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Introduction
According to WF [1], RRM requirements are categorized based on applicability of Rel-15/16 requirements to Rel-17 HST FR2.
		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, MRTD/MTTD, deriveSSB-IndexFromCell tolerance
	FFS

	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
	FFS

	
	Inter-RAT measurement 
	FFS

	
	L1-RSRP/L1-SINR Measurement
	FFS

	
	CSI-RS based L3 measurements
	FFS

	
	NR measurements with autonomous gaps
	Not applicable to FR2 HST






In this contribution, we focus on issues how RX beam sweep number impacts main RRM specifications in mobility, RLM/BFD and L1-RSRP measurements. 
Meanwhile, our views on DRX, inter-frequency and inter-RAT are discussed also.

RRM requirements
Cell reselection requirements in idle mode and inactive mode
According to the approved WF, the following related to the HST FR2 network deployment flags was agreed [1]:
	· FFS: if reducing the number of RX beams used in IDLE and/or CONNECTE mode is needed



HST FR1 enhancement in Rel-16 requirements in TR 38.133 [2] are duplicated as below.
Table 4.2.2.3-2: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra 
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

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

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.
Note 2:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.



Table 4.2.2.3-2: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for UE configured with RRM enhancements for high speed (Frequency range FR1)
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	[bookmark: _Hlk67390185]Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

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

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

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

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

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



For our understanding, Tmeasure,NR_Intra and Tevaluate,NR_Intra have been stringent and no room for further enhancement with current 1 DRX and 3 DRX definitions.  
If HST FR2 follows similar enhancement of HST FR1, we can get:
· Assuming DRX=80ms and SMTC < = 40 ms for a detected cell, the shortest time for cell re-selection will be:8 x 4 x 0.08=2.56s.
· Assuming DRX=40ms and SMTC < = 40 ms for a detected cell, the shortest time for cell re-selection will be:8 x 4 x 0.04=1.28s.
Considering Ds=700m with speed=350 km/h(97m/s), cell re-selection is completed in 249m and 125m when DRX=80ms and DRX=40ms.
If moving distance during cell re-selection is too long compared with Ds, e.g. UE has entered next cell a while, but it still camps on last cell even considering simple uni-directional scenario. 
Further enhancement point is Scaling Factor (N1). In current R16 spec., N1=8,5,4,3 for 0.32,0.64,1.28 and 2.56s DRX cycle length respectively, the reason is to consider compromising of FR2 beam sweep and power saving.  Essentially, if assuming 2 measurement occurrences during one DRX period, it implies UE can reduce N1 to 4 with SMTC=40ms and DRX=80ms with some power saving degradation.  
In addition, HST FR2 UE is specific roof-mounted device, beam sweep number can be limited.  Refer to analysis in 1.2.8, beam number can be reduced to 4 in bi-directional deployment and 1 in uni-directional deployment without severe impact to SNR with proper deployments.
· With beam number=4, Assuming DRX=40ms and SMTC < = 40 ms for a detected cell, the shortest time for cell re-selection will be:4 x 4 x 0.04=0.64s. Cell re-selection happens in 62m.
· With beam number=1, Assuming DRX=40ms and SMTC < = 40 ms for a detected cell, the shortest time for cell re-selection will be:1 x 4 x 0.04=0.16s. Cell re-selection happens in 15m.
[bookmark: _Hlk67402199]Proposal 1: Existing Rel-16 requirements can be kept essentially. Enhancement considering N1 limitation depends on deployment decision to facilitate DRX validity. 

DRX in RRC connected mode
According to the approved WF the following was agreed for DRX in RRC connected state [1]:
	RRC CONNECTED mode requirements for DRX:
–	Option 1: Do not define enhanced requirements for the case DRX is configured
	Option 1A: Legacy NR R16 requirements (non-HST) will apply for the case DRX is configured
	Option 1B: No RRM requirements will be defined for the case DRX is configured
–	Option 2: Define requirements for the short DRX configurations (e.g. up to 80ms).



