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[bookmark: _GoBack]1 Introduction
In the last meeting the Expected EIRP core requirements were discussed and a WF [1] was approved.
In this paper we discuss the open issues from that WF.
2 Discussion on core requirements
2.1	Definition of vertical and horizontal
The WF agreed:
· Issue 2-3: New definition for vertical and horizontal for U6GHz EIRP mask
Agreement:  
· To use the following figure as stating point;
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There 2 points to raise here:
1. If this definition is required in core specification?
2. How to represent the diagram and relate the existing BS based coordinate system and the geographical system.
Firstly on point 1.
Currently the core specification does not include any definitions of coordinate systems, the requirements specify directions and over what range of directions requirements are to be met, however how these directions are defined i.e. the coordinate system is not explained in the core specification but in the conformance specification.
It is certainly possible to explain the coordinate system in the core, however as it requires knowledge and description of some of the declared parameters a more natural fit in the specifications was the conformance.
Expected EIRP requirement are not with respect to the BS coordinate system but the horizon, it is important that this distinction is clear and that the 2 coordinate systems can be described together.
As such describing the geographical (horizon) coordinate system in the core requirement without the BS coordinate system would cause confusion.
The horizon (and angles relative to the horizon) are a universal concept which really require no clarification anyway, we do not need to define (or redefine) the horizon.
Whilst for the Expected EIRP requirement it will be necessary to make some definitions of mechanical tilt and to define mechanical tilt it is necessary to use the physical parameters of the BS and the coordinate system(s) a similar issue occurs with beam directions, this is handled by referring to them in the core but only making the declarations in the conformance specifications.
It is stated that the BS meets the requirements for “all foreseen modes of operation” this includes the range of declared operating parameters made in the conformance requirements which in general are not explicitly referenced in the core. As this statement was made when the physical installation parameters were not relevant to the requirements it could possibly be strengthened for the Expected EIRP requirement to include all foreseen modes of operation and installation parameters.
Proposal 1: It is not necessary to define the horizon or a coordinate system relative to it in the core specification.
Proposal 2: The statement covering all foreseen modes of operation could be strengthened to better cover the installation parameters to:
	all foreseen modes of operation and installation parameters
On point 2, it is necessary to include definitions and if possible diagrams to explain:
· The coordinate systems (both with respect to BS and also the horizon)
· The relationship between them
The diagram in the WF is a good starting point for the geographical (horizon based) system, θL and θH represent the mechanical tilt extremes, however its not clear how this is aligned with the existing BS referenced coordinate system. Which is described in 38.141-2 sub-clause 4.14
Radiated requirements are stated in terms of electromagnetic characteristics (e.g. EIRP and EIS) at certain angles with respect to the base station. To be able to declare radiated characteristics part of radiated requirements a reference coordinate system is required. The reference coordinate system is should be associated to an identifiable physical feature on the base station enclosure. The location of the origin and the orientation of the reference coordinate system are for the base station manufacturer to declare.
The reference coordinate system is created of a Cartesian coordinate system with rectangular axis (x, y, z) and spherical angles () as showed in figure 4.14-1.
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Figure 4.14-1: Reference coordinate system
In this case θ=90 is the vertical plane of the BS enclosure rather than at right angles to the horizon (as shown in the proposes horizon diagram).
Observation 1: θ=0 is NOT the horizon in our coordinate system
In the TR 37.941 there are some spatial description diagrams which show the BS enclosure and could be of some use, for example figure 6.3.4.2-2 
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If this could be combined with the proposed horizon diagram then this would show the complete picture and relationships.
For example:
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The is the angle between the projection of the vector in the x/y plane and the horizon is the mechanical tilt.
Proposal 3: The coordinate system diagram and the geographical (horizon) diagram should be combined to make it clear the reference points for θ and ϕ.
In the core regulatory requirement the symbols θL and θH are used to designate the range of vertical angles above the horizon. The use of θ in this context is confusing as θ is used to define the BS local coordinate system. A different symbol is required, possibly a capital theta (Θ) could be used to denote a different angle, or a subscript that can be used to correctly identify the angle description such as θHL and θHH Where the additional H in the subscript can be used to identify t as an angle from the horizon.
Proposal 4: in the EEIRP requirement table use θHL and θHH and define the symbols in clause 3 as above the horizon.
2.2	Clause in TS
The WF had the following options:
· Issue 2-4: Which sub-clause to capture the requirement the requirement
·   Option 1: clause 9.2 for BS EIRP
·   Option 2: clause 9.7 for unwanted emission mask
·   Option 3: add new clause for EIRP emission mask
We think each of these can be made to work, however as both option 1 and option 2 have potential conflicts with existing definitions in those sections option 3 might be the best.
Proposal 5: Option 3: add new clause for EIRP emission mask
2.3	The applicability of the expected EIRP mask
The WF agreed:
· Issue 2-1: The applicability of band for the EIRP mask requirement 
Agreement: 
· The applicable band is n104 
· Further discuss the applicable freq range within band n104.
[bookmark: OLE_LINK152][bookmark: OLE_LINK142][bookmark: OLE_LINK143]The expected e.i.r.p. is a new regulatory requirement that is defined to protect the FSS (Earth-to-space). In Radio Regulation (Edition of 2020) and the Final Acts WRC-23, the service of FSS (Earth-to-space) is allocated up to 7 075 MHz, as shown below.  

