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1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table:


2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
	NOTE: Agreements and Open issues impacted cross-TSG aspects shall be explicitly highlighted
2.4	RAN4
2.4.1	Agreements
RAN4 #98-bis-e (April 2021, Electronic)
1. General: 
· A summary of the electronic meeting email discussion on FR2 HST deployment scenario analysis and Demodulation requirement was provided in [1].
· A summary of the electronic meeting email discussion on FR2 HST UE RF requirement was provided in [2].
· A summary of the electronic meeting email discussion on FR2 HST RRM requirement was provided in [3].
· TP to TR38.854 on channel modeling for FR2 HST has been approved in [7]. 

2. FR2 HST deployment scenario: 
· The following agreement and conclusion were made on FR2 HST deployment scenario, captured in Chairman Notes and the approved WF [4]: 
· WF1: General assumption 
· RRH and UE Antenna Element Assumption
· For each panel in UE: 
· Option-1: N=4, M=4 with 2 polarization
· Option-2: N=8, M=4 with 2 polarization
· Option-3: N=2, M=4 (or N=4, M=2) with 2 polarization
· For antenna array configuration in RRH: 
· Option-1: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
· Option-2: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
· Option-3: [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]
· Agreement in GTW Session (15th April, Thursday)
· RRH side: 
· Option-2: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
· UE side:
· Option 1: N=4, M=4 with 2 polarizations as starting point, and other options not precluded pending on further discussion 
· RF session can trigger relevant discussion on RF requirements taking above agreements into account.
· UE antenna panel(s) for forward and backward directions
· RAN4 to consider CPE to be equipped with two panels pointed forward and backward along the track. 
· Detailed boresight directions of each panel can be adjusted based on companies’ analysis. 
· Number of CPE devices per train/carriage
· RAN4 requirement can be defined based on the baseline of 1 CPE device per train
· Necessity of JT in Scenario-A/B, for both Uni/Bi-directional RRH
· Option 1: Only DPS transmission mode considered for FR2 HST
· Option 2: Consider both DPS and JT/Full-SFN mode for HST FR2
· The benefits of JT/Full-SFN mode for HST FR2 should be clarified.
· RRH/UE boresight direction of Antenna Panel and beam direction
· RAN4 may not need to specify RRH/UE boresight direction of antenna panel and beam direction for deployment scenario study, but left for companies’ choice:
· RRH/UE boresight direction of antenna panel and beam direction information can be provided by individual company to accompany their deployment scenario analysis result, which can be captured in TR.
· Uni-directional operation: to update Note in previous WF (R4-2103240)
· NOTE: RAN4 focuses on 1 direction 1 train. If this opposite direction is completely symmetric, the 1 direction study can apply directly.
· WF2: Scenario-A, Uni-directional
· Number of Beam for uni-directional RRH deployment, Scenario-A
· For scenario-A, uni-directional, RRH parameter:
· 1 beam per RRH panel 
· For scenario-A, uni-directional, UE parameter:
· Agreement in GTW Session (15th April, Thursday)
· 1 beam per panel; 
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search
· RRH switching point for uni-directional RRH deployment, Scenario-A
· RRH switching point is where the UE switches from the source RRH beam to the target RRH beam based on maximizing SNR among detected beams.
· Ds_offset could be used as a performance requirements channel model parameter describing the relative offset distance of RRH switching point to the nearest RRH site location
· FFS the value of Ds_offset
[image: ]
· Background: Potential Handover issue identified
· UE half cone coverage of antenna arrays on one panel is between 0 to 60 degrees on azimuthal plane, which might lead to coverage hole from RRH beams when UE is passing the RRH. 
· RAN4 to study whether there is any handover issue in uni-directional model. In case a handover issue is confirmed, study how to resolve it.
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· WF3: Scenario-A, Bi-directional
· Background: 
· Candidate schemes for Bi-directional deployment for further analysis: 
· In some companies’ contributions, two schemes are proposed to solve “RRH-site” coverage issue for bi-directional deployment
[image: ]
Scheme-1: Connecting to 2nd-Nearest RRH
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Scheme-2: Connecting to Nearest RRH except Coverage Hole
· For Scenario-A Bi-directional RRH deployment:
· FFS the pros and cons between bi-directional deployment and uni-directional deployment.
· FFS the potential issue of coverage when close to RRH locations. 
· Scheme-2 can be used as starting points for further analysis
· Number of Beam for bi-directional RRH deployment, Scenario-A:
· For scenario-A, bi-directional, RRH parameter: 
· 1 beam per RRH panel, two panels in opposite directions
· FFS one additional beam per RRH site needed to cover neighboring RRH site. 
· For scenario-A, bi-directional, UE parameter:
· 1 beam per UE panel (i.e., 2 beam per UE)
· Beam dwelling time for bi-directional RRH deployment, Scenario-A:
· FFS the beam dwelling time by assuming UE maximum speed of 350kmph.
· WF4: Scenario-B, Uni-directional
· Number of Beam for uni-directional RRH deployment, Scenario-B
· For scenario-B, uni-directional, RRH parameter:
· Option-1: 1 beam per RRH panel 
· Option-2: 2 beam per RRH panel 
· Option-3: 3 beam per RRH panel 
· Option-4: 4 beam per RRH panel 
· Note: uneven separation between beams can be considered
· For scenario-B, uni-directional, UE parameter:
· Number of beam(s) per UE panel
· Option 1: 1 beam per UE panel 
· Option 2: 2 beams per UE panel 
· Option 3: 7 beams per UE panel
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search 
· RRH Beam switching point for uni-directional RRH deployment, Scenario-B
· Ds_offset: could be used as a performance requirements channel model parameter describing the relative offset distance of RRH switching point to the nearest RRH site location
· FFS the value of Ds_offset
· Beam dwelling time for uni-directional RRH deployment, Scenario-B:
· FFS the beam dwelling time by assuming UE maximum speed of 350kmph.
· WF5: Scenario-B, Bi-directional
· Candidate schemes for Bi-directional deployment for further analysis: 
· In some companies’ contributions, three schemes are proposed to solve “RRH-site” coverage issue for bi-directional deployment
[image: ]
Scheme-1: Connecting to 2nd-Nearest RRH
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Scheme-2: Connecting to Nearest RRH except Coverage Hole
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Scheme-3: Connecting to Nearest RRH except the area under the RRH
· For Scenario-B Bi-directional RRH deployment:
· FFS the pros and cons between bi-directional deployment and uni-directional deployment
· FFS the potential issue of coverage when close to RRH locations. 
· Schemes above can be used as starting points for further analysis
· FFS the pros and cons between di-directional and uni-directional deployment
· Schemes for Bi-directional deployment: 
· FFS how to solve coverage issue around RRH-site for bi-directional Scenario-B. 
· Number of Beam for bi-directional RRH deployment, Scenario-B
· For scenario-B, bi-directional, RRH parameter:
· Option-1: 1 beam per RRH panel 
· Option-2: 2 beam per RRH panel 
· Option-3: 3 beam per RRH panel 
· Option-4: 4 beam per RRH panel 
· Note: uneven separation between beams can be considered
· For scenario-B, uni-directional, UE parameter:
· Number of beam(s) per UE panel
· Option 1: 1 beam per UE panel 
· Option 2: 2 beams per UE panel 
· Option 3: 7 beams per UE panel
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search 
· Beam dwelling time for bi-directional RRH deployment, Scenario-B:
· FFS the beam dwelling time by assuming UE maximum speed of 350kmph.
· WF6: Necessity of Signaling
· FFS the necessity of signaling for FR2 HST: 
· FFS UE capability signaling to support uni-/bi-directional RRH deployment
· FFS NW signaling to indicate uni-/bi-directional RRH deployment to assist UE RRM and/or Demod operation
· Corresponding discussion needs to be discussed in RRM and Demod session respectively. 
· Other signaling options are not precluded. 
· WF7: Others
· Track curvature and impact on RRH separation: 
· FFS its impact on performance. 
· 1 RRH site per BBU
· RAN4 can study regular (non-SFN/non-DPS) deployment with 1 RRH site per BBU: 
· To be studied with low priority; 
· Analysis baseline is still 4 RRH site per BBU
· High difference in propagation delays
· RAN4 to elaborate further on which deployment scenarios are exposed to the very different propagation delays. 
· Quantitively evaluate the implications in these scenarios both from the demodulation and RRM perspectives.
· RAN4 should study whether there is any scenario with ISI and signal power degradation, and study a scheme to alleviate if needed. 
· Dedicated network for roof-mounted CPE: 
· RAN4 to assume that in HST FR2 Scenario A, only high-speed CPEs installed on the roof of the train can be present in the network.
· FFS Scenario B.  
· RAN4 to clarify based on the operators’ input if regular (i.e., low-speed non-HST) UEs can be connected to the same cell together with a HST CPE moving at maximum speed.
· FFS the necessity, and if necessary how to differentiate roof-mounted CPE from other FR2 UEs
· Handheld UE for FR2 HST
· RAN4 focus on roof-mounted CPE in Rel-17 WI. 
· Agreement in Chairman Notes under above WF [4]: 
· Additional agreements for slide 3 
· Necessity of JT in Scenario-A/B, for both Uni/Bi-directional RRH
· Option 1: Only DPS transmission mode considered for FR2 HST 
· The following agreement and conclusion were made on channel modeling for FR2 HST, captured in Chairman Notes and the approved WF [5]: 
· Channel Model for Scenario-B Link Budget Analysis
· RAN4 to choose TS38.901 RMa LoS pathloss model also for the evaluation of Scenario-B
· Channel Models for Demodulation Performance Requirements
· The single tap propagation model can be assumed for each single Tx-Rx link for both scenario-A and scenario-B
· Way forward on Uplink Channel Model for Performance Requirements
· Channel Model for Uplink Uni-directional RRH deployment:
· Option 1: Use single-tap propagation channel for UL uni-directional RRH deployment, as described below:
· , 
, 
, 
· Option 2: HST-DPS Channel for FR2 HST Uni-Directional RRH Deployment: Alt-1: UE Moving towards Serving Beam the cosine of angle θ(t)  used in Doppler shift  is provided as below
·     (eq. 1)
   (eq. 2)
    (eq. 3)
· Value of  is FFS
· Channel Model for Uplink Bi-directional RRH deployment:
· Option 1: RAN4 to modify the single-tap propagation channel model for HST FR2 in UL to take into account the Doppler shift sign alternation in bi-directional setting when CPE is handing over from one RRH site to another.
· , ,
, .
	Parameter
	Value

