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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 and RAN4#90, the gain difference between rough beams and refined beams was discussed but final agreement was not reached. In this paper we further discuss 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 [2].  

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. The difference in gain was further discussed in [3] and it was shown that a gain difference of ~5dB is perfectly achievable without design constraints even with a “worst case” implementation that uses a single antenna module and marginally meets the spherical EIS requirements. 
Figure 1, also shown in [3], illustrates 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. The choice of picking the maximum over multiple elements was discussed in [3] and is inline with the definition of RRM requirements that allow measurements over multiple occasions.


Figure 1. Antenna gain difference between refined beams and rough beams
In RAN4#90 it was argued that the difference can be higher than 5-6dB and up to 13dB [5], [6], [7]. Below we discuss these proposals.
[6] which is a follow up on [4] shows that the rough beam gain depends on the codebook design and a gain difference lower than 6dB is easily achievable even though it is proposed to use 8dB as the gain difference. The reason for using 8dB is not at all clear.
In [5] it was argued that the difference could be up to 10dB, however, this gain difference considers ~90%-ile of spherical coverage, not just the top 50%-ile. The cdf presented in the paper is for a UE that meets the EIS spherical coverage requirement over 90% of the sphere, not just 50% which is the minimum requirement. The data shown in [5] is inline with the findings in [2] and [3], and in our view supports the argument that 5-6dB gain difference for the top 50%-ile is easily achievable. The gain difference could be further reduced if more than 2 rough beams are used. 
[7] has shown a very large gain difference of up to ~13dB, however, it did not consider any techniques to reduce the gain difference that were discussed in [3](e.g. using measurements from multiple single element beams or different codebook design). 

Another aspect that should be considered is the system performance implications. The UE measurement reports are used by the network for beam management(beam switches) and hand over decisions. It is very important that the measurements are consistent with the levels that will be experienced by the UE when refined beams are used. As such, maintaining a relatively constant gain difference between rough beams and refined beams over different directions is necessary to ensure good system performance. Large variation in gain difference over multiple directions which would be allowed if the gain difference between rough and refined is very relaxed will lead to wrong beam switching decisions and inconsistent performance.
Based on the above findings and observations, we re-iterate the proposal from [3]:
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 spherical coverage gain definition.

The number in the proposal should be taken as input for the definition of the RRM side conditions and tests. The actual definition of the side condition will be discussed in a companion paper
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 and previous RAN4 discussions, 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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