[bookmark: OLE_LINK13][bookmark: OLE_LINK14]3GPP TSG-RAN WG4 #99-e	R4-2110223
Electronic meeting, 19th – 27th May 2021

Source: 	Ericsson 
Title:  	RRM requirements impacted for HST FR2
Agenda Item:	9.8.4.3	
Document for:	Discussion

Introduction
In this contribution, we focus on issues main RRM specifications due to HST FR2 deployment, DRX and RX sweep number.

Disucssion
According to the approved WF, the following related to DRX was agreed [1]:
	· 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



We support option 3, when long DRX configurations (> [80] ms), measurement period should be kept same as short DRX configurations (≤ [80] ms). Through the approach, definition for long DRX configurations is simplified and aligned with short DRX configurations. And, it doesn’t impact long DRX configuration. 
Proposal 1:  support option 3, apply requirements for short DRX configurations on long DRX configurations 

According to the approved WF the following was agreed for handover/ intra-frequency cell identification [1]:
	· 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.



The key issue is the identification time needed when target cell is unknown, it’s extra time needs to be take into account. Taking an example here, assuming SMTC/DRX =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.
The summarized distance needed for cell identification is depicted in below table.
	
	Max(SMTC,DRX)=40ms
	Max(SMTC,DRX)=80ms

	beam sweep number =1
	23m
	46m

	beam sweep number =4
	93m
	186m

	beam sweep number =8
	186m
	372m



Proposal 2:  For handover, existing Intra-frequency cell identification is OK, meanwhile RX beam sweep number reduction can bring more flexibility. 

According to the approved WF the following was agreed for RRC re-establishment [1]:
	· Connection mobility control - RRC re-establishment:
· FFS: whether the existing requirements can work for FR2 HST.



According to chapter 6.2.1 in TS38.133, there isn’t definition of known FR2 cell. It means Tidentify_intra_NR is most time-consuming factor in total time needed for RRC re-establishment.
	In the requirement defined in the below tables, the target FR1 cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown.


Table 6.2.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell 
	FR of target NR 
	Tidentify_intra_NR [ms]

	[bookmark: _Hlk71007941]SSB Ês/Iot (dB)
	cell
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x TSMTC)
	MAX (800 ms, 10 x TSMTC)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 80 x TSMTC))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	[bookmark: _Hlk521492617]3520Note1

	Note 1:	The UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.



Considering good SSB Ês/Iot in HST FR2 deployment due to trajectory and assuming TSMTC =40ms, Tidentify_intra_NR=3.2s. the distance has passed 310m. 
Proposal 3-1:  Define criteria of known cell for FR2, at least for HST FR2 considering deterministic trajectory. 
Proposal 3-2:  RRC connection re-establishment needs enhancement with RX beam sweep number reduction. 

According to the approved WF the following was agreed for RRC Release with Redirection [1]:
	· FFS: Connection Mobility Control - RRC Release with Redirection


In last meeting, it was proposed to be low prioritized because some views on RRC release with redirection is mainly for Inter-RAT mobility. 
Proposal 4:  In NR there is RRC release with redirection from NR to another NR carrier. It is an alternative or complementary to inter-frequency handover in NR. We suggest continuing discussion on this issue.

According to the approved WF [1], TA when switching between RRH for uni-directional deployment is a problem need to be considered.
	· 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


Recall one shot timing adjustment from before discussions: When the magnitude of the DT exceeds H then the UE shall adjust its transmission timing in one adjustment only once provided that the following conditions are met at the UE. Otherwise when the magnitude of the DT ≤ H then the UE shall adjust its transmission timing according to the rules. 
The problem is how to resolve the values related to TA step size in one- time TA adjustment. It is promising that HST FR2 has deterministic trajectory and dedicated UE. The step size may be limited into a safe and reliable scope.
Proposal 5:  Agreement on scope of TA step size by one-time TA adjustment before enabling it in HST FR2.

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


We agree that enhancement of M following R16 HST enhancement. 
The key issue is the enhancement of Mmeas_period_w/o_gaps. Recall definition of Mmeas_period_w/o_gaps:
· 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.
Essentially, for HST FR2, Mmeas_period_w/o_gaps=24=3*8, where 8 is scaling factor for FR2. 
Mmeas_period_w/o_gaps  = [6] implies scaling factor for FR2=2. It’s aligned with preliminary agreement in RX sweep number discussion. But we also are aware of some issues can impact the conclusion of scaling factor for FR2=2.
Proposal 6: Agree with option 1a but relies on final conclusion of scaling factor for FR2.