	
	Scenario-A-260
	Scenario-A-350
	Scenario-B-260
	Scenario-B-350

	
	700 m
	700 m
	700 m
	700 m

	
	10 m
	10 m
	150 m
	150 m

	
	260 km/h
	350 km/h
	260 km/h
	350 km/h

	
	[14454] Hz
	[19458] Hz
	[14454] Hz
	[19458] Hz


· Option 2: Reuse Single Tap Channel in TS38.104 for FR2 HST by updating parameters.
· Other options are not precluded
· Way forward on Downlink Channel Model for Performance Requirements
· RAN4 agrees to use DPS channel model for both Uni-directional/Bi-directional for performance requirements.
· Consider JT model for DL?
· FFS: a need for JT/Full-SFN channel models for performance requirements
· Channel model for Downlink Uni-directional RRH deployment:
· Option 1: Use single-tap propagation channel for DL uni-directional RRH deployment, as described below:
· , 
· , 
· , ,
	Parameter
	Value

	
	Scenario-A-260
	Scenario-A-350
	Scenario-B-260
	Scenario-B-350

	
	700 m
	700 m
	700 m
	700 m

	
	10 m
	10 m
	150 m
	150 m

	
	260 km/h
	350 km/h
	260 km/h
	350 km/h

	
	[7227] Hz
	[9729] Hz
	[7227] Hz
	[9729] Hz



· Option 2: HST-DPS Channel for FR2 HST Uni-Directional RRH Deployment: Alt-1: UE Moving towards Serving Beam the cosine of angle θ(t)  used in Doppler shift  is provided as below
·     (eq. 1)
·    (eq. 2)	
·    (eq. 3)
· Value of  is FFS
· Option 3: HST-DPS Channel for FR2 HST Uni-Directional RRH Deployment: UE Moving away from Serving RRH, the cosine of angle θ(t)  used in Doppler shift  is provided as below, value of  is FFS
· 
· Other options are not precluded
· Channel model for Downlink Bi-directional RRH deployment
· Option 1: RAN4 to modify the single-tap propagation channel model for HST FR2 in DL to take into account the Doppler shift sign alternation in bi-directional setting when CPE is handing over from one RRH site to another. Use this model in bi-directional DPS setting:
· , ,
· , .
	Parameter
	Value

	
	Scenario-A-260
	Scenario-A-350
	Scenario-B-260
	Scenario-B-350

	
	700 m
	700 m
	700 m
	700 m

	
	10 m
	10 m
	150 m
	150 m

	
	260 km/h
	350 km/h
	260 km/h
	350 km/h

	
	[7227] Hz
	[9729] Hz
	[7227] Hz
	[9729] Hz



· Option 2: HST-DPS Channel for FR2 HST Bi-Directional RRH Deployment. the cosine of angle used in Doppler shift  is provided as below:
·    (eq. 7)
·    (eq. 8)	
·     (eq. 9)
· Other options are not precluded
· Agreement in Chairman Notes under above WF [5]: 
· Additional agreements for slide 7: no need to consider channel model for JT transmission mode of DL 
3. UE RF core requirement: 
· The following agreement and conclusion were made on UE RF core requirement, captured in the approved WF [8]. 
· WF1: UE RF requirement framework
· Further discuss on RF requirement framework for FR2 HST UE: 
· FFS multiple RF requirement sets based on different scenarios or different implementations
· WF2: Minimum Peak EIRP
· Antenna elements per panel
· Baseline for requirement derivation: 4x4 with two polarization, TRP max = 23dBm
· Other options are not precluded. 
· Minimum peak EIRP derivation
· Option 1: Deciding EIRP based on number of antenna element following PC5 discussion:
· 4x4 antenna elements per panel with 30.X dBm min peak EIRP 
· Other antenna elements configurations are FFS 
· Option 2: adopt 30.x dBm min peak EIRP as agreed for PC5 
· 8 antenna elements per panel or 16 antenna elements per panel is assumed 
· Option 3: From UE implementation perspective, companies are encouraged to provide technical input based on the below table to derive minimum peak EIRP
	Parameter
	Unit
	Freq. range
24.25-29.5 GHz

