should also apply to future releases regardless of whether new SU is introduced or not.
-
For bands defined also for E-UTRA or UTRA:


-
Specify BS 45 dB ACLR conducted requirement for 5MHz adjacent channel bandwidth.


-
The same measurement bandwidth is used for adjacent channel power measurement with existing E-UTRA specification.


-
Not to specify against other E-UTRA channel bandwidth than 5MHz.

-
No need to specify ACLR against UTRA in core specification since it is already covered by ACLR against E-UTRA case.

Based on above agreements, the ACLR requirement is specified in Table 6.6.3-1.

Table 6.6.3-1: Base Station ACLR in FR1
	Channel bandwidth of NR lowest/highest carrier transmitted BWChannel [MHz] 
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	5, 10, 15, 20, [40, ..,100]
	BWChannel
	NR of same BW with SCS that provides largest transmission bandwidth configuration (BWConfig)
	Square (BWConfig)
	45 dB

	
	2 x BWChannel
	NR of same BW with SCS that provides largest transmission bandwidth configuration (BWConfig)
	Square (BWConfig)
	45 dB

	
	BWChannel /2 + 2.5 MHz
	5 MHz E-UTRA
	Square (4.5 MHz)
	45 dB (NOTE 2)

	
	BWChannel /2 + 7.5 MHz
	5 MHz E-UTRA
	Square (4.5 MHz)
	45 dB (NOTE 2)

	NOTE 1:
BWChannel and BWConfig are the channel bandwidth and transmission bandwidth configuration of the NR lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2:
The requirements are applicable when the band is also defined for E-UTRA and/or UTRA.


6.6.4
Operating band unwanted emissions
 (OBOE)
6.6.4.1
General

A set of band-centric masks are defined for NR in Frequency Range 1, based on the same principles as for LTE. Details of the masks are as follows:

-
The UEM should be defined up to an offset ΔfUEM from the band edge, where ΔfUEM =40 MHz for NR bands equal to and wider than 100 MHz. This serves as a baseline for the boundary between UEM and spurious emission for both Category A and Category B spurious emission limits.

-
The emission levels for the UEM will be the same as for LTE (5 MHz and larger channel BW) in the full frequency range (FDL_low– ΔfUEM) ~ (FDL_high+ΔfUEM).

-
The same UEM tables will be used for the different ΔfUEM.  For Category B spurious emissions, the limits will be taken from LTE Category B Option 1.

-
The following variations for the Unwanted Emissions Mask (UEM) tables should be used for sub-6 GHz:

–
BS classes

–
Category of emission (A/B)

–
Frequency range (above/below 1 GHz)

–
Power levels (for some BS classes)

The value of ΔfUEM determines the extent of the mask outside the operating band, but it also defines the spurious emissions requirements. It is a parameter that will vary between bands and is therefore best documented in a table, listing its value for different bands. Since it is common to spurious emissions and UEM requirements, the table should be placed in the general section of Unwanted emissions (6.6.1).

Specification of UEM relies on a few common parameters defining the frequency offset. These can largely be re-used from LTE:

-
Since the limits will be the same as for LTE, we also need to consider re-using the concept of two definitions of offset from the channel edge: Δf defining offset to the edge of the measurement filter and f_offset defining the offset to the centre of the filter. Both should be kept, since the difference (half the measurement bandwidth) is not negligible.

-
Keeping both Δf and f_offset, we also need to define two maximum values setting the maximum offset to which the UEM extends: (fmax and f_offsetmax.

-
For LTE, the UEM is in general extended to ΔfUEM = 10 MHz beyond the operating band edges. This will now be out to ΔfUEM = 40 MHz for some bands. 
For Wide Area BS, the UEM level in the spurious domain is aligned with ITU-R recommendation SM.329. Consequently, there is a need to distinguish between Category A and B emission limits and also between frequencies below and above 1 GHz, since they have different limits and/or measurement bandwidths. For this reason, Category A and B should be in separate subclauses:

Wide Area BS, Category A (subclause)

Table: Category A (<1 GHz)

Table: Category A (1 GHz < f < 6 GHz)

Wide Area BS, Category B (subclause)

Table: Category B (<1 GHz)

Table: Category B (1 GHz < f < 6 GHz)

Medium Range BS (subclause)

Table: Category A & B

Local Area BS (subclause)

Table: Category A & B

Editor’s note: Operation in Non-contiguous spectrum or Multi-band BS are both integral part of the LTE specifications. If no additional aspect to such operation is discovered during the NR Work Item, it would be possible to re-use the LTE text regarding non-contiguous spectrum. Initially, text concerning these two features can be introduced in TS 38.104 in brackets and be for further study. 
6.6.4.2
Basic limits
Table with basic limits for NR BS in FR1.

6.6.4.3
non-AAS conducted OBUE requirement
Minimum conducted requirement for 1-C type NR BS in FR1 is defined as basic limit, i.e. no scaling and no antenna considered.

6.6.4.4
AAS conducted OBUE requirement
Minimum conducted requirement for 1-H type NR BS in FR1 is defined based on basic limit with the emissions scaling applied. 

6.6.5
Transmitter spurious emissions

6.6.5.1
General

NR BS Tx spurious emission conducted requirement for FR1 should comply with the following:

-
For conducted requirements (at antenna connector/ at the transceiver array boundary) use same limits as TS 37.104 [19]/TS 37.105 [7] i.e. 9kHz lower limit, 5th harmonic upper limit

-
The corresponding reference bandwidths for the specified spurious emission domain level measurement are:

–
1kHz between 9 kHz and 150 kHz 

–
10kHz between 150 kHz and 30 MHz

-
100 kHz between 30 MHz and 1 GHz

-
1 MHz for above 1 GHz

6.6.5.2
Basic limits
Table with basic limits for NR BS in FR1.
Category A or Category B basic limits are defined for the conducted Tx spurious emissions requirements for NR BS in Range 1, as outlined in Tables 6.6.5.2-1 and 6.6.5.2-2, respectively. 

Table 6.6.5.2-1: Basic limit for NR BS in FR1, Category A

	Spurious frequency range
	 Basic limit
	Measurement bandwidth
	Notes

	9 kHz – 150 kHz
	-13 dBm
	1 kHz
	Note 1

	150 kHz – 30 MHz
	
	10 kHz 
	Note 1

	30 MHz – 1 GHz
	
	100 kHz
	Note 1

	1 GHz ‑ 12.75 GHz
	
	1 MHz
	Note 1, Note 2

	12.75 GHz ‑ 5th harmonic of the upper frequency edge of the operating band in GHz
	
	1 MHz
	Note 1, Note 2, Note 3

	NOTE 1:
Measurement bandwidths as in ITU-R SM.329 [4], s4.1.

