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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 this paper we discuss how to handle the “rough beams” and what should be the gain assumptions relative to the narrow beams. 

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 identifications 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.  

The RRM requirements (e.g. 24 SMTC occasions is the measurement delay) are designed in such a way to allow the UE to tradeoff the “rough beam” gain for the number of beams it uses. The UE can use more beams with a higher gain and less samples per beam or more beams with lower gain and more sample per beam.
In order to cover a larger spatial area with less beams, the UE will have to use wider beams, and this will reduce the gain. Theoretically, the relationship between gain and spatial area covered (beamwidth) is directly proportional (e.g. 3dB less gain means the beam is covering 2x spatial area). 
This can be seen from the following equation which reflects the fact that the electromagnetic energy radiated should be the same for both the “rough beam” and the “fine beam” (or a refined beam): 
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Let the elemental amplitude gain of a single antenna’s radiation pattern (in the boresight direction) be given as Aelem. Let Nrough and Nfine be the number of antennas used to generate a “rough beam” and a “fine beam,” respectively. Also, let the beams cover spatial areas (in solid angles) Brough and Bfine, respectively. 
If the “rough beam” and the “fine beam” are approximated as flat beams with amplitude gains Arough and Afine over their coverage areas, then we have 
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Using the gain relationship in the conservation of energy equation, we have 
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Two simple consequences out of the above equation are as follows: 

1) The spatial area covered by the beam is inversely proportional to the number of antennas. That is, 
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Thus, doubling the antennas should reduce the coverage area of the beam by a factor of two and vice versa. 

2) The gain associated with the “rough beam” in dB scale (denoted as Grough) can be connected to the gain associated with the “fine beam” as follows:
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That is, a doubling of the antennas increases the array gain of the “fine beam” (over the “rough beam”) by a factor of 3 dB and vice versa. 
While the above analysis simplistically assumes that a flat beam can be used to capture the performance of both “rough” and “fine beams,” it nevertheless provides a good first-order intuition into the impact of the array gain differential between the use of “rough” and “fine beams.” For example, an “extreme” case in which the UE is using a single antenna “rough beam” for initial acquisition can lead to a 6 dB worse performance than a four antenna “fine beam” used in steady-state performance. 
From a requirement and test point of view, what matters is the lowest gain of the “rough beams” in the spatial area over which the spherical EIS is satisfied (>50%-ile). The difference between gain assumed for 50%-ile spherical EIS and minimum “rough beam” gain should be used to define the side conditions for the RRM measurements. The definition of the RRM side conditions in relation to spherical EIS is discussed in [2].

Also, this will be an input to the testability SI for defining the Noc [1]. It should be noted that in the case of noise added on the transmitter side (fixed Noc at the TE side), the actual gain will not have much influence over the test because the SNR error at baseband can be controlled with a relatively small error (e.g. <1dB assumed in the testability SI). 
The rough beams will also have to be designed in such a way that the UE maximizes the probability of detection of beams in many different directions. It doesn’t seem to be of much use for the UE have very good spherical performance with high gain narrow beams if the UE cannot acquire signals in the first place. As explained earlier, several tradeoffs have to be considered in the design. 
For example, in practice, the gap between a “rough beam” and a “fine beam” would be dependent on a number of implementation-specific factors such as: 

1) Number of beams used in a codebook of beams: The more, the “fine beams”, the better the approximation of a flat beam to capture the impact of the codebook within the coverage area of a subarray of antenna elements. 

2) The elemental pattern variation from boresight to endfire direction of antenna elements used, 

3) The number of antenna modules used, the material-related directional distortion of array gain, etc. 
To accommodate these implementation-specific factors, a simplistic 1~2 dB penalty can be used to capture the array gain improvement in using a “fine beam” over a “rough beam” for a 4~5 dB gain. Considering the above, a difference of 4~5dB between the gain assumed for spherical EIS(50%-ile) should be allowed for the “rough beams”. In practice, this difference would result in ~3 times less beams used for RRM measurements for a UE that meets the spherical EIS without any margin. This should also be inline with the assumption of 8 beams used for search/acquisition in some of the requirements (e.g. SCell acquisition). For a UE that marginally meets the EIS spherical coverage requirement, 8 beams to cover 50% of the sphere should provide enough gain to cover 50% of the sphere and fit within the 5dB of the gain needed to satisfy the EIS spherical coverage for 50%-ile(~-7dBi [2]). 
The observation above is also illustrated in the antenna gain cdf shown in Figure 1. The cdf shows the  “rough beam” and “fine beam” for a UE that meets the spherical coverage requirement with relatively little margin(single antenna module is used). It can be seen from the cdf that the difference for this case in which the requirements are with relatively little margin is about 4dB at the 50%-ile. The cdf does not match spatially, however, the variation in delta is <1dB.
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Figure 1. Gain cdf for rough beams and refined beams

If the UE has a better spherical coverage than the minimum requirement, the “rough beams” will also have higher gain so the minimum gain of the “rough beams” over the part of the sphere with EIS over 50%-ile will be higher than the minimum requirement defined. 
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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