	P_out per element
	dBm
	TBD

	# of antennas in array
	
	TBD

	Total conducted power per polarization
	dBm
	TBD

	Avg. antenna element gain
	dBi
	TBD

	Antenna roll-off loss vs frequency
	dB
	TBD

	Realized antenna array gain
	dBi
	TBD

	Polarization gain
	dB
	TBD

	Mismatch and transmission line loss including load pull
	dB
	TBD

	Beam forming loss (phase shifter and amplitude error)
	dB
	TBD

	Finite beam table
	dB
	TBD

	Beam forming loss (one beam table fits all)
	dB
	TBD

	Form-factor integration losses
	dB
	TBD

	Total implementation loss (worst-case)
	dB
	TBD

	Peak EIRP (Minimum)
	dBm
	TBD

	TRP (to be compared with TRP limit)
	dBm
	TBD



· WF3: Spherical coverage requirement
· For spherical coverage requirement, FFS
· The x%-tile point in EIRP CDF: 
· # of panels, # of beams in beambook and x%-tile point need to consider how much spherical coverage is needed, based on deployment scenario analysis. 
· FFS different x%-tile point needed for different scenarios. 
· FFS detailed requirement for minimum EIRP value at x%-tile. 
· WF4: Beam correspondence: 
· Beam Correspondence requirement for FR2 HST UE: 
· For Rel-15 Beam Correspondence: 
· Option 1 (Samsung/Qualcomm/Ericsson/ZTE/Nokia): BC bit-0 UE is not allowed, i.e., UE shall meeting the minimum peak EIRP requirement and spherical coverage requirement with its autonomously chosen UL beams and without uplink beam sweeping.
· Option 2 (Huawei): No need to mandate FR2 HST UE support BC bit-1. 
· For Rel-16 Beam Correspondence: 
· FFS the necessity of support Rel-16 optional feature beamCorrespondenceSSB-based-r16
· FFS the necessity of support Rel-16 optional feature beamCorrespondenceCSI-RS-based-r16
4. RRM core requirement: 
· The following agreement and conclusion were made on RRM core requirement, captured in the approved WF [9]. 
· WF1: General Assumptions
· The discussion on whether an HST FR2 network should be capable to server only HST FR2 CPEs or also other types of UEs shall be continued in the HST FR2 deployments thread.
· Discussion of the Number of Rx beams (based on GtW)
· Further study and identify the number of RX beams for RRM requirements in the RRM session
· Reuse the results of discussion in the “FR2 HST Deployment” agenda on the number of RX beams and identify whether any adjustments for RRM searcher are needed 
· WF2: Maximum Supported Speed from RRM Perspective
· Continue evaluation of maximum supported speed from the RRM perspective based on the detailed RRM requirements.
· WF3: CONNECTED State Mobility
· RRC CONNECTED mode requirements for DRX (based on GtW):
· Define requirements for the short DRX configurations (≤ [80] ms)
· FFS whether to define requirements for long DRX configurations (> [80] ms)
· Option 1: Do not define any requirements
· Option 2: Apply existing R16 FR2 requirements
· Option 3: Apply requirements for short DRX configurations
· Option 4: Define enhanced requirements
· Scaling factor N
· Option 1: For FR2 HST, the FR2 scaling factor can be reduced as: 
· For uni-directional deployment, N=[1]
· For bi-direcitonal deployment, N=[2].
· Option 2: Keep existing RX beam number unchanged
· Other options are not precluded
· FFS: whether and what network assisted information is needed to reduce the number of RX beams
· Handover:
· Existing FR2 requirement should be applicable to the HST FR2 deployments when the target cell is known.
· FFS: Handover requirements when the target cell is unknown
· FFS: a need to address the potential change in the scaling factor 8.
· Connection mobility control - RRC re-establishment:
· FFS: whether the existing requirements can work for FR2 HST.
· FFS: Connection Mobility Control - RRC Release with Redirection
· WF4: Timing
· Autonomous time adjustment:
· Option 1: Autonomous timing adjust step Tq for FR2 in high speed scenario is 4.5Ts.
· Option 2: Other options are not precluded
· TA mechanism enhancement:
· Option 1: One-time large TA adjustment can be enabled when switching between RRH for uni-directional deployment
· Option 2: Other options are not precluded
· Requirements for MRTD/MTTD:
· Not applicable to FR2 HST
· Agreements on Measurement Procedures
· Requirements on inter-frequency measurements:
· Do not define inter-frequency measurements requirements for FR2 HST
· Requirements on inter-RAT measurements:
· Do not define inter-RAT measurements requirements for FR2 HST
· WF5: Measurement Procedures
· 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).
	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.


· Other options are not precluded
· FFS: the enhancements to be introduced
· 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).
	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.


· FFS: the enhancements to be introduced
· Restriction on SMTC periodicity:
· Restriction on SMTC periodicity configuration are preferred in FR2 HST.
· FFS: the restrictions on SMTS periodicity.
· L1 measurements:
· The L1 measurements shall be enhanced
· FFS: the enhancements to be introduced
· CSI-RS based L3 measurements:
· The analysis of the requirements to be de-prioritized
· WF6: IDLE/INACTIVE State Mobility
· 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:
	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


· FFS: the way how IDLE/INACTIVE state can be used in HST FR2 deployment
· WF7: Signaling
· 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.
· 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.
· 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
· 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.
· FFS: a need of network signalling of DL Tx beam switching pattern and detectable DL Tx beams from the neighbouring cells.
· RLM/BFD:
· FFS: The applicability and possible impact of requirements on HST FR2
· CBD:
· FFS: The applicability and possible impact of requirements on HST FR2
· FFS: whether CBD procedure before BFD is needed
· Active TCI state switching delay:
· 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
· Uplink spatial relation switch delay:
· FFS: The applicability and possible impact of requirements on HST FR2
· WF8: Summary of 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, 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
	Not applicable to FR2 HST