NOTE 2:
Upper frequency as in ITU-R SM.329 [4], s2.5 table 1. 

NOTE 3: 
Applies only for operating bands for which the 5th harmonic of the upper frequency edge is reaching beyond 12.75 GHz.


Table 6.6.5.2-2: Basic limits for NR BS in FR1, Category B

	Spurious frequency range
	Basic limit
	Measurement bandwidth
	Notes

	9 kHz – 150 kHz
	-36 dBm
	1 kHz
	Note 1

	150 kHz – 30 MHz
	
	10 kHz 
	Note 1

	30 MHz – 1 GHz
	
	100 kHz
	Note 1

	1 GHz ‑ 12.75 GHz
	-30 dBm


	1 MHz
	Note 1, Note 2

	12.75 GHz ‑ 5th harmonic of the upper frequency edge of the operating band in GHz
	
	1 MHz
	Note 1, Note 2, Note 3

	NOTE 1:
Measurement bandwidths as in ITU-R SM.329 [4], s4.1.

NOTE 2:
Upper frequency as in ITU-R SM.329 [4], s2.5 table 1. 

NOTE 3: 
Applies only for operating bands for which the 5th harmonic of the upper frequency edge is reaching beyond 12.75 GHz.


6.6.5.3
non-AAS conducted Tx spurious emissions requirement

Minimum conducted requirement for 1-C type NR BS in FR1 is defined as basic limit, i.e. no scaling and no antenna considered.
The transmitter spurious emission limits for 1-C 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 1-C are specified as basic limits in sub-clause 6.6.5.2.
For NR BS capable of multi-band operation where multiple bands are mapped on the same antenna connectors (TAB connectors), this exclusion applies for each supported operating band. For BS capable of multi-band operation where multiple bands are mapped on separate antenna connectors (TAB connectors), the single-band requirements apply and the multi-band exclusions and provisions are not applicable. 

The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification. Unless otherwise stated, all requirements are measured as mean power (RMS).
6.6.5.4
AAS conducted Tx spurious emissions requirement
Minimum conducted requirement for 1-H type NR BS in FR1 is defined based on basic limit with the emissions scaling applied. 

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 1-H are based on the emissions scaling, where the emissions limits are defined as: 


Basic limit +10log(N). 

N is the scaling factor which is based on the number of active transmitter units as counted at the transceiver array boundary.
6.7
Transmitter intermodulation

6.7.1
General

Traditionally the transmitter intermodulation requirement was created to guarantee emission levels in a co-location scenario. The requirement is based on robustness against injection of a reverse interference signal from a co-located BS. In addition, for NR AAS BS reverse interference signals can be caused also by intra-system coupling.

Therefore, two types of transmitter intermodulation scenarios have been identified for NR BS:

1)
Co-location transmitter intermodulation in which the interfering signal is from a co-located BS, and this is analogous to the existing transmitter intermodulation requirement in 3GPP TS 36.104 [6]. This scenario is applicable for requirement set 1-C and 1-H.
2)
Intra-system transmitter intermodulation in which the interfering signal is determined by the sum of the co-channel leakage power coupled via the combined RDN and antenna array  within the NR AAS BS. This scenario is applicable for requirement set 1-H.
For NR AAS BS following requirement set 1-H both scenarios are captured by the transmitter intermodulation requirement, where a reverse interference signal is feed to TAB connector, while maintaining emission levels.

The co-location transmitter intermodulation test is considered sufficient if it represents the greatest interference power at the tested antenna connector or TAB connector. Intra-system AAS transmitter intermodulation is only be tested where the maximum leakage power at the transceiver unit connector exceeds the interference signal power level at the TAB connector determined for co-location transmitter intermodulation.
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Figure 6.7.1-1: Set-up for testing transmitter intermodulation on one TAB connector

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 is 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 TR 37.842 [8], sub-clause 8.2.5.1.

As the co-location scenarios for NR are the same as those for E-UTRA the same respective solutions can be applied to NR BS type 1-C and BS type 1-H.
The signal parameters to be used for wanted signal and interfering signal is defined in Table 6.7.2-1. 
Table 6.7.2-1: NR signal parameters for co-location transmitter intermodulation
	Parameter
	Value

	
	BS type 1-C
	BS type 1-H

	Wanted signal
	NR signal

	Interfering signal type
	NR signal of minimum supported CBW (BI)  and SCS set to 15 kHz

	Interfering signal level
	Rated total output power per antenna connector in the operating band – 30dB
	Rated total output power per TAB connector in the operating band – 30dB

	Interfering signal centre frequency offset from the lower (upper) edge of the wanted signal
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The transmitter intermodulation emission level caused by the interference from co-located BS should not exceed the unwanted emission limits of the transmitter spurious emissions requirement, the BS operating band unwanted emission requirement and ACLR requirements in the presence of the interfering signal defined above.
Note: For BS type 1-C the emission levels are defined per antenna connector, for BS type 1-H they emission levels are defined as the sum of the output of all TAB connectors (per operating band).

6.7.3
Intra system transmitter intermodulation
For the E-UTRA hybrid AAS BS an intra system transmitter intermodulation requirement is defined. 

In a hybrid AAS BS there could be coupling effects occurring in the RDN and the antenna array, which potentially can generate reverse interferers and consequently unwanted emissions due to intermodulation. In this case, the central frequencies of the transmitted signals are aligned in frequency domain, and they could transmit the same level of power.

The wanted signal and the interfering signal in a corresponding test would thus be within the bandwidth of the same carriers. The wanted signal and the interfering signal would have the same waveform characteristics, but they would be non-coherent. The wanted signal for intra hybrid AAS BS transmitter intermodulation testing is the same as the one defined for co-location transmitter intermodulation.

The transmitter intermodulation emission level caused by intra system interfering signal should not exceed the unwanted emission limits of the operating band unwanted emission requirement and ACLR requirement in the presence of the interference signal declared by the manufacturer as described below.

The manufacturer 
declares one of the following options:

-
The maximum interference signal level for testing equal to the maximum intra array leakage power for each TAB connector in the transceiver array boundary for each operating band supported by that TAB connector.

-
The maximum interference signal level for testing equal to the leakage power 
of the TAB connector experiencing the most leakage power in the array to be applied for all TAB connectors.

The maximum leakage power at each TAB connector at the transceiver array boundary is the sum of the co-channel leakage power coupled via the combined RDN and antenna array from all the other TAB connectors, but does not comprise power radiated from the antenna array and reflected back from the environment. All TAB connectors should be transmitting at PRated,c,TABC. The manufacturer can estimate the maximum leakage power at each TAB connector at the Transceiver Array Boundary by measurements and calculation. Measurement does not have to include all TAB connectors provided that the level of leakage power from the excluded TAB connectors have no impact on the estimated maximum leakage power.
The NR BS type 1-H has the same architecture as the hybrid AAS BS and hence the same requirement is applied.
6.8 
Additional BS RF Tx requirements for SUL and LTE-NR co-existence
{text to be added}

7
Conducted BS receiver characteristics


7.1
General


This subclause describes any general aspects of transmitter characteristics and relations between requirements.