[image: ]
[image: ]

Resolution 220 (WRC-23) “considering h) that existing satellite networks of the fixed-satellite service (FSS) (Earth-to-space) are used within the frequency band 6425-7075 MHz, or parts thereof, and their characteristics may
evolve in the future” explains that existing satellite networks of the fixed-satellite service (FSS) (Earth-to-space) are used within the frequency band 6425-7075 MHz, or parts thereof, under the FSS (Earth-to-space) allocation, and the characteristics of the existing satellite networks that operating on the frequency band 6 425-7 075 MHz, or parts thereof, may evolve in the future.
Those contributions submitted to WRC-23 that include proposals of technical condition for protection of FSS (Earth-to-space) propose to impose the condition to 6425 – 7075 MHz, or parts thereof, and no input contribution proposes to impose the condition for protection of FSS (Earch-to-space) to above 7075 MHz. 
As a conclusion, WRC-23 defines the expected EIRP to be applied to up to 7075 MHz.
Proposal 6: to define the expected EIRP to be applied to up to 7075 MHz
Proposal 7: to endorse the draft CR to 38.104 as proposed in annex
3 Overview on conformance testing
From the regulatory requirement there are a number of points that need clarifying within RAN4 before a conformance requirement can be written.
· Necessary declarations of steering parameters and horizon reference.
· Beam steering profiles/test vectors to ensure sufficient averaging 
· Angular step size within Azimuth and Elevation to ensure accuracy Expected EIRP measurement
· Measurement uncertainty.
Each of these does not to be solved immediately and can wait for the conformance work to start but as way of an introduction to the tasks each is briefly discussed.
3.1	Declarations
Spatial declarations are discussed in paper [2]. However directional declarations, spatial coordinate systems and reference points are currently dealt with in the conformance specifications. We see this is the natural location for the modified declarations needed for the expected EIRP requirement 
Proposal 8: Spatial declarations for Expected EIRP are made in the conformance requirement, no need for formal definitions in the core specification.
[bookmark: OLE_LINK138]3.2	Beam steering profiles
For TRP emission measurements if beam sweeping is used it does not matter which direction the beam is pointed in as long as the wanted signal TRP is maximum. As all the power of the sphere is measured it does not matter in what direction the bema is pointed.
For Expected EIRP the same is not true as the vertical dimension is separated into angular bins. The requirement states that the beam is pointed in different directions over its beam steering range and that the directions have a uniform statistical angular distribution over this range (as opposed to a uniform UE location on the ground). During the regulatory analysis a number of different sub-sets of beam steering directions were proposed and some initial analysis was done to see if they were suitable.
In order to access if a sub-set of beam steering directions (or test vectors) are suitable we must first know what the ideal or correct result is? The requirement describes a statistical average based on random beam locations as such the “correct” result can never be described 100% as beam directions are random and as no upper limit is defined essentially there are potentially an infinite number of them. As close as can be achieved we must estimate the “correct” answer by averaging a very large number of samples until the error function is minimised. This brings up the issue of how an error function is formed based on the difference between 2 multi-dimensional average beam power distributions.
Once the method of analysis is agreed then potential test vectors can be tested against the statistically valid result.
Proposal 9: A means to identify a means to test the quality of potential conformance directional test vectors must be derived.
3.3	Measurement angular step size
As the expected EIRP measurement is similar to the TRP measurement in terms of averaging over the sphere a good place to start is the TRP minimum step size. In TS 38.141-2 annex I there are a number of grid measurement techniques described, however the simplest (but no necessarily the fastest) is the uniform angular grid of points. Using this technique the minimum step size can be identified by using the antenna dimensions or the specified minimum beam widths and they are:
	
