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1. Introduction
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train scenario in FR2 has been approved [1, RP-202118] (which has been further revised to [3, RP-202538]), in which the following objectives related to RRM core requirements are included:  
	· Study and specify the UE RRM core requirements 
· Phase 1: Study and identify RRM requirements impacts and possible enhancement for 
· Idle/inactive mode cell reselection requirements enhancement 
· Connected mode requirements
· Handover delay requirement 
· Measurement requirements including both L1 and SSB based L3 measurement 
· Beam management requirements including beam failure detection, candidate beam detection performance requirements
· Other requirements if identified 
· Phase 2: Specify enhanced RRM requirements based on outcome of Stage 1



Based on last RAN4 meeting (RAN4#97-e) discussion, the following contents are agreed in the approved WF [2, R4-2017828], in which feasibility study is triggered to be conducted to investigate the feasibility deployment scheme for this FR2 HST scenario and RRM related issues are important part of this feasibility study. 
In this contribution, we would like to provide our initial views for RRM requirements. 
2. Discussion
2.1 RRM Impact by FR2 HST Deployment Scenarios
As we present in our accompanying paper [4], the FR2 HST deployment scenario needs to be clarified with common understanding firstly. Based on our analysis, different deployment scenarios are investigated: 
Table 2.1-1 Summary of FR2 HST Deployment Scenarios (copied from [4])
	Scenario
	Transmit configuration 
	Support in R15
	Support in R16
	Views from Samsung

	
	SSB
	TRS
	PDCCH/
PDSCH
	Illustrative Figure
	
	
	

	Uni-directional RRH Deployment

	JT for all channels – Full SFN
	Joint Tx
	Joint Tx
	Joint 
Tx
	

	Yes
	Yes
	No benefits observed, unless only 1 fixed beam per RRH

	Dynamic Point Selection (DPS)
	DPS
	

	Yes
	Yes
	Both Scheme DPS 1a and 1b seems reasonable, but don’t require UE to track more than 2 activated TCI.

	Multi-DCI based Multi-TRxP Transmission
	DPS
	DPS
	Multi-DCI Tx
	

	No
	Yes
	Don’t see benefits compared with DPS scheme 1b.

	Bi-directional RRH Deployment

	JT for all channels – Full SFN
	Joint Tx
	Joint Tx
	Joint 
Tx
	

	Yes
	Yes
	Not reasonable scheme, should be precluded

	Dynamic Point Selection (DPS)
	DPS
	

	Yes
	Yes
	Both Scheme DPS 1a and 1b seems reasonable, but don’t require UE to track more than 2 activated TCI.

	Multi-DCI based Multi-TRxP Transmission
	DPS
	DPS
	Multi-DCI Tx
	

	No
	Yes
	Don’t see benefits compared with DPS scheme 1b.



For different deployment scenario, the impact on RRM requirement could be significantly different: 
- For Uni-directional RRH deployment: 
           -> If Joint-Transmission with single fixed beam per RRH panel is adopted, UE have don’t need to have adjust RX beamforming direction quite much, thus limited number of RX beams required. SFN channel will be experienced and it is not needed to perform TCI state switch when HST travel through the area covered by different RRHs.
           -> If Dynamic Point Selection is adopted, Rel-15 mechanism of TCI state switching is needed to guarantee UE can perform beam management properly when HST travel through different areas covered by different beams. Accordingly, considering UE could have different number of RX beamforming relaxing factor N for FR2 HST scenario, the detailed requirement can be different from existing RAN4 RRM requirement. 
- For Bi-directional RRH deployment: 
           -> Generally, for bi-directional deployment, RX beamforming can be more complex than uni-directional, because UE have to cover both directions, and in theory, the required number of RX beams should be 2 times of uni-directional case. If Dynamic Point Selection is adopted, because more RX beams are needed, the delay requirement concerning RX beamforming relaxing factor should be enlarged. However, we should also guarantee the required delay can guarantee the maximum HST speed per requested by this work item’s target.  
Observation-1: The to-be-determined FR2 HST deployment scenario will impact the detailed set of RRM requirement to be specified by RAN4. 

