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Introduction
During the RAN4#98bis-e meeting, a way forward on NR RRM for FR2 HST [1] was approved, capturing some agreements and remaining open issues. In this contribution, we address the open issues and provide our views. 

Discussion
RRM core requirements
A summary of the status of each RRM core requirement based on the outcome of the RAN498bis-e meeting is outlined in the way forward [1], which is shown in Table 1.
Table 1: Applicability of Rel-15/15 RRM core requirements [1]    
	RRM Req. Category
	Sub-Category
	Whether or not applicable to FR2 HST

	Idle/inactive state mobility
	Cell selection/re-selection, measurement
	FFS

	Connected state mobility
	Handover
	FFS 

	
	Connection Mobility Control - 
RRC re-establishment
	FFS

	
	Connection Mobility Control - 
Random Access
	No impact identified

	
	Connection Mobility Control - RRC Release with Redirection
	FFS

	Timing
	Autonomous timing adjustment
	FFS 

	
	TX timing, timer, TA, Cell Phase Sync accuracy, deriveSSB-IndexFromCell tolerance
	FFS

	
	MRTD/MTTD
	No impact identified 

	Signalling
	RLM
	FFS

	
	Interruption
	No impact identified 

	
	SCell Activation and Deactivation Delay
	Not applicable to FR2 HST

	
	UE UL carrier RRC reconfiguration delay
	Not applicable to FR2 HST

	
	Link Recovery
	FFS

	
	Active BWP switch delay
	No impact identified 

	
	Active TCI state switching delay
	FFS

	
	PSCell Change
	Not applicable to FR2 HST

	
	Uplink spatial relation switch delay
	FFS

	
	UE-specific CBW change
	No impact identified 

	
	Pathloss reference signal switching delay
	No impact identified 

	Measurement Procedure
	General measurement requirement
	No impact identified

	
	NR intra-frequency measurements
	FFS

	
	NR inter-frequency measurements
	Not applicable to FR2 HST

	
	Inter-RAT measurement 
	Not applicable to FR2 HST

	
	L1-RSRP/L1-SINR Measurement
	FFS

	
	CSI-RS based L3 measurements
	Deprioritized

	
	NR measurements with autonomous gaps
	Not applicable to FR2 HST




Measurement procedures
SA intra-frequency measurement enhancements in connected mode
From [1], it can be concluded that intra-frequency measurements in connected mode should be enhanced. Here, we outline a methodology for the enhancement.  
	· Cell identification - PSS/SSS detection
· Option1: The Cell identification - PSS/SSS detection requirements shall be enhanced
· Option 1a:
· For FR2 HST, Mmeas_period_w/o_gaps  = [6] for the time period for PSS/SSS detection
· For FR2 HST, requirements for Time period for PSS/SSS detection for FR2 HST are enhanced according to Table 2 (Table 2: Time period for PSS/SSS detection for FR2 HST).

· FFS: the enhancements to be introduced
[image: ]
· Cell identification - Intra-frequency measurements:
· Option 1: The intra-frequency measurement requirement shall be enhanced
· Option 1a:
· For FR2 HST, Mmeas_period_w/o_gaps  = [6] for the measurement period for intra-frequency measurement requirements.
· For FR2 HST, the requirements for Measurement period for intra-frequency
measurements without gaps are enhanced according to Table 3 (Measurement period for intra-frequency measurements without gaps for FR2 HST).
[image: ]
· Other options are not precluded
· FFS: the enhancements to be introduced




