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1 Introduction
During the past RAN4 meetings, there have been several discussions around the measurement of radiated requirements. The main point of discussion is: what metrics need to be measured for the EIRP and EIS requirements and what is the relevance of absolute and relative radiation patterns. This paper provides a discussion on these issues. We shed light on the need for a “minimum requirement” and assess the need for a 360 degree radiation pattern measurement versus an absolute measurement for EIRP and EIS.

2 Discussion

In legacy (passive antenna) systems, power accuracy could be characterized by considering the conducted output power together with the antenna gain. However, the AAS BS concept involves interaction between different subsystems such as the RDN, transceivers and the antennas. Hence radiated RF requirements are specified in terms of EIRP and EIS [1]. The intention was to specify the requirements on the electromagnetic parameters in terms of power or field strength [2]. 
When it comes to radiation patterns, a beam is characterized by its main lobe which is bounded within a range of angles within which the highest radiated output beam power is achieved, i.e. the beam peak direction. However, there can also be a case where a ripple occurs and the beam centre direction is different than the beam peak direction, as shown in the following figure.
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Figure1: Example of beam direction pair.

This creates a question of relevance for the entire antenna gain pattern when performing the measurement of EIRP and EIS requirements and whether relative or absolute gain patterns should be used.

It is to be noted that for the EIRP, the manufacturer declares the number of beams, beam peak direction, and the maximum EIRP achieved in the peak direction declared. Additionally, the EIRP requirement mandates that the requirement for radiated transmit power is to be met with a certain accuracy with respect to the declared EIRP level [1][2]. 

Similarly, for EIS, a minimum EIS level for a certain OTA sensitivity direction declaration (OSDD) is declared where the throughput or error rate criteria shall be met. More specifically, the requirement entails that for a received signal whose angle of arrival (AoA) is within the active sensitivity range of AoA of an OSDD, the throughput or error rate criteria is to be met when the level of the arriving signal is equal to the declared minimum EIS [1][2].

This means that both the EIRP and EIS requirements are absolute requirements and depend on one absolute value rather than the complete radiation pattern.

The following figure shows an example 360 degree absolute radiation pattern and the corresponding measurement performed on the EIRP.
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Figure 2: 360 degree (vendor declared vs measured) absolute radiation pattern
It can be observed from the figure above that even though the entire gain pattern is important for the design stage of a good AAS and provides good insights to the behavior of the equipment, it is not fully relevant when it comes to testing of the core requirements which are absolute. The important aspect is to measure the max EIRP in boresight of the declared main beam and compare it to the declared value. The intention is not to evaluate the ability to measure gain patterns. Hence, for a minimum requirement, the measurement methods developed need not to consider the 360 degree radiation pattern for conformance testing. Additionally, the discussion for measurement uncertainty should be based on how accurate the test method EIRP/EIS can be measured. Consequently, while the discussion on the accuracy of total 360 degree radiation pattern or side lobes accuracy may be important for design, it is not required for the minimum test requirements.

Another aspect that is relevant for the EIS is that the OTA sensitivity requirement applies to the AAS base station operating as a system, including both radios and the antennas [1][2]. This means that combiners and demodulators are also considered part of the AAS BS on which the requirement is specified and the combined sensitivity for all receivers involves non-linear combining. This also points to the relevance of the absolute requirement rather than the entire radiation pattern of the antenna when testing the minimum requirements for EIS.
3 Conclusion

Although the need for an entire radiation pattern is needed during the design phase of an AAS BS, as a minimum requirement only entails the need for an EIRP and EIS value at declared points as outlined in TS 37.105.  

Therefore, for 3GPP what is needed is to have an uncertainty budget analysis for only EIRP and EIS values at the conformance points. Techniques that can provide  a full 360 degree radiation pattern are useful, but there is no need to investigate radiation patterns accuracy in the conformance work.
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