7.2
Reference sensitivity level

Detailed structure of the subclause is TBD.

7.3
Dynamic range

Detailed structure of the subclause is TBD.

7.4
In-band selectivity and blocking

7.4.1
Adjacent Channel Selectivity (ACS)

The following have been agreed for conducted ACS requirement in FR1:
-
Adopt the E-UTRA BS (46dB) ACS to all NR BS classes. 

-
The allowed REFSEN degradation is 6dB.

-
Additional frequency offset similar to LTE to avoid orthogonality between sub-carriers of wanted and interfering signal should be considered.
-
ACS interfering signal should not extend to frequency range of OOB blocking.
-
For NR channel bandwidths less than or equal to 20 MHz, to specify 5 MHz as the interfering carrier bandwidth for ACS requirements.
-
For NR channel bandwidths wider than 20 MHz, to specify 20 MHz as the interfering carrier bandwidth and -52 dBm as the interfering carrier power for ACS requirements.

Based on above agreements, the ACS requirement is specified in Table 7.4.1-1.

Table 7.4.1-1: Base Station ACS in FR1
	NR channel bandwidth of the lowest/highest carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	Interfering signal centre frequency offset to the band edge of the wanted carrier [MHz]
	Type of interfering signal

	5, 10, 15, 20
	REFSENS + 6dB
	Wide Area: -52

Medium Range: -47

Local Area: -44
	2.5+[offset]
	5MHz NR signal

	[25, 40, 50, 60, 80,100]
	REFSENS + 6dB
	Wide Area: -52

Medium Range: -47

Local Area: -44
	10+[offset]
	20MHz NR signal


7.4.2
In-band Blocking

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 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.
Based on above agreements, the general and narrowband blocking requirements are specified in Tables 7.4.2-1 and 7.4.2-2, respectively.

Table 7.4.2-1: Base Station general blocking requirement in FR1
	NR channel bandwidth of the lowest/highest carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	Interfering signal centre frequency offset to the band edge of the wanted carrier [MHz]
	Type of interfering signal

	5, 10, 15, 20
	REFSENS + 6dB
	Wide Area: -43

Medium Range: -38

Local Area: -35
	7.5+[offset]
	5MHz NR signal

	[25, 40, 50, 60, 80,100]
	REFSENS + 6dB
	Wide Area: -43

Medium Range: -38

Local Area: -35
	30+[offset]
	20MHz NR signal


Table 7.4.2-2: Base Station narrowband blocking requirement in FR1
	NR channel bandwidth of the lowest/highest carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	Interfering signal centre frequency offset to the band edge of the wanted carrier [MHz]
	Type of interfering signal

	5, 10, 15, 20
	REFSENS + 6dB
	Wide Area: -49

Medium Range: -44

Local Area: -41
	±(350+[offset]+m*180),

m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5MHz NR signal, 1 RB

	[25, 40, 50, 60, 80,100]
	REFSENS + 6dB
	Wide Area: -49

Medium Range: -44

Local Area: -41
	±(1400+[offset]+m*180),

m=0, 1, 2, 3, 4, 9, 14, 19, 24
	20MHz NR signal, 1 RB


7.5
Out-of-band blocking


The out-of-band blocking characteristics is a measure of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer out of the operating band, which is a CW signal for out-of-band blocking. 

[For a BS capable of multi-band operation, the requirement in the out-of-band blocking frequency ranges apply for each operating band, with the exception that the in-band blocking frequency ranges of all supported operating bands shall be excluded from the out-of-band blocking requirement.]
Table 7.5-1: Out-of-band blocking performance requirement for NR 
	Operating Band
	Centre Frequency of Interfering Signal [MHz]
	Interfering Signal mean power [dBm]
	Wanted Signal mean power [dBm]
	Interfering signal centre frequency minimum frequency offset from  the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap [MHz]
	Type of Interfering Signal

	n1, n2, n3, n5, n7, n38, n41, n50, n51, n66, n70 
	1 

(FUL_high +20)
	to

to
	(FUL_low -20) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	n8, n28
	1 

(FUL_high +10)
	to

to
	(FUL_low -20) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	n20, n71
	1 

(FUL_high +20)
	to

to
	(FUL_low  -11) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	n74
	1 

(FUL_high +5)
	to

to
	(FUL_low -20) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	n77, n78, n79
	1 

(FUL_high +X)
	to

to
	(FUL_low -X) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	Note*: 
PREFSENS depends on the channel bandwidth as specified in Table 7.2.x-1.


7.6
Receiver spurious emissions

7.6.1
Background for conducted receiver spurious emissions in LTE
For BS type 1-C the E-UTRA requirement for receiver spurious emissions in 3GPP TS 36.104 [6] is for the power of emissions generated or amplified in a receiver that appear at the BS receiver antenna connector. For BS type 1-H the E-UTRA requirement for receiver spurious emissions is in 3GPP TS 37.105 [7], the limit is based on the limits in 3GPP TS 36.104 [6] but applied to the hybrid AAS architecture. The requirements apply to all BS with separate RX and TX antenna ports. In this case for FDD BS the test shall be performed when both TX and RX are on, with the TX port terminated. The requirement consists of three parts:
-
General spurious emissions requirements, based on internationally recognized limits.

-
Additional requirements for protection of FDD BS receivers, and for co-existence with other systems. These requirements are incorporated by reference to the corresponding Transmitter spurious emission limits.

-
Co-existence requirements that may apply for co-located base stations, also incorporated by reference.

For the general spurious emissions requirement in [6], the frequency range covered by the requirement is set as follows:

-
The frequency range covered by the spurious emissions requirement for the BS transmitter should be included. For LTE, this is frequencies that are more than 10 MHz below the lowest frequency the BS downlink operating band or more than 10 MHz above the highest frequency of any of the BS downlink operating.

-
In addition, the 250% rule must be met also within the downlink operating band. This must be explicitly stated for the Receiver, since there is no Rx requirement that corresponds to the Operating band unwanted emissions for the transmitter.