Some companies indicated preference for option 1 arguing that the train roof mounted UE does not have power consumption limitation. However, the DRX configuration is up to network implementation. By defining requirements to apply only in DRX implies putting unnecessary restriction on the network implementation. Therefore, the requirements should apply for all DRX cycles and for non-DRX. 
A better approach is to define the same requirements for the roof mounted UE in FR2 regardless of whether DRX is used or not or the DRX cycle (if used). The same requirements can be derived for non-DRX cases. This approach is used also for positioning measurements e.g. section 9.9.1, TS 38.133 [2]:
9.9 NR measurements for positioning 
9.9.1	Introduction
This clause contains requirements for UE capable of performing NR positioning measurements defined in TS 38.215 [4], including RSTD, PRS-RSRP, UE Rx-Tx time difference, and NR E-CID measurements.
For RSTD, PRS-RSRP and UE Rx-Tx time difference measurements, the requirements in clauses 9.9.2, 9.9.3 and 9.9.4 apply provided:
UE is configured with measurement gaps
No active BWP switching occurs during the measurement gaps for PRS measurement, and
All measurement requirements specified in clause 9.9.2, 9.9.3 and 9.9.4 shall apply without DRX as well as for any DRX configuration specified in TS 38.331 [2].
Proposal 2: In RRC connected state the same requirements shall apply for non-DRX and for any DRX cycle configuration applicable in RRC connected state.
Proposal 3: In proposal 2, the requirements can be derived in non-DRX.

Inter-frequency measurements
According to the approved WF the following was agreed for inter-frequency measurements [1]:
	–	Requirements on Inter-frequency measurements:
–	Option 1: Inter-frequency measurements are required for NR single carrier scenario in FR2.
–	Option 2: Other options are not precluded
–	Further input from operators is requested



The inter-frequency measurements in our view are needed by the network for performing handover to a target cell on another FR2 carrier where the UE can be served with HST operation. This in turn will ensure continuity of the ongoing single carrier HST operation in FR2 after the handover. The handover might be needed for inter-frequency load balancing or due to UE losing the coverage of the serving carrier. Therefore, the inter-frequency measurement requirements should be defined to enable handover to target cell. We therefore support option 1. 

Proposal 4: Inter-frequency measurements are required for NR single carrier scenario in FR2.
Proposal 5: Define inter-frequency measurement requirements for HST in FR2.

Inter-RAT measurements
According to the approved WF the following was agreed for inter-RAT measurements [1]:
	–	Inter-RAT measurements:
–	Option 1: Inter-RAT measurements are required for NR SA single carrier scenario in FR2
–	Option 2: Other options are not precluded
–	Futher input from operators is requested



The inter-RAT measurements (e.g. LTE measurements can be used for inter-RAT handover or for setting up EN-DC or NE-DC operation). But according to the objectives of the WI, the requirements are to be defined to support HST operation on NR SA single carrier in FR2. Therefore, EN-DC or NE-DC is not supported in this WI. Handover from NR SA in FR2 to another RAT imply that the UE cannot continue the ongoing HST operation in FR2. We therefore do not see any need to define inter-RAT measurement requirements for HST operation in FR2. 
Proposal 6: Inter-RAT measurements are not required for NR single carrier scenario in FR2.
Proposal 7: Do not define inter-RAT measurement requirements for HST in FR2. 

UE autonomous timing adjustment
According to the approved WF the following was agreed for UE autonomous timing adjustment step proposed in [3]:
	–	UE autonomous timing adjustment step:
–	Option 1: Autonomous timing adjustment step Tq for FR2 in high speed scenario is 4.5Ts.
–	Option2: Other options are not precluded



Currently the maximum autonomous timing adjustment step size (Tq) in FR2 is 2.5*64*Tc (2.5 Ts). We agree with the analysis provided in [3] that 2.5 Ts is too small for HST operation at 350 km/hour. It is therefore reasonable to extend the Tq to 4.5 Ts. We therefore support option 1. The UE may not always be operating at 300-350 km/hour. For example, the UE may pass from areas where speed is much lower (e.g. at junctions, city center etc.) where the UE can apply Tq corresponding to the existing 2.5 Ts. Therefore, the UE should be signaled a flag indicating it is operating in HST scenario.
Proposal 8: The maximum autonomous timing adjustment step size (Tq) is extended to 4.5 Ts to support HST operation in FR2.
Proposal 9: The UE shall apply Tq=4.5 Ts when signaled with flag indicating HST operation in FR2; otherwise existing Tq (Tq=2.5 Ts) shall apply.

