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1. Introduction

In the last meeting, there is discussion on inter-RAT measurement for NR HST, and some candidate solutions are provided [1]. This contribution provides further discussion on this issue.
2. Discussion 
According to the WID [1], both SA single carrier scenario and EN-DC scenario are considered. For EN-DC, PCell need to perform NR measurement to add the PSCell before EN-DC, so the NR inter-RAT measurement requirements need to be investigated to support high speed scenario. For SA scenario, at the early stage of NR deployment, it is inevitable to perform LTE measurement for inter-RAT mobility. So the LTE inter-RAT measurement requirements need to be investigated to support high speed. Taking above consideration into account, it is proposed to investigate the inter-RAT measurement requirements before EN-DC, and LTE inter-RAT measurement requirements for SA scenario.
Proposal 1: it is proposed to enhance the inter-RAT measurement requirements to support high speed, including EUTRA-NR inter-RAT measurement before EN-DC, and NR-EUTRA inter-RAT measurement for SA scenario.

2.1 EUTRA-NR inter-RAT measurement delay requirements before EN-DC

According to Rel-15 measurement requirements, the NR measurement requirements, for example, the number of samples, are re-used to specify the EUTRA to NR inter-RAT measurement delay requirements before EN-DC. In the last meeting, detail discussion on NR measurement requirements for Rel-16 NR HST WI were performed and some agreements were reached [1]. To save RAN4 time and effort, the straight forward way to specify EUTRA to NR inter-RAT measurement delay requirements before EN-DC is to follow the Rel-16 HST NR measurement requirements.

Proposal 2: it is proposed to specify EUTRA-NR inter-RAT measurement delay requirements before EN-DC following the Rel-16 HST NR measurement requirements.

2.1.1 Cell re-selection requirements on EUTRA-NR inter-RAT in idle mode before EN-DC
The EUTRA-NR inter-RAT cell re-selection requirements before EN-DC are specified in TS36.133 4.2.2.5.6. With N1 =1 for FR1, the current requirements are simplified as Table 1.

Table 1: Tdetect,NR, TmeasureNR, and Tevaluate,NR  for FR1 (N1=1, specified in TS36.133 4.2.2.5.6)
	DRX cycle length [s]
	Tdetect,NR [s] (number of DRX cycles)
	Tmeasure,NR [s] (number of DRX cycles)
	Tevaluate,NR[s]
(number of DRX cycles)

	
	
	
	

	0.32
	11.52 x 1.5 (36 x 1.5)
	1.28 x 1.5 (4 x 1.5)
	5.12 x 1.5(16 x 1.5)

	0.64
	17.92 (28)
	1.28(2)
	5.12 (8)

	1.28
	32 (25)
	1.28 (1)
	6.4 (5)

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


Taking DRX cycle of 0.32s as an example, the detection time is 11.52 *1.5 = 17.28s, which is the shortest detection time among all the cases. With velocity of 500km/h, UE moves about 2402m in 17.28s, which may result in mobility issue assuming distance between RRH of 700m. So it is necessary to enhance the EUTRA-NR inter-RAT measurement requirements to support high speed of 500km/h.
The RRM requirements specified in Rel-16 LTE HST are for the target speed of 500km/h, which could be the baseline to specify the NR measurement requirements. For the DRX of 0.32s, 8 DRX cycle *1.5 is OK for NR HST. While for DRX cycle larger than 0.32s, since the cell coverage may be smaller because of the higher operating frequency carrier compared with LTE deployment, further enhancement in addition to Rel-16 LTE HST RRM requirements may be needed. However, reducing the number of DRX cycles used for measurement will have impact on UE power assumption. Taking above consideration into account, as a compromise, the RRM requirements specified in Rel-16 LTE HST WI can be reused for NR HST scenario.