	
	NR inter-frequency measurements
	Not applicable to FR2 HST

	
	Inter-RAT measurement 
	FFS

	
	L1-RSRP/L1-SINR Measurement
	FFS

	
	CSI-RS based L3 measurements
	Deprioritize

	
	NR measurements with autonomous gaps
	Not applicable to FR2 HST


· Requirements’ classification categories:
· Not applicable to FR2 HST:  the requirement is not applicable to Rel-17 FR2 HST UE
· No impact identified: no change on Rel-15/16 requirement is needed, and the same requirement applies to Rel-17 FR2 HST UE. 
· FFS: need to discuss whether or not the requirement is applicable to Rel-17 FR2 HST UE and/or whether or not Rel-15/16 requirement needs to be changed/enhanced
· Deprioritize: can be discussed and studied further but with low priority.
5. Demodulation requirement: 
· The following agreement and conclusion were made on Demodulation requirement, captured in the approved WF [6]. 
· WF1: Maximum Speed
· Maximum Speed feasibility study and requested RS configuration for Uplink
· It is feasible to support maximum speed with 350km for uplink with PTRS or DMRS+PTRS configuration used for frequency offset tracking with 120KHz SCS
· Configure PTRS during the PUSCH demodulation test 
· DMRS+PTRS configuration for PUSCH demodulation requirement with single-tap channel model 
· Option 1: 1 DMRS +PTRS (L=1,K=2)
· Option 2: 1+1 DMRS +PTRS (L=1,K=2) 
· Option 3: 1+1+1 DMRS+PTRS(L=1, K=2)
· Maximum Speed feasibility study and requested RS configuration for Downlink
· Companies' observation on Maximum Speed feasibility, companies can further check until next meeting
· It is feasible to support maximum speed with 350km/h for downlink with TRS (4 symbol interval)for frequency offset tracking under unidirectional RRH deployment  with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with TRS( 4 symbol interval) +SSB for frequency offset tracking under unidirectional and bi-directional RRH deployment  with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with TRS (4 symbol interval)+PTRS (L=1,K=2) for frequency offset tracking under bi-directional RRH deployment  with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with PTRS or DMRS(1+1+1)+PTRS(L=1,K=2) configuration used for frequency offset tracking under single tap propagation conditions with 120KHz SCS
· Configure PTRS during the PDSCH demodulation test 
· RS as baseline for frequency offset tracking to support 350km/h
· Option 1: SSB+TRS
· Option 2: 
· SSB+TRS+PTRS for bi-directional deployment
· SSB+TRS for unidirectional deployment
· Other options are not precluded
· DMRS configuration for PDSCH demodulation requirement
· Option 1: 1 DMRS 
· Option 2: 1+1+1 DMRS
· Maximum Doppler Calculation
· Carrier frequency for Doppler frequency calculation
· 30GHz
· WF2: UE demodulation requirements
· Test Scope
· Test scope of DL requirements
· Only define PDSCH demodulation performance requirements in Rel-17 FR HST WI
· Requirement for scenario A or B
· Option 1: Define PDSCH demodulation performance requirements only with one deployment scenario (A or B)
·  Option 2:Define PDSCH demodulation performance requirements with the worst cases of two scenarios 
· Option 3:Define PDSCH demodulation performance requirements with both scenarios if needed 
· Consider output of FR2 HST Deployment scenarios discussion whether to cover scenario A and/or B
· Requirement for uni-and bi-directional RRH deployment scenarios
· FFS to define both PDSCH demodulation requirements for uni- and bi-directional RRH deployment scenarios
· FFS to define the test applicability rule if both PDSCH demodulation requirements for uni-and bi-directional RRH deployment scenarios are defined
· Consider output of FR2 HST Deployment scenarios discussion whether to cover uni- and/or bi-directional RRH deployment 
· Transmission schemes
· No PDSCH requirement with SFN joint transmission scheme in Rel-17 FR2 HST WI
· DPS transmission schemes
· DPS transmission scheme in Uni-directional RRH deployment scenario
· Option 1: scheme 1a
· Option 2: scheme 1b
· Option 3: both scheme 1a and scheme 1b
· DPS transmission scheme in bi-directional RRH deployment scenario
· Option 1: scheme 1a
· Option 2: scheme 1b
· Option 3: both scheme 1a and scheme 1b 
· FFS on PDSCH requirements of HST single tap
· Test Setup
· SCS and BW
· Option 1: 120KHz with 100MHz
· Option 2: 120KHz with 200MHz
· UE frequency error
· FFS on considering the impact of UE frequency error on DL demodulation performance
· Basic simulation assumption
· Option 1
	Parameter
	Value

	Maximum Doppler
	[9596Hz]

	Channel model
	[single-tap], [DPS]

	CBW/SCS
	[200MHz/120kHz]

	PDSCH mapping
	Type A, start symbol 1, duration 13

	DMRS
	[1+1+1]

	PTRS
	KPTRS=2, LPTRS=1

	Antenna configuration
	[2x2]

	MCS
	[17]

	Test metric
	70% of maximum throughput


· Other options are not precluded
· WF3: UE demodulation test
· Testability issues for FR2 HST UE
· RAN4 to discuss on the impact of the assumption of a static UE and single probe OTA chambers on the FR2 high speed train demodulation test design
· Option 1: Assumption two probes in chamber, as RRM assumption with 2AOA tests
· Option 2: Assume static UE and single Probe. Combine RRM and Demod requirements as a single feature to support HST FR2 operation
· Option 3: Study an approach with taking into account continuous UE movement from RRH to RRH 
· FFS keep into account the testability of high power devices inside OTA chambers, for the definition of radiated demodulation requirements for FR2 HST
· WF4: BS demodulation requirements
· Test scope
· Test scope of UL requirements
· Only define the following BS demodulation performance requirements in Rel-17 FR HST WI
· PUSCH
· UL timing adjustment
· PRACH
· Requirement for scenario A or B
· Option 1: Define PUSCH demodulation requirements based on the worst case scenario 
· Option 2: Define PUSCH demodulation requirements only with one deployment scenario (A or B)
· Option 3: Define PUSCH demodulation requirements for both two scenarios if needed
· Consider output of FR2 HST Deployment scenarios discussion whether to cover scenario A and/or B
· Requirement for uni- and bi-directional RRH deployment scenarios
· FFS to define both PUSCH demodulation requirements for uni-and bi-directional RRH deployment scenarios
· FFS to define the test applicability rule if both PUSCH demodulation requirements for uni-and bi-directional RRH deployment scenarios are defined
· Consider output of FR2 HST Deployment scenarios discussion whether to cover uni- and/or bi-directional RRH deployment 
· Test Setup for PUSCH requirements
· Waveform
· Only CP-OFDM 
· SCS&BW
· Option 1: 120KHz SCS with 50MHz, 100MHz or 200MHz
· Option 2: 120KHz SCS with 100MHz
· Option 3: 120KHz SCS with 200MHz
· Antenna Configuration
· 1Tx2Rx Low
· Resource mapping type: type B
· Length of data symbol
· Option 1: 9
· Option 2: 10
· MCS
· Option 1: MCS16
· Option 2: MCS16 and MCS17
· Other options are not precluded
· Test Setup for UL timing adjustment requirement
· Test Scenario 
· Scenario Y
· Simulation Assumption for scenario Y
· Option 1
	Parameter
	Value

	Channel Model
	Stationary UE: AWGN, Moving UE: AWGN

	UE speed
	350 km/h

	CP length
	Normal

	A
	1.25 μs

	Δω
	1.04 s-1

	MCS
	16

	CBW
	200MHz

	PUSCH resource allocation
	0 to 65 RB for moving UE, 66 to 131 for stationary UE

	SRS resource allocation
	last symbol in slot #3 in radio frames, CSRS = 33, BSRS =0, for 132 RB


· Other options are not precluded
· Test Setup for PRACH
· PRACH format
· only C2 
· Channel
· AWGN
· Frequency offset 
· Option 1: align the Doppler value with PUSCH
· Option 2: 9722Hz with 350km/h at 30GHz carrier frequency
· Test Preamble Configuration for Ncs
· Option 1: Ncs=0
· Option 2: Ncs=69
· Other options are not precluded

RAN4 #99-e (May 2021, Electronic)
1. General: 
· A summary of the electronic meeting email discussion on FR2 HST deployment scenario analysis was provided in [67].
· A summary of the electronic meeting email discussion on FR2 HST UE RF requirement was provided in [68].
· A summary of the electronic meeting email discussion on FR2 HST RRM requirement was provided in [69].
· A summary of the electronic meeting email discussion on FR2 HST Demod requirement was provided in [70].

