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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
According to work plan [1] on enhancement for NR high speed train scenario in FR1, work continued during the RAN4#100e meeting, with outcome in terms of agreements and open issues captured in WF [2]. 
This contribution mainly discusses Inter-frequency measurements issues which are still open.

Discussion
In last meeting [2], inter-frequency measurement in idle mode was agreed as below:
	Issue 2-2: how to perform the enhancement for inter-frequency measurement in idle mode for HST
· Option 1 (QC, CATT, CMCC, Ericsson): using the same requirement as for intra-frequency measurement for HST
	DRX cycle length [s]
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter
[s] (number of DRX cycles)

	
	
	
	
	

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

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

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

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

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



· Option 2 (OPPO, HW, MTK, vivo, Xiaomi): The R16 enhanced EUTRA-NR inter-RAT measurement requirements in idle mode could be reused for NR inter-frequency measurements
	DRX cycle length [s]
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	
	
	
	
	

	0.32
	4.16 x M2 (13 x M2)Note 1
	0.64 x M3 (2 x M3)Note 1
	0.96 x M4 (3 x M4) Note 1
	

	0.64
	7.68 (12)
	1.28 (2)
	1.92 (3)
	

	1.28
	12.8(10) 
	1.28 (1)
	3.84 (3)
	

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

	Note 1: 	M2=1.5, M3=2 and M4=2 if SMTC periodicity of measured intra-frequency cell > 40 ms; otherwise M2=M2=M3=1.
	






Inter-frequency measurements are faster than inter-RAT NR to LTE measurements, which makes sense. If inter-frequency measurement is as demanding as inter-RAT measurement, throughput and other network performance will inevitably suffer as a result of falling back to LTE.
Proposal 1: Support Option 1, using the same requirement as for intra-frequency measurement for HST

 
	[bookmark: _Hlk79480394]Issue 2-3: FFS on the principle on the requirements if there are both HST inter-frequency layers and non-HST inter-frequency layers to be measured
· Option 1 (CATT, CMCC, OPPO, Ericsson, HW, MTK, QC, vivo, Xiaomi): NHST_inter-f carrier * THST_interf + NnonHST_inter-f carrier * TnonHST_interf can be specified if there are HST inter-frequency carriers and non-HST inter-frequency carriers to be measured in idle mode
· Option 2: FFS



[bookmark: _Hlk83633670]In R4-2008627, it has been decided that measurement time on non-HST carriers be included in HST measurements as well. That's how it's intended to be to our understanding.
Proposal 2: Support Option 1. NHST_inter-f carrier * THST_interf + NnonHST_inter-f carrier * TnonHST_interf can be specified if there are HST inter-frequency carriers and non-HST inter-frequency carriers to be measured in idle mode


	Issue 2-4: PSS/SSS detection time requirement for inter-frequency measurement with MG in connected state for HST
· Option 1 (QC, Nokia): 
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	 Max(600ms, 6  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(6*M2 Note 3)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms 
	6  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	When high speed is not configured, M2 = 1.5; When high speed is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1




· Option 2 (CATT, MTK, OPPO, vivo, HW):
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	 Max(600ms, 8  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(8*M2 Note 3)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms 
	8  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:  When high speed is not configured, M2 = 1.5. When high speed is configured, M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1.



· Option 3 (Ericsson, Nokia):
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	 Max(600ms, N Note 4  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(N Note 4 M2 Note 3)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms 
	N Note 4  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	When highSpeedMeasFlag-r16 is not configured, M2 = 1.5; When highSpeedMeasFlag-r16 is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1.
NOTE 4:	When highSpeedMeasFlag-r16 is not configured, N = 8; otherwise N = 5.




· Option 4 (Apple):
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	Max(600ms, Ceil(8*M2/1.5) * Max(MGRP, SMTC period)) * CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(8*M2 Note 3) * Max(MGRP, SMTC period, DRX cycle)) * CSSFinter

	DRX cycle > 320ms
	Ceil(8*M2/1.5) * DRX cycle * CSSFinter

	NOTE 1:  DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:  In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:  When high speed is not configured, M2 = 1.5; When high speed is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1



· Option 5 (CMCC):
	Condition NOTE1,2
	T PSS/SSS_sync_inter

	No DRX
	Max(600ms, 6  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle≤ 320ms
	Max(600ms, Ceil(6  M Note 3)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Y Note 4 DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	M = 1.5 if SMTC periodicity > 40 ms, otherwise M=1
NOTE 4:	Y= 4 when SMTC <= 40ms, Y= 6 when SMTC > 40ms



· Option 6 (QC, Nokia, CMCC, Ericsson, Xiaomi): 
	Condition NOTE1,2
	TPSS/SSS_sync_inter for FR1 HST

	No DRX
	 Max(600ms, 6  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(6  M2 Note 3)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms 
	6  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2=1






Option 6 is recommended WF in last meeting and compromised between intra-frequency and inter-RAT measurement requirements. We can compromise to Option 6. 
Proposal 3: Support Option 6.
	Condition NOTE1,2
	TPSS/SSS_sync_inter for FR1 HST

	No DRX
	 Max(600ms, 6  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(6  M2 Note 3)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms 
	6  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2=1




	Issue 2-5: measurement delay requirement for inter-frequency measurement with MG in HST in connected state for HST
· Agreements:
	DRX cycle
	T SSB_measurement_period_intra for FR1 HST

	No DRX
	max(200ms, N1  Max(MGRP, SMTC period))  CSSFinter
N1 = 7

	DRX cycle ≤ 160ms
	max(200ms, ceil(N2) x max(MGRP, SMTC period, DRX cycle)) x CSSFinter
N2 = 7 x M2

	160ms < DRX cycle ≤ 320ms
	ceil(N3) x DRX cycle x CSSFinter
N3 = 7 x M2

	DRX cycle>320ms
	FFS

	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



· Open issue: 
· measurement delay requirement for DRX cycle > 320ms for inter-frequency measurement with MG in connected state for HST
· Option 1: for DRX cycle>320ms, T SSB_measurement_period_intra = 5 x DRX cycle x CSSFinter
· Option 2: for DRX cycle>320ms, T SSB_measurement_period_intra = 4 x M2 x DRX cycle x CSSFinter (M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1)



We recommend retaining M2 to provide for the possibility of reducing RS overhead by configuring longer SMTC or DRX, while still being able to utilize fewer samples in essential instances with an SMTC periodicity <40 ms.
Proposal 4: Support Option 2. for DRX cycle>320ms, T SSB_measurement_period_intra = 4 x M2 x DRX cycle x CSSFinter (M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1)

Conclusion
Proposal 1: Support Option 1, using the same requirement as for intra-frequency measurement for HST
Proposal 2: Support Option 1. NHST_inter-f carrier * THST_interf + NnonHST_inter-f carrier * TnonHST_interf can be specified if there are HST inter-frequency carriers and non-HST inter-frequency carriers to be measured in idle mode
Proposal 3: Support Option 6.
	Condition NOTE1,2
	TPSS/SSS_sync_inter for FR1 HST

	No DRX
	 Max(600ms, 6  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(6  M2 Note 3)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms 
	6  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2=1



Proposal 4: Support Option 2. for DRX cycle>320ms, T SSB_measurement_period_intra = 4 x M2 x DRX cycle x CSSFinter (M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1)
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