Proposal 2.1: for high speed scenario, the EUTRA-NR inter-RAT cell re-selection requirements before EN-DC are proposed as following:
Table: Tdetect,NR, Tmeasure,NR and Tevaluate,NR 
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra

[s] (number of DRX cycles)

	0.32
	2.56 x 1.5 (8 x 1.5)
	0.32 x 1.5 (1 x 1.5)
	0.96 x 1.5 (3 x 1.5)

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

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

	2.56 Note1
	58.88 (23)
	2.56 (1)
	7.68 (3)


2.1.2 Cell identification requirements on EUTRA-NR inter-RAT in connected mode before EN-DC
The NR inter-RAT cell identification requirements before EN-DC are specified in TS36.133 8.1.2.4.21 for FDD and 8.1.2.4.22 for FDD respectively. Since only intra-frequency deployment is considered in Rel-16 NR HST WI, Nfreq =1. The current requirements are simplified as Table 2.
Table 2 current requirements on time period for PSS/SSS detection and Measurement period with Nfreq = 1 
	DRX cycle
	TPSS/SSS_sync_intra
	T SSB_measurement_period_intra  
	TSSB_time_index_intra

	No DRX
	max[600ms, [8] x max(MGRP, SMTC period)]
	max[200ms, [8] x max(MGRP, SMTC period)] 
	max[120ms, [3] x max(MGRP, SMTC period)] 

	DRX cycle≤ 320ms
	max[600ms, ceil(8x1.5) x max(MGRP, SMTC period, DRX cycle)]
	max[200ms, ceil(8 x 1.5) x max(MGRP, SMTC period, DRX cycle)] 
	max[120ms, ceil(3 x 1.5) x max(MGRP, SMTC period, DRX cycle)] 

	DRX cycle>320ms
	[8] x DRX cycle 
	[8] x DRX cycle 
	[3] x DRX cycle 


2.1.2.1 No DRX case

It can be seen from Table 2, for no DRX case, the cell identification delay is max (920, 19* max (MGRP, SMTC period)). The longest delay is 3.04 s with SMTC period of 160ms or MGRP of 160 ms, and UE moves about 423 meters, which is OK for the distance between RRH of 700 meters. So the current requirements of no DRX case are applicable to the high speed scenario.

Observation 1: for no DRX case, all the candidate SMTC periods can be applied to the NR HST scenario.

Proposal 2.2: for no DRX case, the current PSS/SSS detection delay requirements, measurement delay requirements and SSB index acquiring delay requirements are applicable to high speed scenario, and all the candidate SMTC periods and all the candidate MGRP can be applied.

2.1.2.2 DRX case
For the case of DRX cycle <= 320ms, the cell identification delay is max (920, 29*max (MGRP, SMTC period, DRX cycle)). The longest delay is 9.28s with DRX cycle of 320ms, and UE moves about 1290 meters. There may be mobility performance degradation assuming that the distance between RRH is 700 meters. Same issue exists for the case of DRX cycle > 320ms. Enhancement is necessary.

For DRX case, as discussed in the accompanied contribution [2], it is possible to perform measurement during DRX-off, if one DRX cycle covers multiple SMTC occasions. To enhance the measurement requirements from 8 samples to smaller numbers, multiple SMTC occasions is necessary during one DRX cycle. In this case, maybe not all the candidate SMTC periodicities can be considered, the upper bound of SMTC periodicity need to be discussed. However, for DRX cycle < 320ms, it is difficult to find a unified upper bound of SMTC since the applicable SMTC period is related to the DRX cycle length. And it is not preferred to define different SMTC upper bound for different DRX cycle length. The other consideration is that shorter DRX cycle is more sensitive to power consumption. Taking above into consideration, it is preferred to reuse the Rel-15 cell identification requirements. If the Rel-15 requirements are reused for high speed train scenario, it is not necessary to preclude any SMTC period.

Proposal 2.3: For the case of DRX cycle < 320ms, it is proposed to reuse Rel-15 cell identification requirements. And all the candidate SMTC period can be considered.
For the case of DRX cycle > = 320ms, multiple SMTC occasions during one DRX cycle can be guaranteed since the maximum SMTC periodicity is only 160ms. And for the larger DRX cycle, performing measurement during DRX-off may not bring too much burden on the power consumption. So the measurement period and PSS/SSS detection delay is proposed to be reduced.

Proposal 2.4: For the case of DRX cycle >= 320ms, it is proposed to reduce the number of samples for measurement and PSS/SSS detection. And the applied SMTC periodicity can be further discussed.
2.2 NR-EUTRA inter-RAT measurement requirements for SA

2.2.1 Cell re-selection requirements on NR-EUTRA inter-RAT in idle mode for SA
Similar discussion as in section 2.1, to save RAN4 time and effort, the straight forward way to specify NR-EUTRA inter-RAT measurement delay requirements for SA is to follow the Rel-16 HST LTE measurement requirements.

