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Introduction
RAN4 has been discussing the ATG UE RRM requirements for past few meetings and the WF [1] from RAN4#106bis-e lists the latest agreements and open issues. In this meeting, we provide our views on mobility related issues for RRM requirements.
Cell reselection
During RAN4#106 meeting, impact of the cell size on cell reselection measurement requirements was discussed and it was identified that the legacy measurement requirements may not apply to ATG UEs camping on smaller cells. We would like to further analyse the scenario and study whether R16 HST cell-reselection requirements are indeed needed for ATG.Agreement
· Keep previous agreements for number of carriers to be monitored.
· For intra-frequency measurement, apply legacy R15 cell-reselection requirement
· For inter-frequency measurement,
· Define two set of requirements for ATG 
· Set 1: Legacy R15 cell-reselection requirement 
· Set 2: R16 HST cell-reselection requirement
· For set 2, FFS whether to use only R17 HST cell detection delays or measurement and evaluation delays as well.
· Details of signalling, associated UE capabilities and how to switch between the two sets of requirements are FFS
· Option 1: If UE is configured with [NW configuration flag for enhanced requirements], and the UE supports [capability for enhanced requirements], the R16 HST cell-reselection requirement should be applied. For other cases, the legacy R15 cell-reselection requirement should be applied. 
· Option 2: network indicates which requirements apply to a particular cell via system information 
· For a particular cell, network can indicate Set 1(Legacy R15 cell-reselection requirement) or set 2 (R16 HST cell-reselection requirement) based on the ISD information and DRX configuration.
· FFS: Whether optional UE capability for enhanced requirements should be introduced for ATG network


 
The maximum plane speed being considered to specify RRM requirements for ATG is 1200km/h. With this plane speed, RAN4 need to study if a UE shall be able to evaluate whether an ATG UE can meet the legacy neighbor cell detection, measurement and evaluation requirements or if Rel-16 HST requirements are needed and, if yes, which ones. 

Inter-frequency neighbor cell detection/measurements/evaluation:
We list the legacy neighbor cell detection/measurements/evaluation requirements below (Table 4.2.2.4-1, TS 38.133):
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2-1Note1
	FR2-2 Note2
	
	
	

	0.32
	1
	8
	12
	11.52 x N1 x 1.5 (36 x N1 x 1.5)
	1.28 x N1 x 1.5 (4 x N1 x 1.5)
	5.12 x N1 x 1.5 (16 x N1 x 1.5)

	0.64
	
	5
	8
	17.92x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	6
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	5
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	Applies for UE supporting FR2-1 power class 2&3&4. For UE supporting FR2-1 power class 1 or 5, N1 = 8 for all DRX cycle length.
Note 2:	Applies for UE supporting FR2-2 power class 2&3. For UE supporting FR2-2 power class 1, N1 = 12 for all DRX cycle length.



And the corresponding HST requirements are shown below: (Table 4.2.2.4-2, TS 38.133)
	DRX cycle length [s]
	Tdetect,NR_Inter_HST [s] (number of DRX cycles)
	Tmeasure,NR_Inter_HST [s] (number of DRX cycles)
	Tevaluate,NR_Inter_HST [s] (number of DRX cycles)

	
	
	
	

	0.32
	[3.2 x M2 (10 x M2)] Note 1
	[0.32 x M3 ([1] x M3)] Note 1
	0.96 x M4 (3 x M4) Note 1

	0.64
	[6.4 (10)]
	[0.64 (1)]
	1.92 (3)

	1.28
	[10.24 (8)]
	1.28 (1)
	3.84 (3)

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

	Note 1:	When SMTC < = 40 ms, M2 = M3 = M4 = 1; and when SMTC > 40 ms, M2 = 1.5, M3 = M4 = 2
Note 2:	The support of HST Idle mode inter-frequency measurement enhancement is optional without capability signalling. Apply for UE declarating supports idle mode inter-frequency measurement enhancement for HST, otherwise Table 4.2.2.4-1 shall be used.