2. FR2 HST deployment scenario: 
· The following agreement and conclusion were made on FR2 HST deployment scenario, captured in Chairman Notes and the approved WF [72]: 
· WF1: General 
· Large difference in propagation delays
· FFS the impact of the large difference in propagation delays from different RRHs in a cell when DPS scheme is used:  
· Large difference in propagation delays exist in 
· Uni-directional RRH deployment
· Some schemes for bi-directional RRH deployment
· Whether or not one deployment scenario should be precluded in Rel-17 needs to consider the decision from RRM session.
· RRM session will investigate and decide on potential methods to mitigate the propagation delay issue
· Limitation on RRH beam direction
· FFS RRH beam’s possible range of angle on azimuthal plane
· Option 1: Limit RRH beam angle w.r.t. boresight direction <= 40 degree to ensure UE reception signal quality in Scenario B. Exact limitation can varies with Dmin, but such limitation due to ensure UE reception quality needs to be taken into consideration for deployment.
· Other options for the range of angle are not precluded 
· Possible range of angle is not intended to restrict practical RRH deployment;
· Following information are encouraged to provide together with the simulation results: 
· RRH panel direction information;
· RRH beam(s) direction information.
· CPE boresight direction with reference to RRH panel 
· Potential Handover Issue: 
· Potential handover problem due to sudden RX signal increase of the target cell can be alleviated by DPS transmission scheme with carefully allocated SSB-index among neighboring cells to avoid inter-cell interference.
· FFS another potential handover issue due to the sudden degraded serving cell quality for UE moving toward the serving beam in uni-directional deployment. 
· RRH/Beam switching point for Uni-directional Scenario-A
· Agreement from GTW (24th May):
· If the channel model which needs Ds_offset derived from typical deployment scenario, RAN4 shall discuss Ds_offset value based on deployment scenario study. 
· For Ds_offset, companies’ analysis is encouraged to be provided in TR 38.854 for information.
· Above agreement also applied to Scenario-B
· Beam dwelling time: 
· The value or range of beam dwelling time is not necessarily to be agreed; 
· Companies’ analysis on beam dwelling time is encouraged to be captured in TR38.854: 
· Contribution-driven
· Individual analysis can be conducted based on companies’ selected parameters and scheme.
· WF2: Scenario-A
· Comparison btw. uni- and bi-directional RRH deployments for Scenario-A: 
· From signal strength and beam coverage perspective: 
· Bi-directional deployment will not provide significant throughput improvement comparing to uni-directional deployment based on deployment scenario analysis.
· Only need to consider uni-directional deployment for Scenario-A. 
· Bi-directional deployment can be considered if the feasibility issue of uni-directional deployment is identified.
· Schemes for Bi-directional deployment, Scenario-A: 
· Agreements from GTW (24th May):
· [Scheme 1 under Bi-directional scenario is feasible without coverage hole issue, and no propogation delay jump between switching points]
· FFS Scheme 2 from deployment scenario perspective :  
· on potential coverage hole issue, 
· on propagation delay jump issue. 
· Number of Beam for bi-directional RRH deployment, Scenario-A
· If bi-directional deployment is confirmed to be used for Scenario-A: 
· 1 beam per RRH panel, two panels in opposite directions
· 1 beam per UE panel (i.e., 2 beam per UE), already agreed in RAN4#98-Bis-e
· WF3: Scenario-B
· Comparison btw. uni- and bi-directional RRH deployments for Scenario-B: 
· From signal strength and beam coverage perspective: 
· FFS Bi-directional deployment’s advantage over uni-directional deployment based on deployment scenario analysis.
· FFS only need to consider uni-directional deployment for Scenario-B
· Number of Beam(s) for uni-directional (if confirmed to be used), Scenario-B: 
· RRH parameter:
· 2 beams per RRH panel 
· Other options not precluded
· FFS the benefits of implementing more beams per RRH panel
· UE parameter: 
· 1 beam per UE panel 
· Other options not precluded
· FFS the benefits of implementing more beams per UE panel
· Schemes for Bi-directional deployment, Scenario-B: 
· FFS based on last meeting’s WF:
	· WF (R4-2106100) approved in RAN4#98-bis-e:   
· For Scenario-B Bi-directional RRH deployment:
· FFS the pros and cons between bi-directional deployment and uni-directional deployment
· FFS the potential issue of coverage when close to RRH locations. 
· Schemes above can be used as starting points for further analysis



· Number of Beam(s) for bi-directional (if confirmed to be used), Scenario-B:
· RRH parameter:
· 2 beams per RRH panel 
· Other options not precluded
· FFS the benefits of implementing more beams per RRH panel
· UE parameter: 
· 1 beam per UE panel 
· Other options not precluded
· FFS the benefits of implementing more beams per UE panel
· WF4: Dual Uni-directional Deployment
· Dual Uni-directional Deployment (Uni-directional Mode Operation in Two Opposite Directions): 
· In this implementation-based scheme, the two UEs to operate in uni-directional mode but in two opposite directions; 
· No standard impact observed if the operation in uni-directional deployment is introduced;                   
· Illustrated as the below figure:
[image: ]
· WF5: Signaling and Others
· Dedicated network for roof-mounted CPE: 
· RAN4 assume that in HST FR2 Scenario A and B, only high-speed CPEs installed on the roof of the train can be present in the network.
· No need to differentiate roof-mounted CPE from other FR2 UEs in HST FR2 scenario.
· Track curvature and impact on RRH separation 
· Do not consider track curvature area in FR2 HST WI. 
· The following agreement were made on channel modeling for FR2 HST, captured in the approved WF [73]: 
· WF1: Channel model selection from Downlink and Uplink
· The cosine of angle θ(t) used in Doppler shift in channel model is applied to both downlink and uplink for:
· A particular uni-directional deployment scenario. 
· A particular bi-directional deployment scenario.
· WF2 on HST FR2 channel model in uni-directional deployment
· For uni-directional deployment, one channel model (either toward to serving beam or away from serving beam) is applied for demodulation requirement even if UE can travel in two directions in practice.
· Use the HST-DPS channel model below as a starting point for FR2 HST Uni-Directional RRH Deployment:
· UE is moving towards serving beam
· The cosine of angle θ(t)  used in Doppler shift  is provided as
·     (eq. 1)
· ,   (eq. 2)
· 0    (eq. 3)
· The Ds_offset value for introducing performance requirements can be further discussed and decided based on typical values from Deployment scenarios analysis.
· The value has no restriction on deployment.
· Ds_offset value only used for demodulation requirements 
· FFS the starting point of t=0 by considering simulation efforts
[image: ]
· WF3 on HST FR2 channel model in bi-directional deployment
· GTW agreement: Option 2 with DPS based channel model as starting point.
· Option 2(a): To match Bi-directional deployment Scheme-1: UE connect to 2nd-nearest RRH).
· 
· 
· 
· Option 2(b): based on Scheme-2 for Bidirectional RRH Deployment:
· , ,
· , ,
· , 
· , 
· , .
· Option 2(c):  based on Scheme-3 for Bidirectional RRH Deployment:
· 
· 
· 
· 
· 
· 
· Option 2(e): based on DPS scheme in which UE switch serving RRH at Ds/2, and no beam configured from neighboring RRH for coverage hole around RRH site
· , ,
· , .
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3. UE RF core requirement: 
· The following agreement and conclusion were made on UE RF core requirement, captured in the approved WF [71]. 
· WF1: UE RF Requirement Framework
· RAN4 need to discuss how one UE type (i.e., existing power class or new power class) can have different sets of RF requirements, each of which is applicable under certain deployment scenario, for example: 
· Different UE RF requirement for uni- vs. bi-directional deployment; 
· Different UE RF requirement for HST vs. normal deployment scenario.
· WF2: Power Class
· A new power class or reusing existing PC for FR2 HST UE:
· to be decided after RAN4 agree on min peak EIRP and spherical coverage requirements.
· WF3: Minimum Peak EIRP
· Minimum peak EIRP requirement for FR2 HST UE:
· RAN4 adopt 30.x dBm (similar to PC5) as baseline. 
· The baseline could be further discussed if technical issue identified.
· WF4: Spherical Coverage Requirement
· The x%-tile point in EIRP CDF
· Option 1: 70%-tile point, i.e., 30% coverage with 2 back to back panels;
· Option 2: 80%-tile point, i.e., 20% coverage with 2 back to back panels; 
· Option 3: 90%-tile point, i.e., 10% coverage with 2 back to back panels;
· FFS different x%-tile point needed for different scenarios. 
· FFS detailed requirement for minimum EIRP value at x%-tile.
· WF5: Beam Correspondence
· Beam Correspondence requirement for FR2 HST UE: 
· For Rel-15 Beam Correspondence: 
· FR2 HST UE (roof-mounted UE type) shall mandatorily support beamCorrespondenceWithoutUL-BeamSweeping.
· For Rel-16 Beam Correspondence: 
· Whether or not FR2 HST UE need to support Rel-16 optional feature beamCorrespondenceSSB-based-r16:
· FFS the benefits. 
· If not, no need to define corresponding requirement for Rel-16 optional feature beamCorrespondenceSSB-based-r16 for Rel-17 FR2 HST UE. 
· Whether or not UE need to support Rel-16 optional feature beamCorrespondenceCSI-RS-based-r16:
· FFS the benefits. 
· If not, no need to define corresponding requirement for Rel-16 optional feature beamCorrespondenceCSI-RS-based-r16 for Rel-17 FR2 HST UE.

