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TSG RAN WG4 would like to thank for the opportunity to give feedback on the topic of Over-the-Air Total Radiated Power field measurements for IMT radio equipment utilizing active antennas.

3GPP responded in previously in RP-182098 (=5D/1038) by providing input of the work being done concerning the test case definition and utilization of OTA (over the-air) test methods for unwanted emissions for Base Stations and in RP-182784 (=5D/1121).

TSG RANWG4 has considered the questions raised in the latest LS (R4-1907923 = Attachment 7.4 to Document 5D/1297) and would like to provide the following feedback:

1) Regarding currently implemented or planned feature in the 3GPP specifications (“test mode”)

RAN4 specifications do not specify any test modes or features for in field OTA testing and there are no current plans for defining test modes or test methodologies for in field OTA testing. In the Annex, TRP test aspects relevant for in field OTA testing is described.

2 a) Characteristics of base station with active antenna system in the OOB and the spurious domain

Since the radiation characteristics for an AAS base station are created as a result of super-positioning of signals (wanted an unwanted) from many radiating elements, the radiating characteristics for a specific frequency varies as function of the signal correlation applied to the array antenna and the frequency characteristics related to the radiating element. To achieve beamforming of the wanted signal, the signal correlation is typically close to 100%, while for unwanted emission the correlation is unknown and varies as function of the emissions relationship to the wanted signal.
  
2 b) Antenna pattern in “test mode” in the OOB and the spurious domain

The antenna pattern for the wanted signal can be controlled by the BS and hence a suitable radiation pattern can be selected based on beam profile applied to the signal. This can be between a narrow maximum gain beam to a wide beam similar to the element radiation pattern depending on the specific need. The wanted signal behaviour will have impact on unwanted emissions that are created as a product of the wanted signal and other signals as stated in 2a).

TSG RAN WG4 would like to ask ITU-R WP5D to take into account the information presented in this LS in its future work and is willing to provide further information if requested.

Date of Next TSG RAN WG4 Meetings:
TSG-RAN WG4 Meeting #93	18 – 22 November 2019	Reno, NV, U.S.
TSG-RAN WG4 Meeting #94	24 – 28 February 2020	Athens, Greece

ANNEX: Wanted signal TRP measurement
Measuring TRP for the wanted power is associated to the following challenges;

1. Generating a stable signal that directional (EIRP) measurements do not vary during the measurement period.
2. Estimating the beam directivity to translate the EIRP measurement to TRP estimate.

The 1st challenge is explicitly an AAS issue whereas the 2nd is the similar for any OTA BS measurement.

A stable wanted signal can be generated either by;

1. Using an offline test mode.
2. Using known reference signals which are stable over the period of measurement.
3. Measuring over a suitably long-time during operation so that the average pattern can be considered stable.

A test mode may be generated which has a known beam pattern and hence can be used to estimate TRP. However by enabling a test mode, the base station normal network operation will be disabled hence enabling dedicated test signals, during normal operating consumes resources. If the test beam is a high gain full power beam which does not occur in normal operation, it may cause unintentional additional interference in the network. 

[bookmark: _GoBack]To maintain normal operation, signals already available can be used, such as CRS for LTE and SSB for NR or other signal available during normal operation. However, these signals do not necessarily use high gain narrow beams and hence estimating the antenna directivity may be more complicated.

Long term averaging of the operational signal is theoretically possible, but the time needed will vary depending on the BS usage and UE distribution. 

Details related to conducting in-field OTA testing is different to in-door testing in a controlled environment, which is the area of RAN4 expertise. However, when estimating the beam directivity, a number of technical aspects need to be considered.

For in-field OTA testing, practicalities such as finding good measurement location allowing the tester to measure the peak EIRP of the test signal can be challenging. For in-field OTA testing however, the field tester should select a location suitable for the test equipment (measurement antenna and signal analyser) which measures the EIRP. The test signal power is measured towards the base station, not necessarily in the test signal beam peak direction, as showed in Figure 2.1-1.
[image: ]
Figure 2.1-1: Wanted signal TRP measurement
To be able to convert a signal EIRP test sample to TRP, knowledge about the base station test signal beam forming is required. Having information about the measurement antenna gain towards the base station, orientation and location together with following base station information;

· Base station antenna orientation and location.
· The base station test signal directivity at the direction towards the measurement equipment. 
· In the case of a reference signal measurement, the carrier resource element power allocation profile is required to scale the power from test signal power to full carrier power.
The test signal EIRP at the direction towards the measurement antenna, denoted EIRPtest(,) can be expressed as:
[bookmark: _Hlk21101900]		(Eq. 1)

where Prx is the power measured at the signal analyser input RF port, r is the distance between the base station and the measurement antenna and G((2,2) is the measurement antenna gain towards the base station. The TRP allocated to therefore signal can be expressed as:

		(Eq. 2)

where D(1,1) is the directivity at the direction towards the measurement antenna. This information is provided by the base station manufacturer. The carrier TRP is calculated as:

		(Eq. 3)

where C is a scaling factor to account for the power scheduled to the test signal to the power scheduled for the complete carrier signal. This information is provided from the base station.
The location and orientation for the base station and the measurement antenna is required to determine r, 1, 1, 2 and 2.

The base station parameters can be provided by the network operator to the field tester giving an opportunity to develop a signal analyser capable of displaying wanted signal TRP directly on the screen. More information than the directivity is required to be able to measure TRP from a single EIRP measurement. 
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