Referring to Scenarios A and B in [5], the inter-RRH distance (i.e., 700 m) is similar to FR1 HST deployment scenarios. This means, the cell ISD (inter-site distance) for FR2 HST is the same as for FR1 HST.
Cell ISD for Scenarios A and B is similar to FR1 HST.
Hence, the FR1 HST methodology, which is used to enhance the intra-frequency measurement requirements in connected 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.
Comparing the requirement between FR1 and FR2 for the non-HST case, the cell identification time Tidentify_intra_without_index is increased by a factor of approximately 8 and 5 for UE power classes 1 and 2/3/4, respectively. 
As the cell identification time for UE power class 1 is the worst, it is unlikely CPE will be such a UE type. 
UE power class 1 is not suitable to serve as CPE because it has the longest intra-frequency measurement time compared with the other UE power classes.
The increased in the cell identification is mainly due to the parameter Mmeas_period_w/o_gaps alone without taking into account the parameter Klayer1_measurement. The effect of Klayer1_measurement on cell identification time is small compared to Mmeas_period_w/o_gaps. Consequently, the focus should be on reducing Mmeas_period_w/o_gaps to support FR2 HST scenarios.   
From TS 38.133, Mmeas_period_w/o_gaps for different UE power classes is defined as follows:
Mmeas_period_w/o_gaps  = 24 for UE supporting power classes 2, 3 and 4.
The parameter Mmeas_period_w/o_gaps is proportional to the number of measurement samples and of receiver sweeping beams. In this contribution, we propose to retain the same number of measurement samples as for the non-HST requirement for FR2, while reducing the number of receiver sweeping beams. In FR1 HST, the corresponding parameter (or scaling factor) is upper bounded by 5. To achieve the same order of magnitude as FR1 HST, we recommend Mmeas_period_w/o_gaps  = 6 for FR2 HST, resulting in 2 receiver sweeping beams.
For FR2 HST, Mpss/sss_sync_w/o_gaps = Mmeas_period_w/o_gaps  = [6] for the time period for PSS/SSS detection and the measurement period for intrafrequency measurement requirements, respectively.
Applying the proposed scaling factor for Mmeas_period_w/o_gaps and M2 of FR1 HST, the time period for PSS/SSS detection and the measurement period requirements are provided in Tables 2 and 3.
Table 2: Time period for PSS/SSS detection for FR2 HST
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, ceil([6]  x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(M2 Note 2 x [6]  x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil([6]  x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When RRM enhancement for high speed is not configured, M2 = 1.5; When RRM enhancement for high speed is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1.




Table 3: Measurement period for intra-frequency measurements without gaps for FR2 HST
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil([6] x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(M2 Note 2 x [6] x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil([6] xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When RRM enhancement for high speed is not configured, M2 = 1.5; When RRM enhancement for high speed is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1.



For FR2 HST, the intra-freqeuency measurement enhancements proposed in Tables 2 and 3 can be used as a baseline.

L1-RSRP measurement enhancements
From [1], it can be concluded that L1-RSRP measurements should be enhanced. 
	· L1 measurements:
· The L1 measurements shall be enhanced
· FFS: the enhancements to be introduced



For the non-HST case, the L1-RSRP requirements for FR1 differ from FR2 by the scaling factor N = 8. 
Based on the conclusion for the above intra-frequency measurements where the number of receiver sweeping beams is 2, we recommend N = [2]. Similarly, the same methodology for FR1 HST can be applied to enhance L1-RSRP measurements for FR2, which are provided in Tables 4 and 5.  
Table 4: 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(K *M*P*N)*max(TDRX,TSSB))

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

	Note 1:	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.
Note 2:	K = 1 when TSSB ≤ 40 ms and FFS are configured; otherwise K = 1.5.
Note 3:	N = [2] when RRM enhancement for high speed is configured.




Table 5: Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR2
	[bookmark: _Hlk71648977]Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

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

	DRX cycle ≤ 320ms
	max(TReport, ceil(K *M*P*N)*max(TDRX,TCSI-RS))

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

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.
Note 3:	K = 1 when TCSI-RS ≤ 40 ms and FFS are configured; otherwise K = 1.5.
Note 4:	N = [2] when RRM enhancement for high speed is configured.




For FR2 HST, the L1-RSRP measurement enhancements proposed in Tables 4 and 5 can be used as a baseline.

