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1. Introduction
In RAN#95-e meeting, the work item on Air-to-ground network for NR has been approved. According to the latest revised WID [1], the RRM impact should be studied and specified. We copy the objective as below for information:
	· Specify features to core specifications for ATG BS and UE [RAN4]
· Scenario: 
· BS on the ground, and the CPE type of UE mounted in the aircraft
· A direct radio link between BS on the ground and CPE type of UE mounted in the aircraft
· Note: The deployment characteristics described in the justification section shall be taken as a basis for the technical discussion.
· Specify core requirements for coexistence between ATG and IMT terrestrial network
· Example bands include n1, n78 and n79.
· Perform FR1 co-existence evaluation for ATG network (e.g. ACLR, ACS)
· Identify key characteristics where it is necessary to differentiate ATG ground-based BS and UEs from conventional ground based BS and UEs
· Aim to reuse existing requirements for BS and UE where possible, e.g.,
· Reuse TN BS requirements for ATG BS
· Specify RF requirements for ATG UE/BS
· Considering the results of co-existence simulations in terms of impact on emissions and RX requirements, cell sizes and link budgets, technology capabilities, likely BS and UE architectures and other relevant aspects.
· Taking into account identified differences between ATG and fully ground based systems
· Consider BS type 1-C/1-H/1-O and specify the requirements
· Consider conductive requirements for UE
· Specify RRM core requirements for ATG UE 
· Taking into account identified differences between ATG and fully ground based systems
· Considering the different nature of ATG UEs and their view of the network, increased cell sizes and other relevant aspects
· Specify new UE/BS type(s) for ATG network if necessary


In this contribution, we discuss the potential RRM impact considering the difference between ATG and fully ground based network, and then identify the type of RRM requirements that RAN4 need to further develop.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Potential RRM impact of ATG feature
[bookmark: _Hlk70326378]Scenario
Based on approved WID, R18 ATG work item focus on FR1 single carrier scenario. CA scenario can be further discussed in future releases depending on deployment demands. 
Therefore, the FR2 related requirements, CA/DC related requirements and inter-RAT measurement related requirements are not applicable to R18 ATG.
Proposal 1: For RRM core requirements, the FR2 related requirements, CA/DC related requirements and inter-RAT measurement related requirements are not applicable to R18 ATG.
Both inter-frequency and intra-frequency measurement for ATG scenario should be considered. Take n79 as an example for inter-frequency measurement scenario, in order to avoid the interference from terrestrial BSs which are also operating in band n79, the ATG neighbour BSs may operate in different carriers. 
[image: ]
Figure 1. An example for inter-frequency measurement in ATG scenario
Proposal 2: Both inter-frequency and intra-frequency measurement for ATG scenario should be considered.
High speed of ATG UE and large ISD
According to the WID, such assumptions were approved as the baseline:
· ATG terminal flight speed: e.g., up to 1200km/h
· Inter-site distance (ISD): large ISD is preferred, e.g., about 100km to 200km, up to 300 kilometers
First, we think the high-speed feature will impact the gradual timing adjustment requirement. The current requirement is defined as below:
	When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.
	where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
Table 7.1.2.1-1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	K*64*Tc
	2.5*64*Tc

	
	120
	K*64*Tc
	2.5*64*Tc

	NOTE 1:	Tc is the basic timing unit defined in TS 38.211 [6]
NOTE 2:	When [highSpeedMeasFlagFR2-r17] is configured for UE supporting power class 6, K = [4.5]; otherwise, when [highSpeedMeasFlagFR2-r17] is not configured K = 2.5.





Tq includes time drift due to frequency error per 200ms, time drift due to UE movement per 200ms, and 1.5Ts DigRF error. In FR1, Tq is 5.5Ts, the supported max speed of UE movement is 594km/h. Therefore, if the speed of ATG UE is larger than 594km/h, the current requirement can’t be reused.
We provide the calculation as follows.
Table 1. Time drift calculation
	Factors
	Time drift

	Frequency error
	[0.1]PPM

	Time drift due to frequency error
	[20]ns

	speed of UE movement
	500km/h
high speed train
	594km/h
max speed supported by Tq=5.5Ts
	1200km/h
aircraft

