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Introduction
In RAN#90-e [1], work scope of extending current NR operation to 71 GHz has been updated with the updated work scopes on SCS, initial access, processing time, PUCCH enhancement, PDCCH monitoring enhancement, multi-PDSCH/PUSCH scheduling and DMRS/PTRS enhancement. In addition, in RAN#91-e [2], an updated WID was approved with the updated beam management basis (i.e., both Rel-15/16 and Rel-17). In this contribution, we provide our views on efficient beam management based on FR2 beam information. 
Discussions
In 52.6 – 71GHz, it is well known fact that pathloss increases as carrier frequency increases [2]. In order to compensate the increased pathloss, utilization of narrower beam than FR2 is expected. If beamwidth in higher frequencies reduces N times, then the total number of beams should be increased to N times to have identical coverages in both horizontal and vertical domains. Based on the increased number of beams, beam management procedure may not be efficient considering following aspects:
· Beam measurement
· As number of beams increases, latency and signaling overhead for RS transmission and measurement for beam determination may drastically increase. Although higher frequencies provide wider bandwidth in frequency domain, analog beam measurement may not efficiently utilize the wider bandwidth as analog beam measurement does not allow multiplexing in frequency domain, but in time domain.
· Beam indication
· Due to narrower beamwidth and increased number of beams, it is expected to receive new beam indication more frequently (e.g., via MAC CE based on Rel-15/16 or DCI based on Rel-17 beam indication method). In addition, increased number of activated beams can be needed to reduce frequent activation/deactivation signaling via MAC CE. 
· Beam failure recovery
· As well as beam measurement and beam indication, increased number of beams require increased number of beams for failure monitoring and new beam selection to achieve a reliable operation. Existing BFR operation allows up to 10 monitoring RSs and 16 candidate RSs for beam failure detection and new beam selection. If beamwidth in higher frequencies reduces N times, then the maximum number of monitoring RSs and new candidate RSs should be increased to N times to have identical coverage in both horizontal and vertical domains. 
Observation 1: Due to narrower beamwidth and increased number of beams in higher frequencies, utilization of the existing beam management operation in NR 52.6 – 71 GHz is not efficient.
Enhanced beam management for higher frequencies
One possible way to efficiently support beam management in higher frequencies would be efficient beam management based on FR2 beam information, when TRPs for FR2 and TRPs for higher frequencies are co-located. Figure 1 shows an exemplary operation of beam management based on FR2 beam information. 
Figure 1 Exemplary operation of beam management based on FR2 beam information
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As shown in Figure 1, beam measurement, beam indication and beam failure recovery can be done based on a determined FR2 beam. For example, instead of measuring all possible candidate beams, UE can measure candidate beams which are aligned to the determined FR2 beam. 
Observation 2: Utilization of FR2 beam information may provide efficient operation for beam management in higher frequencies.
Proposal 1: Study utilization of FR2 beam information for beam management in higher frequencies.
In addition to beam indication and beam failure recovery, CSI reporting enhancement can be considered. In order to reduce CSI reporting overhead and support efficient CSI reporting, association between FR2 CSI and CSI for frequencies can be supported. For example, UE can report an optimized beam in higher frequencies among the candidate beams which are associated with the optimized FR2 beam. 
Proposal 2: Study efficient CSI reporting based on association between FR2 and higher frequencies. 
In 52.6-71GHz, it is expected to utilize more antenna elements and panels considering short wave lengths and increased pathloss of the frequencies. In that regard, enhancements on beam associated timing parameters such as timeDurationForQCL, beamSwitchTiming and beamReportTiming can be considered. For example, when UE activates larger number of panels, relatively longer time durations can be supported to allow enough time gap for the beam changes of all of the activated panels. On the other hand, when the UE activates smaller number of panels, relatively shorter time durations may be enough as the UE need to change limited number of beams. 
Observation 3: It is expected to utilize more antenna elements and panels considering short wave lengths and increased pathloss of the frequencies. 
Proposal 3: Considering increased number of antenna elements and panels, enhanced beam associated timing parameters.
Enhanced beam faiure recovery for higher frequencies
In higher frequencies, following enhancements of the Rel-15/16 BFR operation can be considered:
· Enhanced reliability of BFR 
· Existing BFR operation detects beam failure only when all monitoring beams fail. While FR2 operation dynamically recovers the beam failure based on relatively wider beam width, UE in higher frequencies may experience out of coverage when all monitoring beams fail during the recovery procedure. Given that, partial beam failure detection can be considered for enhanced reliability. In addition, reporting more than one new candidate beams can be considered as well to have an alternative beam when a reported best beam does not work well due to other problems such as blockage. 
· Reliable and efficient beam failure monitoring
· Increasing the maximum number of monitoring/candidate RSs may be a simplest solution, but it requires more complex UE implementation as UE needs to monitor a larger number of beams than the existing BFR operation. One possible way to handle the increased number of monitoring/candidate RSs would be introducing a dynamic activation/deactivation of RS sets for BFR. Based on the activation/deactivation, the UE may dynamically adapt UE’s monitoring/candidate RSs based on UE position. 
Proposal 4: Consider enhanced BFR operation to provide better reliability and efficiency for higher frequencies.
Summary
In this contribution, we discussed the possible beam management operation for higher frequencies based on FR2 beam information. From the discussions, we made following observations and proposals: 
Observation 1: Due to narrower beamwidth and increased number of beams in higher frequencies, utilization of the existing beam management operation in NR 52.6 – 71 GHz is not efficient.
Observation 2: Utilization of FR2 beam information may provide efficient operation for beam management in higher frequencies.
Observation 3: It is expected to utilize more antenna elements and panels considering short wave lengths and increased pathloss of the frequencies. 
Proposal 1: Study utilization of FR2 beam information for beam management in higher frequencies.
Proposal 2: Study efficient CSI reporting based on association between FR2 and higher frequencies. 
Proposal 3: Considering increased number of antenna elements and panels, enhanced beam associated timing parameters.
Proposal 4: Consider enhanced BFR operation to provide better reliability and efficiency for higher frequencies.
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