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Introduction
In this contribution we analyse antenna gain range, and specifically maximum gain, which is the remaining open issue in the PC3 ideal RSRP discussion.
Discussion
In RAN4#92, most issues related to antenna gain range were resolved, at least for power class 3. One outstanding issue was the maximum antenna gain range, which is needed for setting suitable test limits on largest possible SS-RSRP in measurement accuracy tests, and also for setting thresholds which the UE measured SS-RSRP is required to be below in other test cases.  We proposed an upper limit of +20dBi which was a tentative value already agreed in RAN4#91. Although other analysis was not available in the meeting, one company proposed +25dBi in the online discussions, and the issue was not agreed.
Our view is that an antenna with +25dBi gain will be extremely directional, and as such could not practically be used in an NR UE. Firstly we note that the requirements assume a loss between the antenna and the measurement reference point of between 0 and 3dB, so the actual antenna gain needs to be in the region of +28dBi with practical losses to give any issue with passing a test which assumes an overall gain of +25dB. In figure 1, we show the antenna pattern in azimuth direction for an active antenna array with 1-100 elements. UE antenna modelling was performed according to assumptions in table 1 (per 38.802). The antenna beam steering was configured such that the simulated antenna beamformed in the boresight direction.

Table 1: UE antenna radiation pattern model 1(TR 38.802)
	Parameter
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5dBi



Note: are in local coordinate system.
From figure 1, we observe that even with 100 antenna elements, the UE antenna gain is less than 28dBi in the peak direction. Indeed, with maximum directional gain of an antenna element GE,max=5dBi, theoretically, ~200 antenna elements are necessary to yield +28dBi gain. (10(28-5)/10). We can also observe that the beam width for 100 elements (to -3dB of peak gain) is approximately ±0.6 degrees. Such an antenna system seems clearly impractical for a real UE, as it would be very directional. Even if we assume that the antenna is a 100 element array formed by a square 10x10 array, the beam width is only around ±5.5degrees in azimuth an d zenith. For a hand held device and since the scope of the discussion is PC3, this is unreasonably directional. Based on these observations, we propose
Proposal 1: Maximum antenna gain for PC3 is assumed to be +20dBi
Disadvantage of +25dBi antenna gain assumption
Having a wider assumption on antenna gain range widens the allowable SS-RSRP limits in the test case. Considering that UE SS-RSRP reporting is calibrated during device production, it is clear that if the UE manufacturer had prior knowledge that the gain would not be +25dBi the calibration target for the UE could be set artificially high. In this case, it would make it easier for the UE to pass the test even if it did not meet the corresponding accuracy requirement.
Observation 1: An unnecessarily wide antenna gain range makes it easier for the UE to pass RRM tests
Conclusions
In this contribution we consider the maximum antenna gain to be assumed for ideal SS-RSRP in NR RRM tests. Based on the analysis we consider that +25dBi antenna gain is not practical and propose
Proposal 1: Maximum antenna gain for PC3 is assumed to be +20dBi
Some justification is based on observation 1
Observation 1: An unnecessarily wide antenna gain range makes it easier for the UE to pass RRM tests
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