SA Cell reselection (in idle mode) measurement enhancements
From [1], the open question is on how IDLE/INACTIVE state can be used in HST FR2 deployment. In this section, we present our views the open question. 
	· IDLE/INACTIVE mode requirements:
· The companies are encouraged to provide their views on the following options and share their proposals on possible enhancements:
· Option 1: Reuse existing Rel-16 requirements
· Option 2: Study and define enhancements to support FR2 HST condition
· Option 2a: For FR2 HST, the cell reselection requirements are enhanced according to Table (Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for FR2 HST), where N1 ≤ 4:
[image: ]
· FFS: the way how IDLE/INACTIVE state can be used in HST FR2 deployment




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.
Following the same argument as in subsection 2.1.1, the NR FR1 HST methodology can be used as a baseline to enhance the cell re-selection requirement for FR2 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.
For cell re-selection with speed up to 350 km/h, it is feasible to apply the same scaling factor for NR FR1 HST to FR2.
Based on Observation 7, N1 is upper bounded by 4, where the network is not expected to configure DRX cycle larger than 0.32 s.
[bookmark: _Hlk68185186]For FR2 HST, the cell reselection requirements are enhanced according to Table 1, where N1 ≤ 4; further discussions are needed to determine an appropriate value of N1.

Signalling
RLM
From [1],
	FFS: The applicability and possible impact of requirements on HST FR2



For HST in FR1, the RLM requirements were not enhanced, meaning that non-HST RLM requirements apply.
For HST in FR1, non-HST RLM requirements apply.
For FR2, the evaluation period for non-HST RLM differs for example by the scaling factor N, which equals to 8. There are also differences in the factor P, which depends on the RLM RS resource overlap with measurement gaps. RAN4 should discuss, whether the scaling factor N=8 is suitable for HST as well or would there be a need to change the value. The value for factor P depends on the use of measurement gaps, which again depends on whether inter-frequency and inter-RAT measurements are included in the WI.
RAN4 to discuss the RLM evaluation period for Qout and Qin especially regarding the scaling factor N=8 and the factor P for HST in FR2.
Based on our initial simulation results that we showed in the last RAN4 meeting in [3], we have not observed any significant problems with the radio link failure rates, when inter-cell interference and measurement relaxation is not included in the study. However, RAN4 would also need to study other effects from RLM before making final conclusion.
Active TCI state switching delay
From [1],
	· Option 1: Consider only known TCI state.
· Option 2: Known or unknown TCI state switching is applied in FR2 HST depends on the deployment. 
· If the overlapping area between serving beam and target beam is appropriate, the L1-RSRP measurement can be reported in time. The existing TCI switching delay can be reused in FR2 HST. 
· If UE is not able to report L1-RSRP of the approaching beam before network indicates a TCI state switching, L1-RSRP measurement procedure will be additional added. The performance shall be carefully studied
· Other options are not precluded



No changes were made on active TCI state switching delay and uplink spatial relation switching delay requirements for the Rel-16 FR1 HST work item. However, a direct conclusion cannot be drawn based on this for FR2. For HST in FR2, applicability of these requirements needs careful analysis e.g. with system level simulations.
Link recovery procedures
From [1],
	· FFS: The applicability and possible impact of requirements on HST FR2
· FFS: whether CBD procedure before BFD is needed



For FR1 link recovery procedures - beam failure detection and candidate beam detection – the requirements for non-HST NR apply also for HST in FR1. However, conditions and requirements while operating in FR2 are significantly different than in FR1.
Similar to RLM, the requirements for FR1 and FR2 differ with the scaling factor N=8 and the factor P. Additionally, the UE is now moving at a significantly higher velocity than assumed for baseline FR2. RAN4 need to consider these factors when evaluating the UE link recovery requirements for HST in FR2.
RAN4 to analyse and evaluate beam failure and candidate beam detection evaluation period for Qout especially regarding the scaling factor N=8 and the factor P for FR2 HST scenario

Flags
HST FR2 network deployment flag
From [1], the following is agreed:   
	· HST FR2 network deployment flag:
· Option 1: Add flag to enable the UE to differentiate between the HST and non-HST scenarios
· Option 2: HST FR2 CPE is a special dedicated device, flag is not needed
· The companies are encouraged to disclose their views on these options and
· FFS: what special requirements or special behavior needs to be indicated to the CPE.




