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1 Introduction
The beam switching time requirement has been discussed at length it is highlighted in [1] that the beam switching time should be compared to the different CP’s (for all available SCS) to identify if a requirement is necessary or not.

So far however we have been discussing beam switching time without considering how exactly it can be represents.
This paper further looks into the modulated signal and how it relates to possible beam switching time metrics.

2 Discussion

The issues with the OTA aspects of any possible switching time requirement have already been discussed and there are a number of issue related to this which must be solved, however when looking more closely at the likely time period of any such requirement there are additional problems which have not yet been investigated.

All existing output power requirements are made based on the ‘average’ power of the transmitter output which is measured for a specified test signal over a large number of frames. 

One exception is the transmitter on/off transient is some cases where the requirement is 17us.

In order for a detector to measure 17usec it should have a response time considerably faster – say 1.7us, this is equivalent o having a video bandwidth of 600kHz.

However for beam switching time we are considering switching times in the order of 100ns, a detector to resolve this would need to have a video BW of approx 100MHz.

An NR channel BW is between 10 to 100MHz, and the modulation has a non-constant envelope. Clearly if a power detector were capable of following the specified beam switching transient then it would also be following the modulation envelope.

For example:
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Figure 1. Modulation envelop, CP and switching time
Figure 1 shows a number of things:
· The instantaneous power at the start of the symbol is unknown and depends on the modulation envelope

· The power within the CP and within the switching time is varying

It is therefore not possible to base a switching time requirement on a power profile using a NR modulated signal as it is not possible to distinguish between the power profile of the modulation envelope and the beam switching.

If the switching time cannot be measured with a power envelope then it is necessary to consider other possible methods.
EVM or Demodulated amplitude error

The signal quality metrics such as EVM track the recovered signal phase and amplitude trajectory and compare the perfect trajectory to the output of the transmitter. Also as the switching occurs in the CP and the CP is repeated at the need of the symbol it is feasible that any loss of the CP due to switching could be identified.

Existing EVM is averaged over the symbol, as the CP and the switching time represent a small fraction of the symbol it would be unlikely that the average EVM would vary significantly due to excessive switching time. Any switching time requirement would have to be considered as a peak EVM or peak amplitude error.

Whilst this may be a solution there are a number of open issues which would need further investigation.

· Would require additional functionality in the signal quality functions of the test equipment 

· The exact metric and time component are not known, absolute error, differential error EVM error, peak amplitude error etc are all options, further studies would need to investigate which was most appropriate.

· It may be necessary to have multiple pick-ups in the OTA environment.

Throughput or synchronization

If the switching time delay cause a problem due to lost CP then it should be detectable as a throughput degradation or an issue with the synchronization signal.

 For existing system demodulation requirements for the BS have all been based on the uplink, however it may be that throughput measurements should also be done in the DL so that any excessive switching time can be detected.

There are a number of clear complications with this:

· The loss of CP is only likely to cause throughput loss when there is large delay spread in the channel, in an test environment with a reflection less environment it would be harder to detect the effect of excessive switching time.

· No DL measurements are current carried out development of a standard test UE would be required.

· It may still be necessary to have multiple pick-ups in the OTA test environment.

BS CW transmit mode
If the BS were transmitting a CW signal then it would be easier to detect the switching time without the complication of the modulation envelope. 

The fast switching time may still cause problems with test equipment as it would require a fast detector, however the output of the detector would be simpler to analyze for switching time.

As with the pother possible methods there remain issues:

· A special BS CW mode would be required, this could not be specified using existing methodology of specifying frame structure and data packets.

· It is not clear that all BS would function with a CW signal as they are designed to operate with a wide band signal.
· Without a data structure the timing reference for the switching could not be taken from the received data. In an OTA environment where the BS and the test equipment are separated the length of any synchronization signal could significantly influence the measurement (100ns is equal to around 20m of coax cable)

· It may still be necessary to have multiple pick-ups in the OTA test environment.
3  Summary
The issue of defining and measuring a fast beam switching transient have been discussed and some of the additional problems associated with such a fast requirement have been highlighted.
There seem to be no simple solutions for measuring beam switching speed in the necessary time period being discussed, each possible method requires development of either new tests equipment, new BS test modes.

Whilst difficulty in measurement should not be a reason for not having a requirement, the difficultly in the measurement should be compared to the benefit of having the requirement. If the change of a problem due to beam switching speed is very small and the measurement requires a huge amount of work then this should be considered when concluding if a requirement is needed. 
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