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1 Introduction

During recent meetings, the topic of beam switching speed, it’s impact on performance and the potential need for a 3GPP requirement has been discussed at some length. This contribution presents some further views on beam switching and how to conclude the issue.
2 Discussion

Most RAN4 requirements in 3GPP are related to ensuring co-existence and interoperability of 3GPP systems (e.g. emissions, blocking ACS etc. requirements ensure that systems placed in adjacent spectrum can co-exist), known and predictable responses form user equipment (which, unlike BS cannot easily be tuned and adjusted towards networks after rollout) and reflect regulatory compliance needs. By conforming to RAN4 requirements, BS and UE equipment can operate in licensed spectrum without endangering other operators or the roll out of large amounts of devices. Even the BS sensitivity and demodulation requirements fit within this context, since a BS receiver with lower than a minimum level of performance would need to increase UE transmit power to ensure throughput, which would increase disturbance to neighbor systems.

The ability to update beamforming configurations is clearly an essential aspect of a well performing NR basestation. Any vendor who is planning to seriously design a BS product will need to design and test to ensure that they have implemented this functionality adequately and thus that their BS performs as expected. However, the fact that proper implementation of beamforming updates is essential for a good basestation is not on its own a reason to introduce testing of this aspect of BS behavior as a 3GPP requirement. A reason to introduce a requirement could be that either there is an impact to co-existence etc., or that switching beams fast enough to avoid a substantial performance loss is difficult to achieve and the 3GPP conformance specification needs to demonstrate that all other requirements are met whilst at the same time the beam switching is good enough. For this reason, the impact of beam switching on performance was simulated.
In general, any conceivable beam switching with any existing technologies implementation would complete beam switching within several 10s of nanoseconds. An upper bound of 100nsec can be conceived, and certainly no more than 200nsec. Even 200nsec is less than half of the CP length for the 120 khz SCS or 2/3 of the CP length for the 240 khz SCS (which is only used for transmitting SSB). Thus, no implementation would cause for a CP loss of more than 1/2 CP length let alone 2/3 or even upwards of 80%; for most implementations the loss would be less than 10%.   Simulations have been performed to establish the likely impact of the worst-case beam switching time on performance. The aim of the simulations is simply to check whether there is any conceivable implementation that could impact performance. The conclusion of the simulations is that, even considering the possibility of a very large delay spread of 300nsec, a significant performance impact to either SS performance or data reception performance was not observed. The simulations suggest that a requirement is not critical.
Discussions have also focused around how a requirement might be written and how it might be tested. Even at 200nsec, the beam switching time is so short that it encompasses a handful of samples of the output signal. Thus, describing the requirement in a manner that would disambiguate it from other modulation processes is very difficult. Although the requirement could be written based on the difference to a hypothetical modulated signal, in practice considering all of the non-linear processes in RF relating to modulation, such a description is not feasible. Apart from describing the requirement, a testing approach is difficult to identify due to the very short time and interaction with the modulation envelope.

Taking into account that after investigation the requirement demonstrates that the requirement is not critical and that a clear means to define and test the requirement was not identified, we do not believe that the requirement is motivated in release 15.

Of course, we fully expect that BS vendors will need to design beam switching to function correctly, and a discussion in 3GPP to check whether there could be any standardization related aspects to consider has in any case been worthwhile.

A TP is provided intending to close the topic.

3 Text Proposal
9.10
Beam switching speed 

9.10.1
General

The necessity of Beam switching speed requirement was discussed in RAN4. Beam forming (BF) is one of the essential capabilities for NR FR2 to compensate for large path-loss (BF is not required as a mandatory in regacy RAT and NR FR1). If the beam is not pointing in the direction of the target UE, DL performance may be affected. If multiple UEs are scheduled in different directions, the beam must be able to switch between them. It will be necessary that the BS can change steering direction in time which will not negatively impact DL performance. The steering speed capability is guaranteed by existing requirements such as EIRP accuracy or EVM while the requirements relevant to beam forming such as EIRP accuracy are specified in specific directions within the declared Range by the manufacture.

Based on RAN1 agreed OFDM symbol design, BS needs to switch own beam to different directions of different UEs at next OFDM symbol without any guard time. In this case, in order to prevent the DL performance degradation, the switching time should be at least less than cyclic prefix (CP) length. Following Table 9.10.1-1 shows CP length for each SCS.

Table 9.10.1-1 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


9.10.2
Estimated switching speed

Typical beam switching speeds for an analogue beamforming implementation may range up to a few 10s of nanoseconds. A very pessimistic worst case to consider could be 200nsec.
9.10.3
Simulation results

To clarify required beam switching time smaller than CP length, RAN4 carried out link level simulation evaluations based on a number of different assumptions. The final assumptions listed in Table 9.10.3-1 represent what is considered the worst-case set.

Table 9.10.3-1 Simulation assumption
	Parameters
	Values

	Evaluated channel
	PSS/PBCH/PDCCH/PDSCH

	Carrier frequency
	28GHz

	BS CBW
	400MHz

	SS block SCS
	240kHz

	Data CH SCS
	120kHz

	Beam Switching Time
	0%, 20%, 40%, 60% of CP

	Channel Type
	TDL_C

	Delay spread
	300ns(, 100ns)


Following Figures show provided simulation results.
The conclusion of the simulations was that, even considering the possibility of a very large delay spread of 300nsec, no performance impact to either SS performance or data reception performance can be observed.
<Figure will be added later>

9.10.4
Test feasibility

Test feasibility is not identified yet in RAN4. Generally, two receive test antennas within OTA camber are required in order to confirm. However, it is not a typical OTA testing environment.

Beam switching definition arises a problem that although the beam switching duration can be specified the variation in power can cause a false failing of the requirement.  

Studies had also been performed to understand the performance impact, results showed that if beam switch delay fell within the CP length then little to no impact was made on the overall link.  

Discussions of complexity of the requirement description and the testability aspects of the requirement had also been discussed. One approach for the requirement description was to describe the beam switch time of the signal envelope. In the following table the number of samples contained within a 100nsec switching time for different SCS. 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.
Table 9.10.4-1: Number of samples during a 100nsec switching time for several example sampling rates
	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


9.10.5
Conclusion

The simulation results demonstrate that even with the highest possible estimate and a very high delay spread, no significant impact to performance of beam switching is observed for either SS detection or data. This suggests that defining a requirement in release 15 is not critical. Considering tthis that the requirement cannot be unambiguously defined and tested, a requirement is not introduced in this release.
It is noted that vendors implementing analogue beamforming will need to provide a functionally correct and working implementation of beam switching in order for their BS to provide throughput.

�We can have some more offline discussion during the meeting about which figures to add. For other TPs on other topics, the approach has been to provide a text description of the results rather than pasting in different companies figures.
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