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Introduction
In RAN4#99-e meeting, a way forward on RRM requirements for NR FR1 HST was approved in [1].
In this contribution, we provide the further consideration of several open issues for inter-frequency measurement and give our proposals.
Discussion
In R16, the inter-frequency measurement for HST hasn’t been specified. In RAN4#98-bis-e meeting, it is agreed inter-frequency measurement should be considered in this WI. In RAN4#99-e meeting, several aspects have been discussed. Some agreements about inter-frequency measurement have been reached, but there are still some open issues.
· Inter-frequency measurement in idle state
In way forward [1], it is listed as below:
	· Inter-frequency measurement in idle state
· Whether define the enhancement for inter-frequency measurement in idle mode for HST
· Option 1 (HW, OPPO, QC, Ericsson, Xiaomi, CATT, CMCC, vivo): Yes
· Option 2 (MTK, Nokia): No
· Option 3 (Apple): introduce a dedicated UE capability indicating the support of inter-frequency measurement in idle mode for HST
· if it is agreed to enhance the inter-frequency measurement requirements in idle mode, how to perform the enhancement 
· Option 1 (HW, QC, CATT, CMCC, Ericsson): using the same requirement as for intra-frequency measurement for HST
· Option 2 (OPPO, Xiaomi, MTK, vivo): The R16 enhanced EUTRA-NR inter-RAT measurement requirements in idle mode could be reused for NR inter-frequency measurements



As mentioned in last meeting, this is enhancement for inter-frequency measurement. In Rel-15 requirement for non-HST inter-frequency measurement, it cannot work for HST scenarios for such high speed. The UE moves out of cell in the detection time which results in cell reselection failure. In cases, the UE shall be able to identify new inter-frequency cells. Enhancements for RRC IDLE are needed for inter-frequency measurements. It facilitates the completion of the HST enhancement. The requirement of intra-frequency for Rel-16 HST enhancement can be reused.
Proposal 1: Define the enhancement for inter-frequency measurement in idle mode for HST. 
Proposal 2: The requirement of intra-frequency for Rel-16 HST enhancement can be reused.
Another issue need to be discussed is whether to reduce the number of carriers to be measured for inter-frequency.  According to TS38.133, UE is required to have the capability to monitor at least 8 NR frequency carriers. However, in HST scenarios, the number of NR carriers can be reduced to be measured. There is no need for so many inter-frequency carriers for HST deployment. 
Proposal 3: Decreasing Kcarrier should be considered as well.
It is possible that both HST carriers and non-HST carriers exist. Therefore, we think the similar Rel-16 HST inter-RAT principle can be reused in inter-frequency measurement. 
Proposal 4: 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

· Inter-frequency measurement in RRC_Connected state
For without MG, the consensus have been reached in last meeting, But for with MG, the proposals are still diversity. In our option, 3 samples are used in Rel-15 for AGC setting. For inter-frequency of HST, the AGC setting is still needed. It is reasonable to use the legacy value. 
Proposal 5: Enhancements for RRC_CONNECTED are needed for inter-frequency measurements. M2 defined in Rel-16 HST is reused. The requirements with MG can be set as Table 1~Table 3.
With measurement gaps:
Table 1: Time period for PSS/SSS detection (Frequency range FR1)
	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)  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.



Table 2: Time period for time index detection (Frequency range FR1)
	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)  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 high speed is not configured, M2 = 1.5. When high speed 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)
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	Max(200ms, 8  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 160ms
	Max(200ms, Ceil(8  M2)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	160ms < DRX cycle≤ 320ms

	Max(200ms, Ceil(7  M2)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Y  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.
NOTE 4:  Y1= 6 when SMTC <= 40ms, Y1= 8 when SMTC > 40ms




Conclusion
In this contribution, we provide the further consideration of several open issues for inter-frequency measurement and present our proposals as below:
Proposal 1: Define the enhancement for inter-frequency measurement in idle mode for HST.
Proposal 2: The requirement of intra-frequency for Rel-16 HST enhancement can be reused.
Proposal 3: Decreasing Kcarrier should be considered as well.
[bookmark: _GoBack]Proposal 4: 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
Proposal 5: Enhancements for RRC_CONNECTED are needed for inter-frequency measurements. M2 defined in Rel-16 HST is reused. The requirements with MG can be set as Table 1~Table 3.
With measurement gaps:
Table 1: Time period for PSS/SSS detection (Frequency range FR1)
	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)  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.



Table 2: Time period for time index detection (Frequency range FR1)
	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)  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 high speed is not configured, M2 = 1.5. When high speed 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)
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	Max(200ms, 8  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 160ms
	Max(200ms, Ceil(8  M2)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	160ms < DRX cycle≤ 320ms

	Max(200ms, Ceil(7  M2)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Y  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.
NOTE 4:  Y1= 6 when SMTC <= 40ms, Y1= 8 when SMTC > 40ms
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