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1 Introduction

During RAN4#84 (and previously) potential new requirements for NR have been discussed, including a potential requirement on beam switching time. Previous discussions and agreements have clarified that the proposed requirement would be an RF requirement relating to the speed of analogue beam shifting, and not involving L1 control mechanisms and RRM considerations.
At RAN4#84, a WF was agreed in which it was suggested to further discuss the description of the requirement, testability and the impact of beam switching time to system performance [1]. At the same time, it is considered that the core requirement may be introduced even if it is not testable.
This contribution presents considerations to be taken into account in the core requirement description.
2 Core requirement considerations

The term “beam switching time” has been used often during the discussions without considering how beam switching time is defined. Any core requirement needs to be stated in a specific manner in order that the BS vendor whether the requirement is met or failed. This applies even if the requirement is not testable, since a poorly described requirement would have little value.
One way to describe beam switching time would be the time between full power being available on one beam and full power being available on the next beam
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Figure 1: Idealistic impression of transition between beams
An issue with such a description is that power is a macroscopic property of the signal, whilst beam switching time is a short time property. Table 1 indicates the number of samples contained within a 100nsec switching time for different SCS. Clearly, where the number of samples is small then power levels could depend as much on the modulation envelope of the signal itself as the beam switching.

	SCS
	Example bandwidth
	Example sampling rate
	Samples of signal during 100nsec switching time

	15 khz
	10MHz
	15.36MHz
	1.5

	30 khz
	10MHz
	15.36MHz
	1.5

	60 khz
	20MHz
	20.48MHz
	2

	120 khz
	50MHz
	61.44MHz
	6

	240 khz
	100MHz
	122.88MHz
	12


Table 1: Number of samples during a 100nsec switching time for several example sampling rates
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Figure 2: Illustration of real transition between beams, considering modulation symbol to modulation symbol power variation
Instead of power, beam switching time could be defined as the time difference between one beam being available for demodulation and a new beam being available for demodulation. An issue with such a description however would be in defining what would be meant with “available for demodulation”. Even before phase shifters have fully settled demodulation may be possible to some extent.
With both of the above definitions of switching, a further issue that arises is that although the beam switching duration is specified, the time period over which the beam should be switched is not. Although the time period over which the beam should be switched could be seen as implementation dependent, the impact on performance may very much depend on the nature of the timing. Two examples of beam switching are depicted below. In the first example, beam switching takes place during the final samples of one OFDM symbol, before the start of the next. In the second example, beam switching takes place fully within the duration of the CP of the second symbol.
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Figure 3: Illustration of same switching duration occurring at different times in relation to the symbols
Assuming that the UE discards the CP and applies the IFFT to the remainder of the symbol, then in the first example, a part of the information within the symbol itself would be directly lost. In the second example, no information would be lost, in particular if (as is very likely) the switching time is lower than the duration of the channel delay spread. Even with the same switching time, the first example would have more of a performance impact than the second.

An alternative definition of switching time would be the difference between a fixed point in time and the time at which the beam is available to the UE. The time at which the beam is available to the UE could be defined in terms of power or availability of demodulation, with the same considerations as above.
Frequency variation

Another issue that should be considered is potential variation of beam switching time with frequency, in particular for a wideband carrier. If beam switching would in effect take different lengths of time for different portions of the beam, then a means for defining a mean beam switching time would be needed.

Other phase and power discontinuity effects

Beam switching takes place at the boundary between OFDM symbols. Assuming different modulation is applied to the different symbols, then apart from switching beams there is also likely to be a phase and power discontinuity between symbols. At the UL/DL boundary for TDD, a much larger transient is expected to occur due to PA ramping. It is important to define the requirement in such a manner that beam switching is differentiated from any other transient effects.

3 Conclusion

In this contribution further complexity of the requirement description is explained in detail.  Testability aspects of the requirement has also been discussed in past meetings and therefore was not repeated in this contribution; it is still not clear how much value there is in setting a requirement if it is not testable.
If a core requirement is shown to be needed, then the above requirement description aspects need to be accounted for.
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