4. RRM core requirement: 
· The following agreement were made on RRM core requirement, captured in the approved WF [74]: 
· WF1: Maximum supported speed
· Use 350kmph as a reference maximum train speed and define RRM requirements to guarantee that.
· WF2: HST FR2 network deployment flag
· Add a flag to enable the UE to identify different/enhanced RRM requirements in HST FR2 deployment.
· Add HST FR2 network deployment flag to the combined LS to RAN2 on all HST FR2 signalling flags.
· WF3: NW signalling and CPE capabilities for HST FR2 deployments
· Continue the discussion after the deployment options and presence of non-CPE UEs is clarified:
· UE identification of support for HST FR2 deployment:
· Option 1: Flag is not needed.
· Option 1a: Only roof-mounted CPE is considered that should always have a capability to work in HST FR2 scenario in this WI.
· Option 2: UE capability is needed
· NW signalling of Uni- and/or Bi-directional deployment:
· Option 1: Network can indicate which high-speed scenario it is.
· Option 2: Such a flag is not needed.
· CPE indication of support of uni-/bi-directional operation
· Option 1: CPE indication of support of different deployment types is not needed.
· Option 2: Different capabilities are needed if different requirements are agreed.
· WF4: Decreasing RX beam number
· FFS the feasible number of RX beams from RRM perspective
· deployment scenario study is used as reference
· WF5: Network assistance for reducing RX beam number
· FFS: to be discussed depending on the outcomes of the deployment scenarios
· WF6: Beam search scaling factor N
· FFS: to be discussed depending on the outcomes of the deployment scenarios and when the number of RX beams is determined
· WF7: Non-overlapping SSB locations in time domain among adjacent RRHs
· FFS: how non-overlapping SSB locations in time domain among adjacent RRHs, one belongs to serving and one belongs to the neighboring cell in FR2 HST will impact core requirement and test cases.
· Option 1: The FR2 HST neighboring cell search/measurement requirement is applicable when SSB locations in time domain among adjacent RRHs, one belongs to serving and one belongs to the neighboring cell, are not overlapping.
· Other options are not precluded
· WF8: Requirements for long DRX configurations in CONNECTED state
· Option 1: Apply existing R16 requirements
· Option 2: Apply requirements for short DRX configurations
· 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
· WF9: Connected state mobility requirements
· Connection Mobility Control 
· RRC Release with Redirection
· Not applicable to FR2 HST
· RRC re-establishment
· FFS: Definition of criteria of known cell for FR2
· FFS: Enhancement of requirements on Connection Mobility Control - RRC re-establishment.
· Handover
· FFS: A need for enhancements based on the agreements about RX beam sweep number reduction.
· WF10: Timing requirements
· Autonomous timing adjust step Tq for FR2 in high-speed scenario is [4.5]Ts
· FFS possible solutions and RRM impacts of large propagation delay difference:
· Solution 1: One-time large TA adjustment
· Solution 2: NW-based pre-compensation of different propagation delays
· Solution 3(a): Only use bi-directional with Scheme-1, i.e., don’t use uni-directional; and don’t use bi-directional with Scheme-2/3.
· Solution 3(b): Bi-directional deployment with interruption allowed by following Scheme-2 but no dedicated beam for coverage hole from neighboring RRH.  
· Solution 4: Uni-directional deployment with interruption allowed.
· Other solutions are not precluded
· FFS: Impact on SSB-based measurement accuracy (e.g., SS-RSRP)
· WF11: Signaling requirements
· RLM/BFD:
· FFS: including RLM evaluation period for Qout and Qin especially regarding the scaling factor N=8 and the factor P for HST in FR2
· Link recovery:
· FFS: 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
· WF12: TCI state switching delay
· Revise TCI known conditions for HST scenario
· FFS the TCI state switching delay requirements considering the following aspects :
· delay requirement for unknown TCI state condition
· the impact of one additional L1-RSRP measurement period due to unknown TCI state condition
· the problem of large difference in propagation delays
· re-using of existing TCI switching delay in known case
· WF13: TCI state switching enhancement
· FFS whether the following enhancement for TCI state switching are needed
· Option 1: UE can initiate TCI state switch if it selects a candidate DL RS from the candidate set associated with the current TCI state
· Other  options are not precluded
· WF14: Cell identification requirements
· PSS/SSS detection
· FFS whether reusing the Rel-16 FR1 HST scaling factor M2 for FR2 HST is acceptable.
· FFS reduction of Mpss/sss_sync_w/o_gaps, which is proportional to the number of samples (S) and of receiver sweeping beams (N)
· Intra-frequency measurements
· FFS whether reusing the Rel-16 FR1 HST scaling factor M2 for FR2 HST is acceptable.
· FFS reduction of Mmeas_period_w/o_gaps, which is proportional to the number of samples (S) and of receiver sweeping beams (N)
· WF15: Restriction on SMTC periodicity in measurement requirements
· FFS: the upper bound of SMTC periodicity, with [40] ms as a basis
· FFS: impact on the specification if upper bound of SMTC periodicity is agreed.
· WF16: L1-RSRP measurement enhancements
· FFS the values of K and N
· WF17: Cell reselection enhancements in IDLE/INACTIVE mode
· Cell reselection requirements in IDLE/INACTIVE mode are enhanced
· FFS enhancement details 
· upper bound of DRX cycle 
· scaling factor N1
· others are not precluded
· WF18: Criterion for the RRM requirements definition
· RAN4 to study whether to define metric of applicability of the RRM requirements in FR2 HST. This metric can be defined as: 
· Option 1: Maximum performance degradation allowed (Max serving DL SNR degradation below threshold)
Can be used at least for L1 measurements, intra-frequency cell identification, handover. 
· Other options are not precluded
· WF19: Summary of Applicability of Rel-15/16 Requirements to Rel-17 HST FR2
· Requirements’ classification categories:
· Not applicable to FR2 HST:  the requirement is not applicable to Rel-17 FR2 HST UE
· No impact identified: no change on Rel-15/16 requirement is needed, and the same requirement applies to Rel-17 FR2 HST UE. 
· FFS: need to discuss whether or not the requirement is applicable to Rel-17 FR2 HST UE and/or whether or not Rel-15/16 requirement needs to be changed/enhanced
· Deprioritize: can be discussed and studied further but with low priority.
· Enhance: it was agreed to enhance the requirements
· FFS how to capture “Not applicable to FR2 HST” in the specification
	RRM Req. Category
	Sub-Category
	Whether or not applicable to FR2 HST

