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Introduction
During the RAN4#99-e meeting, a way forward on FR2 HST RRM requirements [1] was approved, capturing some agreements and remaining open issues. In this contribution, we address the open issues dealing with RRM intra-frequency measurement requirements in idle and connected mode. 

Discussion
SA intra-frequency measurement enhancements in connected mode
From [1], the open issues are:  
	Requirements for long DRX configurations in CONNECTED state
· Option 1: Apply existing R16 requirements
· Option 2: Apply requirements for short DRX configurations
· Option 3: 
· [bookmark: _Hlk79163753]FFS the upper bound of DRX cycle which is determined based on the maximum target CPE speed. 
· Enhancements are defined for small DRX cycle ≤  the upper bound; for DRX cycle > the upper bound, existing Rel-16 FR2 requirements are reused




Referring to our system-level simulation results [2], inter-cell mobility failure rates and time-of-outage differ between unidirectional and bidirectional scenarios as shown in Figures 1 and 2, respectively.
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Figure 1: Unidirectional Scenarios A and B
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Figure 2: Bidirectional Scenario B
In general, the inter-cell mobility is completely failed when DRX ≥ 256 ms for unidirectional Scenarios A and B, and bidirectional Scenario B. For DRX < 256 ms, however, the inter-cell mobility and time-of-outage differ between unidirectional and bidirectional scenarios with the bidirectional Scenario B worse than unidirectional Scenarios A and B.  
One key observation from the simulation results is that the inter-cell mobility and time-of-outage are worse when HST is moving in the opposite direction to the beam then when HST travels in the same direction as the beam. This is because HST is passing by the RRH of the serving, which has higher SINR than the adjacent cell as the free-space path loss is higher for the adjacent cell. As such, it is not feasible to apply existing R16 requirements even with short DRX without enhancements. 
For SA intrafrequency measurements, Option 3 - FFS the upper bound of DRX cycle which is determined based on the maximum target CPE speed. Enhancements are defined for small DRX cycle ≤  the upper bound; for DRX cycle > the upper bound, existing Rel-16 FR2 requirements are reused. 

L1-RSRP measurement enhancements
From [1], it can be concluded that L1-RSRP measurements should be enhanced. 
	· L1 measurement enhancements:
· FFS the values of K and N



In general, the same methodology as for FR1 HST can be used to determine K, where K = 1 for TSSB ≤ 40 ms otherwise, K = 1.
[bookmark: _Hlk79164843]For FR2 HST L1-RSRP measurement enhancements, K can adopt the same methodology as FR1 HST.
For FR2 HST L1-RSRP measurement enhancements, N depends on the number of RX beams under discussions. 

SA Cell reselection (in idle mode) measurement enhancements
From [1], it can be concluded that NR intrafrequency cell reselection measurements in idle mode should be enhanced. In this section, we discuss a methodology for enhancements. 
	· Cell reselection requirements in IDLE/INACTIVE mode are enhanced
· FFS enhancement details 
· upper bound of DRX cycle 
· scaling factor N1
· others are not precluded




Let us consider one deployment scenario where multiple CPE devices are uniformly distributed on the roof-top of the HST train. With the current assumption, the CPE is always in the connected mode irrespective of whether there are passengers or not in the carriage served by the CPE. It is unlikely every carriage will be fully loaded with passengers throughout their journeys, in particular, those trains which make intermediate stops for passengers to embark/disembark before reaching their final destination. When the CPE is not serving any users, the CPE can go to the idle mode. As the CPE is travelling at high speed, the existing idle/inactive mode requirements are not suitable, which should be enhanced.
The FR1 HST methodology, which is used to enhance the intra-frequency measurement requirements in idle mode, can be applied as a starting point for enhancing the corresponding requirement in FR2 HST. Note, there is a difference in train speed between FR1 and FR2 HST scenarios. For FR2 HST, the expected maximum speed of trains is 350 km/h while it is 500 km/h for FR1 HST. Applying the scaling factor for NR FR1 HST to FR2 HST, we get Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate, NR_intra as outlined in Table 4.    
Table 4: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for FR2 HST

	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

	0.32
	2.56 x N1 x M2 (8 x N1 x M2)
	0.32 x N1 x M3 (1 x N1 x M3)
	0.96 x N1 x M4 (3 x M4)

	0.64
	5.12 x N1 (8 x N1)
	0.64 x N1 (1 x N1)
	1.92 x N1 (3 x N1)

	1.28
	8.96 x N1 (7 x N1)
	1.28 x N1 (1 x N1)
	3.84 x N1 (3 x N1)

	2.56
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	when SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5, M3 = M4 = 2



In Table 4 when N1 = 1 is assumed, then the cell reselection time is in the same order as FR HST. In the case of N1 > 1, it is not feasible to configure DRX cycle larger than certain values in order to satisfy the cell reselection requirement for train travelling at speed up to 350 km/h. The maximum value of N1 is 4 provided the configured DRX cycle is not larger than 0.32 s. N1 depends on the number of RX beams, which is still under discussions. 
For cell re-selection with speed up to 350 km/h, it is feasible to apply the same methodology for NR FR1 HST to FR2.
[bookmark: _Hlk68185186]For FR2 HST, the cell reselection requirements are enhanced according to Table 1, where the scaling factor N1 is FFS pending the outcome of the number of RX beam discussions. 

Conclusion
The document has discussed possible enhancements on RRM measurement requirements for FR2 HST, which include the following observations and proposals:
1. For SA intrafrequency measurements, Option 3 - FFS the upper bound of DRX cycle which is determined based on the maximum target CPE speed. Enhancements are defined for small DRX cycle ≤  the upper bound; for DRX cycle > the upper bound, existing Rel-16 FR2 requirements are reused. 
1. For FR2 HST L1-RSRP measurement enhancements, K can adopt the same methodology as FR1 HST.
1. For FR2 HST L1-RSRP measurement enhancements, N depends on the number of RX beams under discussions. 
For cell re-selection with speed up to 350 km/h, it is feasible to apply the same methodology for NR FR1 HST to FR2.
For FR2 HST, the cell reselection requirements are enhanced according to Table 1, where the scaling factor N1 is FFS pending the outcome of the number of RX beam discussions. 
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