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1. Introduction
On beam switching speed requirement, WF on simulation assumption and TP for TR 38.817-02 were agreed in [1, 2].

This contribution proposes TP for TR 38.817-02 on Beam switching speed requirement for capturing further information.
2. Text proposal for BS RF TR 38.817-02 v.0.4.0
================================= Start of 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 legacy 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
During RAN4 discussion, some views on estimated switching speed were presented from companies considering BS implementation. Following Table 9.10.1-2 summarizes provided views on estimated switching speed.

Table 9.10.1-2 Estimated switching speed
	Tdoc, Source
	Estimated switching speed

	R4-1711164, Ericsson
	200 - 300 ns

	R4-1711428, Nokia
	below 100ns

	R4-1706818, Huawei
	[10ns -100ns]



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%, 80%, 100% of CP

	Channel Type
	TDL_C

	Delay spread
	300ns(, 100ns)



9.10.3.1
PSS
Simulation assumption and results for PSS are shown in Table 9.10.3.1-1 and Figure 9.10.3.1-1 respectively [R4-1711428, Nokia]. There is almost no impact to error detection probability according to CP loss by difference of beam switching times under the same delay spread assumption. 
Table 9.10.3.1-1: Simulation assumption for PSS
	Parameters
	Values

	Evaluated channel
	PSS

	Carrier frequency
	28GHz

	BS CBW
	100MHz

	SCS
	240kHz

	Beam Switching Time
	0%, 50%, 100% of CP

	Channel Type
	TDL_A, TDL_D

	Delay spread
	100ns, 300ns, 1000ns


[image: image1.emf]-22 -20 -18 -16

10

-2

10

-1

10

0

SNR(dB)

Error Detection Probability

PSS, TDL_D

 

 

100ns Delay Spread,no CP loss

100ns Delay Spread,1/2 CP loss

100ns Delay Spread, all CP loss

300ns Delay Spread,no CP loss

300ns Delay Spread,1/2 CP loss

300ns Delay Spread, all CP loss

1000ns Delay Spread,no CP loss

1000ns Delay Spread,1/2 CP loss

1000ns Delay Spread, all CP loss

[image: image2.emf]-20 -15 -10

10

-2

10

-1

10

0

SNR(dB)

Error Detection Probability

PSS, TDL_A

 

 

100ns Delay Spread,no CP loss

100ns Delay Spread,1/2 CP loss

100ns Delay Spread, all CP loss

300ns Delay Spread,no CP loss

300ns Delay Spread,1/2 CP loss

300ns Delay Spread, all CP loss

1000ns Delay Spread,no CP loss

1000ns Delay Spread,1/2 CP loss

1000ns Delay Spread, all CP loss


Figure 9.10.3.1-1: Error detection probability for PSS vs. SNR simulation results
9.10.3.2
PDCCH
Simulation assumption and results for PDCCH are shown in Table 9.10.3.2-1, and Figure 9.10.3.2-1 and 9.10.3.2-2 respectively [R4-1711428, Nokia]. There is almost no impact to performance according CP loss by difference of beam switching times.

Table 9.10.3.2-1: Simulation assumption for PDCCH [R4-1711428, Nokia]
	Parameters
	Values

	Evaluated channel
	PDCCH

	Carrier frequency
	28GHz

	BS CBW
	100MHz

	SCS
	120kHz

	Beam Switching Time
	0%, 50%, 100% of CP

	Channel Type
	TDL_C

	Delay spread
	100ns, 300ns
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Figure 9.10.3.2-1: BLER for PDCCH vs. SNR simulation results with PDCCH allocated after PUCCH 
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Figure 9.10.3.2-2: BLER for PDCCH vs. SNR simulation results with PDCCH allocated after PDSCH
Simulation assumption and results for PDCCH are shown in Table 9.10.3.2-2 and Figure 9.10.3.2-3 respectively [R4-1711164, Ericsson]. There is almost no impact to performance according CP loss by difference of beam switching times up to 40% of CP. Note that results on 60, 80, 100% of CP are not provided.
Table 9.10.3.2-1: Simulation assumption for PDCCH [R4-1711164, Ericsson]
	Parameters
	Values

	Evaluated channel
	PDCCH

	Carrier frequency
	[28GHz]

	BS CBW
	[400MHz]

	SCS
	120kHz

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

	Channel Type
	TDL_C

	Delay spread
	300ns
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Figure 9.10.3.2-3: Throughput for PDCCH vs. SNR simulation results
9.10.3.3
PDSCH
Simulation assumption and results for PDSCH are shown in Table 9.10.3.3-1, and Figure 9.10.3.3-1 and 9.10.3.3-2 respectively [R4-1711428, Nokia]. The degradation of throughput and BLER are found under the condition of 80% CP loss by beam switching speed delay, 100 ns delay spread and MCS 3. In the case of 300 ns delay spread simulation assumption, it can be inferred that there are further degradation, but the result is not provided.

Table 9.10.3.3-1: Simulation assumption for PDCCH
	Parameters
	Values

	Evaluated channel
	PDCCH

	Carrier frequency
	28GHz

	BS CBW
	100MHz

	SCS
	120kHz

	Beam Switching Time
	0%, 50%, 100% of CP

	Channel Type
	TDL_C

	Delay spread
	100ns

	MCS
	MCS 0, MCS 3
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Figure 9.10.3.3-1: BLER for PDSCH vs. SNR simulation results with MCS0
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Figure 9.10.3.3-2: BLER for PDSCH vs. SNR simulation results with MCS3

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
Based on simulation results, at least [FFS] ns is needed as beam switching speed requirement not to degrade the performance. However, RAN4 decided not to introduce the requirement in Rel-15 TS 38.104 core spec, since some concerns were raised to introduce the requirement although critical degradation on the performance under the estimated beam switching speed delay has not be found. Additionally, some companies had concerns to introduce the requirement whose test feasibility was not clear, though it was agreed that a test feasibility does not affect the decision on whether to introduce the requirement to core spec or not. If some measurable methods are found in the future, there is a possibility to add the requirement in the future release of TS 38.104 core spec.
=================================End of Text Proposal =============================
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