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1. Introduction

At the last RAN4 meeting (RAN4#86-bis in Melbourne) we presented a contribution on the topic EIRP declarations for wide NR bands. Instead of declaring one EIRP value per band, the declaration can be extended to lowest supported frequency and highest supported frequency of the operating band. That would allow EIRP to be used more effectively for FR2 base stations, where the output power is a scarce resource.  
In the NR WI new bands, much wider than before has been defined for FR1 (e.g. n77, n78 and n79) and FR2 (e.g. n257, n258 and n260). 
The aspects related to the background for the EIRP accuracy part of radiated transmit power requirement have been discussed extensively. In this contribution we bring some new aspects related to the directivity of antennas supporting wide operating bands introduced in NR and relevant for EIRP requirements part of requirement sets1-H, 1-O, and 2-O.  

Based on an analysis of typical EIRP characteristics associated to an array antenna a proposal for extending the declaration needed for radiated transmit power requirement is presented for approval. Also, draft specification text is provided at the end of the contribution.
2. Discussion

The manufacturer declarations part of radiated transmit power requirement defined in TS 38.104, sub-clause 9.2 [1] is holding information on number of supported beams, beam directions, etc. The details will be described in the coming TS 38.141-2. 

The radiated transmit power requirement is based on a declared EIRP level for a declared beam at a specific beam peak direction. For each beam, the requirement is based on declaration of a beam identity, reference beam direction pair, beam-width, rated beam EIRP, OTA peak directions set, the beam direction pairs at the maximum steering directions and their associated rated beam EIRP and beam-widths.

For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power that the base station is declared to radiate at the associated beam peak direction during the transmitter ON period. For each beam peak direction associated with a beam direction pair within the OTA peak directions set, a specific rated beam EIRP level may be claimed. Any claimed EIRP value shall be met within the specified accuracy window per operating band. 

OTA peak directions set is set of beam peak directions for which the EIRP accuracy requirement is intended to be met. 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. A beam direction pair is data set consisting of the beam centre direction and the related beam peak direction. A declared EIRP value is a value provided by the manufacturer for verification according to the conformance specification declaration requirements, whereas a claimed EIRP value is provided by the manufacturer to the equipment used for normal operation of the equipment and is not subject to formal conformance testing.

For each declared beam, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ± X dB of the claimed value. The accuracy interval for different base station types and environmental conditions is given in Table 2-1.

Table 2-1: EIRP accuracy
	BS Type
	Xnormal (dB)
	Xextreme (dB)

	1-H, 1-O
	+/- 2.2
	+/- 2.7

	2-O
	+/- 3.4
	TBD


Since NR will support legacy band and new wider bands the impact on EIRP due to large operating band need some consideration. In Table 2-2, the antenna operating bandwidth is studied in terms of absolute bandwidth, relative bandwidth and fractional bandwidth for some wide E-UTRA and NR bands. 
Table 2-2: New operating bands
	Band
	fl   –  fh
(MHz)
	Absolute Bandwidth

fh – fl
(MHz)
	Relative Bandwidth

fh/fl
(dB)
	Fractional Bandwidth

100.(fh-fl)/fc
(%)

	44
	703 – 803 
	100
	0.6
	13.3

	39
	1880 – 1920  
	40
	0.1
	2.1

	40
	2300 – 2400 
	100
	0.2
	4.3

	38
	2570 – 2620 
	50
	0.08
	1.9

	41, n41
	2496 – 2690
	194
	0.3
	7.5

	42
	3400 – 3600 
	200
	0.2
	5.7

	43
	3600 – 3800 
	200
	0.2
	5.4

	n77
	3300 – 4200
	900
	1.0
	24.0

	n78
	3300 – 3800
	500
	0.6
	14.1

	48
	3550 – 3700 
	150
	0.2
	4.1

	n79
	4400 – 5000
	600
	0.6
	12.8

	46
	5150 – 5925 
	775
	0.6
	14.0

	n257
	26500 – 29500
	3000
	0.5
	10.7

	n258
	24250 – 27500
	3250
	0.5
	12.6

	n260
	37000 – 40000
	2500
	0.3
	6.5


Based on the analysis of bandwidth, its clear that for antenna design point of view it is reasonable to consider fractional bandwidth as key parameter for wide band antennas.
The fractional bandwidth of an antenna is a measure of how wideband the antenna is. If the antenna operates at centre frequency fc between lower frequency fl and upper frequency fh, then the fractional bandwidth FBW is given in percent as:
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The fractional bandwidth varies between 0% and 200%. For traditional frequency bands the fractional bandwidth is in the range 2% to 6%, with some exceptions such as band 44. 
For NR, where new bands have been introduced with large bandwidths the directivity impact on EIRP have been studied. The radiated transmit power in a specific direction in terms of EIRP can be expressed as:

EIRP = TRP + D in dBm, where TRP is the total radiated power in dBm and D is the directivity in dBi. For a Uniform Rectangular Array (URA) antenna, where elements are arranged in a uniform rectangular lattice the directivity per polarization is determined by:

D = DE + 10log(N), where N is the number of elements (relating to the array factor) and DE is the element directivity in dBi (relating to the element factor).
From TR 38.803, Annex C [2], the element directivity can be expressed as:
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, where Aeff is the antenna aperture in m2 and  is the wave length in m. For a URA antenna, where elements as separated d m along both y-axis and the z-axis, the maximum area for the antenna aperture is limited to an area of (d)2 m2. Typically, the d is in the range of 0.5 to 0.7 and  is derived from the highest supported frequency. 