As evident from the above table, the HST inter-frequency neighbor cell detection, measurement and evaluation requirements for 2.56s DRX cycle are the same as legacy requirements, so we use the DRX cycle of 1.28s for our analysis.
The maximum measurement delay and evaluation delays (corresponding to DRX cycle of 1.28s) are 1.68s and 6.4s respectively. With a maximum plane speed of 1200km/h, these correspond to a minimum cell size of 426m and 2.13km respectively. A UE may be required to monitor 7 inter-frequency carriers, giving a minimum net ATG cell-size of around 2.9kms and 14.9kms respectively. Although it has been agreed that RAN4 requirements for an ATG UE shall be defined with a minimum cell size of 14kms, a typical cell-size would be around 100-200kms as specified by the WID, which is significantly larger than the minimum cell-size requirements. So, an ATG UE has sufficient time to meet these requirements and there is no need to use HST requirements for neighbor cell measurement and evaluation delays.
Observation 1: ATG UE operating in a minimum cell-size of 14 km has sufficient time to perform inter-frequency neighbor cell measurements and evaluation with legacy delay requirements.
Proposal 1: For ATG cell-reselection purpose, legacy (Rel-15) inter-frequency neighbor cell measurement (Tmeasure,NR_Inter) and evaluation (Tevaluate,NR_Inter) requirements for cell-reselection shall apply. 
[bookmark: _Hlk135004834]Now let’s come to the cell-detection delays. For 2.56s DRX cycle, Tdetect,NR_Inter is the same as Tdetect,NR_Inter_HST and is equal to 58.88s. With 7 inter-frequency carriers to be monitored, this gives a total detection delay of 412.16s which requires a minimum ATG cell size of more than 138kms. Similarly, for DRX cycle of 1.28s, the minimum ATG cell-size needed is 75kms with the legacy R15 requirements and 24kms with R16 HST requirements and for DRX cycle of 0.64s, the minimum ATG cell-size needed is 41kms with the legacy R15 requirements and 15kms with R16 HST requirements. This means that the only DRX configuration in which R16 HST requirements can meet an ATG cell size of 14kms is 0.32s.
To summarize we have the following minimum cell-size requirements for different DRX cycles:
	DRX cycle
	Minimum ATG cell size (in km)

	
	With Tdetect,NR_Inter
	With Tdetect,NR_Inter_HST

	0.32
	40
	11

	0.64
	41
	15

	1.28
	75
	24

	2.56
	138
	138



Based on the above analysis we think specifying R16 HST cell detection delays for ATG UEs is not justified without knowing the cell size and the DRX configuration. Since ATG UE has no way to know the cell size, it cannot decide whether to use R16 HST cell detection delay requirements or the legacy R15 ones. 

Observation 2a: For 2.56s DRX cycle, Tdetect,NR_Inter is the same as Tdetect,NR_Inter_HST and is equal to 58.88s. With 7 inter-frequency carriers to be monitored, this gives a total detection delay of 412.16s which requires a minimum ATG cell size of more than 138kms.
Observation 2b: For DRX cycle of 1.28s, the cell detection delay requires a minimum ATG cell size of 75kms with the legacy R15 requirements and 24kms with R16 HST requirements.
Observation 2c: For DRX cycle of 0.64s, the cell detection delay requires a minimum ATG cell size of 41kms with the legacy R15 requirements and 15kms with R16 HST requirements.
Observation 2d: The only DRX configuration in which R16 HST requirements can meet an ATG cell size of 14kms is 0.32s.
Observation 3: R16 HST cell detection delay requirements are not sufficient for an ATG cell-size of 14kms.
Proposal 2: RAN4 to discuss whether a minimum ATG cell size of 14km is a valid assumption to define cell reselection requirements.
Proposal 3: RAN4 to consider the following analysis in deciding whether to specify R16 HST cell-detection delay requirements or not, and if yes, for which DRX cycles
	DRX cycle
	Minimum ATG cell size (in km)

	
	With Tdetect,NR_Inter
	With Tdetect,NR_Inter_HST

	0.32
	40
	11

	0.64
	41
	15

	1.28
	75
	24

	2.56
	138
	138



Proposal 4: R16 HST cell-detection delay requirements may only apply if the ATG cell-size (diameter) <40kms
Switch between the two sets of cell re-selection requirements
RAN4 has agreed to define two set of cell reselection requirements for ATG UEs – legacy R15 requirements and R16 HST requirements, UE may not know which requirements to apply while camping on a specific cell. We think it’s important for the UE to know which requirements apply for a specific cell. This could be handled with network signalling as the network has information about the deployment and knows the ISD. 
Proposal 5: Network indicates via system information, which cell re-selection requirements apply to a particular cell.
· For a particular cell, network can indicate Set 1(Legacy R15 cell-reselection requirement) or set 2(R16 HST cell-reselection requirement) based on the ISD information and DRX configuration.

Signalling for Cell re-selection measurement requirements
[bookmark: _Hlk135006442]We think that not all ATG UEs may have the capability to support the faster R16 HST requirements. Even for HST UEs, the support of HST Idle mode inter-frequency measurement enhancement is optional without capability signalling. We think similar provision should hold for ATG UEs as well.
Proposal 6: For ATG UEs, the support of R16 HST Idle mode inter-frequency cell detection delay requirements is optional without capability signalling. ATG UEs that do not support R16 HST Idle mode inter-frequency cell detection delay requirements shall use the legacy R15 requirements.