[bookmark: _Ref67984540]RX beam sweep and impact to RRM
According to the approved WF the following related to the HST FR2 network deployment flags was agreed [1]:
	–	FFS: if reducing the number of RX beams used in IDLE and/or CONNECTE mode is needed



Firstly, we analysis the allowed minimal RX beam sweep number in different deployments. Subsequently, relative RRM requirements are checked based on reduced RX beam sweep number.
· RX beam sweep number 
Beam sweep number need to be checked based on current deployment discussion with variants: 
· Uni-directional and bi-directional senarios
· beam index number
· Ds and Dmin
Below are two typical deployments are analyzed in [4] and [5], here key conclusions are listed in below also:
· For uni-directional scenario, assuming Ds=700m and Dmin=10m, one SSB beam with fixed single RX beam can cover entire range with enough high SNR. 1 RX beam along with rail-track direction can cover entire coverage range.
· For bi-directional scenario, assuming Ds=700m and Dmin=150m. We expect RX beams is kept with minimal number which can maintain enough SNR with SSB beams.
· More accurate calculation relies on clearer deployment assumption and system level simulation. Here is a demonstration that how RX beam sweep number can be restricted from point of view on SNR. Below figures demonstrate achievable SNR with different RX beam sweep (in each figure): 0, 20, 40, 60 steering azimuths to direction of rail track with different 3 SSB index directions (44 antenna UE, 88 antenna RRH). 2 sweep beams can keep enough SNR within 0 to 350m and 350m to 700m with accepted SNR. Considering RRHs could be at both or single sides or rail track arbitrarily or due to some reasons, total 4 beams is feasible to cover two sides of rail track and frontward/backward directions. Also, according to [4] and [5], it’s not most optimal deployment, beam number could be checked again after further deployment agreement.






Proposal 10: RX beam sweep number can be limited to relatively small numbers: [4] in bi-directional (Ds=700m and Dmin=150m) deployment scenario and [1] in uni-directional (Ds=700m and Dmin=10m) deployment scenario to enhance RRM requirements. 

· Intra-frequency cell identification
Taking an example here, assuming SMTC =40ms, the time of identification is calculated from [2]:
Tidentify_intra_without_index = (TPSS/SSS_sync_intra + T SSB_measurement_period_intra) 
· Table 9.2.5.1-2: Time period for PSS/SSS detection, (Frequency range FR2)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5 x Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(Mpss/sss_sync_w/o_gaps  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



Table 9.2.5.2-2: Measurement period for intra-frequency measurements without gaps(FR2)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil(Mmeas_period_w/o_gaps 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



Where,
· For a UE supporting power class 1, Mpss/sss_sync_w/o_gaps  and Mmeas_period_w/o_gaps =40.
· For a UE supporting FR2 power class 2, 3 or 4, Mpss/sss_sync_w/o_gaps  and Mmeas_period_w/o_gaps =24.
It results in shortest Tidentify_intra_without_index =224 40=1920ms. It isn’t feasible surely for Ds=700m with speed assumption: 350km/h (97m/s). In this period, UE has moved 186m.
For further enhancement, Mpss/sss_sync_w/o_gaps  and Mmeas_period_w/o_gaps are suggested to be shorten. Their definitions imply that beam sweep number is assumed be 8.  For power class4 which is assumed t be used in HST FR2 scenario, actually 3 measurement samples are used for PSS/SSS detection and measurement.
We adopt beam sweep number reduction, which is analyzed in above paragraphs, to get improvement as below: 
· Assuming beam sweep number =4 in bi-directional deployment, Mpss/sss_sync_w/o_gaps  and Mmeas_period_w/o_gaps =43=12, TPSS/SSS_sync_, T SSB_measurement_period_intra  =11240=480ms and Tidentify_intra_without_index=960ms in turn, cell identification is completed during 93m distance, which is feasible for Ds=700m and possible beam index configurations.
· Assuming beam sweep number =1 in uni-directional deployment, Mpss/sss_sync_w/o_gaps  and Mmeas_period_w/o_gaps =13=3, TPSS/SSS_sync_intra , T SSB_measurement_period_intra  =1340=120ms and Tidentify_intra_without_index=240ms in turn, cell identification is completed during 23m distance, which is feasible for Ds=700m and possible beam index configurations,
Proposal 11:  Intra-frequency cell identification can be enhanced considering RX beam sweep number reduction. 

· RLM/BFD
RLM/BFD of HST in TR 38.133 [2] are listed in below tables.
Table 8.1.2.2-2: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR2
	[bookmark: _Hlk513850590]Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10  P  N)  TSSB)
	Max(100, Ceil(5  P  N)  TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15  P  N)  Max(TDRX,TSSB))
	Max(100, Ceil(7.5  P  N)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10  P  N)  TDRX
	Ceil(5  P  N)  TDRX

	NOTE:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.



