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1. Introduction
In RAN4#88Bis the fact that the UE will use a different codebook with wider beams (“rough beams” in [1]) to perform search and measurements of incoming signals was brought up [1]. In RAN4#89, the gain difference between rough beams and refined beams was discussed but final agreements were not reached. In this paper we further discussed the gain difference between different beams in different directions.
2. Discussion
FR2 UEs have to perform measurements of incoming signals (beam management and neighbor cell measurements) in multiple directions in a short amount of time to cope with mobility and rotation. The RRM requirements for beam identification and measurements set an upper limit on the amount of time during which the UE has to cover multiple angles (preferably the entire sphere) and search for incoming signals. As such, the UE codebook will have to be optimized for this procedure. This will mean that the UE will likely use “rough beams” (beams with larger beamwidth and lower maximum array gain) to perform measurements. This can be done by using a smaller number of elements or adjusting the weights applied to each element.  

A theoretical analysis on the worst case difference between “rough beams” and “refined beams” for a UE implementation that would marginally meet the spherical EIS requirement was presented in [2]. In was shown that for a UE that would implement a single antenna array with 4 elements, the maximum gain difference between rough and refined beams would be ~5dB considering some implementation impairments. Antenna gain simulation data was also presented and corroborated the theoretical analysis. 

Figure 1 shows the cdf of the antenna gain for refined beams and rough beams assuming a worst case scenario of a UE using a single antenna module and a rough beam based on a single element. The plotted data is for the top 50%-ile of directions of the refined beams. For the rough beams, the maximum over the rough beams(4 single element beams) in each direction is taken. The reason for this comparison is discussed in the next paragraph. The data shows less than 5dB gain difference for the directions with lowest gains and matches very well the analysis in [2]. 

Figure 1. Antenna gain difference between refined beams and rough beams
In RAN4#89 it was argued that the there would be some “dents” in the one element beams (directions with much lower gain) and the gain difference would be larger than 5dB. The measurement requirements allow for multiple measurement occasions (e.g. 24 occasions for PC3) so the UE can use different elements to perform measurements (UE could use 2 elements or 4 elements in a round robin fashion) and there would still be enough measurement occasions(with 4 elements there are 6 occasions per element). Figure 1 shows that the gain difference is well within 5dB if multiple single element beams are used. 

If the “dent” is aligned across elements, then this would also show as a gain drop in the refined beams and would not be in the top 50%-ile of the EIS directions. The same reasoning applies even in the case of a UE with 2 antenna modules. The number of measurement occasions allows enough design flexibility for the UE to have a rough beam codebook that would ensure a minimum amount of gain in the top 50%-ile EIS directions(e.g. use of multiple element rough beams or use multiple elements in a TDM fashion). This is also shown in [3] where different codebook designs show different gains and a gain difference of 5dB is easily achievable.
Another option would be for the UE to average over more occasions which would also enable the UE to perform measurements with a lower SINR.
Proposal: Minimum gain of “rough beams” over the part of the sphere in which spherical EIS is met (upper 50%-ile) should be 5dB less than the gain assumed for the 50%-ile gain definition.

The number in the proposal should be taken as input for the definition of the RRM side conditions and tests.
3. Conclusion
In this paper we analyzed the gain of the “rough beams” to be used in the definition of RRM requirements and test cases. Based on our analysis we propose the following:
Proposal: Minimum gain of “rough beams” over the part of the sphere in which spherical EIS is met(upper 50%-ile) should be 5dB less than the gain assumed for the 50%-ile gain definition.
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