7.6.2
NR receiver spurious emissions limits (conducted)
The general spurious emission limits should exclude the frequency range in the transmitter out-of-band domain, i.e. out to the outermost carrier centres plus 250% of the necessary bandwidth. In order to align with the Transmitter spurious emissions requirements in Clause 6.6.5, frequencies that are more than ΔfUEM below or above the transmitter operating band are however not excluded from the requirement, even if they are within 2.5 * BWChannel from the carrier. The total frequency range covered by the limits will thus be the same as for transmitter spurious emissions, plus the additional frequencies inside the operating band that are not covered y the 250% rule. The reason is that there is no other unwanted emission limit for the receiver that would cover those frequencies inside the operating band.
For a type 1-C BS the spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the BS receiver antenna connector. The limits apply to all BS type 1-C with separate RX and TX antenna ports. The test shall be performed when both TX and RX are on, with the TX port terminated.

For all BS type 1-C with common RX and TX antenna port the transmitter spurious emission limits as specified in clause 6.6.5 is valid.

The resulting spurious emissions limits are shown in Table 7.6.2-1:
Table 7.6.2-1: General spurious emission limit
	Band
	Maximum level
	Measurement Bandwidth
	Note

	30MHz ‑ 1 GHz
	-57 dBm
	100 kHz 
	

	1 GHz ‑ 12.75 GHz
	-47 dBm
	1 MHz
	

	12.75 GHz - 5th harmonic of the upper  frequency edge of the UL operating band
	-47 dBm
	1 MHz
	

	NOTE:
The frequency range between 2.5 * BWChannel below the first carrier frequency and 2.5 * BWChannel above the last carrier frequency transmitted by the BS, where BWChannel is the channel bandwidth according to [Table 5.X-X], may be excluded from the requirement. However, frequencies that are more than ΔfUEM below the lowest frequency of the BS transmitter operating band or more than ΔfUEM above the highest frequency of the BS transmitter operating band shall not be excluded from the requirement.


In addition to the requirements in Table 7.6.2-1, additional limits for protection of FDD BS receivers, and for co-existence with other systems, plus the Co-existence limits that may apply for co-located base stations, should be incorporated by reference.

7.7
Receiver intermodulation

Detailed structure of the subclause is TBD.

7.8
In-channel selectivity

Detailed structure of the subclause is TBD.

7.9
Additional BS RF Rx requirements for SUL and LTE-NR co-existence
{text to be added}

8
Void

Editor’s note: This clause number is reserved to maintain the same clause numbering as in TS 38.104.

9
Radiated BS transmitter characteristics

9.1
General

This subclause describes any general aspects of transmitter characteristics and relations between requirements.

9.1.1 
Spatial Definitions

9.1.1.1
FR1
FR1 NR BS will use the same spatial definitions as AAS, these are further described in TR 37.842 [8] and TR 37.843 [9].
OTA transmitter requirements can be split into either 

-
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.

-
TRP requirements

-
TRP is defined as:
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,where EIRP is the total EIRP of two orthogonal polarizations.

Directional requirements are to be met over one of two defined directions sets the OTA coverage range or the OTA peak directions set, with each direction set being declared. 

The OTA coverage range is the 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 1 OTA coverage range per BS.

The OTA peak direction set is 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 1 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 1 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.

9.1.1.2
FR2

{Text to be added}

9.2
Radiated transmit power

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).
9.2.2

Minimum requirement for BS type 1-O
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 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. 
9.2.3

Minimum requirement for BS type 2-O
FFS
9.3
OTA Base station output power

9.3.1

General

Despite the general requirements for the NR BS output power described in sub-clauses 9.3.2 – 9.3.3, additional regional requirements might be applicable.  
9.3.2

AAS BS output power requirement for FR1

Editor’s note: This is a hanging paragraph, should be revised to “9.3.2.1 General”.

For 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 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 BS in normal conditions is reused from the AAS BS specification in TS 37.105 [7]. 

No extreme condition requirement is specified for 1-O. 

9.3.2.1

OTA control channel accuracy requirements
Detailed structure of the subclause is TBD.

9.3.3

AAS BS output power requirement for FR2

Minimum radiated output power accuracy requirement for the 2-O type NR BS is FFS. 

Upper power limit for 2‑O requirements set is FFS (i.e. whether RAN4 introduce scaling method or not).
No extreme condition requirement is specified for 2-O. 
9.4
OTA Output power dynamics

Detailed structure of the subclause is TBD.

9.5
OTA Transmit ON/OFF power

9.5.1
OTA Transmitter OFF power
Definition for the Transmitter OFF power is FFS. 

The requirements for transmitter OFF power spectral density should be less than [TBD].

For BS capable of multi-band operation, the requirement is agreed to be only applicable during the transmitter OFF period in all supported operating bands, same as is currently applied for E-UTRA BS.

9.5.2
OTA Transmitter transient period

For OTA, the transmitter transient period is defined the sane 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. The ON/OFF power levels are FFS
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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 17us.

For NR, since larger sub-carrier spacing are introduced, such as 30kHz, 60kHz and 120kHz, 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 10us has been proposed and accepted for the transmitter transient periods for FR1 as indicated in Table 6.4.2-1.

For FR2, a value of [3 – 5] has been agreed for the transmitter transient period as indicated in Table 9.5.2-1.
Table 9.5.2-1 Transmitter transient period for FR2
	Transition
	Transient period length [us]

	OFF to ON
	[3 – 5]

	ON to OFF
	[3 – 5] 


9.6
OTA Transmitted signal quality

9.6.1

General

Unless otherwise stated, the requirements in clause 9.6 apply during the transmitter(s) ON period.

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 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.
As the frequency error is flat in the spatial domain it is only necessary to show conformance in a single direction. Therefore, the OTA frequency error requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.  The requirement needs to be defined so that all transmitter units are active and the system is operating at the declared maximum rated total radiated power. 
Based on considerations for conducted frequency error requirement in section 6.5.2, conducted frequency error requirement will be reused for OTA frequency error requirement in FR1. 

For the sake of minimising the number of spatial declarations and as frequency error testing is generally done at the same time as OTA EVM testing the ‘reference direction’ of the [OTA compliance peak directions set] is the most suitable direction to define for the conformance testing. 
For conformance testing purposes, the OTA frequency error shall be tested at the maximum and minimum power settings (together with the EVM test).
8.6.3

OTA time alignment error for FR1

Similar to the conducted TAE requirement motivation captured in sub-clause 6.5.3, the OTA TAE requirement is defined as the largest timing difference between any two different NR signals belonging to different reference symbols in the radiated domain. The OTA TAE requirement is the same as the conducted TAE requirement in sub-clause 6.5.3. The OTA TAE requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range. 

This requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations in FR1.

The OTA TAE for FR1 between any two reference symbols shall not exceed the minimum requirement specified in sub-clause 6.5.3.

8.6.4

OTA time alignment error for FR2

9.7
OTA Unwanted emissions

9.7.1
General

This subclause describes relations between unwanted emissions requirements.