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

	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
	Not applicable to FR2 HST

	Timing
	Autonomous timing adjustment
	Enhance

	
	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, Enhance

	
	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
	Deprioritize

	
	NR measurements with autonomous gaps
	Not applicable to FR2 HST


5. Demodulation requirement: 
· The following agreement and conclusions were made on demodulation requirement, captured in the approved WF [75].
· WF1: UE demodulation  requirements
· Test Scope
· Doppler frequency for PDSCH requirement
· Doppler frequency for PDSCH requirement in Bi-directional deployment scenario, if Bi-directional deployment scenario is introduced  
· Option 1: 9722Hz targeting 350km/h at 30GHz
· Option 2: 7000Hz with the smallest RS range of frequency offset estimation
· Doppler frequency for PDSCH requirement in Uni-directional deployment scenario, if Uni -directional deployment scenario is introduced  
· 9722Hz targeting 350km/h at 30GHz
· Whether to introduce PDSCH requirement with HST single-tap channel
· Do not define PDSCH requirement with HST single-tap channel
· PDSCH requirement for Uni/Bi-directional scenario in scenario A and scenario B
· Option 1: Define PDSCH requirement with Uni/Bi-directional  scenario for both A and B, Define the test applicability rule to reduce the test effort
· Option 2: Define requirements for both scenario A/B, and Uni/Bi-directional deployment, and not define any applicability between
· Option 3 : Consider output of FR2 HST deployment scenario discussion whether to cover scenario A 
· Option 4 : RAN4 define two test cases for HST FR2
· Test 1: HST single tap (Uni-directional) with scenario A
· Test 2: DPS (Uni-directional) with scenario B
· If RAN4 agree to consider both Uni-directional and Bi-directional deployment, either test 1 or 2 apply Bi-directional model
· RS configuration
· Assumption of RS for frequency offset tracking is up to UE implementation, FFS the RS configuration for PDSCH requirement as 
· Configure SSB every 20ms
· Configure TRS every 10ms
· Configure PTRS with KPT-RSS=2 and LPT-RS=1
· DMRS configuration
· 1+1+1 DMRS configuration for DPS scheme
· CBW
· Option 1: 100MHz CBW
· Option 2: 200MHz CBW
· Option 3: Align the CBW configuration for PDSCH and PUSCH
· UE frequency error
· Do not consider extra UE frequency error for demodulation tests in FR2 HST WI
· Impact of UE frequency error can be included in companies’ impairment results when RAN4 sets the UE demodulation requirement for FR2 HST
· DPS transmission scheme
· Option 1:
· Define PDSCH requirement with DPS scheme 1a in Uni-directional scenario for scenario A. FFS scheme 1b
· Define PDSCH requirement with DPS scheme 1a and 1b in Uni-directional scenario for scenario B, FFS the number of TCI state configured
· Define PDSCH requirement with DPS scheme 1a in Bi-directional scenario for scenario A and scenario B. FFS scheme 1b
· Option 2: Define both DPS transmission scheme 1a and 1b for both Bi-directional and Uni-directional deployment
· Option 2a: RAN4 define both scheme 1a and 1b if the performance is same, but define the same applicability rule as Rel-16 HST, i.e., if a UE declared supporting > 1 TCI states, the UE will pass scheme 1b and skipped scheme 1a test cases, and if a UE only support 1 TCI state, the UE need to pass scheme 1a and skip scheme 1b test cases
· WF 2: BS demodulation  requirements
· PUSCH requirement 
· Introduce PUSCH requirement with Doppler frequency as 19444Hz targeting 350km/h at 30GHz
· Do not introduce PUSCH requirement with Doppler frequency as 14444Hz targeting 260km/h at 30GHz, if no issue with supporting 350km/h was identified  
· PUSCH requirement for Uni/Bi-directional RRH deployment scenarios in scenarios A and B
· Option 1
· Define PUSCH requirement with Uni-directional RRH deployment scenario only in scenario A. If both scenarios are introduced for PUSCH requirements, define the test applicability rule to reduce the test effort with only one of them will be selected for testing based on manufacture of declaration.
· If both scenarios A and B for bi-directional RRH deployment scenario are introduced for PUSCH requirements, define the test applicability rule to reduce the test effort with only one of them will be selected for testing based on manufacture of declaration
· Option 2
· RAN4 to define different sets of requirements for Scenario A and Scenario B
· If it is decided that single HST conditions are not sufficient for HST FR2, then to define both PUSCH demodulation requirements for Uni- and bi-directional RRH deployment scenarios
· Option 3: Define test cases for scenario A only
· Option 4: Define requirements for both scenario A/B and Uni/Bi-directional deployment, and not define any applicability rule between them. Manufacture declaration can be used and the case will be tested only when BS vender declares to support it
· RS configuration
· Option 1: 1 DMRS +PTRS (L=1,K=2)
· Option 2: 2 DMRS+ PTRS (L=1,K=2)
· Option 3: 3 DMRS +PTRS (L=1,K=2)
· Option 3a: If companies have strong concern about DMRS 1+1, create an applicability rule that only one DMRS configuration shall be tested by manufacture declaration
· CBW
· Option 1: 100MHz, and 50MHz with test applicable rule 
· Option 2: 200MHz, and 50MHz with test applicable rule
· Option 3: 100MHz only
· Option 4: 200MHz only
· MCS
· Option 1: MCS 16
· Option 1a: Additional margin can be considered for performance requirement definition to allow different implementation if needed
· Option 2 : both MCS 16 and MCS 17
· Define requirements with MCS17 up to BS declaration support
· Option 3: Configure highest MCS that remains below 20dB SNR, i.e, MCS20
· Further discuss how to guarantee 64QAM operation
· Further discuss how to not preclude any possible BS implementations (with pre and post FFT FOC)
· Length of data symbol
· Option 1 : 9
· Option 2 :10
· Test setup for UL timing adjustment requirement
· Waveform
· CP-OFDM
· CBW
· Align CBW for UL adjustment and PUSCH demodulation
· Option 1: 100MHz, and 50MHz with test applicable rule
· Option 2: 200MHz, and 50MHz with test applicable rule 
· Option 3: 100MHz only 
· Option 4: 200MHz only 
· PUSCH resource allocation 
· Option 1
· Moving UE: 0~32 for 100 MHz CBW, FFS 0~15 for 50 MHz CBW
· Stationary UE: 33~65 for 100MHz CBW, FFS 16~31 for 50MHz CBW
· Option 2: Align CBW for UL timing adjustment and PUSCH demodulation 
· Moving UE: 0~32 for 100 MHz CBW
· Stationary UE: 33~65 for 100MHz CBW
· Option 3
· Moving UE: 0~65 for 200 MHz CBW
· Stationary UE: 66~131 for 200 MHz CBW
· RS configuration 
· Option 1: 1 DMRS+PTRS (L=1,K=2)
· Option 2: 2 DMRS+PTRS (L=1,K=2)
· Option 3: 3 DMRS+ PTRS (L=1,K=2)
· PUSCH mapping type
· Type B
· Length of PUSCH allocation 
· Align with PUSCH for UL timing adjustment
· Option 1: 10
· Option 2: 9
· MCS
· Align with PUSCH for UL timing adjustment 
· Option 1: MCS16
· Option 1a: Additional margin can be considered for performance requirement definition to allow different implementation if needed
· Option 2: both MCS16 and MCS17
· Define requirements with MCS17 up to BS declaration support
· Option 3:Align MCS for UL timing adjustment and PUSCH demodulation requirement, configure highest MCS that remains blow 20dB SNR, i.e., MCS20
· SRS bandwidth configuration 
· Option 1 
· Option 1a 
· C_SRS =11, B_SRS =0 for 40RB, with 100 MHz CBW
· C_SRS = 5, B_SRS=0 for 20RB, with 50 MHz CBW
· Option 1b
· C_SRS =9, B_SRS =0 for 32RB, with 100 MHz CBW
· Option 1c
· C_SRS =17, B_SRS =0 for 64RB, with 100 MHz CBW
· C_SRS = 9, B_SRS=0 for 32 RB, with 50 MHz CBW
· Option 2: C_SRS=33, B_SRS=0 for 132RB with 200MHz CBW
· SRS Transmission comb: K_TC=2 
· SRS Transmission periodicity : K_SRS=10
· Slots in which sounding RS is transmitted
· The last symbol in slot#3 in radio frames for 120KHz SCS 
· Test Parameters for timing offset
· Option 1: 
· A: 1.25 us
· Δw:  1.04 s-1
· Option 2:  FFS on A =2.5 us
· Test Parameters for timing offset
· Option 1 
· [Δt-(TA-31)x16*8Tc]
· Note: The timing different can be updated with taken into account the output of possible enhancements for timing adjustment command discussion in RRM session 
· Test setup for PRACH requirement
· Frequency offset 
· 19444Hz with 350km/h at 30GHz carrier frequency
· Test Preamble Configuration for Ncs
· Ncs =0 as baseline
· Timing offset configuration
· Option 1: Reuse Rel-15 FR2 timing offset configuration for PRACH, i.e., 0.8us
· Option 2: Update the timing offset configuration based on the largest expected cell radius, i.e., derived from scenario B
· Note 
· Scenario A  (Ds=700m, Dmin=10m), cell radius = 700m
· Scenario B  (Ds=700m, Dmin=150ms), cell radius = 716ms
· Timing error tolerance 
· 0.07us for AWGN, as a default value for 120KHz SCS
· WF3: Testability issues for FR2 HST UE
· Option 1:  Do not discuss any testability issue aspects in HST FR2 WI unless it is captured in WID
· Option 2 : Assume static UE and single Probe
· Option 3:  Combine RRM and Demod requirements as a single feature to support HST FR2 operation 