Proposal 3: it is proposed to specify NR-EUTRA inter-RAT measurement requirements for SA following the Rel-16 HST EUTRA measurement requirements.
For SA scenario, the cell re-selection requirements on NR-EUTRA inter-RAT measurement are specified in TS 38.133 4.2.2.5, which is the same as the requirements on LTE cell re-selection requirements for non-high-speed scenario. Since the LTE intra-frequency cell re-selection requirements had been enhanced in Rel-16 LTE HST WI for the target velocity of 500km/h, the enhanced requirements could be applied for the cell re-selection requirements on NR-EUTRA inter-RAT in idle mode for SA.
Proposal 3.1: for high speed scenario, the cell re-selection requirements on NR-EUTRA inter-RAT measurement for SA are proposed as following:
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	2.56 (8)
	0.32(1)
	0.96(3)

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

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

	2.56 Note1
	58.88 (23)
	2.56 (1)
	7.68 (3)


2.2.2 Cell identification requirements on NR-EUTRA inter-RAT in connected mode for SA

For SA scenario, the cell identification requirements on NR-EUTRA inter-RAT are specified in TS 38.133 9.4. Taking E-UTRAN FDD as an example, the requirements with no DRX is duplicated as below:

 TIdentify,E-UTRAN FDD=TBasicIdentify*480/TInter1 *CSSFinterRAT ms,,

CSSFinterRAT = 1 assuming that LTE HST is intra-frequency deployed. The candidate value of Tinter1 is {30, 60} according to the note 1 of Table 9.4.1-1 in TS 38.133. With velocity of 500km/h, UE moves about 534 meters in Tidentify,E-UTRAN FDD = 3840 ms with Tinter1 of 60ms, which may be OK to support high speed. For Tinter1 of 30ms, however, UE moves about 1068 meters, which may have mobility issue assuming distance between RRH of 700m and it is necessary to do enhancement. 

Observation 2: for the no DRX case with Tinter1 of 60ms, the current requirements of TIdentify,E-UTRAN can be applied to the high speed scenario, while for the no DRX case with Tinter1 of 30ms, enhancement is necessary.
Proposal 4: for NR-EUTRA inter-RAT measurement requirements in SA connected mode with no DRX, the current requirements TIdentify,E-UTRAN with Tinter1 of 60ms can be reused for high speed scenario.

Proposal 5: for NR-EUTRA inter-RAT measurement requirements in SA connected mode with no DRX, the current requirements TIdentify,E-UTRAN with Tinter1 of 30ms may need to be enhanced to support high speed scenario.
For the case with DRX configured, the current requirements are related to the DRX cycle length and gap period. Taking E-UTRAN FDD as an example, the requirements are duplicated in Table 3. For DRX cycle <= 0.16s, the requirements of no DRX are applied, so proposal 4 and 5 can be considered. Taking DRX cycle of 256ms with gap period = 40 ms, 20 ms as example, which corresponding to the shortest cell identification delay among the DRX cycles larger than 0.16s, TIdentify, E-UTRAN = 5.12s, in which UE moves about 712 meters and may have mobility issue assuming that distance between RRH is 700 meters. It is proposed to enhance the LTE inter-RAT identification delay requirements to support high speed scenario.

Table 3: Current requirement to identify a newly detectable E-UTRAN FDD cell (CSSFinterRAT =1 assuming that LTE HST is intra-frequency deployed)
	DRX cycle length (s)
	TIdentify, E-UTRAN FDD (s) (DRX cycles)

	
	Gap period = 40 ms, 20 ms
	Gap period = 80 ms

	≤0.16
	Non-DRX requirements in clause 9.4.2.2 apply
	Non-DRX requirements in clause 9.4.2.2 apply

	0.256
	5.12 (20)
	7.68 (30)

	0.32
	6.4 (20)
	7.68 (24)

	0.32< DRX-cycle ≤10.24
	Note1 (20)
	Note1 (20)

	NOTE 1:
The time depends on the DRX cycle length.


From our point of view, one possible way to perform enhancement is to reduce the number of samples. The detail numbers can be as same as that of cell identification requirements in connected mode specified in Rel-16 LTE HST.