	
Other methods of reducing the number of test directions measured are described in Annex I but this is the simplest and is generally identified as giving the correct answer (within the required accuracy). Other methods often require assumptions and knowledge of the DUT. As such an equivalent to the uniform angular grid method should be developed for the Expected EIRP measurement (although of course other valid methods can be investigated).
The step size is agreed based on the allowable error in the TRP calculation or the TRP summation error (SETRP) which is 0.75dB in the MU calculations. It also must be noted that the SEEEIRP is effectively defined in the regulatory annex as being part of the 95% averaging uncertainty as such the SEEEIRP value used for the Expected EIRP measurement must be consistent with the value assigned to that uncertainty.
Observation 1: a suitable summation Error for the Expected EIRP MU calculation should be derived based on step size and averaging uncertainty.
3.4	Measurement uncertainty
Looking at the uniform angular step TRP method with a directional chamber such as the IAC. The measurement and calibration errors are based on each directional point measured.
As the SEEEIRP is effectively defined as part of the 95% averaging uncertainty in the regulation annex so until the work is done to identify that value we cannot say exactly what the total MU will be.
The test equipment accuracy for each point assumed in the TRP MU calculations are in the order of 1-1.3dB resulting in a total MU (including the SE) of 1.4-1.5dB. However the accuracy of the test equipment when measuring the large wanted signals is better than when measuring small signals. It much also be considered that the wanted signal is present in the chamber at the same time and hence the dynamic range of the equipment may limit the available smallest signal level that can be measured. As such the accuracy of the test equipment may be closer to the unwanted emissions measurements or possible the absolute ACLR measurement (2.2-2.7dB).
Observation 2: A test equipment MU analysis is required but MU value per directional point may be closer to the unwanted emissions level accuracy rather than the wanted signal TRP accuracy.