Table 8.5.2.2-2: Evaluation period TEvaluate_BFD_SSB for FR2
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	Max(50, Ceil(5  P  N)  TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(7.5  P  N)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(5  P  N)  TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.



Assuming TSSB =20ms and scaling factor N=8, TEvaluate_in_SSB ,TEvaluate_BFD_SSB= 5820ms =800ms. 
To shorten Evaluation period:
· Assuming beam sweep number =4 in bi-directional deployment, TEvaluate_in_SSB,  TEvaluate_BFD_SSB=400ms.
· Assuming beam sweep number =1 in uni-directional deployment, TEvaluate_in_SSB,TEvaluate_BFD_SSB=100ms.
The dependence to evaluate feasibility of TEvaluate_in_SSB  and  TEvaluate_BFD_SSB is SSB beam numbers which are in discussion currently, here we use below table as simplified reference (No consideration of effect that the beam close to beneath RRH has smaller coverage.). rough evaluation is to ensure time for RLM/DFD needs to be rather small part of the beam dwell time. From this point of view, RLM/BFD with 400ms evaluation period may be feasible when SSB beam index number is up to 4.
	Beam index in bi-directional scenario
	2
	4

	Beam dwell time 
	3.6s
	1.8s



Proposal 12: RLM/BLD can be enhanced considering RX beam sweep number reduction, meanwhile, requirements rely on SSB beam index number and configuration.

· Beam candidate detection
For L1 RSRP measurement, we analyze SSB measurement in below. TL1-RSRP_Measurement_Period_SSB requirement is duplicated:
Table 9.5.4.1-2: 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.



As our understanding, criteria of feasibility of TL1-RSRP_Measurement_Period_SSB is based on below 2 limitations:
· To avoid candidate beam detection to occupy most of beam dwell time, overlapping between two adjacent Tx beams should be large enough to cover SSB measurement report. 
· Overlapping between two adjacent Tx beams need to meet criteria that Ds >> total beam overlapping area in which last failed beam is detected and new beam can be detected.
Assuming TSSB =20ms, SSB measurement period = 20ms8 = 160ms, with M=1, N=8 and P=1. The distance passed when measurement is 16m and total beam overlapping area is 163= 48m for beam index number) =4. 
If N can be limited to 4 and 1, total beam overlapping area is 24m and 6m.
Proposal 13: BCD without enhancement should still OK and can be enhanced considering RX beam sweep number reduction if needed, meanwhile, requirements rely on SSB beam index number and configuration.

Conclustion
Proposal 1: Existing Rel-16 requirements can be kept generally. Enhancement considering N1 limitation depends on deployment decision to facilitate more DRX validity. 
Proposal 2: In RRC connected state the same requirements shall apply for non-DRX and for any DRX cycle configuration applicable in RRC connected state.
Proposal 3: In proposal 2, the requirements can be derived in non-DRX.
Proposal 4: Inter-frequency measurements are required for NR single carrier scenario in FR2.
Proposal 5: Define inter-frequency measurement requirements for HST in FR2.
Proposal 6: Inter-RAT measurements are not required for NR single carrier scenario in FR2.
Proposal 7: Do not define inter-RAT measurement requirements for HST in FR2. 
Proposal 8: The maximum autonomous timing adjustment step size (Tq) is extended to 4.5 Ts to support HST operation in FR2.
Proposal 9: The UE shall apply Tq=4.5 Ts when signaled with flag indicating HST operation in FR2; otherwise existing Tq (Tq=2.5 Ts) shall apply.
Proposal 10: RX beam sweep number can be limited to relatively small numbers: [4] in bi-directional (Ds=700m and Dmin=150m) deployment scenario and [1] in uni-directional (Ds=700m and Dmin=10m) deployment scenario to enhance RRM requirements. 
Proposal 11:  Intra-frequency cell identification can be enhanced considering RX beam sweep number reduction.
Proposal 12: RLM/BLD can be enhanced considering RX beam sweep number reduction, meanwhile, requirements rely on SSB beam index number and configuration.
Proposal 13: BCD without enhancement should still OK and can be enhanced considering RX beam sweep number reduction, meanwhile, requirements rely on SSB beam index number and configuration.
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