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Background
This contribution is to capture the agreements and the directions of further discussions for the email discussion of Rel‑17 NR HST FR2 enhancements RRM core requirements in RAN4#101-bis-e, with the email thread identifier “[100-bis-e][204] NR_HST_FR2_RRM_1”.
This e-mail thread captures the e-mail discussions for the following sub-agenda items for FR2 HST RRM
· 6.9.4	RRM core requirements
· 6.9.4.1	General
· 6.9.4.2	Number of RX beams
· 6.9.4.3	RRC Idle/Inactive and connected state mobility requirements
· 6.9.4.5	Signalling characteristics requirements	
· 6.9.4.6	Measurement procedure requirements
The following WFs were approved previously:
· R4-2103679, WF on Rel-17 NR HST FR2 enhancements, RRM requirements, Nokia, Nokia Shanghai Bell, RAN4#98-e
· R4-2105794, WF on FR2 HST RRM requirements, Nokia, Nokia Shanghai Bell, RAN4#98-bis-e
· R4-2115334, WF on FR2 HST RRM requirements (part 1), Nokia, Nokia Shanghai Bell, RAN4#100-e
· R4-2115335, WF on FR2 HST RRM requirements (part 2), Samsung, RAN4#100-e
· R4-2120292, WF on FR2 HST RRM requirements (part 1), Nokia, Nokia Shanghai Bell, RAN4#101-e
· R4-2120416, WF on FR2 HST RRM requirements (part 2), Samsung, RAN4#101-e

The detailed discussions related to the WF can be found in the e-mail discussion summary for [100-bis-e][204] NR_HST_FR2_RRM_1 [R4-2202721].


WF on Topic#1: General
Sub-topic 1-3: Network signaling
Issue 1-1-1: Signaling of uni-/bi-directional operation
	GtW Agreement:
Introduce network assistance to inform UE on the FR2 HST deployment type (uni-directional or bi-directional)



Issue 1-1-2: Signaling to indicate set 1 or set 2 RRM requirement
	Agreement:
Include cell-specific signaling of Set 1 or Set 2 enhanced RRM requirement into the LS to RAN2.



[bookmark: _Hlk93524564]Issue 1-1-3: Applicability of enhanced RRM requirements in TP
	Way forward:
· FFS, whether it should be clarified in the TR that 2Rx beam sweep based requirement (set 1) applies to the deployment scenario with Dmin > [10] m or Hdiff (height difference between train rooftop mounted CPE and RRH) > [10] m, performance degradation is expected.
· The proponents are encouraged to bring a TP to the TR, where the discussion can focus on the TP.



[bookmark: _Hlk93524637]Issue 1-1-4: Lightweight network assistance signaling
	Way forward:
Discuss further which NWA signaling is needed:
· Option 1: Enable network assisted signaling of SSB index and order per RRH.
· Option 2: The network assistance signaling of SSB configuration shall not be introduced in Rel-17.
· Option 3: Introduce inter-RRH indication
· Option 4: Other options are not precluded



Sub-topic 1-2: Deployment-related issues
[bookmark: _Hlk93524939]Issue 1-2-1: Train travelling opposite to the serving beam and upper DRX bound
	Agreement:
The DRX upper bound = 80 ms applies both to Sets 1 (Scenario-A) and 2 (Scenario-B).
Way forward:
The companies are encouraged to provide the analysis of Scenario-A where the train is travelling in the direction opposite to the serving beam orientation in the TR.



[bookmark: _Hlk93525117]Issue 1-2-2: Two-side RRM deployment in Scenario-B
	GtW agreement:
No special consideration for two-side RRH deployment for RRM requirements definition



Issue 1-2-3: Change of RRH panel orientation in uni-directional deployments
	[bookmark: _Hlk93525773]Agreement:
Do not define defined additional network signalling to identify to the UE a change of RRH panel orientation in uni-directional deployment, which is merged with Issue 1-1-4.




Sub-topic 1-3: UE capabilities
Issue 1-3-1: Capability to support different RX beam sweeping number
	Agreement:
FR2 HST UE (power class 6 UE) shall mandatorily support both Set 1 and Set 2 enhanced RRM requirements, in terms of different RX beams (i.e., RX beam sweeping scaling factor) per UE.



Issue 1-3-2: UE feature list
	[bookmark: _Hlk93526509]Way forward:
Companies are encouraged to check further UE feature needed for the support of enhanced RRM requirements for FR2 HST:
· FFS, whether power class shall be used to identify the feature support
· FFS, whether per-band type is necessary or per-UE type is enough



Sub-topic 1-4: CR work split (informative)
	TS 38.133 section number
	TS 38.133 section title
	Responsible company

	BigCR editor
	Nokia

	4
	SA: RRC_IDLE state mobility

	4.1
	Cell Selection
	

	4.2
	Cell Re-selection
	ZTE

	5
	SA: RRC_INACTIVE state mobility

	5.1
	Cell Re-selection
	

	6
	RRC_CONNECTED state mobility

	6.1
	Handover
	Ericsson

	6.2
	RRC Connection Mobility Control
	Ericsson

	7
	Timing

	7.1
	UE transmit timing
	Nokia

	7.2
	UE timer accuracy
	

	7.3
	Timing advance
	

	7.4
	Cell phase synchronization accuracy
	

	7.7
	deriveSSB-IndexFromCell tolerance
	

	8
	Signalling characteristics

	8.1
	Radio Link Monitoring
	CATT

	8.5
	Link Recovery Procedures
	CATT

	8.10
	Active TCI state switching delay
	Samsung

	8.12
	Uplink spatial relation switch delay
	Samsung

	9
	Measurement Procedure

	9.2
	NR intra-frequency measurements
	Nokia

	9.5
	L1-RSRP measurements for Reporting
	ZTE

	9.8
	L1-SINR measurements for Reporting
	Huawei

	9.10
	CSI-RS based L3 measurements
	Huawei




WF on Topic#2: Mobility and Measurement procedure
Sub-topic 2-1: RRC CONNECTED and IDLE state mobility requirements
Issue 2-1-1: Handover
	Agreement:
No enhancement is needed in HO requirement.



