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1. Introduction
This contribution discusses margins of the directivity for calculation of TRP for in-band TX requirements using beam-based directions.


2. Introduction of margin of directivity for beam-based directions
The “beam-based directions” method is one way to obtain TRP value for in-band TX requirements from EIRP measurement result and directivity of the signal as shown in the following equation [1]:

	(1).

In the last RAN4 #90bis meeting, we discussed an introduction of a margin of directivity for in-band TX requirements when the beam-based directions is used to estimate TRP [2].  In [2], only the introduction of margin was discussed and there was no discussion on the methodology to decide the value of the margin. This paper proposes the value for the margin.

3. How to define the margin
3.1 Directivity for in-band TX unwanted emission 
In [2], directivities for ACLR and OBUE are proposed to be defined as follows:
DEUT,ACLR = DEUT - DEUT,ACLR  (for ACLR), and
DEUT,OBUE = DEUT - DEUT,OBUE (for OBUE)
where, DEUT,ACLR/OBUE is the margin for OTA ACLR or OBUE requirement. DEUT is the directivity for the desired signal.

Since ACLR and OBUE are tested at different frequencies, these two values are possibly different. In [2], it was mentioned that one factor to decide the value of the margin was frequency dependence of the gain of antenna on EUT. Therefore, in the following part, we present gain variation over frequencies of antennas for the BS that are provided by some antenna vendors.

3.2 Antenna gain variations
Fig. 1 shows the frequency dependence of antenna gains for various antennas for cellular systems[3,4,5,6]. The antennas are cross pole and sector antennas that have 30~90 degrees of beam width and 13~20 dBi of gain. Frequency ranges is from ~700MHz to ~3 GHz.
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Fig. 1 Frequency dependence of antenna gain for various antennas.

Vertical axis is the gain difference from the gain at center frequency. The center frequency is the middle frequency between the highest and lowest design frequencies of corresponding antenna. Horizontal axis is the frequency normalized by the center frequency.
As shown in Fig. 1, antenna gain decreases when the frequency is lower than 1. Dashed-line is the worst-case. From these results, the margin for corresponding requirements are discussed in the following sections.

3.3  DEUT,ACLR 
Here, we consider the worst case for ACLR requirements. The worst case stands for the case that the directivity difference between the desired signal and ACLR is largest, which appears when frequency difference between the center frequency of desired signal and corresponding requirement is widest. In this discussion, frequency difference (fACLR,edge,L) is normalized frequency difference as shown in Fig. 2. 
[image: ]
Fig. 2 Frequency difference between the desired signal and ACLR

Therefore, the worst case appears at the case where two conditions, widest channel width and lowest frequency band, are satisfied.
For eAAS, the worst case may occur at band 71. In this case, the channel width is 20 MHz and the center frequency of the channel is (617 MHz + 0.5*20 MHz = ) 627 MHz. Therefore, fACLR,edge,L is 0.95. 
For NR FR1, the worst case may occur at band n41. In this case, the channel width is 100 MHz and the center frequency of the channel is (2.496 GHz+0.5*100 MHz = ) 2.546 GHz. Therefore, fACLR,edge,L is 0.94.
For NR FR2, the worst case may occur at band n258. In this case, the channel width is 400 MHz and the center frequency of the channel is (24.25 GHz+0.5*400 MHz = ) 24.45 GHz. Therefore, fACLR,edge,L is 0.97.
In Fig.1, the gain difference at 0.94 is approximately 1 dB. Therefore, we propose the margin for eAAS, NR FR1, and NR FR2 OTA ACLR requirement is 1 dB

Proposal1: DEUT,ACLR = 1 dB for eAAS and NR FR1, and NR FR2.

3.4DEUT,OBUE 
[bookmark: _Hlk7758526]As the case for ACLR, the worst case also should be considered for OBUE. For OBUE, the worst case may appear at the band of which bandwidth is widest and the BS is designed for the desired signal that is located at the higher edge of the supported operating band as shown in Fig. 3. In this discussion, the frequency difference (fOBUE,edge,L) is normalized frequency difference as shown in Fig. 3.
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Fig.3 Frequency difference between the desired signal and OBUE.

For eAAS single-RAT operation, the worst case may occur at band 42. In this case, the width of the DL band is 200 MHz and fOBUE is 10 MHz. Therefore, fOBUE,edge,L is ~0.94
For eAAS MSR operation and NR FR1, the worst case may occur at band 77 (and n77). In this case, the width of the DL band is 900 MHz and fOBUE is 40 MHz. Therefore, fOBUE,edge,L is ~0.77.
For NR FR2, the worst case may occur at band n258. In this case, the width of the DL band is 3.25 GHz and fOBUE is 1.5 GHz. Therefore, fOBUE,edge,L is ~0.82.

In Fig.1, the gain difference at 0.94 is approximately 1 dB. Therefore, we propose the margin for both eAAS single-RAT is 1dB. and NR FR1 OTA OBUE requirement is 1 dB. 
The gain difference at 0.77 is approximately 3.5 dB. Therefore, we propose the margin for eAAS MSR and NR FR1 is 3.5 dB. 
The gain difference at 0.82 is approximately 3 dB. Therefore, we propose the margin for NR FR2 is 3 dB.

Proposal2: DEUT,OBUE  = 1 dB for eAAS single-RAT operation,
= 3.5 dB for eAAS MSR operation and NR FR1,
= 3 dB for NR FR2.
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4	Summary

In this document, we made the following proposals.

Proposal1: DEUT,ACLR = 1 dB for eAAS and NR FR1, and NR FR2.
Proposal2: DEUT,OBUE  = 1 dB for eAAS single-RAT operation,
= 3.5 dB for eAAS MSR operation and NR FR1,
= 3 dB for NR FR2.
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