2.2 RRM Requriement Impact for FR2 HST 
As tasked by WID, the following RRM requirements are required to be investigated for the necessary enhancement to support FR2 HST scenario, while it is RAN4’s role to identify the enhancement is required or not. From our understanding, considering that the UE type for FR2 HST is roof-mounted CPE, we don’t see the necessity to define Idle/Inactive mode requirement because the power consumption should not be the issue for this scenario. For other RRM requirement possible to be enhanced, we would like to provide our views as below: 
Obervation-2: RRM requirement impact have been identified as follows: 
	RRM Req. Category
	Sub-Category
	Samsung’s View

	Idle/inactive state mobility
	Cell selection/re-selection
	Not applicable to FR2 HST. 
(i.e., FR2 HST UE is not required to fulfill the existing requirement for Cell selection/re-selection). 

	Connected state mobility
	Handover
	FFS Detailed requirements needs to be revisited, but only for NR FR2 to NR FR2 Handover requirement. 

	
	Connection Mobility Control - 
RRC re-establishment
	FFS Detailed requirements needs to be revisited.

	
	Connection Mobility Control - 
Random Access
	No impact identified

	
	Connection Mobility Control - RRC Release with Redirection
	FFS Detailed requirements needs to be revisited.

	Timing
	TX timing, timer, TA, Cell Phase Sync accuracy, MRTD/MTTD, deriveSSB-IndexFromCell tolerance
	No impact has been identified. 
Note: because FR2 HST only have SA deployment, some of requirement is not applicable to SA deployment. 

	Signalling
	RLM
	FFS Detailed requirements needs to be revisited.

	
	Interruption
	No impact identified 
Note: Only interruptions with Standalone NR Carrier Aggregation is applicable. 

	
	SCell Activation and Deactivation Delay
	FFS detailed requirements needs to be revised or not for FR2 HST.

	
	UE UL carrier RRC reconfiguration delay
	Not applicable to FR2 HST

	
	Link Recovery
	FFS Detailed requirements needs to be revisited.

	
	Active BWP switch delay
	No impact identified 

	
	Active TCI state switching delay
	FFS Detailed requirements needs to be revisited.

	
	PSCell Change
	Not applicable to FR2 HST

	
	Uplink spatial relation switch delay
	FFS Detailed requirements needs to be revisited.

	
	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 Detailed requirements needs to be revisited.

	
	NR inter-frequency measurements
	FFS Detailed requirements needs to be revisited.

	
	Inter-RAT measurement 
	Not applicable to FR2 HST

	
	L1-RSRP/L1-SINR Measurement
	FFS Detailed requirements needs to be revisited.

	
	CSI-RS based L3 measurements
	Not applicable to FR2 HST

	
	NR measurements with autonomous gaps
	Not applicable to FR2 HST
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3. Conclusion
In this contribution, we further provided our discussion and viewpoint on RRM core requirement for FR2 HST. The following observations are provided accordingly: 
Observation-1: The to-be-determined FR2 HST deployment scenario will impact the detailed set of RRM requirement to be specified by RAN4. 
Obervation-2: RRM requirement impact have been identified as follows: 
	RRM Req. Category
	Sub-Category
	Samsung’s View

	Idle/inactive state mobility
	Cell selection/re-selection
	Not applicable to FR2 HST. 
(i.e., FR2 HST UE is not required to fulfill the existing requirement for Cell selection/re-selection). 

	Connected state mobility
	Handover
	FFS Detailed requirements needs to be revisited, but only for NR FR2 to NR FR2 Handover requirement. 

	
	Connection Mobility Control - 
RRC re-establishment
	FFS Detailed requirements needs to be revisited.

	
	Connection Mobility Control - 
Random Access
	No impact identified

	
	Connection Mobility Control - RRC Release with Redirection
	FFS Detailed requirements needs to be revisited.

	Timing
	TX timing, timer, TA, Cell Phase Sync accuracy, MRTD/MTTD, deriveSSB-IndexFromCell tolerance
	No impact has been identified. 
Note: because FR2 HST only have SA deployment, some of requirement is not applicable to SA deployment. 

	Signalling
	RLM
	FFS Detailed requirements needs to be revisited.

	
	Interruption
	No impact identified 
Note: Only interruptions with Standalone NR Carrier Aggregation is applicable. 

	
	SCell Activation and Deactivation Delay
	FFS detailed requirements needs to be revised or not for FR2 HST.