The flag is used to indicate to the CPE whether network cells support HST operation in FR2. A similar flag was defined for FR1 HST. The definition of the flag can be found in TS 38.331 section 6.3.2. Below is a copy paste of the definition of the flag for convenience:
	–	HighSpeedConfig
The IE HighSpeedConfig is used to configure parameters for high speed scenarios.
HighSpeedConfig information element
-- ASN1START
-- TAG-HIGHSPEEDCONFIG-START

HighSpeedConfig-r16 ::=  SEQUENCE {
    highSpeedMeasFlag-r16    ENUMERATED {true}        OPTIONAL,   -- Need R
    highSpeedDemodFlag-r16   ENUMERATED {true}        OPTIONAL,   -- Need R
    ...
}

-- TAG-HIGHSPEEDCONFIG-STOP
-- ASN1STOP

	HighSpeedConfig field descriptions

	highSpeedMeasFlag-r16
If the field is present, the UE shall apply the enhanced RRM requirements to support high speed up to 500 km/h as specified in TS 38.133 [14].

	highSpeedDemodFlag-r16
If the field is present, the UE shall apply the enhanced demodulation processing for HST-SFN joint transmission scheme with velocity up to 500km/h as specified in TS 38.101-4 [59].







The FR1 HST flag is defined for a high speed up to 500 km/h, while the work item for FR2 HST is required to support user speed up to 350 km/h only. Thus, the existing flag cannot be reused for HST in FR2 directly. Either an update or a completely new flag would be needed. It is up to RAN2 to decide how to implement the flag for HST in FR2, but RAN4 should send an LS to RAN2 to inform about the need of such flag. 
Network deployment flag to configure parameters for Rel-16 FR1 HST was added in TS 38.331 to indicate the UE that it shall apply the enhanced RRM requirements to support high speed up to 500 km/h. 
The existing highSpeedMeasFlag-r16 cannot be directly reused for FR2 HST, because FR2 HST is only required to support UE speed up to 350 km/h.
For FR2 network deployment flag, Option 1: add flag to differentiate between the HST and non-HST scenarios
Based on the RAN4 agreements, RAN4 to send an LS to RAN2 to inform about the need of new flag(s) for FR2 HST.

HST FR2 uni-/bi-directional mode flag
From [1], 
	· HST FR2 uni-/bi-directional mode flag:
· Continue the discussion after the deployments are fixed between the following options:
· Option 1: Network informs UE whether it operates in bi-directional mode in high-speed in FR2 by corresponding flag.
· Option 2: Such a flag is not needed.



In our view, RRM requirements for HST in FR2 should be general and not dependent on whether the network is operating in unidirectional or bidirectional mode. Additionally, it seems unclear what would happen if a CPE only supporting unidirectional deployment enters an area where the deployment would require bidirectional deployment? Thus, we do not see a need for a flag that would inform the UE whether the network is operating in unidirectional or bidirectional mode. Instead, a UE supporting FR2 HST would need to support both options.
For FR2 HST uni-/bidirectional, Option 2: Such a flag is not needed.
UE indication to the network about the support of HST FR2
From [1], 
	· UE support for HST FR2:
· Continue the discussion after the presence of other non-HST UEs in the network is clarified between the following options:
· Option 1: The UE should inform network that it supports HST FR2 (UE capability is needed)
· Option 2: Only roof-mounted CPE is considered that should always have a capability to work in HST FR2 scenario



The discussion about the need for the UE to indicate the network about the support of HST in FR2 mode depends on whether an HST FR2 network is expected to serve only HST FR2 CPEs or also other types of UEs. This is not clear from the WI, which is why we have proposed to discuss this in our papers [3] and [4] related to deployment scenarios. Even if multiple types of UEs would be supported by an HST FR2 network, it would still need to be clarified what would be the benefit of such UE capability field.
It is not clear from the WI whether an HST FR2 network should be capable to serve only HST FR2 CPEs or also other types of UEs.

The benefit of introducing a UE capability field indicating about the support of FR2 HST needs to be clarified by RAN4.

UE capability field on the support of bidirectional operation
From [1],
	· UE support for bi-directional operation:
· Continue the discussion after the deployments are fixed
· FFS: does CPE support bi-directional mode mandatorily based on the deployment agreements.