4	Summary
This paper looked at the open issues highlighted for the core requirement for the Expected EIRP requirement in the WF [1]. It makes the following observations and proposals
Proposal 1: It is not necessary to define the horizon or a coordinate system relative to it in the core specification.
Proposal 2: The statement covering all foreseen modes of operation could be strengthened to better cover the installation parameters to:
Observation 1: θ=0 is NOT the horizon in our coordinate system
Proposal 3: The coordinate system diagram and the geographical (horizon) diagram should be combined to make it clear the reference points for θ and ϕ.
Proposal 4: in the EEIRP requirement table use θHL and θHH and define the symbols in clause 3 as above the horizon.
Proposal 5: Option 3: add new clause for EIRP emission mask
Proposal 6: to define the expected EIRP to be applied to up to 7075 MHz
Proposal 7: to endorse the draft CR to 38.104 as proposed in annex
Proposal 8: Spatial declarations for Expected EIRP are made in the conformance requirement, no need for formal definitions in the core specification.
Proposal 9: A means to identify a means to test the quality of potential conformance directional test vectors must be derived.
Observation 1: a suitable summation Error for the Expected EIRP MU calculation should be derived based on step size and averaging uncertainty.
Observation 2: A test equipment MU analysis is required but MU value per directional point may be closer to the unwanted emissions level accuracy rather than the wanted signal TRP accuracy.
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For the purposes of the present document, the following symbols apply:
	Percentage of the mean transmitted power emitted outside the occupied bandwidth on the assigned channel
BeWθ,REFSENS	Beamwidth equivalent to the OTA REFSENS RoAoA in the θ-axis in degrees. Applicable for FR1 only.
BeWφ,REFSENS	Beamwidth equivalent to the OTA REFSENS RoAoA in the φ-axis in degrees. Applicable for FR1 only.
BWChannel	BS channel bandwidth
BWChannel_CA	Aggregated BS Channel Bandwidth, expressed in MHz. BWChannel_CA = Fedge,high- Fedge,low.
BWChannel,block	Sub-block bandwidth, expressed in MHz. BWChannel,block = Fedge,block,high- Fedge,block,low.
BWConfig	Transmission bandwidth configuration, where BWConfig = NRB x SCS x 12
BWContiguous	Contiguous transmission bandwidth, i.e. BS channel bandwidth for single carrier or Aggregated BS channel bandwidth for contiguously aggregated carriers. For non-contiguous operation within a band the term is applied per sub-block.
BWGB,low	The minimum guard band defined in clause 5.3.3 for lowest assigned component carrier
BWGB,high	The minimum guard band defined in clause 5.3.3 for highest assigned component carrier
f	Separation between the channel edge frequency and the nominal -3 dB point of the measuring filter closest to the carrier frequency
ΔfBE_offset	Separation between the edge of the last transmitted channel of the channels assigned for NR-U channel bandwidth and the nominal -3 dB point of the measuring filter closest to the carrier frequency
ΔFGlobal	Global frequency raster granularity
fmax	f_offsetmax minus half of the bandwidth of the measuring filter
ΔfOBUE	Maximum offset of the operating band unwanted emissions mask from the downlink operating band edge
ΔfOOB	Maximum offset of the out-of-band boundary from the uplink operating band edge
ΔFR2_REFSENS	Offset applied to the FR2 OTA REFSENS depending on the AoA
ΔminSENS	Difference between conducted reference sensitivity and minSENS
ΔOTAREFSENS	Difference between conducted reference sensitivity and OTA REFSENS
ΔFRaster	Channel raster granularity
Δshift	Channel raster offset for SUL
EISminSENS	The EIS declared for the minSENS RoAoA
EISREFSENS	OTA REFSENS EIS value
EISREFSENS_50M	Declared OTA reference sensitivity basis level for FR2 based on a reference measurement channel with 50MHz BS channel bandwidth
FFBWhigh	Highest supported frequency within supported operating band, for which fractional bandwidth support was declared
FFBWlow	Lowest supported frequency within supported operating band, for which fractional bandwidth support was declared
FC	RF reference frequency on the channel raster, given in table 5.4.2.2-1
FC,block,high	Fc of the highest transmitted/received carrier in a sub-block.
FC,block,low	Fc of the lowest transmitted/received carrier in a sub-block.
FC,low	The Fc of the lowest carrier, expressed in MHz.
FC,high	The Fc of the highest carrier, expressed in MHz.
FDL,low	The lowest frequency of the downlink operating band
FDL,high	The highest frequency of the downlink operating band
Fedge,low	The lower edge of Aggregated BS Channel Bandwidth, expressed in MHz. Fedge,low = FC,low - Foffset,low.
Fedge,high	The upper edge of Aggregated BS Channel Bandwidth, expressed in MHz. Fedge,high = FC,high + Foffset,high.
Fedge,block,low	The lower sub-block edge, where Fedge,block,low = FC,block,low - Foffset,low.
Fedge,block,high	The upper sub-block edge, where Fedge,block,high = FC,block,high + Foffset,high.
Ffilter	Filter centre frequency
Foffset,high	Frequency offset from FC,high to the upper Base Station RF Bandwidth edge, or from F C,block,high to the upper sub-block edge
Foffset,low	Frequency offset from FC,low to the lower Base Station RF Bandwidth edge, or from FC,block,low to the lower sub-block edge.
f_BE_offset	Separation between the edge of the last transmitted channel of the channels assigned for NR-U channel bandwidth and the centre of the measuring
f_offset	Separation between the channel edge frequency and the centre of the measuring 
f_offsetmax	The offset to the frequency ΔfOBUE outside the downlink operating band
FREF	RF reference frequency
FREF-Offs	Offset used for calculating FREF
FREF,shift	RF reference frequency for Supplementary Uplink (SUL) bands
Fstep,X	Frequency steps for the OTA transmitter spurious emissions (Category B)
FUL,low	The lowest frequency of the uplink operating band
FUL,high	The highest frequency of the uplink operating band
GBChannel	Minimum guard band defined in clause 5.3.3
Ncells	The declared number corresponding to the minimum number of cells that can be transmitted by an BS type 1-H in a particular operating band