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 range1 and frequency range 2 the spatial requirements are the same as those used of an OTA AAS BS [9], occupied BW is a directional requirement 

9.7.3
OTA Adjacent Channel Leakage Power Ratio (ACLR) 

9.7.3.1
General

OTA ACLR is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. TRP is used a metric for the power measured on the assigned channel frequency and the adjacent channel frequency. 
9.7.3.2
AAS radiated ACLR requirement for FR1
The OTA ACLR limit requirement for 1-O applies per RIB interface during the transmitter ON period. The OTA ACLR limit requirement for 1-O is based on the basic limits without the emission scaling applied as defined in sub-clause 6.3.3. The OTA ACLR absolute limit requirement for 1-O is based on the basic limits defined in sub-clause 6.3.3, with the emissions scaling applied to the basic limit as described in sub-clause 5.9.  

9.7.3.3
AAS radiated ACLR requirement for FR2
For the frequency ranging from 24.24 GHz to 33.4 GHz, the OTA ACLR1 limit is 28 dB.

For the frequency ranging from 37 GHz to 52.6 GHz, the OTA ACLR1 limit is 26 dB.

The OTA ACLR2 limit is not specified since the emission level at the ACLR2 range will be close to noise floor.

The same channel bandwidth with the wanted signal can be assumed as the adjacent channel bandwidth.

The transmission bandwidth configuration of wanted channel (it would differ depending on SCS and/or channel bandwidth) should be used as a measurement bandwidth for the wanted signal power measurement.

Maximum transmission bandwidth configuration of the channel bandwidth (between subcarrier spacing) specified in Release 15 should be used as a measurement bandwidth for adjacent channel power measurement, i.e. the measurement bandwidth should also apply to future releases regardless of whether new SU is introduced or not.
The minimum radiated requirement for 2-O NR BS for FR2 is specified in Table 9.7.3.3-1.
Table 9.7.3.3-1: Base Station OTA ACLR in FR2

	NR Channel bandwidth
	BS adjacent channel centre frequency offset below the lower or above the upper Base Station RF bandwidth edge
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

(dB)



	[50, 100, 200, 400, …]
	BWChannel 
	NR of same BW
	NR of same BW with SCS that provides largest transmission bandwidth configuration (BWConfig)


	28 (Note 1)

26 (Note 2)

	Note 1: 
Applicable to bands defined within the frequency spectrum range of 24.24 – 33.4 GHz

Note 2: 
Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz


9.7.4
OTA Operating band unwanted emissions (OBUE)


9.7.4.1
General

9.7.4.2
AAS radiated OBUE requirement
9.7.4.2.1

Requirement in FR1

Minimum radiated requirement for 1-O NR BS in FR1 is defined based on basic limit with the emissions scaling applied. Refer to sub-clause 6.6.4.2 for basic limit definition. 
9.7.4.2.2

Requirement in FR2

The NR BS mmWave spectrum emission mask is defined taking into account following assumptions:

•
Boundary between OOB and spurious domain limits should be applied according ITU-R SM.1539 recommendation. 

•
Masks in the Out-of-band domain should be carrier frequency centric SEM

•
The NR emission mask (SEM) should use the emission limits submitted to WP5D as a baseline

•
Agreed ACLR values should be considered

•
Spurious emission limits should be taken into account (when agreed)

•
BS mmWave output power should be taken into account

•
Frequency range up to 52.6 GHz should be covered

•
The mask is linked with the total transmission bandwidth (the sum of channel bandwidths in case of multicarrier transmission).
The BS spectrum emission mask tables will need to cover the following variations:

•
Power levels

•
Frequency ranges

•
BS classes (see further discussion below)

For the LS response to WP5D LS on “Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz“ [10], there were spectrum masks developed that were based on similar principles as listed above. The masks in [10] used the FCC limits in 30.203 [11] as a baseline and that defined a mask with lower limits for BS Total transmitted power levels (PTx) below certain levels, aligned with the ACLR defined for different frequency ranges.
For LTE, there are different masks defined for different BS classes. The BS classes are fundamentally defined for different deployment scenarios (identified by Minimum Coupling Loss MCL), but also with different BS output powers. The spectrum masks for “smaller” BS (Medium Range and Local Area) have a dependence on the BS power level.

For NR, the spectrum masks for Medium Range and Local Area would also have dependence on power level. The dependence could similar between the different BS classes, making it possible to use the same spectrum mask definition for different BS classes. That would for example be the case if similar transceiver implementation was used for the different sized BS and with the implementation scaled with the BS power level in terms of the number of transmitting elements.

For this reason, a generic set of NR Spectrum Emission Masks is defined based on the same principles as for the WP5D LS response [10], applicable to all BS classes:

•
A fixed mask applicable to the highest BS power levels, shown in Table 9.7.4.2.2-1.

•
Variable masks scaled with power level and applicable to BS with power level below certain thresholds:

-
One mask for 24.24 – 33.4 GHz, based on ACLR = 28 dBc, shown in Table 9.7.4.2.2-2.

-
One mask for 37 – 52.6 GHz, based on ACLR = 26 dBc, shown in Table 9.7.4.2.2-3.

•
Masks are limited to an absolute lowest emission limit of -20 dBm as in the WP5D LS response [10]

The masks cover the frequency ranges within the present scope of the work item.

Table 9.7.4.2.2-1: SEM applicable for PTx ≥ 35 dBm in the frequency range 24.24 – 33.4 GHz and 
PTx ≥ 33 dBm in the frequency range 37 – 52.6 GHz
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 10% of the total transmission bandwidth 
	-5 dBm
	1 MHz

	10% of the total transmission bandwidth ( (f < OOB boundary
	-13 dBm
	1 MHz

	(f ≥ OOB boundary
	Spurious domain limits


Table 9.7.4.2.2-2: SEM applicable for PTx < 35 dBm in the frequency range 24.24 – 33.4 GHz 

	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 10% of the total transmission bandwidth 
	Max(PTx – 40 dB, -12 dBm)
	1 MHz

	10% of the total transmission bandwidth ( (f < OOB boundary
	Max(PTx – 48 dB, -20 dBm)
	1 MHz

	(f ≥ OOB boundary
	Spurious domain limits


Table 9.7.4.2.2-3: SEM applicable for PTx < 33 dBm in the frequency range 37 – 52.6 GHz
	Frequency offset from “edge of transmission” Δf
	Emission limit
	Measurement bandwidth

	0 ( (f < 10% of the total transmission bandwidth 
	Max(PTx – 38 dB, -12 dBm)
	1 MHz

	10% of the total transmission bandwidth ( (f < OOB boundary
	Max(PTx – 46 dB, -20 dBm)
	1 MHz

	(f ≥ OOB boundary
	Spurious domain limits


9.7.5
OTA Transmitter spurious emissions

9.7.5.1
General

The metric used to capture transmitter spurious emissions OTA is total radiated power (TRP).   
OTA Tx spurious emissions co-location requirements and regional requirements are FFS.
Measurement bandwidths as well as the spurious range frequency limits are defined according to SM.329 [4].