According to the approved WF the following was agreed for PSS/SSS detection [1]:
	· 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).
[image: ]
· FFS: the enhancements to be introduced



Proposal 7: Agree with option 1a but relies on final conclusion of scaling factor for FR2.

According to the approved WF the following was agreed for SMTC periodicity [1]:
	· Restriction on SMTC periodicity:
· Restriction on SMTC periodicity configuration are preferred in FR2 HST.
· FFS: the restrictions on SMTS periodicity.


Proposal 8: SMTS periodicity =40ms can be the base of restrictions for FR2 HST, following FR1 HST and no more restriction.

According to the approved WF the following was agreed for L1 measurements [1]:
	· L1 measurements:
· The L1 measurements shall be enhanced
· FFS: the enhancements to be introduced


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.
The detailed analysis is studied in [3]. Here important observation is listed:
RX beam number increment cannot bring obvious better SNR, and the longer TL1-RSRP_Measurement_Period_SSB due to increased RX beam number may face SNR degradation. 
Proposal 9: L1-RSRP can be enhanced considering 1.5 replacement with 1 and RX beam sweep number reduction, meanwhile, requirements rely on SSB beam index number and configuration.

According to the approved WF the following was agreed for IDLE/INACTIVE mode requirements [1]:
	· IDLE/INACTIVE mode requirements:
· The companies are encouraged to provide their views on the following options and share their proposals on possible enhancements:
· Option 1: Reuse existing Rel-16 requirements
· Option 2: Study and define enhancements to support FR2 HST condition
· Option 2a: For FR2 HST, the cell reselection requirements are enhanced according to Table (Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for FR2 HST), where N1 ≤ 4:
[image: ]
· FFS: the way how IDLE/INACTIVE state can be used in HST FR2 deployment



Agree with option 2a which follows HST enhancement in R16. Thus, for a newly detectable cell, Assuming DRX=80ms and SMTC < = 40 ms:
· The shortest time for cell re-selection procedure, including cell detection and RSRP/RSRQ measurement, will then be 8 x 4 x 0.08+1 x 4 x 0.08=2.88s, not including higher layer signaling delays. 
· For a detected cell, the shortest time for cell re-selection will be 1x 4 x 0.08+3 x 4 x 0.08=1.28s.
Considering Ds=700m with speed=350 km/h(97m/s), cell re-selection is completed in 279m and 124m. it is acceptable.
About the question how IDLE/INACTIVE state can be used in HST FR2 deployment, we suppose there is possibility of interruptions due to different reasons e.g. tunnels, obstacles and entering different regions. In this case, reselection is expected to be quick enough to camp again. 
In case of “when the CPE is not serving any UE because the number of passengers is very low or no passengers in the carriage, the CPE can go to the idle mode”, it isn’t absolutely correct that this case happens when train is in station or low speed only. 
[bookmark: _Hlk67402199]Proposal 10: Agree with option 2a, but relies on conclusion of N1, a.k.a. scaling factor for FR2.
Proposal 11:  For case of interruptions or network change, IDLE/INACTIVE state needs enhancement; for the case of few passengers, existing R16 is not enough, IDLE/INACTIVE state needs enhancement.

Conclustion
Proposal 1:  support option 3, apply requirements for short DRX configurations on long DRX configurations 
Proposal 2:  For handover, existing Intra-frequency cell identification is OK, meanwhile RX beam sweep number reduction can bring more flexibility. 
Proposal 3-1:  Define criteria of known cell for FR2, at least for HST FR2 considering deterministic trajectory. 
Proposal 3-2:  RRC connection re-establishment needs enhancement with RX beam sweep number reduction. 
Proposal 4:  In NR there is RRC release with redirection from NR to another NR carrier. It is an alternative or complementary to inter-frequency handover in NR. We suggest continuing discussion on this issue.
Proposal 5:  Agreement on scope of TA step size by one-time TA adjustment before enabling it in HST FR2.
Proposal 6: Agree with option 1a but relies on final conclusion of scaling factor for FR2.
Proposal 7: Agree with option 1a but relies on final conclusion of scaling factor for FR2.
Proposal 8: SMTS periodicity =40ms can be the base of restrictions for FR2 HST, following FR1 HST and no more restriction.
Proposal 9: L1-RSRP can be enhanced considering 1.5 replacement with 1 and RX beam sweep number reduction, meanwhile, requirements rely on SSB beam index number and configuration.
Proposal 10: Agree with option 2a, but relies on conclusion of N1, a.k.a. scaling factor for FR2.
Proposal 11:  For case of interruptions or network change, IDLE/INACTIVE state needs enhancement; for the case of few passengers, existing R16 is not enough, IDLE/INACTIVE state needs enhancement.
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