	Physical resource block number
NRB	Transmission bandwidth configuration, expressed in resource blocks
NRB,high	Transmission bandwidth configuration for the highest assigned component carrier within a sub-block in CA
NRB,low	Transmission bandwidth configuration for the lowest assigned component carrier within a sub-block in CA
NREF	NR Absolute Radio Frequency Channel Number (NR-ARFCN)
NREF-Offs	Offset used for calculating NREF
NRXU,active	The number of active receiver units. The same as the number of demodulation branches to which compliance is declared for chapter 8 performance requirements
NRXU,counted	The number of active receiver units that are taken into account for conducted Rx spurious emission scaling, as calculated in clause 7.6.1
NRXU,countedpercell	The number of active receiver units that are taken into account for conducted RX spurious emissions scaling per cell, as calculated in clause 7.6.1
NTXU,counted	The number of active transmitter units as calculated in clause 6.1, that are taken into account for conducted TX output power limit in clause 6.2.1, and for unwanted TX emissions scaling
NTXU,countedpercell	The number of active transmitter units that are taken into account for conducted TX emissions scaling per cell, as calculated in clause 6.1
PEM,n50/n75,ind	Declared emission level for Band n50/n75; ind = a, b
PEM,n54,ind	Declared emission level for Band n54; ind = a, b, c, d, e, f
PEIRP,N	EIRP level for channel N
Pmax,c,AC	Maximum carrier output power measured per antenna connector
[bookmark: _Hlk500709692]Pmax,c,cell	The maximum carrier output power per TAB connector TX min cell group
Pmax,c,TABC	The maximum carrier output power per TAB connector
Pmax,c,TRP	Maximum carrier TRP output power measured at the RIB(s), and corresponding to the declared rated carrier TRP output power (Prated,c,TRP)
Pmax,c,EIRP	The maximum carrier EIRP when the NR BS is configured at the maximum rated carrier output TRP (Prated,c,TRP)
Prated,c,AC	The rated carrier output power per antenna connector
Prated,c,cell	The rated carrier output power per TAB connector TX min cell group
Prated,c,FBWhigh	The rated carrier EIRP for the higher supported frequency range within supported operating band, for which fractional bandwidth support was declared
Prated,c,FBWlow	The rated carrier EIRP for the lower supported frequency range within supported operating band, for which fractional bandwidth support was declared
Prated,c,sys	The sum of Prated,c,TABC for all TAB connectors for a single carrier
Prated,c,TABC	The rated carrier output power per TAB connector
Prated,c,TRP	Rated carrier TRP output power declared per RIB
Prated,t,AC	The rated total output power declared at the antenna connector
Prated,t,TABC	The rated total output power declared at TAB connector
Prated,t,TRP	Rated total TRP output power declared per RIB
PREFSENS	Conducted Reference Sensitivity power level
SCSlow	Sub-Carrier Spacing for the lowest assigned component carrier within a sub-block in CA
SCShigh	Sub-Carrier Spacing for the highest assigned component carrier within a sub-block in CA
SSREF	SS block reference frequency position
Wgap	Sub-block gap or Inter RF Bandwidth gap size
θHL	Lowest angle above the Horizon in Expected EIRP vertical angle range
θHH	Highest angle above the Horizon in Expected EIRP vertical angle range
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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].
[bookmark: _Hlk494631454]AA	Antenna Array
AAS	Active Antenna System