9.7.5.2
AAS radiated Tx spurious emissions requirement for FR1
The OTA Tx spurious emission requirement for 1-O type NR BS 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 1-O NR BS in FR1 is defined based on basic limit with the emissions scaling applied. Refer to sub-clause 6.6.5.2 for basic limit definition. 
Minimum radiated requirement for 2-O NR BS in FR2 is FFS.

9.7.5.3
AAS radiated Tx spurious emissions requirement for FR2
The OTA Tx spurious emission requirement for 2-O type NR BS is defined at RIB interface 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 sub-clause 6.6.5.2. 
For conformance testing in FR2, the upper frequency limit of the spurious range might be limited by to [TBD GHz] value, considering practical OTA measurement capabilities of the OTA test ranges in the spurious range.
9.8
OTA Transmitter intermodulation


9.8.1
General

The transmitter intermodulation requirement is a measure of the capability of the transmitter unit to inhibit the generation of signals in its non-linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter unit via the RDN and antenna array. 
The requirement applies during the transmitter ON period and the transmitter transient period. The interfering signal level is derived based on the co-location assumption that the co-located BS is of the same class and output power level as the BS under test.  The OTA TX IMD interferer level can hence be regarded as a co-location requirement.
Due to high isolation between co-located base stations at FR2 frequencies there is no relevance for a transmitter intermodulation requirement for base stations operating at FR2 bands specified by requirement set 2-O.

9.8.2
Core requirement

The minimum requirement for the transmitter intermodulation requirement is that the emissions output level shall not exceed the unwanted emission limits specified for operating band unwanted emission in sub-clause 9.7.4, transmitter spurious emission in sub-clause 9.7.5, and ACLR in sub-clause 9.7.3 in the presence of a wanted signal and an interfering signal specified in Table 9.8.2-1 in an OTA environment. 
Table 9.8.2-1: NR signal parameters for co-location transmitter intermodulation
	Parameter
	Value

	Wanted signal
	NR signal

	Interfering signal type
	NR signal of minimum supported CBW (BI) and SCS set to 15 kHz

	Interfering signal level
	The interfering signal level is the same power level as the AAS BS (PRated,t,TRP) fed into a co-location reference antenna.

	Interfering signal centre frequency offset from the lower (upper) edge of the wanted signal
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When OTA ACLR, OTA OBUE and OTA spurious emission is defined, the relevance for having a separate intra-system requirement disappears. The intra-system case is covered by OTA unwanted emission requirement including the unwanted emission for the whole system, hence a separate intra-system IMD requirement is not needed when considering OTA.

9.9
Transmitter spatial emissions

9.9.1
General

Traditional antenna data sheets provide information on not only the antenna gain in the intended direction but also the gain in unwanted directions. Traditional metrics are:

-
Front to back ration (FBR) – which captured the ratio of emissions behind the antenna compared to those in the forward direction.

-
Side Lode Ratio (SLR) – ratio of the side lobe antenna gain to the main lobe antenna gain.

For an AAS it is clear that these traditional metrics of antenna gain are not directly applicable, as an AAS has the ability to manipulate the shape of the spatial emissions to maintain optimum network throughput it is unlikely that the spatial pattern of the emissions will relate to a specific beam pattern with identifiable side and back lobes. An example of a realistic AAS beam pattern in an operational environment is shown in Figure 9.9.1-1.
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Figure 9.9.1-1: Example of a realistic AAS beam pattern in an operational environment (with DFT subband precoding)

The influence that the shape of the antenna pattern (and wanted and unwanted cell emission) has depends on the number of simultaneously operating beams, which could be depend on the operational state of the beamforming algorithm and operator configurations. The wanted and in the same time the unwanted spatial emissions strongly depends on the number of simultaneously beams and their shapes and directions. 

The antenna pattern also depends on beamforming architectures and algorithms, amplitude tapering level, antenna structure, etc.. and is affected by realistic propagation channel as described below in example.
In practice, several multipaths may exist to the UE, and radiation along each of the multipaths comprises useful radiation. 

For example:

It can be possible that a multipath reflection may result in a beam radiated into the direction of a neighbor cell may be reflected back towards the wanted UE and be useful as shown in Figure 9.9.1-2 (A). Furthermore, in a multipath environment it may also be possible that radiation is both useful for the scheduled UE and interference to other UEs with a different multipath profile. In the example illustrated in figure 3, the beams is reflected back to the wanted UE. However the beam also causes interference to another UE, as shown in Figure 9.9.1-2(B)
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Figure 9.9.1-2: Example of how radiation may be both wanted and unwanted are difficult to differentiate.

Furthermore techniques such as beam tapering may reduce the side lobe levels but at the cost of widening the bam and hence lowering EIRP. It has been shown that under some circumstances this has a negative effect on network throughput and hence a low side lobe level is not a beneficial target. 

Hence the declaration of unwanted spatial emission may in many circumstances not directly relate to system performance on its own. This is because it is often not possible to differentiate wanted and unwanted radiation, and furthermore because the benefits of optimizing beamforming performance may outweigh the impacts of “unwanted” radiation, leading to systems with apparently higher unwanted radiation also providing superior throughput performance. System performance should additionally be characterized taking all factors into account.
However there remains some benefit in having a means to indicate the ratio of emissions in the intended directions to the unintended directions.

An option declaration of the spatial emissions has therefore been defined, this does not form part of the BS minimum requirements but a means for BS vendors to have a common understanding of a means to declare and measure the spatial emissions. This optional declaration should be also defined to limit the evaluation complexities and take into account that not all antenna pattern options could be evaluated due to many possibilities of AAS configuration in term of beamforming techniques, number of beams, amplitude tapering level, radiation pattern shaping for interference management, etc.
9.9.2
Declaration definition
The spatial emissions requirement can be separated into 2 ranges of directions, those in the intended set of directions (in cell) and those in the unwanted set of directions (out of cell). The intended set of directions (in cell) is defined only for the OTA peak  directions set that corresponds to the maximum expected steering angles of the AAS in azimuth and elevation. The unwanted emissions unwanted directions are therefore defined as follows:

Out of cell direction set – The set of directions which are outside the intended directions of radiation or outside the wanted cell. Declared per operating band. The out of cell direction set is defined when intended set of directions (in cell) is specified for the OTA peak  directions set that corresponds to the maximum expected steering angles of the AAS in azimuth and elevation.
As it is not possible to predict the spatial pattern of the emissions when the AAS is operational (as it depends on the channel, the UE’ location and allocation etc.) the declaration only applies to the AAS when it is transmitting the conformance test directions where the beam pattern is defined. The declaration is defined only for single beam emissions and one declared operating condition.
The directions sets of transmitter directional requirements are defined by the OTA coverage range and the OTA peak directions set(s). The EIRR accuracy requirement uses a set of conformance directions based on the OTA peak directions set(s) as shown in Figure 9.9.2-1.
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Figure 9.9.2-1: Diagram showing an example of requirement declaration

The OTA peak directions set is a subset of the OTA coverage range. So clearly the out of cell directions set must be outside the OTA coverage range and the OTA peak directions set. AN example id given in Figure 9.9.2-2
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Figure 9.9.2-2: Example of out of cell directions set and declared single beam at a single extreme steering direction.