Cell re-selection mechanism
Another topic that was discussed during the last meeting was related to distance, altitude, speed-based enhancements for cell reselection procedures of ATG UEs. Firstly, we think power savings are not of prime importance for ATG UEs which are CPE devices and can be assumed to be connected to power. Secondly, because this CPE device is potentially serving a large number of devices for multimedia applications, it may not go to idle mode very often. Thirdly, specifying distance, altitude or speed-based enhancements need considerable time and effort both within and outside RAN4 group and may need significant discussion in RAN1/RAN2. So, we think that although these may be nice to have features, but there’s no real motivation to define them, at least not during Rel18. 
Observation 4: Idle mode power savings are not of prime importance for ATG UEs which are CPE devices and can be assumed to be always connected to power.
Observation 5: Because ATG UE (CPE device) is potentially serving a large number of devices for multimedia applications, it may not go to idle mode very often.
Observation 6: Specifying distance, altitude or speed-based enhancements need considerable time and effort both within and outside RAN4 group and may need significant discussion in RAN1/RAN2.
Proposal 7: No need to specify distance, altitude or speed-based enhancements to cell re-selection mechanism during Release 18.
· If needed, such mechanisms may be discussed in future releases.

Conclusion
Observation 1: ATG UE operating in a minimum cell-size of 14 km has sufficient time to perform inter-frequency neighbor cell measurements and evaluation with legacy delay requirements.
Proposal 1: For ATG cell-reselection purpose, legacy (Rel-15) inter-frequency neighbor cell measurement (Tmeasure,NR_Inter) and evaluation (Tevaluate,NR_Inter) requirements for cell-reselection shall apply. 
Observation 2a: For 2.56s DRX cycle, Tdetect,NR_Inter is the same as Tdetect,NR_Inter_HST and is equal to 58.88s. With 7 inter-frequency carriers to be monitored, this gives a total detection delay of 412.16s which requires a minimum ATG cell size of more than 138kms.
Observation 2b: For DRX cycle of 1.28s, the cell detection delay requires a minimum ATG cell size of 75kms with the legacy R15 requirements and 24kms with R16 HST requirements.
Observation 2c: For DRX cycle of 0.64s, the cell detection delay requires a minimum ATG cell size of 41kms with the legacy R15 requirements and 15kms with R16 HST requirements.
Observation 2d: The only DRX configuration in which R16 HST requirements can meet an ATG cell size of 14kms is 0.32s.
Observation 3: R16 HST cell detection delay requirements are not sufficient for an ATG cell-size of 14kms.
Proposal 2: RAN4 to discuss whether a minimum ATG cell size of 14km is a valid assumption to define cell reselection requirements.
Proposal 3: RAN4 to consider the following analysis in deciding whether to specify R16 HST cell-detection delay requirements or not, and if yes, for which DRX cycles
	DRX cycle
	Minimum ATG cell size (in km)

	
	With Tdetect,NR_Inter
	With Tdetect,NR_Inter_HST

	0.32
	40
	11

	0.64
	41
	15

	1.28
	75
	24

	2.56
	138
	138



Proposal 4: R16 HST cell-detection delay requirements may only apply if the ATG cell-size (diameter) <40kms
Proposal 5: Network indicates via system information, which cell re-selection requirements apply to a particular cell.
· For a particular cell, network can indicate Set 1(Legacy R15 cell-reselection requirement) or set 2(R16 HST cell-reselection requirement) based on the ISD information and DRX configuration.

Proposal 6: For ATG UEs, the support of R16 HST Idle mode inter-frequency cell detection delay requirements is optional without capability signalling. ATG UEs that do not support R16 HST Idle mode inter-frequency cell detection delay requirements shall use the legacy R15 requirements.
Observation 4: Idle mode power savings are not of prime importance for ATG UEs which are CPE devices and can be assumed to be always connected to power.
Observation 5: Because ATG UE (CPE device) is potentially serving a large number of devices for multimedia applications, it may not go to idle mode very often.
Observation 6: Specifying distance, altitude or speed-based enhancements need considerable time and effort both within and outside RAN4 group and may need significant discussion in RAN1/RAN2.
Proposal 7: No need to specify distance, altitude or speed-based enhancements to cell re-selection mechanism during Release 18.
· If needed, such mechanisms may be discussed in future releases.
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