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1. Introduction

In the last meeting, there is discussion on inter-RAT measurement for NR HST, and the candidate enhanced solutions are provided in the agreed WF [1]. This contribution provides further discussion on this issue.
2. Discussion 
2.1 NR-EUTRA inter-RAT measurement requirements

2.1.1 Cell re-selection requirements on NR-EUTRA inter-RAT measurement in idle mode
According to Rel-15 measurement requirements, 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 EUTRAN intra-frequency re-selection requirements for non-high-speed scenario. From our point of view, same methodology can be reused for high speed scenario. In Rel-16 LTE HST, the LTE intra-frequency cell re-selection requirements had been enhanced to support the velocity up to 500km/h, the enhanced requirements could be applied for the cell re-selection requirements on NR-EUTRA inter-RAT measurement in idle mode.
Some companies have concern on reusing the Rel-16 HST EUTRA measurement requirements to specify NR-EUTRA inter-RAT measurement requirements. The reason is that, in idle mode, maybe not all the configured E-UTRAN inter-RAT carriers are the high speed carrier, using the enhanced requirements to perform NR-EUTRAN measurement for the non-high-speed carrier will increase UE power consumption without improving the system performance. In the last meeting, it was agreed to introduce the network flag per inter-RAT carrier to indicate UE whether the enhanced inter-RAT measurement requirements need to be applied to the inter-RAT carrier. With this network indication, companies’ concern can be solved.
Proposal 1: for high speed scenario, the cell re-selection requirements on NR-EUTRA inter-RAT measurement 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 
	58.88 (23)
	2.56 (1)
	7.68 (3)


2.1.2 Cell identification requirements on NR-EUTRA inter-RAT in connected mode
For the case with DRX configured, there are two candidate options as following [1]:

Option 1:

	DRX cycle length (s)
	TIdentify, E-UTRAN TDD (s) (DRX cycles)

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

	≤0.16
	Non-DRX requirements in clause 9.4.3.2 apply
	Non-DRX requirements in clause 9.4.3.2 apply

	0.16<DRx cycle<0.32
	Note1 (15)
	Note1 (15)

	0.32<= DRx cycle <= 1.28
	Note1 (10)
	Note1 (10)

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

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


Option 2:
	DRX cycle length (s)
	TIdentify, E-UTRAN TDD (s) (DRX cycles)

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

	≤0.16
	Non-DRX requirements in clause 9.4.3.2 apply
	Non-DRX requirements in clause 9.4.3.2 apply

	0.16<DRx cycle<0.32
	Note1 (15)
	Note1 (15)

	0.32<= DRx cycle <= 0.64
	Note1 (10)
	Note1 (10)

	0.64 < DRx cycle <= 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.


Actually, these two candidate options are quite similar, the difference is only for the case of DXR cycle =1.28s. Considering that in Rel-16 LTE HST, for DRX cycle = 1.28s, the number of samples is 8, to guarantee the system performance of NR HST, it is preferred to reuse the same number of samples.
Proposal 2: for NR-EUTRA inter-RAT measurement requirements in connected mode with DRX, the TIdentify,E-UTRAN are proposed as following:
	DRX cycle length (s)
	TIdentify, E-UTRAN TDD (s) (DRX cycles)

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

	≤0.16
	Non-DRX requirements in clause 9.4.3.2 apply
	Non-DRX requirements in clause 9.4.3.2 apply

	0.16<DRx cycle<0.32
	Note1 (15)
	Note1 (15)

	0.32<= DRx cycle <= 0.64
	Note1 (10)
	Note1 (10)

	0.64 < DRx cycle <= 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.


2.2 EUTRA-NR inter-RAT measurement requirements

2.2.1 Cell re-selection requirements on EUTRA-NR inter-RAT in idle mode 
Similar discussion as for NR-EURTAN inter-RAT measurement requirements in section 2.1 According to TS 36.133 in Rel-15, the NR intra-frequency measurement requirements, for example, the number of samples, are re-used to specify the EUTRA to NR inter-RAT measurement delay requirements for the non-high-speed scenario. From our point of view, same methodology can be reused to specify EUTRA to NR inter-RAT measurement delay requirements for the high speed train scenario. In Rel-16 NR HST, it was agreed to specify the NR intra-frequency measurement requirements by reusing Rel-16 LTE HST RRM intra-frequency measurement requirements [2]. For the inter-RAT case, additional 3 samples may be needed for the AGC.
Proposal 3: for high speed scenario, the EUTRA-NR inter-RAT cell re-selection requirements 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 M2 (11 x M2)
	0.32 x M3 (1 x M3)
	0.96 x M4 (3 x M4)