Having described the spatial aspects of the declaration the power levels of the power in the wanted direction (i.e. not in the out of cell direction set) and the power in the unwanted direction set need to be declared.

There are 5 conformance directions out of cell power level is the average power over these 5 conformance directions. For each of the conformance directions the power level is the average power in the specified out of cell directions set.

The out of cell power level and in cell power levels are declared for each of the 5 conformance directions. In addition, the average in cell power level and out of cell power level averaged over all 5 directions is declared. The reason that the average is declared is that the average more accurately reflects the impact of out of cell radiation to other cells.

The in-cell power level is the average power outside the out of cell directions set (i.e. in the intended direction) averaged over the 5 conformance directions.

So the optimal declarations are:

Table 9.9.2-1: Optional Manufacturer declarations

	Declaration identifier
	Declaration
	Description

	DE.1
	Out of cell directions set 


	The set of directions which are outside the intended directions of radiation or outside the wanted cell. Declared per operating band.

	DE.2
	Out of cell power level 


	Declared in band average power inside each of the out of cell directions set(s) (DE.1) declared for each of the 5 conformance directions (D9.x)

	DE.3
	In cell power level 


	Declared in band average power outside the out of cell directions set(s) (DE.1) declared for each of the 5 conformance directions (D9.x)

	DE.4
	Average out of cell power level 


	Declared in band average power inside each of the out of cell directions set(s) (DE.1) averaged over the 5 conformance directions (D9.x).



	DE.5
	Average in cell power level 


	Declared in band average power inside each of the out of cell directions set(s) (DE.1) averaged over the 5 conformance directions (D9.x)


NOTE1:
The declaration of unwanted spatial emission may in many circumstances not directly relate to system performance on its own. This is because it is often not possible to differentiate wanted and unwanted radiation, and furthermore because the benefits of optimizing beamforming performance may outweigh the impacts of “unwanted” radiation, leading to systems with apparently higher unwanted radiation also providing superior throughput performance. System performance should additionally be characterized taking all factors into account.
NOTE2:
The Average out of cell power level reflects the impact of out of cell radiation on other cells more accurately than the out of cell power level for individual test beams.
9.10
Beam switching speed 

9.10.1
General

The necessity of Beam switching speed requirement was discussed in RAN4. Beam forming (BF) is one of the essential capabilities for NR FR2 to compensate for large path-loss (BF is not required as a mandatory in regacy RAT and NR FR1). If the beam is not pointing in the direction of the target UE, DL performance may be affected. If multiple UEs are scheduled in different directions, the beam must be able to switch between them. It will be necessary that the BS can change steering direction in time which will not negatively impact DL performance. The steering speed capability is guaranteed by existing requirements such as EIRP accuracy or EVM while the requirements relevant to beam forming such as EIRP accuracy are specified in specific directions within the declared Range by the manufacture.

Based on RAN1 agreed OFDM symbol design, BS needs to switch own beam to different directions of different UEs at next OFDM symbol without any guard time. In this case, in order to prevent the DL performance degradation, the switching time should be at least less than cyclic prefix (CP) length. Following Table 9.10.1-1 shows CP length for each SCS.

Table 9.10.1-1 CP length for each SCS
	SCS [kHz]
	CP length

	15
	4.69 µs

	30
	2.34 µs

	60
	1.17 µs

	120
	586 ns

	240
	293 ns


9.10.2
Estimated switching speed

<Text will be added later>

9.10.3
Simulation results

To clarify required beam switching time smaller than CP length, RAN4 carried out link level simulation evaluations based on a number of different assumptions. The final assumptions listed in Table 9.10.3-1 represent what is considered the worst-case set.

Table 9.10.3-1 Simulation assumption
	Parameters
	Values

	Evaluated channel
	PSS/PBCH/PDCCH/PDSCH

	Carrier frequency
	28GHz

	BS CBW
	400MHz

	SS block SCS
	240kHz

	Data CH SCS
	120kHz

	Beam Switching Time
	0%, 20%, 40%, 60%, 80%, 100% of CP

	Channel Type
	TDL_C

	Delay spread
	300ns(, 100ns)


Following Figures show provided simulation results.

<Figure will be added later>

9.10.4
Test feasibility

Test feasibility is not identified yet in RAN4. Generally, two receive test antennas within OTA camber are required in order to confirm. However, it is not a typical OTA testing environment.

Beam switching definition arises a problem that although the beam switching duration can be specified the variation in power can cause a false failing of the requirement.  

Studies had also been performed to understand the performance impact, results showed that if beam switch delay fell within the CP length then little to no impact was made on the overall link.  

Discussions of complexity of the requirement description and the testability aspects of the requirement had also been discussed. One approach for the requirement description was to describe the beam switch time of the signal envelope. In the following table the number of samples contained within a 100nsec switching time for different SCS. The number of samples is small then power levels could depend as much on the modulation envelope of the signal itself as the beam switching.
Table 9.10.4-1: Number of samples during a 100nsec switching time for several example sampling rates
	SCS
	Example bandwidth
	Example sampling rate
	Samples of signal during 100nsec switching time

	15 khz
	10MHz
	15.36MHz
	1.5

	30 khz
	10MHz
	15.36MHz
	1.5

	60 khz
	20MHz
	20.48MHz
	2

	120 khz
	50MHz
	61.44MHz
	6

	240 khz
	100MHz
	122.88MHz
	12


9.10.5
Conclusion

Based on simulation results, RAN4 conclude that 
<text will be added later>.

10
Radiated BS receiver characteristics


10.1
General


This subclause describes any general aspects of transmitter characteristics and relations between requirements.

10.2
OTA sensitivity

10.2.1
General
The minimum requirements for OTA sensitivity, are based on one or more manufacturer declared OSDD. For requirement set 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 TR 37.842, sub-clause 7.3.2.