	
	UE UL carrier RRC reconfiguration delay
	Not applicable to FR2 HST

	
	Link Recovery
	FFS Detailed requirements needs to be revisited.

	
	Active BWP switch delay
	No impact identified 

	
	Active TCI state switching delay
	FFS Detailed requirements needs to be revisited.

	
	PSCell Change
	Not applicable to FR2 HST

	
	Uplink spatial relation switch delay
	FFS Detailed requirements needs to be revisited.

	
	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 Detailed requirements needs to be revisited.

	
	NR inter-frequency measurements
	FFS Detailed requirements needs to be revisited.

	
	Inter-RAT measurement 
	Not applicable to FR2 HST

	
	L1-RSRP/L1-SINR Measurement
	FFS Detailed requirements needs to be revisited.

	
	CSI-RS based L3 measurements
	Not applicable to FR2 HST

	
	NR measurements with autonomous gaps
	Not applicable to FR2 HST



4. Reference
[1] RP-202118, “New WID on NR support for high speed train scenario in FR2”, Samsung, Nokia. 
[2] R4-2017828, “WF on NR support for HST in FR2”, Samsung. 
[3] RP-202538, “Revised WID on NR support for high speed train scenario in frequency range 2 (FR2)”, Samsung, Nokia. 
[4] R4-2100915, “Further discussion on high speed train deployment scenario in FR2”, Samsung. 
[5] R4-2100916, “Simulation results and analysis on HST deployment scenario in FR2”, Samsung. 

Microsoft_Visio_Drawing1.vsdx
RRH1
TCI-1
TRS-1
PDCCH-1/PDSCH-1
SSB-1
SSB-0
SSB-2
SSB-1
RRH2
TRS-1
SSB-1
SSB-0
SSB-2
SSB-1
PDCCH-1/PDSCH-1



image2.emf
RRH1

SSB-0

SSB-2

SSB-1

RRH2

SSB-3

SSB-5

SSB-4


Microsoft_Visio_Drawing2.vsdx
RRH1
TRS-1
SSB-1
SSB-0
SSB-2
SSB-1
RRH2
SSB-3
SSB-5
SSB-4
PDCCH-1/PDSCH-1



image3.emf
RRH1

SSB-0

SSB-2

SSB-1

RRH2

TCI-0

SSB-3

SSB-4

SSB-5


Microsoft_Visio_Drawing3.vsdx
RRH1
TRS-0
SSB-0
SSB-0
SSB-2
SSB-1
RRH2
PDCCH-0/PDSCH-0
TCI-0
SSB-3
SSB-4
TRS-1
SSB-5
PDCCH-1/PDSCH-1
TCI-5
SSB-5



image4.emf
RRH1

TCI-2

SSB-0

SSB-2

SSB-1

RRH2

SSB-0

SSB-2

SSB-1


Microsoft_Visio_Drawing4.vsdx
RRH1
TCI-2
TRS-2
SSB-2
SSB-0
SSB-2
SSB-1
PDCCH-2/PDSCH-2
RRH2
TRS-2
SSB-2
SSB-0
SSB-2
SSB-1
PDCCH-2/PDSCH-2



image5.emf
RRH1

SSB-0

SSB-2

SSB-1

RRH2

TCI-0

SSB-3

SSB-5

SSB-4

TCI-3


Microsoft_Visio_Drawing5.vsdx
RRH1
TRS-0
SSB-0
SSB-0
SSB-2
SSB-1
RRH2
PDCCH-0/PDSCH-0
TCI-0
SSB-3
SSB-5
SSB-4
TCI-3



image6.emf
RRH1

SSB-0

SSB-2

SSB-1

TCI-0

RRH2

SSB-3

SSB-5

SSB-4

TCI-3


Microsoft_Visio_Drawing6.vsdx
RRH1
TRS-0
SSB-0
SSB-0
SSB-2
SSB-1
PDCCH-0/PDSCH-0
TCI-0
RRH2
TRS-1
SSB-3
SSB-3
SSB-5
SSB-4
PDCCH-1/PDSCH-1
TCI-3



image1.emf
RRH1

TCI-1

SSB-0

SSB-2

SSB-1

RRH2

SSB-0

SSB-2

SSB-1


