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Introduction
During the RAN4#98bis-e meeting, a way forward on NR RRM enhancements for FR1 HST [1] was approved. According to [1], it was agreed to enhance inter-frequency measurements in connected mode for CA while the support of such enhancements is up to UE capability.
	· 	Inter-frequency measurement
· Define RRC Connected state inter-frequency measurement enhancements
· Support of HST inter-frequency measurement enhancements is up to UE capability. Details are FFS
· FFS whether enhancements for RRC IDLE inter-frequency measurements are needed




In this contribution, we discuss a possible enhancement for inter-frequency enhancements in the connected mode and our observations on the need of inter-frequency measurement enhancements in the idle mode. 
Discussion
As the target UE speed and deployment scenario is the same as for the single carrier case, the cell detection time for inter-frequency with time index (Tidentify_inter_with_index) and without time index (Tidentify_inter_without_index) should be on the same order as the corresponding cell detection time for intra-frequency. As such, the same methodology for Rel-16 FR1 HST can be applied. The proposed enhancements are shown in Tables 1-3.  
Table 1: Time period for PSS/SSS detection (Frequency range FR1) for HST
	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.




Table 2: Time period for time index detection (Frequency range FR1) for HST
	Condition NOTE1,2
	TSSB_time_index_inter

	No DRX
	Max(120ms, 3  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(120ms, Ceil(3  M2 Note 3 )  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	3  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



Table 3: Measurement period for inter-frequency measurements with gaps (Frequency FR1) for HST
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	Max(200ms, 5  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle≤ 160ms
	Max(200ms, Ceil(5  M2 Note 3)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	160 ms ≤DRX cycle ≤ 320ms
	4  M2 Note 3 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:	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2=1
NOTE 4:	Y=3 when SMTC <= 40ms, Y=5 when SMTC > 40ms




Proposal 1: For HST, the inter-frequency measurements in connected mode are enhanced according to Tables 1-3. 
In the idle mode, inter-frequency measurement would have lower priority than intra-frequency measurements. Further, it increases battery energy consumption of UE. Intra-frequency measurements seem to be sufficient to ensure operation. 
Observation 1: It is not clear whether idle mode inter-frequency measurements are needed, considering it increases battery energy consumption of UE.

Conclusion
The document has discussed and proposed a possible enhancement for inter-frequency measurement for FR1 HST CA. 
Proposal 1: For HST, the inter-frequency measurements in connected mode are enhanced according to Tables 1-3. 
Table 1: Time period for PSS/SSS detection (Frequency range FR1) for HST
	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.




Table 2: Time period for time index detection (Frequency range FR1) for HST
	Condition NOTE1,2
	TSSB_time_index_inter

	No DRX
	Max(120ms, 3  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(120ms, Ceil(3  M2 Note 3 )  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	3  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



Table 3: Measurement period for inter-frequency measurements with gaps (Frequency FR1) for HST
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	Max(200ms, 5  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle≤ 160ms
	Max(200ms, Ceil(5  M2 Note 3)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	160 ms ≤DRX cycle ≤ 320ms
	4  M2 Note 3 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:	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2=1
NOTE 4:	Y=3 when SMTC <= 40ms, Y=5 when SMTC > 40ms




Observation 1: It is not clear whether idle mode inter-frequency measurements are needed, considering it increases battery energy consumption of UE.
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