	Time drift due to UE movement per [200]ms
	92.6ns
	110ns
	222.2ns

	DigRF error
	1.5Ts

	Total time drift
	4.96Ts
	5.5Ts
	8.95 Ts


Observation 1: If the speed of ATG UE is larger than 594km/h, the existing gradual timing adjustment requirement cannot be reused for ATG UE.
Secondly, we think whether RRC_IDLE/INACTIVE state measurement and RRC_CONNECTED state measurement requirements will be impacted or not depends on maximum UE speed and minimum ISD. 
For the RRC_IDLE/INACTIVE state cell re-selection requirement, if the time span between S criteria is met and serving cell stop serving is larger than the max Tdetect, which is 58.88s for intra-frequency and inter-frequency measurement, then the current cell-reselection requirement can be reused. Otherwise, the requirement should be enhanced or the requirement related to some DRX cycles are not applicable to ATG UE.
As depicted in Figure 2, the time span is about R/2/v, R is the cell radius, which is about ISD/3, v is the UE speed. Considering of the max UE speed 1200km/h, when the ISD is smaller than 118km, the time span will smaller than 58.88s, the current cell re-selection requirement cannot be reused.
Observation 2: Considering of the max UE speed 1200km/h, if the ISD is smaller than 118km/h, the current cell re-selection requirement cannot be directly reused.
[image: ]
Figure 2. Time span for UE performing intra-frequency and inter-frequency measurement
For the RRC_CONNECTED state intra-frequency measurement requirement, the largest identification period Tidentify_intra_without_index is about 6.4s (with DRX cycle 640ms). In this case, considering of the max UE speed 1200km/h, as long as ISD is larger than 3.2km, the current requirement can be reused. 
Observation 3: Considering of the max UE speed 1200km/h, as long as ISD is larger than 3.2km, the current intra-frequency measurement requirement can be reused. 
For the RRC_CONNECTED state inter-frequency measurement requirement, the largest identification period Tidentify_inter_without_index is about 24.32s (with DRX cycle 640ms and CSSF=2). In this case, considering of the max UE speed 1200km/h, as long as ISD is larger than 12.16km, the current requirement can be reused. 
Observation 4: Considering of the max UE speed 1200km/h, as long as ISD is larger than 12.16km, the current inter-frequency requirement can be reused. 
In ATG scenario with large ISD, we think both the current intra-frequency measurement requirement and inter-frequency measurement requirement can be reused for R18 ATG.
Proposal 3: For R18 ATG intra-frequency measurement and inter-frequency measurement, reuse the current requirements.
PVT information applied for ATG
Considering the largest ISD 300km, the max TA is about 0.67ms (=300km/3/3e8*2). In case of Random access, the max TA can be easily covered with current timing advance command when SCS is 15kHz and 30kHz. In RRC-Connected state, with the assumption of UE speed 1200km/h, if network can update the TA within 4s, the timing drift caused by UE movement can be addressed by one TAC. 
Observation 5: The timing advance caused by large ISD and high UE speed can be addressed by current timing adjustment procedure. 
Proposal 4: Use the current timing adjustment procedure as the baseline.
In addition, During the R17 NTN RAN1 discussion, RAN1 agreed that the PV (position and velocity state vector) ephemeris format can be applied for ATG. Therefore, similar to NTN network, GNSS capable UE is able to perform UL timing pre-compensation and frequency pre-compensation. In our view, whether to introduce such enhancement can be further studied considering of necessity and performance gain.
[bookmark: _Hlk110760049]Observation 6: ATG UE is feasible to perform UL timing pre-compensation and frequency pre-compensation by using PV ephemeris format and its GNSS.
Proposal 5: Further study whether to introduce the UE based UL timing pre-compensation and frequency pre-compensation based on necessity and performance gain.
3. Overview of affected RRM core requirements
In this section we go through the different types of UE RRM core requirements, and then identify the type of RRM requirements that RAN4 need to further develop for ATG.
Table 2. Overview of ATG impact on RRM core requirements
	Section
	Type of requirements
	Is requirement impacted?
	Comments

	3. Definitions, symbols and abbreviations
	3.1 Definitions
3.2 Symbols
3.3 Abbreviations
	YES
	New definitions, symbols and abbreviations will be introduced for ATG

	4. IDLE state mobility
	4.1 Cell selection
	No
	

	
	4.2 Cell reselection
4.2.1 Introduction
	No
	Considering the side condition for NTN reuse the legacy TN side conditions, and the propagation distance for ATG is smaller than NTN’s, therefore, the side condition for ATG can reuse the legacy TN side condition.

	
	4.2.2.1 UE measurement capability
	FFS
	We propose to reuse current UE capability for NR intra-frequency measurement and NR inter-frequency measurement.
ATG don’t need to measure E-UTRA inter-RAT carriers.

	
	4.2.2.2 Measurement and evaluation of serving cell
4.2.2.6 Maximum interruption in paging reception
4.2.2.7 General requirements
4.3 Minimization of Drive Tests (MDT)
	No
	

	
	4.2.2.3 Measurements of intra-frequency NR cells
4.2.2.4 Measurements of inter-frequency NR cells
	FFS
	Depends on UE max movement speed and minimum ISD
According to our Observation 2: Considering of the max UE speed 1200km/h, if the ISD is smaller than 118km/h, the current cell re-selection requirement cannot be directly reused.

	
	Other sub-sections
	N/A
	Not applicable for R18 ATG

	5. INACTIVE state mobility
	5.1, 5.3, 5.4
	Same as in IDLE mode
	

	6. CONNECTED state mobility
	6.1.1.2 NR FR1 - NR FR1 Handover
6.1.3 NR DAPS handover
	No
	

	
	6.1.4 NR conditional handover
	No
	

	
	6.1.1.3-6.1.1.5, 6.1.2
NR FR2  NR FR1 handover
NR FR1  NR FR2 handover
NR other RATs
6.1.5 NR handover with PSCell
	
	Not the valid deployment scenario for R18 ATG

	
	6.2.1 SA: RRC Re-establishment
6.2.3 SA: RRC Connection Release with Redirection
	No
	

	
	6.2.2 Random access
	FFS
	If introduce UE UL time pre-compensation and UE specific TA reporting, may need to introduce some procedural text.