In our view a HST FR2 capable UE should support both unidirectional and bidirectional mode. We do not think that different UE types should be introduced. So the support of uni/bidirectional mode should not be a UE capability. Hence, we do not see a need to introduce a UE capability field to indicate about the support of unidirectional or bidirectional mode.
UE supporting HST FR2 mode shall support both unidirectional and bidirectional deployments.
No need for the UE to indicate the support of bidirectional deployment modes to the network. 

Conclusion
The document has discussed possible RRM enhancements for FR2 HST, which include the following observations and proposals:
1.  Cell ISD for Scenarios A and B is similar to FR1 HST.
UE power class 1 is not suitable to serve as CPE because it has the longest intra-frequency measurement time compared with the other UE power classes.
1. For FR2 HST, Mpss/sss_sync_w/o_gaps = Mmeas_period_w/o_gaps  = [6] for the time period for PSS/SSS detection and the measurement period for intrafrequency measurement requirements, respectively.
For FR2 HST, the intra-freqeuency measurement enhancements proposed in the tables below can be used as a baseline.
Time period for PSS/SSS detection for FR2 HST
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, ceil([6]  x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(M2 Note 2 x [6]  x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil([6]  x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When RRM enhancement for high speed is not configured, M2 = 1.5; When RRM enhancement for high speed is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1.




Measurement period for intra-frequency measurements without gaps for FR2 HST
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil([6] x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(M2 Note 2 x [6] x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil([6] xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When RRM enhancement for high speed is not configured, M2 = 1.5; When RRM enhancement for high speed is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1.



For FR2 HST, the L1-RSRP measurement enhancements proposed in the tables below can be used as a baseline.
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(K *M*P*N)*max(TDRX,TSSB))

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

	Note 1:	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.
Note 2:	K = 1 when TSSB ≤ 40 ms and FFS are configured; otherwise K = 1.5.
Note 3:	N = [2] when RRM enhancement for high speed is configured.







Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR2
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

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

	DRX cycle ≤ 320ms
	max(TReport, ceil(K *M*P*N)*max(TDRX,TCSI-RS))

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

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.
Note 3:	K = 1 when TCSI-RS ≤ 40 ms and FFS are configured; otherwise K = 1.5.
Note 4:	N = [2] when RRM enhancement for high speed is configured.




For cell re-selection with speed up to 350 km/h, it is feasible to apply the same scaling factor for NR FR1 HST to FR2.
Based on Observation 7, N1 is upper bounded by 4, where the network is not expected to configure DRX cycle larger than 0.32 s.
For FR2 HST, the cell reselection requirements are enhanced according to the table below, where N1 ≤ 4; further discussions are needed to determine an appropriate value of N1.
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



For HST in FR1, non-HST RLM requirements apply.
RAN4 to discuss the RLM evaluation period for Qout and Qin especially regarding the scaling factor N=8 and the factor P for HST in FR2.
RAN4 to analyse and evaluate beam failure and candidate beam detection evaluation period for Qout especially regarding the scaling factor N=8 and the factor P for FR2 HST scenario
Network deployment flag to configure parameters for Rel-16 FR1 HST was added in TS 38.331 to indicate the UE that it shall apply the enhanced RRM requirements to support high speed up to 500 km/h. 
The existing highSpeedMeasFlag-r16 cannot be directly reused for FR2 HST, because FR2 HST is only required to support UE speed up to 350 km/h.
For FR2 network deployment flag, Option 1: add flag to differentiate between the HST and non-HST scenarios
Based on the RAN4 agreements, RAN4 to send an LS to RAN2 to inform about the need of new flag(s) for FR2 HST.
For FR2 HST uni-/bidirectional mode flag, Option 2: Such a flag is not needed.
It is not clear from the WI whether an HST FR2 network should be capable to serve only HST FR2 CPEs or also other types of UEs.
The benefit of introducing a UE capability field indicating about the support of FR2 HST needs to be clarified by RAN4.
UE supporting HST FR2 mode shall support both unidirectional and bidirectional deployments.
No need for the UE to indicate the support of bidirectional operation to the network. 
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