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1. Introduction

In April meeting, there is discussion on HST RRM enhancement for inter-frequency measurement and it was agreed to define RRC Connected state inter-frequency measurement enhancements [1]. And in last meeting, the enhanced RRM requirements for inter-frequency measurement without MG were specified [2]. But how to perform the enhancement for inter-frequency measurement with MG and whether to define enhancement for RRC IDLE inter-frequency measurements are FFS. This contribution provides further discussion on these topics.
2. Discussion 
2.1 Enhancement on RRC Connected state inter-frequency measurement with MG
In Rel-16 HST WI, both intra-frequency measurement requirements and inter-RAT measurement requirements are specified. In order to reduce RAN4 work load, the enhancement specified in Rel-16 HST WI can be used as baseline to specify inter-frequency measurement requirements. Compared with the measurement within NR, there is some relaxation on inter-RAT measurement performance. From mobility point of view, to support the target velocity of 500km/h, it is preferred to take intra-frequency measurement requirements as baseline to define the inter-frequency measurement enhancement.
Considering the AGC for inter-frequency measurement with MG, totally reuse the number of samples for intra-frequency measurement, i.e. 5 samples, may be not appropriate. There are two main factors to be considered to specify the requirements for inter-frequency measurement: measurement accuracy, AGC. Considering the necessary number of samples to guarantee the measurement accuracy and the needed number of samples for AGC is up to UE implementation, in our view, the proposal of 6 samples in total proposed by companies is a good way to move forward.    
Proposal 1: for connected state inter-frequency measurement with MG, the enhanced PSS/SSS detection delay requirements is proposed as following:
Time period for PSS/SSS detection for inter-frequency measurements with gaps (Frequency FR1)

	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


For measurement delay for inter-frequency measurement with MG, we have the similar consideration as that of PSS/SSS detection. To support the target velocity of 500km/h, it is preferred to take intra-frequency measurement requirements as baseline to define the inter-frequency measurement enhancement. And taking the AGC of inter-frequency measurement with MG into account, some relaxation compared to the requirements of intra-frequency measurement can be considered. 
Proposal 2: for connected state inter-frequency measurement with MG, the enhanced measurement delay requirements is proposed as following:
Measurement period for inter-frequency measurements without gaps ((FR1)

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, 6 ( Max(MGRP, SMTC period)) ( CSSFinter

	DRX cycle≤ 160ms
	max(200ms, ceil(M2 Note 2 x 6) x max(MGRP, SMTC period, DRX cycle)) x CSSFinter

	160ms < DRX cycle≤ 320ms
	ceil(5 x M2 Note 2) x DRX cycle x CSSFinter

	DRX cycle>320ms
	Y Note 3 x DRX cycle x CSSFinter

	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

NOTE 3:
Y= 4 when SMTC <= 40ms, Y= 6 when SMTC > 40ms


2.2 Enhancement on RRC IDLE state inter-frequency measurement
From coverage and network capacity point of view, it is very possible deployment that different frequencies are deployed along the railway. It is necessary to specify the enhancement for idle mode. 
Proposal 3: it is proposed to define enhancement on RRC IDLE state inter-frequency measurement.

As for how to specify the enhanced requirements for inter-frequency measurement in idle mode, the enhancement specified for intra-frequency enhancement in Rel-16 HST WI can be reused.
Proposal 4: the enhancement specified for intra-frequency enhancement in Rel-16 HST WI can be used as baseline to specify the enhanced requirements for inter-frequency measurement in idle mode.

For idle mode inter-frequency measurement, one issue is the principle on the requirements if there are HST inter-frequency layers and non-HST inter-frequency layers to be measured. Before we go to the detail discussion of inter-frequency measurement, I would like to recall the conclusion of inter-RAT measurement in Rel-16 NR HST.
In Rel-16 NR HST, enhanced RRM requirements on inter-RAT measurement are specified for both idle mode and connected mode. For idle mode, considering that the frequency carriers to be measured are broadcasted, it is possible that both HST frequency layers and non-HST frequency layer are broadcasted. Based on this consideration, indication of high speed train frequency carrier, with which UE shall apply the enhanced inter-RAT measurement requirements to support high speed to the E-UTRA/NR carrier, are introduced. And the total cell re-selection requirements need to take both HST carrier and non-HST carrier into account. The principle introduced for inter-RAT measurement for HST is NHST_inter-f carrier * THST_interf + NnonHST_inter-f carrier * TnonHST_interf.
For inter-frequency measurement in idle mode, there is similar situation as inter-RAT measurement to support HST. And the agreements for Rel-16 inter-RAT measurement enhancement in idle mode can be reused for inter-frequency measurement in idle mode

