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TSG RAN WG4 would like to thank for the opportunity to give feedback on measurement of 5G AAS in the field.
3GPP responded to ECC WG SE previously in R4-1808505 (= Doc SE(18)085) on revision of ERC Recommendation 74‑01 (including reference points and TRP) and in R4-1811823 (= Doc SE21(18)87) on Field measurements on TRP regulatory limits.
TSG RAN WG4 has considered the questions raised in the latest LS (R4-1912867 = Doc SE(19)129A09) and recognizes that checking that a radio device meets its license condition and interference investigation are seen as important aspects. While WG4 expertise is on measurements in controlled environments, TSG RAN WG4 hopes the feedback given here can be of use for ECC WG SE in looking at methodologies for measurements in the field. It is noted that EMF is not within the scope of RAN4 work.
TSG RAN WG4 would like to provide the following feedback on the questions raised. 
1) In which range are (typical) gains of 5G AAS systems (main beam)?

As there is no conducted interface for OTA AAS systems, antenna directivity rather than gain is the parameter used to discuss beam performance. Antenna directivity is not used explicitly in 3GPP specifications, however the conformance specifications provide declarations of both maximum EIRP and minimum sensitivity from which antenna directivity could be inferred. It is important to note that these declarations represent conformance test conditions intended to generate stable worst case conditions suitable for conformance testing and do not represent typical directivity of 5G AAS systems in operation.

In operation the typical antenna directivity is different for FR1 and FR2 systems.

FR1 systems are assumed to use both TDMA and FDMA distribution of the resource blocks, as such at any time multiple beams may be generated towards multiple UE’s in different locations. In addition the channel between the BS and the UE is expected to contain multipath and so the radiated beam shape will be a complex pattern intended to exploit the multipath channel. Typical FR1 antennas therefore would not be expected to have the high directivity beams you would observe in a reflectionless environment. As both the distribution of UE’s and the fading environment are statistical in nature, a typical beam pattern would be expected to be the average of the radiated power which assuming random distribution of UE’s would in the main beam approximate the antenna element pattern (which has a directivity approximately in the range 5 to 8 dBi), but could also be higher depending on the antenna configuration, array geometry and actual propagation conditions.
For FR2 systems different architectures are assumed for implementation and as such only TDMA is used, also due to the high frequency reflections being less prevalent and the channel is much more likely to be a single path. At a fixed time it is therefore more likely that the radiated pattern from the AAS BS will be a high directivity beam similar to those used in conformance testing. However it must be considered that this beam is switched between UE’s in time and hence radiated power will still form a statistical distribution over time. Whilst the antenna directivity is not explicitly specified, the expected range of directivity was used to derive the OTA reference sensitivity declaration range. This is documented in 3GPP TR 38.817-02 and for FR2 wide area BS the antenna directivity is estimated between to be 10 to 33dBi @ 24.25 to 33.34 GHz and 12 to 35 dBi @ 37 to 52.6 GHz.
2) 
What is the (typical, if any) antenna pattern of 5G AAS systems for different electrical pointing configurations and for different numbers of active components (in all three dimensions), and how do they compare with the antenna pattern defined in TR 37.840 (basis for Recommendation ITU-R M.2101)?
Typical radiation patterns are difficult to describe in a generic way, since they depend not only on an array antenna model and a set of parameters, but also on the configuration and placement of antenna elements. The parameterized array antenna radiation pattern model relevant for rectangular array geometries defined in TR 37.840 and later adopted in M.2101 have been used for performance and co-existence evaluations in 3GPP and ITU/R. For this model it must be noticed that the selection of parameters needs careful considerations to allow the model to produce correct antenna gain or directivity. The selection of element half power beam width and element peak gain are dependent on each other and therefore need to be determined together to allow for the model to produce correct array antenna gain. The experience gives that the produced composite radiation patterns maps very well with measured wanted signal radiation patterns for angles in the forward direction half sphere. Parameters such as number of horizontal elements, vertical elements, horizontal element separation and vertical element separation and element peak gain depend on the specific base station implementation. In 3GPP this model has been used for system modelling and evaluating conformance test beams.  

3) 
Is there any indication or proof (by calculation or measurements) that the antenna pattern in the OoB domain is equal or similar to the one in the wanted frequency band?

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 undetermined and varies as function of the emissions relationship to the wanted signal. The relationship can for example be due to intermodulation or harmonic effects in the OOB domain but will vary with and depend strongly on antenna configuration and implementation.
4) 
Is there any method or rule to identify the antenna patterns in the spurious domain, especially on the harmonics?

3GPP RAN4 has not identified any general method or rule to identify the complete antenna pattern in spurious domain, including harmonics.

As for the OOB domain (see 3 above), for unwanted emission in the spurious domain the correlation is undetermined and varies as function of the emissions relationship to the wanted signal. The relationship can for example be due to harmonic effects in the spurious domain but will vary with and depend strongly on antenna configuration and implementation.

5) Are there any components in the 5G signal (logical channels, resource blocks or even single carriers) that are transmitted with a defined power relative to the maximum possible power of a 5G AAS base station?
The synchronization signals PSS/SSS can be used as a reference. Relative power levels are however not pre-defined, such information would have to be obtained from the operator.
Regarding possible use of existing reference signals or a test mode, TSG RAN WG4 would like to provide the information in the Annex, which has also been forwarded to ITU-R WP5D in response to a similar request for information [1].
TSG RAN WG4 would like to ask ECC WG SE to take into account the information presented in this LS in its future work and is willing to provide further information if requested.
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ANNEX: Wanted signal TRP measurement (from [1])
Measuring TRP for the wanted power is associated with 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 with a known beam pattern can be used to estimate TRP. By enabling a test mode however, the base station normal network operation will be disrupted. Enabling dedicated test signals during normal operating thus 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. 
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 are 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.

Measurement uncertainty of in-field measurements has not been studied by RAN4 however it is expected that an in-field measurement will have a higher uncertainty than a measurement in a controlled environment.
For in-field OTA testing, practicalities such as finding good measurement location allowing the tester to measure the peak EIRP of the test signal are outside of RAN4 expertise. 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.
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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 is required;

· 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:
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(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:
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(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:
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(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 the possibility of calculating wanted signal TRP as outlined above. More information than the directivity is required to be able to measure TRP from a single EIRP measurement in the field. 