ACLR	Adjacent Channel Leakage Ratio
ACS	Adjacent Channel Selectivity
AoA	Angle of Arrival
AWGN	Additive White Gaussian Noise
BS	Base Station
BW	Bandwidth
CA	Carrier Aggregation
CACLR	Cumulative ACLR
CPE	Common Phase Error
CP-OFDM	Cyclic Prefix-OFDM
CW	Continuous Wave
DFT-s-OFDM	Discrete Fourier Transform-spread-OFDM
DM-RS	Demodulation Reference Signal
EIS	Equivalent Isotropic Sensitivity
EIRP	Effective Isotropic Radiated Power
E-UTRA	Evolved UTRA
EVM	Error Vector Magnitude
FBW	Fractional Bandwidth
FR	Frequency Range
FRC	Fixed Reference Channel
FSS	Fixed Satellite Service
GSCN	Global Synchronization Channel Number
GSM	Global System for Mobile communications
HAPS	High Altitude Platform Station
ITU‑R	Radiocommunication Sector of the International Telecommunication Union
ICS	In-Channel Selectivity
LA	Local Area
LNA	Low Noise Amplifier
MCS	Modulation and Coding Scheme
MR	Medium Range
NB-IoT	Narrowband – Internet of Things
NR	New Radio
NR-ARFCN	NR Absolute Radio Frequency Channel Number
OBUE	Operating Band Unwanted Emissions
OCC	Orthogonal Covering Code
OOB	Out-of-band
OSDD	OTA Sensitivity Directions Declaration
OTA	Over-The-Air
PRB	Physical Resource Block 
PT-RS	Phase Tracking Reference Signal
QAM	Quadrature Amplitude Modulation
[bookmark: OLE_LINK17]RB	Resource Block
RDN	Radio Distribution Network
RE	Resource Element
REFSENS	Reference Sensitivity
RF	Radio Frequency
RIB	Radiated Interface Boundary
RMS	Root Mean Square (value)
RoAoA	Range of Angles of Arrival 
QAM	Quadrature Amplitude Modulation
RB	Resource Block
RX	Receiver
SCS	Sub-Carrier Spacing
SDL	Supplementary Downlink
SS	Synchronization Symbol 
SSB	Synchronization Signal Block
SUL	Supplementary Uplink
TAB	Transceiver Array Boundary
TAE	Time Alignment Error
TDL	Tapped Delay Line
TX	Transmitter
TRP	Total Radiated Power
UCI	Uplink Control Information
UEM	Unwanted Emissions Mask
UTRA	Universal Terrestrial Radio Access
WA	Wide Area
ZF	Zero Forcing
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The OTA spatial emission above horizon requirement is a measure of the Expected EIRP radiated in ranges of vertical (perpendicular to the horizon) angles above the horizon. The OTA spatial emission above the horizon requirement is to ensure the protection of FSS (Earth-to-space) in the band 6425 – 7075MHz.
The requirement shall apply at each RIB supporting transmission in the appropriate frequency range of n104. 
The requirement applies for all foreseen modes of operation and installation parameters.
NOTE: the OTA spatial emission above horizon requirement is specified with reference to the horizon, directional requirements are made with respect to the BS enclosures local coordinate system.
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For BS type 1-O the Expected EIRP shall not exceed the levels shown in table 9.9.2-1.
Expected EIRP is defined as the average value of the EIRP, with the averaging being performed: 
-	 Over horizontal angles from −180° to +180 ° and over the specified vertical angle range θHL ≤ θ < θHH in table 9.9.2-1 
-	 With the BS randomly generating beam peak directions within the OTA peak directions set.
Table 9.9.2-1: Expected EIRP limits.
	Vertical angle range
 θHL ≤ θ < θHH
Note 1.
	Expected EIRP. 
(dBm/MHz)

	0° ≤ θ < 5°
	27

	5° ≤ θ < 10°
	23

	10° ≤ θ < 15°
	19

	15° ≤ θ < 20°
	18

	20° ≤ θ < 30°
	16

	30° ≤ θ < 60°
	15

	60° ≤ θ < 90°
	15

	Note1: Angles are specified with respect to the Horizon



< End of change >
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