2.4.2	Remaining Open issues
1. FR2 HST deployment scenario related:
· Investigate and specify FR2 HST deployment scenarios:
· FFS the issue of Large difference in propagation delays. 
· FFS limitation on RRH beam direction. 
· FFS potential handover issue. 
· FFS RRH/Beam switching point for Uni-directional Scenario-A and B
· FFS Beam dwelling time. 
· FFS Scenario-A and B: 
· Comparison btw. uni- and bi-directional RRH deployments
· Schemes for Bi-directional deployment (if confirmed to be used), Scenario-A and B
· FFS the number of Beam(s) for uni/bi-directional (if confirmed to be used), Scenario-B
· Channel Modeling
· Channel modelling for performance requirements: 
· FFS channel model detailed parameter for uni-directional deployment for both Scenario-A and B. 
· FFS channel model for bi-directional deployment for both Scenario-A and B.

2. UE RF core requirement:
· Specify the UE RF core requirements:
· FFS UE RF requirement framework;
· FFS Power class for FR2 HST UE;
· FFS detailed minimum peak EIRP and spherical coverage requirement;
· FFS the applicability of Rel-16 beam correspondence requirement;
· FFS Receiver RF requirement.

3. RRM core requirement:
· Study and specify the UE RRM core requirements:
· FFS maximum supported speed from RRM perspective.
· FFS NW signalling and CPE capabilities for HST FR2 deployments
· FFS beam search scaling factor N, decreasing RX beam number and network assistance. 
· FFS non-overlapping SSB locations in time domain among adjacent RRHs. 
· FFS requirements for long DRX configurations in CONNECTED state
· FFS connected state mobility requirement
· FFS timing requirement
· FFS signaling requirement
· FFS TCI state switching delay and enhancement
· FFS cell identification requirements, intra-frequency and L1 measurement requirements
· FFS cell reselection enhancements in IDLE/INACTIVE mode
· FFS criterion for the RRM requirements definition
· FFS the applicability of Rel-15/16 Requirements to Rel-17 HST FR2

4. RRM test requirement (performance part)
(Note: RRM Performance part not started yet.)
· Specify the RRM performance requirements of measurement accuracy if identified.
· Specify the RRM test cases related to new core requirements. 

5. Demodulation and CSI performance requirement (performance part): 
· Specify the UE demodulation and BS demodulation requirements based on outcome of channel model and maximum Doppler frequency discussion
· FFS on the test scope of UE/BS demodulation requirement 
· FFS on whether to cover both Uni/Bi-directional RRH deployment in scenario A and scenario B for PDSCH/PUSCH requirement 
· FFS on the details setup for PDSCH requirement 
· FFS the maximum Doppler frequency for PDSCH requirement with Uni/Bi-directional RRH deployment scenarios  
· FFS on the DPS transmission schemes for PDSCH requirement with Uni/Bi-directional RRH deployment scenarios  
· FFS on the details setup for PUSCH requirement 
· FFS on the RS configuration, CBW, MCS, symbol length for PUSCH requirement
· FFS on the details setup for UL timing adjustment requirement
· FFS on the RS configuration, CBW, MCS, symbol length, timing offset for UL timing adjustment requirement
· FFS on the details setup for PRACH requirement 
· FFS on timing offset configuration 
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