Issue 2-1-2: RRC Re-establishment requirement to known cell
	Agreement:
Do not define RRC Re-establishment requirement to known cell for HST FR2.



Issue 2-1-3: RRC Re-establishment requirement to unknown cell
	Agreement:
Define RRC connection re-establishment requirement to unknown NR intra-frequency cell Tidentify_intra_NR = MAX (1000 ms, 10 x N1 x TSMTC) when SINR≥ -8dB, the value of N1 refers to agreed RX beam number.



Issue 2-1-4: IDEL/INACTIVE state Cell Re-selection
	Agreement:
Defined enhanced requirements for Cell reselection in IDLE/INACTIVE mode for DRX 320 ms in HST FR2 deployments:

	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)
	

	Note 1:	when SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5, M3 = M4 = 2
Note 2:	[When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or intraRAT-MeasurementEnhancement-r16].
	


N1 refers to the number of Rx beams and equals 2 for Set 1, and 6 for Set 2.
Way forward:
The companies are encouraged to check the Notes and to reformulate Note 2.



Sub-topic 2-2: Measurement procedure requirements
Issue 2-2-3: Time period for PSS/SSS detection and Measurement period for intra-frequency measurements
	Agreement:
PSS/SSS detection 
Set 1:  
Table 1: Time period for PSS/SSS detection when [flag1] is configured, (Frequency range FR2) 
	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≤ 80 ms
	max(600ms, ceil([6] x M2Note 2 x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	80ms< DRX cycle≤ 320ms 
	max(600ms, ceil(M2 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 
NOTE 2: M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



Set 2:  
Table 2: Time period for PSS/SSS detection when [flag2] is configured, (Frequency range FR2) 
	DRX cycle 
	TPSS/SSS_sync_intra 

	No DRX 
	max(600ms, ceil([18] x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra 

	DRX cycle≤ 80ms
	max(600ms, ceil([18] x M2Note 2 x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	80ms< DRX cycle≤ 320ms 
	max(600ms, ceil(M2 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 
NOTE 2: M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



SSB measurement period 
Set 1: 
Table 3: Measurement period for intra-frequency measurements without gaps when [flag1] is configured (FR2) 
	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≤ 80ms
	max(400ms, ceil([6] x M2Note 2 x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	80ms< DRX cycle≤ 320ms 
	max(400ms, ceil(M2x 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 
NOTE 2: M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



Set 2: 
Table 4: Measurement period for intra-frequency measurements without gaps when [flag2] is configured (FR2) 
	DRX cycle 
	T SSB_measurement_period_intra   

	No DRX 
	max(400ms, ceil([18] x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra 

	DRX cycle≤ [80ms] 
	max(400ms, ceil([18] x M2Note 2 x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	80ms< DRX cycle≤ 320ms 
	max(400ms, ceil(M2x 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 
NOTE 2: M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



Way forward:
· Discuss the following options to define the scaling factors:
· Option 1: Scaling factors (Mpss/sss_synch_w/o_gaps and Mmeas_period_w/o_gaps) equal 6 for Set 1 and 18 for Set 2
· Option 2: Scaling factors (Mpss/sss_synch_w/o_gaps and Mmeas_period_w/o_gaps) equal 10 for Set 1 and 24 for Set 2
· Companies are encouraged to check, whether 600ms lower bound is makes sense when 80ms< DRX cycle≤ 320ms



Issue 2-2-4: L1-RSRP measurements for Reporting
	Agreement:
· For Set 1 
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*NA)*TSSB)

	DRX cycle ≤ 80ms
	max(TReport, ceil(M*P*NA*M2)*max(TDRX,TSSB))

	Note 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
NOTE 2: M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1


NA = 2
· For Set 2
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*NB)*TSSB)

	DRX cycle ≤ 80ms
	max(TReport, ceil(M*P*NB*M2)*max(TDRX,TSSB))

	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.
NOTE 2: M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1


NB = 6



Issue 2-2-5: Applicability of requirements to non-PC6 UE
	Way forward:
FFS, whether enhanced requirement should be applied to other than PC6 UEs even when HST FR2 flags are configured.



WF on Topic#3: Signaling characteristics
Issue 3-1-1: RLM/BFD evaluation period 
	Agreement:
Define scaling factor N for no DRX and DRX cycle <=80 ms by following the number of RX beams per UE for Set 1 and Set 2: Set 1: 2 RX beams; (2) Set 2: 6 RX beams.



Issue 3-1-2: TCI switching delay
	Way forward:
FFS how to avoid inter-symbol interference during TCI switching for FR2 HST scenario.



Issue 3-1-3: Uplink Spatial Relation Switch Delay
	Agreement:
For the known conditions for spatial relation when associated with DL-RS, the requirement defined in Rel-16 shall be reused, and no standard impact is expected for Rel-17 FR2 HST.