Since the directivity is depending on frequency, it is interesting to analyze the directivity characteristics as function of very wide operation bands. For wide operating bands the antenna array needs to be designed to support a large bandwidth, B = fh – fl, where fh is the highest supported frequency in MHz and fl is the lowest supported frequency in MHz. 

The directivity difference, , in dB due to large supported bandwidth can be expressed as the difference between the directivity at fl (Dl) and the directivity at fh (Dh) as:
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In Table 2-3, some wide NR bands have been analyzed with respect to directivity variations due to fixed antenna aperture.
Table 2-3: Directivity variation over supported frequency range
	Frequency Range
	Band
	fl   –  fh
(MHz)
	 

(dB)

	FR1
	n41
	2496 – 2690
	-0.6

	FR1
	n77
	3300 – 4200
	-2.1

	FR1
	n78
	3300 – 3800
	-1.2

	FR1
	n79
	4400 – 5000
	-1.1

	FR2
	n257
	26500 – 29500
	-0.9

	FR2
	n258
	24250 – 27500
	-1.1

	FR2
	n260
	37000 – 40000
	-0.7


It’s clear that the directivity is lower at lowest supported frequency compared with the highest supported frequency as expected. This phenomenon needs some further considerations ho how the EIRP is declared for wide operating bands added for NR. 

Proposal:

For bands with fractional bandwidth larger than 6% declare minimum supported frequency and maximum supported frequency.

For eASS supporting UTRA and E-UTRA bands the EIRP is declared per operating band, which means that the transmit power accuracy requirement need to be fulfilled within the whole frequency range of the operating band. For bands included in eAAS, the effect of directivity drop due to frequency is neglectable. 

However, for some wide NR FR1 and FR2 bands the EIRP would rather be declared per lowest frequency and highest frequency instead of per band. From a network perspective is better to change the declaration principle than extending the accuracy window. 

For bands where the directivity variation due to frequency is a significant portion of the EIRP accuracy window, it is suggested to declare the EIRP at lowest and highest frequency per band. 

3. Conclusion

In this contribution we show the implication of limited antenna aperture on the directivity for antennas designed for large wide operating bands. It can be noticed that the directivity will be lower at lowest frequency compared to highest frequency. Therefore, it is suggested to re-consider the declaration concept used for radiated transmit power (EIRP). 

At last meeting, this issue was presented together with a solution to improve the declaration. In this contribution we have generalized the solution for a smooth implementation in TS 38.104, sub-clause 9.2.

Proposal:

For bands with fractional bandwidth larger than 6% declare minimum supported frequency and maximum supported frequency within the operating band.
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DRAFT:
9.2
Radiated transmit power

9.2.1
General

BS type 1-O and BS type 2-O is declared to support one or more beams, as per manufacturer’s declarations specified in 3GPP TS 38.141-2 [6]. Radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction.
For each beam, the requirement is based on declaration of a beam identity, reference beam direction pair, beamwidth, rated beam EIRP, OTA peak directions set, the beam direction pairs at the maximum steering directions and their associated rated beam EIRP and beamwidth(s).

For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power that the base station is declared to radiate at the associated beam peak direction during the transmitter ON period.
For each beam peak direction associated with a beam direction pair within the OTA peak directions set, a specific rated beam EIRP level may be claimed. Any claimed value shall be met within the accuracy requirement as described below. Rated beam EIRP is only required to be declared for the beam direction pairs subject to conformance testing as detailed in 3GPP TS 38.141-2 [6].

NOTE 1:
OTA peak directions set is set of beam peak directions for which the EIRP accuracy requirement is intended to be met. 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.
NOTE 2: 
A beam direction pair is data set consisting of the beam centre direction and the related beam peak direction.
NOTE 3:
A declared EIRP value is a value provided by the manufacturer for verification according to the conformance specification declaration requirements, whereas a claimed EIRP value is provided by the manufacturer to the equipment user for normal operation of the equipment and is not subject to formal conformance testing.
For operating bands where the fractional bandwidth is larger than 6%, EIRP is declared at minimum supported frequency and maximum supported frequency. 

NOTE:
Fractional bandwidth (FBW) is defined as: 
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9.2.2
Minimum requirement for BS type 1-H and BS type 1-O
For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±2.2 dB of the claimed value.

For each declared beam, in extreme conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±2.7 dB of the claimed value.

Normal and extreme conditions are defined in 3GPP TS 38.141-2, annex B [6].
In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.

9.2.3
Minimum requirement for BS type 2-O
For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ± 3.4 dB of the claimed value.

For each declared beam, in extreme conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±TBD dB of the claimed value.

Normal and extreme conditions are defined in 3GPP TS 38.141-2, annex B [6].
In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.
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