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1 Introduction
In the last meeting the WF on beam fluctuation and beam switching speed [1] was approved, the issue of how to handle beam fluctuations was closed but open issues were highlighted on beam switching speed.
· Assumed beam switching scenario

· How much speed is needed to track single UE with high speed mobility

· To change the beam direction for different UEs between a certain time units. E.g. frame to frame, sub-frame to sub-frame, OFDM symbol to OFDM symbol, or other time unit, is required to avoid data loss.

· Consider the switching speed capability of various implementations (analog steering, beam switching etc..) and compare to the switching scenario requirement.

· Feasibility of OTA testing of this requirement should be studied further.

· Applicability of the requirement is FFS. (e.g., BS power class, Analog or Digital BF etc.) 

· Even if feasibility is not identified by November, RAN4 would consider whether to introduce the requirement in core spec only (without testing) or not.
Along with the following open questions

· Questions to answer for beam switching speed

· Does the beam switching speed need to be any faster than needed for SS beam switching ?

· If not, is a requirement needed since, if SS beam switching would not work properly then basic access would not work

· What would be the metric for the beam switching requirement ?

· What test setup would be needed for the beam switching requirement ?
2 Discussion

The open issues can be separated into those concerning the requirement and those concerning the measurement.

2.1 Requirement

The main open question for the beam switching speed is how much throughput is lost as the beam switching speed is increased. 

As a working assumption we can assume that even with an analogue beam steering system the RF or BB beam switching speed will be less than 100ns.

Assuming the system can allocate different UE’s in different sub frames the system will be to be able to switch directions between sub frames:

As sub-frame is 0.5ms long


There are 7 OFDM symbols (standard CP) in each sub frame symbol length is 1/15kHz = 66.6 us


CP length is 4.69us

As the sub-frame is actually 0.5ms long this leaves approx 0.43us free.
Even without considering this the 100ns switching time is only 2% of the 1st CP. The with a  standard CP the max cell size is approx 1.4km, the worst case switching time equates to 2% of this which is only 30m.

For the extended CP the maximum radius is 5km and the worst case switching time is only 30m of this.

Also the switching time is only counted during the 1st of the 7 symbols so any effect is limited to 14% of the throughput capacity.

2.2 Practical switching time

When considering the probability of lost throughput due to switching time it should also be considered that the slowest beam switching speed would be in systems which use analogue phases shifters, such systems may be subject to capacitances charging and discharging to implement the phase shift. In such cases the charging cycle and hence the phase shift is likely to be exponential. i.e. it will be almost 90% changed by the 2/5 of the charge cycle.
It should be considered that beams will have a beam width, the range 2 antenna used for co-existence simulations has a azimuth beam width of 14° so if the steering range was a sector of 120°, if the steering were 90% completed the wanted steering direction would be within the 3dB beam with of the beam even if it were only 90% of the required beam shift.

In such as case the worst case speed would be closer to 40ns (or 12m) and be even more insignificant.

This is also starts to investigate what a practical specification for beam switching time would be. Considering the potential variation in the path due to fading etc, expecting the wanted direction to have the beam pointing at it within the EIRP accuracy window is perhaps unnecessarily strict. Being switching the 3dB beam width of the beam is probably acceptable. 
The switching time could be defined as when the received power in the intended direction is within 3dB of the final value. 
3 Summary
It seems difficult to identify a final requirement on switching time without some discussion with RAN1 about the impact of switching time on system throughput. However considering that the worst case assumption for beam switching speed equates to only 2% of the 1st CP of the 7 symbols in the sub frame, it seems that it is probably not necessary to add an additional (and hard t measure) requirement to the minimum requirements.
This is backed up to a greater extent when considering the nature of any switching speed requirement would sensibly be based on the beam being within the 3dB beam width of the wanted direction and hence switching time is more likely to be <1% of the 1st CP.

As CP’s are based on distance, it seems unlikely that these will change based on sub-carrier spacing hence the same ratios will apply. If this is the case it is probably not necessary to have abeam switching time minimum requirement as even the worst case predicted performance is better than is needed.
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