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1	Introduction
In this contribution we discuss the issue of correct beam selection under the high mobility conditions of high speed train in FR2 scenario. 
2	Discussion
Due to the usage of multi-element antenna arrays beam management is a very important part for FR2 scenarios. Support of high mobility can significantly affect beam management and make the correct beam selection challenging. TS38.133 defines the duration for performing the L1-RSRP measurements which are used for beam selection:
TS38.133
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In that table N is the scaling factor which reflects the RX beam sweeping. Specification defines N=8. For the rest parameters (M and P) we will assume the minimal value M=P=1 which can be achieved through proper configuration. Assuming also TSSB =20ms we can obtain the values for L1-RSRP measurement periods for different DRX cycles (see Table 2-1). We also added the distance travelled by UE under assumption of 350km/h velocity. As we can see, the distinctive value TDRX=320ms which is used to differentiate requirements will lead to measurement period equal to 3840ms. During that period UE will pass the half of the distance between neighbouring RRH. Such rare measurements are not acceptable.
Table 2-1: L1-RSRP measurement period analysis
	TDRX (ms)
	No DRX
	20
	40
	60
	70
	80
	128
	256
	320
	512
	640

	TL1-RSRP_Measurement_Period (ms)
	160
	240
	480
	720
	840
	960
	1536
	3072
	3840
	6144
	7680

	Distance traveled (m)
	16
	23
	47
	70
	82
	93
	149
	299
	373
	597
	747



In Figure 1 we present the link budget analysis for the UE moving along the railway with velocity 350km/h (UE is moving from left to right). The blue curve demonstrates the best SNR over all TX beams at each point of the track. This can be interpreted as Ideal TX beam switching with no delay. For the red curve beam switch delay due to L1-RSRP measurement is taken into account. For L1-RSRP measurement period TDRX =80ms was used. 
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Figure 1. Beam management with TDRX = 80ms



As we can see, in some areas red curve demonstrate much worse link budget than blue one. Let us take a close look at the boxed area. As we can see, after UE passes RRH (at x=2100m) it is served by RRH beam#4. For the next 90m switching RX beams UE performs consecutive measurements as shown by arrows. After 960ms (L1-RSRP measurement period for TDRX=80ms) UE switches to beam#3 which was detected as the best beam during measurement period based on measurement M2. But as it can be seen from the figure, the M2 measurement result is not relevant by the end of measurement period.
We see several ways to avoid this issue:
1) Reduction of the number of UE RX beams. This allows to reduce the measurement period by reducing RX beam sweeping scaling factor N.
2) Reduction of the number of TX beams. This will lead to beam dwelling time increase, and to less probability of irrelevant beam selection. 
3) Avoiding DRX mode in FR2 HST.


· Number of UE RX beams

In Figure 2 we demonstrate the comparison of link budget for different number of RX beams. 
For Scenario A we can see that a single fixed RX beam per panel is enough for sufficient link budget. This can allow us to reduce scaling factor N to 2 (one fixed beam at each of two panels).
For Scenario B it is difficult to find the RX beam which will be optimal at the part of the track. More than 1 beam per panel is required. However, 8 beams might still be excessive.
	Scenario A [image: ]
	Scenario B [image: ]

	Figure 2. Impact of the number of RX beams on the link budget.



Proposal 1: RAN4 to consider reduction of scaling factor N for FR2 HST scenario.
Observation 1: Different link budget behavior is observed for different FR2 HST scenarios.
Proposal 2: RAN4 to define deployment (scenario) dependent RRM requirements for FR2 HST.

· DRX mode in FR2 HST
The FR2 HST scenario consider vehicle-roof mounted customer-premises equipment (CPE) as the user equipment. It’s essential to assume that such device is connected to the power supply and doesn’t require power saving. Moreover, such device is considered to be active most of the time to provide on-board broadband connections to user terminals and/or for other train-specific demands as access link. 
Proposal 3: RAN4 to define requirements for FR2 HST only for no DRX configuration
3	Conclusion
In this contribution, we discussed the RRM requirements for HST in FR2. After discussion, the following conclusions are provided:
Proposal 1: RAN4 to consider reduction of scaling factor N for FR2 HST scenario.
Observation 1: Different link budget behavior is observed for different FR2 HST scenarios.
Proposal 2: RAN4 to define deployment (scenario) dependent RRM requirements for FR2 HST.
Proposal 3: RAN4 to define requirements for FR2 HST only for no DRX configuration
4	References
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Table 9.5.4.1-2: Measurement period Ti1.RsrP_Measurement_Period_sss for FR2

Configuration TL1-RSRP_Measurement_Period_ssB (MS)
non-DRX max(Trepor, Ceil(M*P*N) Tsss)
DRX cycle < 320ms max(Trepor, Ceil(1.5"M*P*N) max(Torx, Tsss))
DRX cycle > 320ms ceil(1.5"M*P*N)*Torx

Note: Tsss = ssb-periodicityServingCell is the periodicity of the SSB-Index
configured for L1-RSRP measurement. Torx is the DRX cycle length.
Treport is configured periodicity for reporting.
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