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1. Introduction
This contribution discusses the directivity for calculation of TRP.


2. Derivation of TRP
In the last RAN4 #88bis meeting, a method for obtaining TRP was approved [1]. This method derives the TRP from EIRP measurement result (EIRP) and Directivity of AAS BS (D) as shown below:

	(1).

From this method, TRP can be obtained only from the EIRP measurement if the D is known and has appropriate value. The EIRP is a measurement result and can have appropriate value obtained by appropriate measurement method which is introduced in TR37.843[2] and TS37.145-2[3]. On the other hands, the way to determine D is not determined for 3GPP spec. Since D strongly affects the TRP, the how to use D, how to determine D, and how many measure D are very important. This contribution discusses these three topics.
 
3. How to use D
Here, we want to address an applicability of D for the beam of desired signal
If we obtain the TRP for in-band requirements by eq. (1), there are two ways to use D.
(a) Use D for desired signal. 
In this case, all in-band TRP requirements uses the D of desired signal.
(b) Use D for corresponding requirements
In this case, D for each requirement should be known. 

4. How to determine D
There are two methods to determine D.
1. From the design of composite antenna. In this case, D will be determined by the electromagnetic simulation result of the composite antenna of AAS BS.
2. From the measurement of the beam width. One possible solution is using Elliot’s equation as shown in [1]. In this case D will be:
where, W and W is 3dB beam widths (in deg.) for  and  directions.
3. From the measurement result of TRP (TRP) and EIRP (EIRP).  In this case, D will be :




5. How many measure D
Three patterns are considered.
(I) Measure D once per AAA BS type. 
In this case, D is measured only one time for the certain type of AAS BS. D will be re-used for the EUT which is the same type of the AAS BS where D was measured.
(II) Measure D periodically. 
In this case D is measured in a certain period. During the period D will be re-used for the EUT which is the same type of the AAS BS where D was measured.
(III) Measure D for all EUT. 
In this case, D is measured on every EUT.

6. Discussion
The time and effort to calculate TRP is depend on the combination of the way to use D, the method to determine D, and the number of the measurement D. Fig. 1 summarizes the combination.
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Fig. 1.  Combination of deriving procedure and usage of D

Lower items are considered to make the TRP accurate. There is no path between “1. Designed spec” and items in “how to determine” because it is not required to measure the D if we use the designed spec. And “3. EIRP/TRP” in “how to measure” connects “III all” in “How many measure D” by dashed line. This is because it is meaning less to derive TRP by eq. (1) if the TRP is measured at all EUT and D of each requirement is derived. In this case, all TRP requirements are measured by another method.

6.1 Discussion on “How to use D”.

At first we want to mention “How to use D”. To apply (a) D of desired signal for all in-band TRP requirements is a time-efficient way. In this case, directivity of in-band TRP requirements, for example ACLR, is considered to be the same as main beam. However, it is possible that directivities of desired signal and ACLR are different for array antenna system. In [4], the beam pattern of desired signal has different pattern from that of third order intermodulation (IM3) as shown in Figs 2(a) and 2(b).  Fig. 2(a) depicts the radiation pattern without a technology for reducing the IM3 emission at 0 degree. Fig. 2(b) is the radiation pattern when the technology that enable to reduce the IM3 emission at 0 degree.
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(a) Radiation pattern of carrier and IM3 without technology in [4].
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(b) Radiation pattern of carrier and IM3 with technology in [4]
Fig. 2  Beam patterns using beam deformation technology for IM3 signals [4] 

In Fig.2(a), the beam pattern of IM3 is quite similar to that of carrier. However, in Fig. 2(b), the beam pattern of IM3 is different from that of carrier and emission level is low at 0 degree than that in Fig. 2(a). Since the IM3 strongly affects the ACLR, the beam pattern for ACLR can be not the same as that for the desired signal.

Observation1: It is possible beam pattern of desired signal and that of ACLR are different. 

