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1. Introduction

The requirements on SSB based intra-frequency measurement in FR2 have been discussed for several meeting cycles, and the most intense discussion focused on the scaling factor due to Rx beam sweeping operation. In this contribution, we will provide our further discussion on the scaling factors in FR2.
2. Discussion
In FR2, the requirements on PSS/SSS detection delay and measurement period were discussed. The delay requirements in FR2 can be derived by scaling the delay requirements in FR1. Based on the discussion during previous meetings, the following two options were proposed.
· Option 1: N1=N3=4

· Option 2: N1=N3=8

In order to ensure that the UE can identify surrounding cells, UE shall be able to receive the signals in all directions by Rx beam sweeping operations, which means UE need to provide a spherical coverage.
In NR, the planar antenna array structure is used as baseline in TR38.901 for beamforming evaluation purpose. As shown in Figure 1 (referring to Figure 7.3-1 in TR38.901), antenna panels are spaced in the horizontal and vertical direction, and antenna elements are uniformly placed in the vertical and horizontal direction on each antenna panel.
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Figure 1: Diagram of planar array antenna model
The total number of beams used for RRM measurements can be denoted as Nbeam. If the UE is able to simultaneously scan K beam directions at any time, then UE need Nbeam/K measurement samples for scanning once over all the Rx beam directions. So, the scaling factor due to Rx beam sweeping operations equals to Nbeam/K. The combination of Nbeam and K used for Rx beam sweeping is UE implementation. The UE capable of simultaneously scanning K beam directions requires K RF chains available at receiver. Typically the UE is equipped with one or two RF chains, which allows UE can scan one or two beam direction at any single time-instance. However, the minimum requirements on RRM measurements defined in TS38.133 shall consider the UEs with lower capability. The RRM measurement requirements shall be derived based on the assumption that UE could scan one beam direction at any single time-instance, i.e., K=1. 

Each antenna element gives a directional radiation pattern, and one desired Rx beam direction can be produced by shifting the phase of the signals from each antenna element. Generally the directional gain of a beam increases as the beam width becomes narrower.

One antenna panel could build the beams of which the direction ranges within [-90, 90] degrees from the boresight direction of the antenna panel. Obviously, one antenna panel at most could provide a half spherical coverage. Hence, at least two antenna panels shall be combined together to provide a spherical coverage.
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Figure 2: Example of 2 panel array
As shown in figure 2, two antenna panels with opposite boresight direction are used by UE for building Rx beams. If 2 beams are scanned on one antenna panel in order to provide a half spherical coverage, then each Rx beam shall provide a 180 degrees coverage in horizontal or in vertical direction, which cannot be achieved in practice. Hence, at least 4 beams shall be scanned on one antenna panel in order to provide a half spherical coverage, which means that each Rx beam shall provide a 90 degrees coverage in both horizontal and vertical direction. So, at least 8 Rx beams shall be scanned during UE Rx beam sweeping operation for the purpose of providing a spherical coverage.
Observation 1: In order to provide a spherical coverage, at least 8 Rx beams shall be used during UE Rx beam sweeping operation.
If we assume that 8 UE Rx beams are used by UE for providing a spherical coverage, then UE needs a time latency of 8 SMTC period to for scanning once over all the Rx beams. So, the scaling factor due to UE Rx beam sweeping shall be defined as N1=N3=8.
Proposal 1: The values of N1/N3 used in FR2 measurement requirements are defined as 8.
3. Conclusions

This contribution provides our analysis on open issues on SSB intra-frequency measurement in FR2. The following observation and proposal are given: 
Observation 1: In order to provide a spherical coverage, at least 8 Rx beams shall be used during UE Rx beam sweeping operation.
Proposal 1: The values of N1/N3 used in FR2 measurement requirements are defined as 8.
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