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1. Introduction

For RRM measurement, UE is allowed to use different codebook for Rx beamforming than demodulation, in order to meet the latency requirements. The antenna gain difference between the rough beam (for RRM measurement) and the fine beam (for demodulation) has been discussed in many meetings. In RAN4#90bis, there was no conclusion, but the definition of the antenna gain is further clarified.
In this paper we will provide our views on antenna gain for FR2 RRM tests.
2. Discussion
RAN4 does not define explicit requirements for the UE Rx antenna gain. The requirement on the fine beam gain is implicitly included in the EIS and spherical coverage requirements in 38.101-2. Specifically, when defining the EIS requirements [1], a fine beam antenna gain is taken as assumption, and based on that assumption, the minimum input level is derived such that the input signal at the baseband, i.e. after Rx beamforming, is 1dB lower than the UE thermal noise. 
Observation 1: When using fine beam, UE is assumed to have -1dB baseband SNR when the input level equals to the EIS.
UE is assumed to use fine beam for demodulation, which is expected to be a narrow beam with high beam gain. Typically, fine beam is formed with multiple antenna element, and the number of beams is high. For RRM measurement, it is important from mobility point of view that UE can complete the measurement over the full sphere in a short time, so UE is assumed to use rough beam, which is expected to be wider than the fine beam thus the number of beams is less (so that beam sweeping takes shorter time). 

From RRM requirement point of view, there is no restriction on how rough beam is implemented. For example, it can be implemented by have reduced number of beams compared to the fine beam, or it can be formed by a reduced number of antenna elements. Also, there is no restriction on the number of rough beams, instead an overall measurement delay (24 samples) including Rx beam sweeping is defined.

Observation 2: Rough beam is expected to have less number of beams than fine beam. There is no restriction on how rough beam is implemented.
As a consequence of wider beam and less beam number, the gain of rough beam will be lower compared to fine beam. RAN4 has been discussing the difference between rough beam and fine beam for many meetings, i.e. the value of Y (difference in the fine beam peak direction) and Z (difference in fine beam spherical coverage direction). 
It should be noted that depending on how rough beam is implemented, there is a difference between power reduction and SNR reduction when rough beam is used. As exemplified in [2], considering fine beam is formed by 4 elements, and rough beam formed by 1 element, the power reduction is ideally 12dB and the SNR reduction is 6dB. This is because the noise power is also reduced when using smaller number of antenna elements. 
Observation 3: There is a difference between power reduction and SNR reduction when rough beam is used.
RAN4#90bis made the agreement that “The gain difference between rough beam and fine beam will result in the same power difference in RSRP”. However, we understand this is not correctly reflecting the scope of the discussions. 
The assumption on rough beam gain is used for several purposes related to FR2 RRM tests. One important usage is to define the side condition of minimum Io. It was agreed in RAN4#90bis that “Minimum SSB_RP is specified under a “no applied noise” condition”, and the derivation of the side condition is agreed in [3]. From [3], it can be seen that when using rough beam, UE is assumed to have -6dB SNR at the baseband. In other words, when rough beam gain is used in defining side conditions, it concerns the SNR difference from fine beam.
Observation 4: When rough beam gain is used in defining side conditions, it concerns the SNR difference from fine beam.
Regarding the exact value for Y and Z, our proposal is Y=7 and Z=8. The reasons are
· The rough beam and fine beam cannot be fully spatially correlated. When different codebooks are used, a direction with reasonable fine beam gain could be a dip for rough beam. 

· The thermal noise is not linearly decreased with number of elements. 

· The beam formed with small number of elements is more vulnerable to the impacts of external environment (e.g. other components, the smartphone cover). 
From our simulation results, with certain implementation, the rough beam gain could be more than 6dB lower than the fine beam gain at 50%-tile, in a non-negligible percentage of directions in UE’s top 50% directions with fine beam. In our study, Y and Z are not compared to the UE’s own fine beam gain but the (implicit) minimum requirements in 38.101-2.
Proposal 1: For defining the RRM side conditions, the difference between rough beam and fine beam is Y=7 and Z=8.
The assumption on rough beam gain is also used for other purposes. One is to derive the minimum Noc level, and the other is to derive the test requirements for absolute RSRP accuracy. Particularly the latter one concerns the power difference from fine beam, so we think RAN4 should further discuss the assumptions on rough beam gain for these two purposes.

Proposal 2: For determining Noc level in RRM test cases, and for deriving the test requirement of absolute RSRP accuracy, RAN4 needs to further discuss the assumption on the rough beam gain.
3. Conclusions

In this paper we provided our views on the antenna gain assumptions for FR2 RRM tests.
Observation 1: When using fine beam, UE is assumed to have -1dB baseband SNR when the input level equals to the EIS.
Observation 2: Rough beam is expected to have less number of beams than fine beam. There is no restriction on how rough beam is implemented.
Observation 3: There is a difference between power reduction and SNR reduction when rough beam is used.
Observation 4: When rough beam gain is used in defining side conditions, it concerns the SNR difference from fine beam.
Proposal 1: For defining the RRM side conditions, the difference between rough beam and fine beam is Y=7 and Z=8.

Proposal 2: For determining Noc level in RRM test cases, and for deriving the test requirement of absolute RSRP accuracy, RAN4 needs to further discuss the assumption on the rough beam gain.
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