Proposal 5: if inter-frequency measurement enhancement for HST in idle mode is introduced, the requirements principle introduced for Rel-16 inter-RAT measurement enhancement for HST in idle mode can be reused:

NHST_inter-f carrier * THST_interf + NnonHST_inter-f carrier * TnonHST_interf
Proposal 6: if inter-frequency measurement enhancement for HST in idle mode is introduced, it is proposed to introduce network indication in idle mode to indicate whether to apply the enhanced cell re-selection requirements to the indicated carrier.
2.3 UE capability on inter-frequency measurement enhancement for HST
In April meeting, it was agreed that support of HST inter-frequency measurement enhancements is up to UE capability, but the details are FFS [1]. Currently, in total, there are 4 UE capabilities related with NR HST RRM, which is summarized as following Table 1.

Table 1 summary of UE capabilities related with NR HST RRM

	UE capabilities related with NR HST RRM
	Components

	measurementEnhancement-r16


	The enhanced RRM requirements specified within NR and NR-E-UTRAN inter-RAT measurement to support high speed up to 500 km/h, as specified in TS 38.133

	interRAT-enhancementNR-r16
	Indicates whether the UE supports enhanced inter-RAT NR measurement requirements to support high speed up to 500 km/h as specified in TS 36.133

	RRM enhanced requirements specified within NR HST
	The enhanced RRM requirements specified within NR to support high speed up to 500 km/h, as specified in TS 38.133

	RRM enhanced requirements specified for NR-E-UTRAN inter-RAT measurement for NR HST
	The enhanced NR-E-UTRAN inter-RAT RRM requirements to support high speed up to 500 km/h, as specified in TS 38.133


As we can see from Table1, the existing UE capabilities are only for NR intra-frequency measurement and/or inter-RAT measurement, which can be not reused for inter-frequency measurement. It is necessary to introduce a new UE capability to indicate whether the inter-frequency measurement enhancement with velocity up to 500 km/h is supported or not. Since RRM enhancement for CA scenario is also specified, a signaling to indicate whether UE support the enhanced RRM requirements for HST CA may be needed. If it is agreed to introduce UE signaling for HST CA, whether a single UE capability cover both CA enhancement and inter-frequency measurement enhancement can be further discussed.
Proposal 7: If it is agreed to introduce UE capability for HST CA, it is necessary to discuss whether a single UE capability can cover both CA enhancement and inter-frequency measurement enhancement.
3. Conclusion
This contribution provides discussion on HST RRM enhancement for inter-frequency measurement. The proposals are:
Proposal 1: for connected state inter-frequency measurement with MG, the enhanced PSS/SSS detection delay requirements is proposed as following:
Time period for PSS/SSS detection for inter-frequency measurements with gaps (Frequency FR1)

	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


Proposal 2: for connected state inter-frequency measurement with MG, the enhanced measurement delay requirements is proposed as following:
Measurement period for inter-frequency measurements without gaps ((FR1)

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, 6 ( Max(MGRP, SMTC period)) ( CSSFinter

	DRX cycle≤ 160ms
	max(200ms, ceil(M2 Note 2 x 6) x max(MGRP, SMTC period, DRX cycle)) x CSSFinter

	160ms < DRX cycle≤ 320ms
	ceil(5 x M2 Note 2) x DRX cycle x CSSFinter

	DRX cycle>320ms
	Y Note 3 x DRX cycle x CSSFinter

	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

NOTE 3:
Y= 4 when SMTC <= 40ms, Y= 6 when SMTC > 40ms


Proposal 3: it is proposed to define enhancement on RRC IDLE state inter-frequency measurement.

Proposal 4: the enhancement specified for intra-frequency enhancement in Rel-16 HST WI can be used as baseline to specify the enhanced requirements for inter-frequency measurement in idle mode.

Proposal 5: if inter-frequency measurement enhancement for HST in idle mode is introduced, the requirements principle introduced for Rel-16 inter-RAT measurement enhancement for HST in idle mode can be reused:

NHST_inter-f carrier * THST_interf + NnonHST_inter-f carrier * TnonHST_interf
Proposal 6: if inter-frequency measurement enhancement for HST in idle mode is introduced, it is proposed to introduce network indication in idle mode to indicate whether to apply the enhanced cell re-selection requirements to the indicated carrier.
Proposal 7: If it is agreed to introduce UE capability for HST CA, it is necessary to discuss whether a single UE capability can cover both CA enhancement and inter-frequency measurement enhancement.
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