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1	Introduction
In RAN #89e meeting a new WI on further performance enhancements for NR in FR2 high speed scenarios was approved [1]. One of the objectives is to study and specify the UE RRM requirements for high speed train scenario with up to 350km/h in Rel-17. This contribution provides general discussion on the RRM part.
2	Discussion
2.1 RRM requirements
HST in FR1 was introduced in Rel-16. To support high mobility the RRM requirements for cell re-selection and cell identification were enhanced. The corresponding RRM requirements should also be enhanced for FR2 HST. Even though the considered velocity for FR2 HST is lower (350kmph vs 500kmph) than in FR2 HST higher frequency of FR2 results in smaller inter-RRH distance. Moreover, the RRM requirements for FR2 consider additional scaling factor for RX beam sweeping which relaxes the requirements and makes them very challenging for high mobility operation. 
Proposal 1: RAN4 to enhance the cell reselection and cell identification requirements to support high speed operation in FR2.  
Another problem is that in HST FR2 a big number of analog beams results in a short beam dwelling time and with existing RRM requirements such procedures as Radio Link Monitoring, Beam Failure Detection, Candidate Beam Detection, Beam Reporting may be challenging.
As an example, let us calculate the SSB-based L1-RSRP measurement period (copied in Table 1) for the case with DRX cycle length equal to 0.32s.
Even considering that the conditions for minimal values of M and P are fulfilled and M=P=1, we have 
TL1-RSRP_Measurement_Period_SSB = 1.5*8*0.32s = 3.84s. As it is shown in our accompanying paper [2], without additional restrictions on beam management, the beam dwelling time in most cases is below this value. That means that UE leaves the area served by the beam earlier than it could send the report related to that beam. 
Table 1: Measurement period TL1-RSRP_Measurement_Period_SSB for FR2
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.



[bookmark: _Hlk61644632]Proposal 2: RAN4 to enhance the requirements for Radio Link Monitoring, Beam Failure Detection, Candidate Beam Detection, Beam Reporting to support high speed operation in FR2.  
2.2 Rx beam sweeping scaling factor
The specificity of high speed train deployments in FR2 is close placement of RRHs to the railway track while the distance between neighbouring RRHs is relatively big. Azimuthal angle α (see Figure 1) is small and it changes in a small range which can be covered by one beam. When α becomes large and the direction to the nearest RRH is no more withing the fixed UE beam, the UE can assume spatial consistency between RRHs and without changing the RX beam will be served by the next RRH. More justification for that conclusion can be found in our accompanying paper [2] where we introduce the link budget analysis for FR2 HST and . The spatial consistency on the UE path is achieved by using same fixed operating beam at all RRHs as it is proposed in [2]. 



Figure 1. Direction to the serving RRH in FR2 HST deployment

In FR2 for requirements for SSB based Radio Link Monitoring, Beam Failure Detection, Candidate Beam Detection, Beam Reporting, relaxation factor in evaluation period to accommodate for Rx beam sweep N is introduced. The scale factor N is 8. As we’ve just discussed, in FR2 HST there is no need in having large number of Rx beams during Rx beam sweeping. One beam might be enough. That means that all the requirements for measurements with Rx beam sweep (Radio Link Monitoring, Beam Failure Detection, Candidate Beam Detection, Beam Reporting etc) can be tightened.
Proposal 3: The UE shall inform network whether it can fulfil the measurements requirements related to high speed in FR2 by corresponding capability field.
Proposal 4: The Rx beam sweep relaxation factor N for SSB based measurements for the UE that supports high speed in FR2 is reduced from 8 to X1, where X1 is equal to 1
[bookmark: _Hlk61578668]One of the main differences of FR2 HST comparing to FR1 HST is that we can not assume omnidirectional antenna at the UE side. UE is equipped with the antenna array which has certain boresight direction. The directions which are far from this boresight direction can be served only with a huge performance degradation. So now, the UE capability to operate in both forward and backward directions should be taken into account, i.e. whether the UE is equipped with two panels or not. Figures 2a and 2b demonstrate the difference between network operating in bidirectional mode and UE supporting bidirectional. If the UE supports bidirectional operation (e.g. has two panels in opposite directions) the azimuthal zone for measurements is twice wider and two times more Rx beams are required to cover such area.
[bookmark: _Hlk61571039]Proposal 5: The UE shall inform network whether it can support bidirectional operation in high speed in FR2 by corresponding capability field.
	


Figure 2a. Network operating in bidirectional mode


	

Figure 2b. UE supporting bidirectional operation




Proposal 6: The Rx beam sweep relaxation factor N for the UE that supports bidirectional operation in high speed in FR2 is reduced from 8 to X2, where X2 = 2*X1 (X2 = 2).
If the network informs UE with two panels that bidirectional deployment is applied, there is no need for UE to perform Rx in both directions. The UE can turn off one panel (no matter which one) and reduce the number of Rx beams twice.
Proposal 7: Network informs UE whether it operates in bidirectional mode in high speed in FR2 by corresponding flag.
Proposal 8: If network informs UE that it operates in bidirectional mode in high speed in FR2 the Rx beam sweep relaxation factor N for the UE is reduced from 8 to X1, where X1 is equal to 1
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 enhance the cell reselection and cell identification requirements to support high speed operation in FR2.  
Proposal 2: RAN4 to enhance the requirements for Radio Link Monitoring, Beam Failure Detection, Candidate Beam Detection, Beam Reporting to support high speed operation in FR2.  
Proposal 3: The UE shall inform network whether it can fulfil the measurements requirements related to high speed in FR2 by corresponding capability field.
Proposal 4: The Rx beam sweep relaxation factor N for SSB based measurements for the UE that supports high speed in FR2 is reduced from 8 to X1, where X1 is equal to 1
Proposal 5: The UE shall inform network whether it can support bidirectional operation in high speed in FR2 by corresponding capability field.
Proposal 6: The Rx beam sweep relaxation factor N for the UE that supports bidirectional operation in high speed in FR2 is reduced from 8 to X2, where X2 = 2*X1 (X2 = 2).
Proposal 7: Network informs UE whether it operates in bidirectional mode in high speed in FR2 by corresponding flag.
Proposal 8: If network informs UE that it operates in bidirectional mode in high speed in FR2 the Rx beam sweep relaxation factor N for the UE is reduced from 8 to X1, where X1 is equal to 1
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