	0.64
	5.12 (11)
	0.64 (1)
	1.92 (3)

	1.28
	8.96(10)
	1.28 (1)
	3.84 (3)

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

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


2.2.2 Cell identification requirements on EUTRA-NR inter-RAT in connected mode
The NR inter-RAT cell identification requirements are specified in TS36.133 8.1.2.4.21 for FDD and 8.1.2.4.22 for FDD respectively. Current requirements are duplicated as following.
Table 2 current requirements on time period for PSS/SSS detection and Measurement period 

	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))×Nfreq
	Max(200ms, 8 x max(MGRP, SMTC period))×Nfreq
	Max(120ms, 3 x max(MGRP, SMTC period)) ×Nfreq 

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

	DRX cycle>320ms
	8 x DRX cycle×Nfreq 
	8 x DRX cycle ×Nfreq
	3 x DRX cycle ×Nfreq


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. 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.
For the case of DRX is configured, according to the WF [1], the candidate two options are quite similar, only difference exists for the case of DRX cycle =0.32s. From our point of view, 0.32s DRX cycle is a more typical configuration and it is preferred to adopt 4 samples to guarantee the performance.

Proposal 4: for EUTRA-NR inter-RAT measurement requirements in connected mode, the cell identification requirements are proposed as following:
	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))×Nfreq
	Max(200ms, 8 x max(MGRP, SMTC period))×Nfreq
	Max(120ms, 3 x max(MGRP, SMTC period)) ×Nfreq

	DRX cycle < 320ms
	Max(600ms, ceil( 8 × M) × max(MGRP, SMTC period, DRX cycle)) ×Nfreq
	Max(200ms, ceil(8 × M) x max(MGRP, SMTC period, DRX cycle))×Nfreq
	Max(120ms, ceil(3 × M) x max(MGRP, SMTC period, DRX cycle)) ×Nfreq

	DRX cycle≥320ms
	4× M × DRX cycle ×Nfreq
	4× M ( DRX cycle ×Nfreq
	[3] × DRX cycle ×Nfreq

	Note 1: M = 1 when SMTC < =40, and M = 1.5 when SMTC >40


3. Conclusion
This contribution provides discussion on inter-RAT measurement for NR high speed scenario. The proposals are:
NR-EUTRA inter-RAT measurement requirements
Proposal 1: for high speed scenario, the cell re-selection requirements on NR-EUTRA inter-RAT measurement 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 
	58.88 (23)
	2.56 (1)
	7.68 (3)


Proposal 2: for NR-EUTRA inter-RAT measurement requirements in connected mode with DRX, the TIdentify,E-UTRAN are proposed as following:
	DRX cycle length (s)
	TIdentify, E-UTRAN TDD (s) (DRX cycles)

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

	≤0.16
	Non-DRX requirements in clause 9.4.3.2 apply
	Non-DRX requirements in clause 9.4.3.2 apply

	0.16<DRx cycle<0.32
	Note1 (15)
	Note1 (15)

	0.32<= DRx cycle <= 0.64
	Note1 (10)
	Note1 (10)

	0.64 < DRx cycle <= 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.


EUTRA-NR inter-RAT measurement requirements
Proposal 3: for high speed scenario, the EUTRA-NR inter-RAT cell re-selection requirements 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 M2 (11 x M2)
	0.32 x M3 (1 x M3)
	0.96 x M4 (3 x M4)

	0.64
	5.12 (11)
	0.64 (1)
	1.92 (3)

	1.28
	8.96(10)
	1.28 (1)
	3.84 (3)

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

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


Proposal 4: for EUTRA-NR inter-RAT measurement requirements in connected mode, the cell identification requirements are proposed as following:

	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))×Nfreq
	Max(200ms, 8 x max(MGRP, SMTC period))×Nfreq
	Max(120ms, 3 x max(MGRP, SMTC period)) ×Nfreq

	DRX cycle < 320ms
	Max(600ms, ceil( 8 × M) × max(MGRP, SMTC period, DRX cycle)) ×Nfreq
	Max(200ms, ceil(8 × M) x max(MGRP, SMTC period, DRX cycle))×Nfreq
	Max(120ms, ceil(3 × M) x max(MGRP, SMTC period, DRX cycle)) ×Nfreq

	DRX cycle≥320ms
	4× M × DRX cycle ×Nfreq
	4× M ( DRX cycle ×Nfreq
	[3] × DRX cycle ×Nfreq

	Note 1: M = 1 when SMTC < =40, and M = 1.5 when SMTC >40
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