	7. Timing
	7.1 UE transmit timing
	YES
	For gradual timing adjustment error
Tp/Tq may need to be revisited due to extreme high speed of ATG UE, which can up to 1200km/h
FFS for initial transmission timing error
If introduce UE UL time pre-compensation, the additional margin should be added due to GNSS error. Similar assumptions for GNSS in NTN can be the baseline. Besides, reference timing may need to be revised.

	
	7.3 Timing Advance
	FFS
	If introduce UE UL time pre-compensation, may need to revise reference timing

	
	7.2 UE timer accuracy
7.7 deriveSSB-IndexFromCell tolerance
	No
	

	
	7.5 Maximum Transmission Timing Difference
7.6 Maximum Receive Timing Difference
	N/A
	Not applicable for R18 ATG.

	8. Signalling characteristics
	8.1 Radio Link Monitoring
8.5 Link Recovery Procedures
8.6 Active BWP switch delay
8.13 UE-specific CBW change
8.14 Pathloss reference signal switching delay
	No
	Reuse TN requirement

	
	8.2 Interruption
8.3 SCell Activation and Deactivation Delay
8.4 UE UL carrier RRC reconfiguration delay
8.8 NE-DC: E-UTRAN PSCell Addition and Release Delay
8.9 NR-DC: PSCell Addition and Release Delay
8.10 Active TCI state switching delay
8.11 PSCell Change
8.12 Uplink spatial relation switch delay
8.15 Active downlink TCI state switching delay for unified TCI
8.16 Active uplink TCI state switching delay for unified TCI
8.17 SCG Activation and Deactivation Delay
8.18 TRP specific Link Recovery Procedures
8.19 Pre-configured measurement gap activation/deactivation delay
	N/A
	Not applicable for R18 ATG

	9. Measurement Procedure
	9.1 General measurement requirement
	No
	

	
	9.2 NR intra-frequency measurements
9.3 NR inter-frequency measurements
9.5 L1-RSRP measurements for Reporting
9.8 L1-SINR measurements for Reporting
9.10 CSI-RS based L3 measurements
9.13 L1-RSRP measurements for a cell with different PCI from serving cell
	No
	Reuse TN requirement

	
	9.4 Inter-RAT measurements
9.6 NE-DC: Measurements
9.7 Cross Link Interference measurements
	N/A
	Not applicable for R18 ATG

	
	9.9 NR measurements for positioning
9.11 NR measurements with autonomous gaps
9.12 Measurement for Propagation Delay Compensation
	No
	

	10. Measurement Performance requirements
	10.1 NR measurements
	No
	Requirement for TN can be reused for ATG

	
	10.2-10.4
	N/A
	Not applicable for ATG.


4. RRM Spec Documentation 
Based on the list of affected requirements in Table 2, RRM impacts due to ATG scenario are not that much. 
Regarding the spec documentation, we think that adding the ATG related requirements in current section as HST is a better way.
Proposal 6: Add ATG related requirements in the current corresponding section, similar as HST
5. Conclusion
In this contribution, we identify the potential RRM impact of ATG features. The proposals are:
Proposal 1: For RRM core requirements, the FR2 related requirements, CA/DC related requirements and inter-RAT measurement related requirements are not applicable to R18 ATG.
Proposal 2: Both inter-frequency and intra-frequency measurement for ATG scenario should be considered.
Observation 1: If the speed of ATG UE is larger than 594km/h, the existing gradual timing adjustment requirement cannot be reused for ATG UE.
Observation 2: Considering of the max UE speed 1200km/h, if the ISD is smaller than 118km/h, the current cell re-selection requirement cannot be directly reused.
Observation 3: Considering of the max UE speed 1200km/h, as long as ISD is larger than 3.2km, the current intra-frequency measurement requirement can be reused. 
Observation 4: Considering of the max UE speed 1200km/h, as long as ISD is larger than 12.16km, the current inter-frequency requirement can be reused. 
Proposal 3: For R18 ATG intra-frequency measurement and inter-frequency measurement, reuse the current requirements.
Observation 5: The timing advance caused by large ISD and high UE speed can be addressed by current timing adjustment procedure. 
Proposal 4: Use the current timing adjustment procedure as the baseline.
Observation 6: ATG UE is feasible to perform UL timing pre-compensation and frequency pre-compensation by using PV ephemeris format and its GNSS.
Proposal 5: Further study whether to introduce the UE based UL timing pre-compensation and frequency pre-compensation based on necessity and performance gain.
Proposal 6: Add ATG related requirements in the current corresponding section, similar as HST
6. Reference
[1] RP-221369, Revised WID on Air-to-ground network for NR, CMCC.
image3.jpeg




image1.jpeg
Inter—-frequency measurement

n79

Carrier 2 ///

Avoid
interference

n79
Carrier 1




image2.wmf
c

offset

TA 

TA

)

(

T

N

N

´

+


