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1. Introduction
In WF [1], the MRTD for CBM is related to the beam switch and several options were proposed in RRM session.

Issue 1-1-1B: Assumed UE Rx beam switch time:
Candidate options: 
o	Option 1: UE Rx beam switch time is less than 10ns 
o	Option 2: UE Rx beam switch time is 58ns 
o	Option 3: (UE Rx beam switch time + 2 x DL timing error) is 200ns 
o	Option 4: UE Rx beam switch time is 200ns 

In this contribution, we provide our analysis on the beam switch time from RF perspective. 
2. Discussion
In RAN4#99e meeting, the Rx beam switch time had been raised [1], but no agreement was reached. From RF aspect, the beam switch time mainly depend on the phase shifter finite response time which is diverse based on the different implementations. Several analyses is provided in [2]  

Digital beam forming – in this case the phase is adjusted in the baseband – it can be considered that the time taken to adjust beam direction is so fast it is negligible.
-	Analogue beam forming
-	Analogue phase shifters – devices which implement a controllable phase shift such as PIN diodes. This is probably the slowest reacting method of phase shift, such circuits have a reaction time in the 10s of ns and a worst case of 100ns can be considered.
-	Switched phase shifters – RF switches are used to switch different transmission line delays, such circuits will react based on the RF switching time, GaAs switches react in approximately 10ns.
-	Hybrid beam forming – mixture of analogue and digital beam forming, worst case will have similar switching time to the analogue part.
The worst-case beam switching time is hence based on the analogue implementation and is estimated as < 100ns.

It is noted that the 100 ns here is the beam switch time for intra-panel.

Observation 1: The intra-panel beam switch time can take 100ns as worst case. 

As for CBM, we have agreed that both single-chain and multi-chain should be enabled. For single chain UE, the beam switch between panels should be considered, so in addition to phase shifter response time, the time for activating panel should be considered, e.g., PA ramp up time, so the actual time for beam switch is much larger. For multi-chain UE, considering the behaviour of CBM, i.e., the beam without BMRS have to follow the beam with BMRS, the time delay between RF chains may occur which may relate to the beam management processing time.

Observation 2: Considering beam switch between panels and time delay due to CBM behaviour, the beam swich time in the field will much larger than 100ns. 

Another issue we need to consider is that the system performance degradation due to the beam switch time, in [2], several simulation results was proposed, and we only provide the conclusion here:

 Based on simulation results, to prevent degradation to system performance the switching time must be less than 80% of the CP length.

The CP length is related to SCS, and the Table 1 show the CP length for each SCS
Table 1: CP length for each SCS
	SCS [kHz]
	CP length

	15
	4.69 µs

	30
	2.34 µs

	60
	1.17 µs

	120
	586 ns

	240
	293 ns



If we consider the minimum CP length (293 ns), the 80% of CP is about 234 ns, so the option 4, 200ns can ensure that the system performance degradation is acceptable.

Observation 3: 200 ns switch time will not cause significant system performance degradation.

Based on the analysis above, we propose:

Proposal: The baseline of Rx beam switch time should be 200 ns in FR2.
3. Conclusion
In this contribution, we provide our views on Rx beam switch time, and our proposals are as follows:
Observation 1: The intra-panel beam switch time can take 100ns as worst case. 

Observation 2: Considering beam switch between panels and time delay due to CBM behaviour, the beam swich time in the field will much larger than 100ns.

Observation 3: 200 ns switch time will not cause significant system performance degradation.

Proposal: The baseline of Rx beam switch time should be 200 ns in FR2.
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