Proposal 6: for NR-EUTRA inter-RAT measurement requirements in SA connected mode with DRX, the TIdentify,E-UTRAN are proposed as following:
	DRX cycle length (s)
	TIdentify, E-UTRAN FDD (s) (DRX cycles)

	
	Gap period = 40 ms, 20 ms
	Gap period = 80 ms

	≤0.16
	Non-DRX requirements in clause 9.4.2.2 apply
	Non-DRX requirements in clause 9.4.2.2 apply

	0.16 < DRX-cycle<1.28 
	Note1 (10)
	Note1 (10)

	1.28
	Note1 (8)
	Note1 (8)

	1.28< DRX-cycle ≤10.24
	Note1 (20)
	Note1 (20)

	NOTE 1:
The time depends on the DRX cycle length.


3. Conclusion
This contribution provides discussion on inter-RAT measurement for NR high speed scenario. The observations and proposals are:
Proposal 1: it is proposed to enhance the inter-RAT measurement requirements to support high speed, including EUTRA-NR inter-RAT measurement before EN-DC, and NR-EUTRA inter-RAT measurement for SA scenario.

EUTRA-NR inter-RAT measurement delay requirements before EN-DC
Proposal 2: it is proposed to specify EUTRA-NR inter-RAT measurement delay requirements before EN-DC following the Rel-16 HST NR measurement requirements.

Proposal 2.1: for high speed scenario, the EUTRA-NR inter-RAT cell re-selection requirements before EN-DC are proposed as following:
Table: Tdetect,NR, Tmeasure,NR and Tevaluate,NR 
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra

[s] (number of DRX cycles)

	0.32
	2.56 x 1.5 (8 x 1.5)
	0.32 x 1.5 (1 x 1.5)
	0.96 x 1.5 (3 x 1.5)

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

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

	2.56 Note1
	58.88 (23)
	2.56 (1)
	7.68 (3)


Observation 1: for no DRX case, all the candidate SMTC periods can be applied to the NR HST scenario.

Proposal 2.2: for no DRX case, the current PSS/SSS detection delay requirements, measurement delay requirements and SSB index acquiring delay requirements are applicable to high speed scenario, and all the candidate SMTC periods and all the candidate MGRP can be applied.

Proposal 2.3: For the case of DRX cycle < 320ms, it is proposed to reuse Rel-15 cell identification requirements. And all the candidate SMTC period can be considered.
Proposal 2.4: For the case of DRX cycle >= 320ms, it is proposed to reduce the number of samples for measurement and PSS/SSS detection. And the applied SMTC periodicity can be further discussed.
NR-EUTRA inter-RAT measurement requirements for SA
Proposal 3: it is proposed to specify NR-EUTRA inter-RAT measurement requirements for SA following the Rel-16 HST EUTRA measurement requirements.
Proposal 3.1: for high speed scenario, the cell re-selection requirements on NR-EUTRA inter-RAT measurement for SA are proposed as following:
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	2.56 (8)
	0.32(1)
	0.96(3)

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

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

	2.56 Note1
	58.88 (23)
	2.56 (1)
	7.68 (3)


Observation 2: for the no DRX case with Tinter1 of 60ms, the current requirements of TIdentify,E-UTRAN can be applied to the high speed scenario, while for the no DRX case with Tinter1 of 30ms, enhancement is necessary.
Proposal 4: for NR-EUTRA inter-RAT measurement requirements in SA connected mode with no DRX, the current requirements TIdentify,E-UTRAN with Tinter1 of 60ms can be reused for high speed scenario.

Proposal 5: for NR-EUTRA inter-RAT measurement requirements in SA connected mode with no DRX, the current requirements TIdentify,E-UTRAN with Tinter1 of 30ms may need to be enhanced to support high speed scenario.
Proposal 6: for NR-EUTRA inter-RAT measurement requirements in SA connected mode with DRX, the TIdentify,E-UTRAN are proposed as following:
	DRX cycle length (s)
	TIdentify, E-UTRAN (s) (DRX cycles)

	
	Gap period = 40 ms, 20 ms
	Gap period = 80 ms

	≤0.16
	Non-DRX requirements in clause 9.4.2.2 apply
	Non-DRX requirements in clause 9.4.2.2 apply

	0.16 < DRX-cycle<1.28 
	Note1 (10)
	Note1 (10)

	1.28
	Note1 (8)
	Note1 (8)

	1.28< DRX-cycle ≤10.24
	Note1 (20)
	Note1 (20)

	NOTE 1:
The time depends on the DRX cycle length.
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