Since the AAS BS is black box, user cannot know if this kind of technology is used. Therefore, for example, the amount of ACLR in TRP will be under estimated if the measured EIRP of ACLR using the technology in [4] and applying D of desired signal because the measured EIRP level of ACLR is low and D for desired signal is considered to be higher than actual D for ACLR.  

Proposal1: Do not use D of desired signal for TRP calculation of in-band TRP requirements except for BS output power.


6.2 Discussion on “How to determine D”.

Then, we focus on the “how to determine D”.
If we use “1 Designed spec.”, it is required to show the verification results that the designed spec agrees with the actual AAS BS performance. For example, if the simulation was done for only the array antenna part of AAS BS, the characteristics of the antenna will be different when the array antenna is mounted to AAS BS.

Observation2: D obtained from simulation of array antenna part of AAS BS will be different from the D of the array antenna actually mounted on the AAS BS.
 
If we use “2 Beam pattern”, D is calculated from, for example Elliot’s equation. In this case, even if D for the desired signal can be estimated appropriately by the Elliot’s equation, it is unknown whether the D for the other in-band TRP requirements can be derived by the Elliot’s equation or not.

[bookmark: _Hlk506308051]Observation3: It is unclear that D for the in-band TRP requirements except for BS output power can be derived from the beam pattern by using such as the Elliot’s equation.

If we use “3 EIRP/TRP”, this results could be most accurate than the others. However, since this method requires TRP measurement, the time reduction effect can be limited.

Observation4: If D is derived from TRP measurement, the D could be most reliable than the others. However, this may consume long time.


6.3 Discussion on “How many measure D”.

Finally, we focus on “How many measure D”.
The most time-efficient method is “(I) once”. In this case, the D of the AAS BS is only one time per one type of AAS BS. The concern is that how small the performance fluctuation of the AAS BS is. If the performance between the same type AAS BS (1) and AAS BS (2) are larger than a certain level (for example MU), this measurement should not be applied. Even though the fluctuation is small in short span, it is not clear that the small fluctuation situation can sustain for long term. On the other hands, the most reliable method is “(III) all”. In this case, it is not required to consider the performance fluctuation between the same-type AAS BSs. However, if we apply the “3 EIRP/TRP” for defining D, it takes a long time to evaluate the AAS BS. The intermediate method is “(II) periodically”. In this case, however, it is required to set the appropriate period. 

Observation5: The number of the measurement of D is required to be decided not only the time efficiency but also by considering the performance fluctuation of AAS BS.

6.4 Conclusions

The method to derive TRP by EIRP and D is very convenient. However, it should not be decided to use this method without clarify the above concerns because in-band TRP requirements include regulatory requirements. For the regulatory requirements, reliability is important.
From above observations, we make a proposal as follows:

Proposal2:   Further analysis is required to find the direction to use the method to derive TRP by EIRP and D that resolve the concerns shown in this contribution not only from the time efficiency but also from the reliability.

4	Summary

In this document, we have discussed the D for deriving TRP value. We made the following proposals based on the following observations.

Observation1: It is possible beam pattern of desired signal and that of ACLR are different.
Proposal1: Do not use D of desired signal for TRP calculation of in-band TRP requirements except for BS output power.

Observation2: D obtained from simulation of array antenna part of AAS BS will be different from the D of the array antenna actually mounted on the AAS BS.
Observation3: It is unclear that D for the in-band TRP requirements except for BS output power can be derived from the beam pattern by using such as the Elliot’s equation.
Observation4: If D is derived from TRP measurement, the D could be most reliable than the others. However, this may consume long time.
Observation5: The number of the measurement of D is required to be decided not only the time efficiency but also by considering the performance fluctuation of AAS BS.
Proposal2:   Further analysis is required to find the direction to use the method to derive TRP by EIRP and D that resolve the concerns shown in this contribution not only from the time efficiency but also from the reliability.
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