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1 Introduction

During RAN4#84bis (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#84bis, 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 results on the impact of beam switching delay to downlink performance. Two aspects of downlink performance are considered; the potential impact of beam switching time to SS detection performance and the link level impact of beam switching performance to data demodulation. 
2 Impact of beam switching time and SS
As discussed in [2], the beam switching time will impact PSS detection. It will not impact SSS detection or PBCH decoding. PSS detection does not require high SINR, since the PSS needs to be detectable at all points in the cell. Thus, detection performance is unlikely to be impacted due to any distortion to the channel delay spread arising from a reduced cyclic prefix due to beam switching. On the other hand, loosing part of the received energy due to beam switching will lead to a reduced SINR on the PSS, which will impact performance.
Further modelling of the impact of beam switching time to PSS has been performed based on a simplified SINR model of SS, considering the 120kHz and 240kHz SCS and 0 to 200nsec switching time. It is assumed that during beam switching, the intended signal cannot be received by the UE for the whole duration of the beam switching time, which may be a pessimistic assumption.


[image: image3.png]Ccp

I

PSS PBCH SSS PBCH

L
\\
First portion of PSS
assumed zero power
during beam
switching time




Delay spreads of 100nsec and 300nsec were considered. The SINR obtained with and without beam switching is compared. It should be noted that in some cases, in particular for the 240k SCS and the 300nsec delay spread, some late paths from the channel fall outside of the CP and hence there is a very small amount of SINR loss even without beam switching (but greater impact with beam switching). The results are depicted in tables 1 and 2.

Table 1: PSS SINR loss due to beam switching time (120k SCS)
	Beam switching time (nsec)
	Channel delay spread

	
	100nsec
	300sec

	300
	0.01dB
	0.01 dB

	200
	0.005dB
	0.008dB

	100
	0.0005dB
	0.003 dB

	75
	0 dB
	0.002 dB

	50
	0 dB
	0.001 dB


Table 1: PSS SINR loss due to beam switching time (240k SCS)
	Beam switching time (nsec)
	Channel delay spread

	
	100nsec
	300sec

	300
	0.31 dB
	0.27 dB

	200
	0.026 dB
	0.17 dB

	100
	0.006 dB
	0.009 dB

	75
	0.003 dB
	0.004 dB

	50
	0.001 dB
	0 dB


The table indicates that up to 300nsec delay spread can be accommodated by both the 120k and 240k SCS SS with no degradation to performance. For channels requiring a 240k SCS for SS, there is likely to be significant beamforming and the delay spread it likely to be lower than 300nsec.
3 Impact of beam switching time and data demodulation performance

Simulation results were presented in the previous meeting for the data demodulation and are repeated and extended here.

Figure 1 shows the performance of data reception with perfect reception and with 260nsec beam switching time, considering the 120kHz SCS. The figures indicate that even with 260nsec switching time, no performance degradation is expected.

The simulation set up assumes zero transmitted signal from the CP at the beginning of every slot, so the results are even more pessimistic than for an original scenario described above for a loss of samples in the CP due to beam switching at the beginning of every sub frame (Of course, in real operation the loss is only once per sub-frame, so the simulation is unreasonably pessimistic).  
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Figure 1: Link Level Analysis with 120 kHz SCS for 100 nsec delay spread
This exaggeration of the CP loss is to demonstrate the negligible effect the beam switch delay has on the data link in a realistic channel (100 nsec).
4 Conclusion

The above simulation results show that for both SS and data demodulation, impact of rather larger values of switching time (100-300 nsec) is negligible.
The simulation results for both SS and data demodulation show that there is no impact and as such no requirement would be needed. 
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