10.3
OTA Reference sensitivity level

Detailed structure of the subclause is TBD.

10.4
OTA Dynamic range

10.4.1
Dynamic range requirements for Range 2 NR BS
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 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, 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 TS36.141, 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 other companies, the following is agreed:

Agreement: There is no need to specify dynamic range requirement for range2 NR BS.

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.

Detailed structure of the subclause is TBD.

10.5
OTA In-band selectivity and blocking

Detailed structure of the subclause is TBD.

10.6
OTA Out-of-band blocking


Detailed structure of the subclause is TBD.

10.5.1 General

The narrowband blocking specified for E-UTRA is based on single PRB interferer capturing the co-existence in bands with narrow band systems such as GSM. As FR2 bands would be dedicated to NR and minimum bandwidth is 50 MHz and even adjacent bands e.g. in 23.6-24 GHz has carrier bandwidth of 100 MHz and 200 MHz, there is no need for narrowband blocking requirements for FR2 and thus a narrowband blocking requirement should not be specified. 

10.7
OTA Receiver spurious emissions

10.7.1

General

The metric used to capture receiver spurious emissions OTA is total radiated power (TRP).   
OTA Tx spurious emissions co-location requirements and regional requirements are FFS.

Measurement bandwidths as well as the spurious range frequency limits are defined according to SM.329 [4].

The OTA receiver spurious emission requirement is subject to the following limitations: 

1.
For OTA AAS BS operating in FDD: OTA RX spurious emissions requirement will not apply to FDD duplex as being superseded by the OTA TX spurious emissions requirement. This is due to the fact that TX and RX spurious emissions cannot be distinguished in OTA domain.

NOTE:
The OTA receiver spurious emission requirement applicability for the AAS BS with the RX-only capabilities is FFS. 

2.
For OTA AAS BS operating in TDD: the OTA receiver spurious emissions requirement applies during the transmitter OFF period only.
10.7.2

Radiated Rx spurious emissions requirement in FR1
The OTA Rx spurious emission requirement for 1-O type NR BS is defined at RIB interface over the same spurious range as defined for the conducted Rx spurious requirement, as defined in sub-clause 7.6.1.
Rx spurious emissions limits for 1-O are based on the basic limits defined in sub-clause 7.6, with the emissions scaling applied based on the basic limit as described in sub-clause 5.9. 

Definition of the emissions measurements for the conformance requirement will be based on the core requirement, subject to the TRP MU, where the MU definition should capture the whole spurious frequency range.  
10.7.3

Radiated Rx spurious emissions requirement in FR2

FFS
Detailed structure of the subclause is TBD.

10.8
OTA Receiver intermodulation

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. 

Considering 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

25.104
	E-UTRA

36.104
	MSR

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 8-10dB 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 [9 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.

10.8.2
Narrowband Receiver intermodulation
The narrowband receiver intermodulation specified for E-UTRA is based on single PRB interferer and CW interferer capturing the co-existence in bands with narrow band systems such as GSM. As FR2 bands would be dedicated to NR and minimum bandwidth is 50 MHz and even adjacent bands e.g. in 23.6-24 GHz has carrier bandwidth of 100 MHz and 200 MHz, there is no need for narrowband receiver intermodulation requirements for FR2 and thus requirements should not be specified. 

10.9
OTA In-channel selectivity

Detailed structure of the subclause is TBD.

11
EMC requirements

11.1
General

For the NR BS EMC specification drafting purposes, the following approach was agreed:

-
Text of the TS 38.113 [15] specification for single RAT NR will aim not to refer to the legacy EMC specifications and to capture full text of the EMC specification with the required updates and corrections.

-
NR BS updates of the MSR BS and AAS BS specifications follow the approach in each of those specifications, e.g. AAS EMC specification in TS 37.114 [16] is based on the references to the single RAT EMC specification and reference to the TS 38.113 [15] will be considered for the NR BS update. 

Potential corrections to the Single RAT or MSR EMC specifications identified during this work are considered out of scope of the NR WI. 

Based on the skeleton of the TS 38.113 [15], the following main sections were considered to belong to the core and conformance parts, due to December 2017 and June 2018, respectively:

-
Core part: sections 2, 3, 4.4 (exclusion bands), 7, 8 (all sub-clauses except 8.1), 9 (all sub-clauses except 9.1)

-
Conformance part: sections 4 (remaining sub-clauses), 5, 6, 8.1 (test configurations), 9.1 (test configurations)

NOTE: 
in case of further sub-clauses identified to be belonging to the core or to conformance part, their content shall be specified within the deadlines listed above.

11.2
NR BS ports for the EMC purposes

Based on the legacy EMC specification approach to the definition of the antenna ports, the updated figures for the NR BS architectures are presented for the EMC requirements purposes, including the 1-C and 1-H NR BS equipped with the antenna ports, and the 1-O and 2-O NR BS, which are not equipped with the antenna ports and which rely on the radiated interface only.

[image: image25]
Figure 11.2-1: Examples of ports for 1-C and 1-H NR BS
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Figure 11.2-2: Examples of ports for 1-O and 2-O NR BS

11.3
Emission requirements

For the EMC emissions requirement, the following approach was agreed for the NR BS types: 

1. 1-C and 1-H NR BS: 

-
The emissions requirement will reuse the legacy approach base on the antenna ports termination. 

i.
RF spurious emission requirement will be captured in the RF core specification TS 38.104 [3], conforming to the TS 38.141-1 [17].

ii.
EMC radiated emissions requirement will be captured in the EMC specification TS 38.113 [15]

-
The emission requirement will apply to BS and the ancillary equipment.

2. 1-O and 2-O NR BS: 

-
For 1-O and 2-O NR BS the RF radiated spurious emission includes the EMC radiated emissions. In this case RF radiated spurious emissions and EMC radiated emissions cannot be distinguished in the OTA measurement setup. 

-
Follow the single limit approach for the RF RSE and EMC RE emission requirement. 

i.
The core requirement will be captured in the RF core specification TS 38.104 [3], conforming to the TS 38.141-2 [18].

ii.
Remove the corresponding EMC radiated emission requirements from TS 38.113 [15].

-
The emission requirement will apply to the ancillary equipment only.
11.4
Radiated immunity requirements

For the immunity requirements, apply the 80 – 6000 MHz frequency range based on the [14].
For the voltage dips and interruptions requirement, the voltage dips definition from the Harmonized Standard in [14] is to be used. 

Annex A:
Aspects related to measurement of OTA unwanted emission
A.1
Test range

A.2
Sampling grid selection

A.3
Measurement distance
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�As this is TR I think some additional information is useful but should not be part of the ‘definition’ which we may use in the TS – so a new column is used to differentiate.
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