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1. Introduction
Beam switching delay has been briefly discussed in previous meetings, mostly in the context of SSB based measurements in FR2. In this paper we discuss the beam switching delay and the lead time necessary for power efficient system operation.

2. Discussion
Beam switching delay must consider two aspects, the actual beam switching delay (interruption time between transmission/reception on different beams) and the time between the receiving the switch command (or a command that implies beam switch) and executing the actual switch. This time will be referred to lead time in this contribution.

2.1 Lead time for beam switching

FR2 UEs will have multiple antenna modules to provide good spherical coverage and robustness against hand blocking. During normal operation the UEs will have to switch beams between different antenna modules, not only within a single module. If the lead time is not long enough, the UE would have to keep on multiple RF modules to be able to switch beams in time. If the lead time is long enough, the UE can turn off unused antenna modules to save power. A lead time in the order of 2-3ms should be enough to allow the UE to switch antenna modules on in time to switch beams. Such beam switching delay should still be short enough not to have an impact on overall system performance.
Observation 1.  A lead time of 2-3 ms would allow the UE to turn antenna modules on/off during normal operation and optimize power consumption.

This lead time should apply to all procedures that require a beam switch (e.g. TCI state change, SRS transmissions, A-CSI-RS transmissions, etc). In the case of periodic measurements like SSB based measurements, the transmission of beams is known well ahead of time and UE can optimize the use of different antenna modules without any other information.
It should be noted that if the lead time is not long enough, the UEs that have more antenna modules (e.g. 3, 4 , etc.) will incur a larger power consumption penalty. This is not acceptable as UEs with more antenna modules are expected to provide better spherical coverage, hence, better performance and user experience. Such power consumption penalty would discourage the use of multiple antenna modules in devices.

Observation 2. A too short lead time would lead to larger power consumption for UEs with multiple antenna modules and discourage their use which is no desirable.

In order to make sure that FR2 systems have a competitive power consumption envelope, an LS should be sent to RAN1/2 to ensure that they are aware of this issue.
Proposal 1: Send LS to RAN1/2 to inform them that a lead time of at least 2 ms should be provided for beam switching to optimize power consumption.

2.2 Beam Switching delay 
The beam switching delay was briefly discussed in previous meetings in the context of the guard period needed between measurements on different Rx beams. It was brought up the fact that the switching time should be contained within the CP to allow for fast switching. 

The discussion in the previous section does not affect the actual beam switching time, this should still be contained well within the CP. A beam switch delay of multiple ms would clearly have a large impact on FR2 systems in which beam switch could happen rather frequently. Providing enough lead time will allow the UE to optimize the power consumption and turn idling RF chains/antenna modules on/off in preparation for the beam switch. 
Observation 3. The lead time does not affect the actual beam switching delay, this should still be contained within the CP.

3. Conclusion
In this paper we discuss some critical issues related to FR2 operation and beam switching. We make the following observations and proposals about lead time and beam switching time.
Observation 1.  A lead time of 2-3 ms would allow the UE to turn antenna modules on/off during normal operation and optimize power consumption.

Observation 2. A short lead time would lead to larger power consumption for UEs with multiple antenna modules and discourage their use which is no desirable.

Observation 3. The lead time does not affect the actual beam switching time, this should still be contained within the CP.

Proposal 1: Send LS to RAN1/2 to inform them that a lead time of at least 2 ms should be provided for beam switching to optimize power consumption.
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