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Introduction
During RAN#95-e, a WI was agreed on Air to Ground related requirements for RAN4. Air to Ground refers to service of aircraft with data. The aircraft are served from ground based BS. It is assumed that an external UE is mounted on the aircraft. The UE may have a larger amount of power and a larger antenna gain than terrestrial UEs.
General
As explained in the WI, ATG network is basically utilizing the existing mature terrestrial techniques to build one stereoscopic network to provide high quality service for the airplane user. ATG BS is much more powerful than the legacy terrestrial BS since its coverage range could increase up to 200km shown in Figure 1 compared with cell coverage up to hundreds of meters of the legacy terrestrial BS[1]. In addition, ATG BS could also support the mobility of airplane up to 1200km/h which is much faster than high speed train (HST). 
[bookmark: _Ref110780558]Observation 1: ISD can be 200km, and even up to 300km for ATG network.
[image: ]
Figure 1. ATG communication system
Different with satellite system which occupy the dedicated channel to provide the service, ATG system could be deployed co-channel with terrestrial network which could better utilize the existing spectrum holding in hand. 
In Rel-17, non-terrestrial network (NTN) is introduced. The satellite link focuses on providing everywhere connectivity (e.g., cross the sea), while ATG link focus on providing high-quality data services for all service available areas (e.g., inland and coastline area). In addition, ATG system could provide much higher data rate than satellite system due to its closer distance between BS and UE. In addition, high gain of antenna array equipped on airplane is also part of the reason to achieve better performance.
[bookmark: _Ref110780562]Observation 2: Compared to NTN system, ATG system can provide higher data rate due to the distance between BS and UE only 10km. 
Discussions on RRM impact
	RRC mode
	Type of requirements
	Impact

	General
	Band groups and terminologies
	The band groups need to be updated to include the new bands for A2G operation and A2G related terminologies need to be introduced. 


	IDLE/INACTIVE
	Serving cell evaluation
	RAN4 should assess if the principle of current serving cell evaluation requirements defined HST can be reused.

	
	Neighbour cell measurements
	In A2G scenario due to very large cell size the UE is expected to perform cell selection or handover after several minutes. Furthermore, the flight path is planned and deterministic. Therefore, to reduce UE processing and complexity, the UE should not be required to perform neighbor cell measurement or can relax the neighbor cell measurements while well inside the serving cell. On the other hand if there is any unpredictable change in flight path or sudden drop in height due to any critical or emergency situation then the UE should resume the neighbor cell measurement in normal manner without any relaxation. The UE can determine the sudden change in the flight path autonomously (e.g. internally from flight data) or based on assistance information from the ground base station. 

	
	Paging reception
	The current paging reception requirements which define the maximum interruption time in monitoring the downlink channels for paging during cell re-selection can be reused. The reason being that the paging behaviour is not expected to be changed since the A2G UE is to provide service to multitude in-flight users and they define the interruption time during cell re-selection which is also not likely to be impacted. However, the inter-RAT related requirements can be excluded as inter-RAT is in the scope.  

	
	SDT
	Small data transmission (SDT) is supported from Rel-16 NR and there are two types SDT: RA-SDT and CG-SDT. SDT can be important feature to support A2G as it can be used to provide the NW with critical or important flight mode information without switching to CONNECTED mode. Therefore our view is that SDT can be supported. However, RAN4 needs to further discuss the update of the TA for SDT in ATG scenario after the progress on the UE timing requirements. 

	
	Measurement capability
	Taking into account that the serving cell has significantly wider coverage than the cell sizes of Rel-15 NR, it is reasonable to relax the measurement capability requirements which defines the number of carriers to identify and monitor. Another reason to reduce the number of carriers to monitor is that no inter-RAT bands are going to be defined for A2G. On the other hand, there can be scenarios with many aircraft in same areas in which case multiple cells may be needed to provide service. Therefore, the number carriers to identify and monitor needs more discussions and can be kept as FFS.

	CONNECTED mode mobility
	Handover
	In A2G scenario due to very large cell size the UE is expected to perform cell selection or handover after several minutes. Furthermore, the flight path is planned and deterministic. Therefore, to reduce UE processing and complexity, the UE should not be required to perform neighbor cell measurement or can relax the neighbor cell measurements while well inside the serving cell. On the other hand if there is any unpredictable change in flight path or sudden drop in height due to any critical or emergency situation then the UE should resume the neighbor cell measurement in normal manner without any relaxation. The UE can determine the sudden change in the flight path autonomously (e.g. internally from flight data) or based on assistance information from the ground base station. 

	
	RRC re-establishment
	The principle from the legacy RRC re-establishment requirements can be reused. 

	
	Random access
	The principle from the legacy RRC re-establishment requirements can be reused. RAN4 should further discuss whether 2-step RA which was originally designed for small cells useful for A2G. 

	
	RRC connection release with redirection
	The principle from the legacy RRC re-establishment requirements can be reused. 

	Timing and signaling characteristics
	UE transmit timing
Timer accuracy
Timing advance
	See below section.


	RLM
	Radio link monitoring
	The RLM requirements comprises the general control channel transmission parameters to evaluate in-sync and out-of-sync, evaluation period and associated UE behavior. Our view is that most of these requirements are reusable for A2G. 


	
	Interruption
	No need to allow interruption if single carrier is considered for A2G in this release. Otherwise, it might be possible to reuse existing interruption requirements. Needs clarification on whether multiple carriers are supported...

	
	Link recovery
	FR1 bands are assumed for A2G in this release for which the existing requirements can be used as baseline. 

	
	Active BWP switch delay
	The principle from the legacy active BWP switch delay requirements can be reused.

	
	Active TCI state switch delay
	The principle from the legacy active TCI state switch delay can be reused.

	
	Active spatial relation switch delay
	The principle from the legacy active spatial relation switch delay requirements can be reused.

	
	UE specific CBW change
	The principle from the legacy UE specific CBW change requirements can be reused.

	
	Pathloss reference signal switch delay
	This feature is related to eMIMO and thus no need to consider for A2G.  

	
	SCell activation and deactivation delay
	Depends on the scope of WI. If CA/multicarriers are supported then the existing requirements can be used as baseline. 

	Measurement
	Measurement gap
	Only FR1 MG is considered in ATG network.

	
	Intra-frequency measurement
	CSSF needs update if single carrier is supported, such as no deactivated SCell measurement, no SCCs, PSCell measurement.
RedCap measurement requirement can be a reference. 

	
	Inter-frequency measurement
	RAN4 can further study the trade-off between Inter-frequency measurement within MG and the throughput due to large cell coverage. 

	
	Inter-RAT measurement
	UE doesn’t need to support any inter-RAT measurement in ATG system. 

	
	CGI reading
	RAN4 to further discuss whether UE supports CGI reading in ATG system.



Based on the above analysis following proposals are made:
Proposal 1	General section on bands and terminologies are updated with A2G bands and terminologies. 
Proposal 2	RAN4 to assess if existing IDLE/INACTIVE requirements on serving cell evaluation from HST can be reused for A2G.
Proposal 3	The A2G UE is allowed to not measure on the neighbour cells based on the coverage information of the serving cell e.g. if serving cell RSRP is above threshold. 
Proposal 4	For cell reselection and handover, the A2G UE should resume the neighbor cell measurement in normal manner without any relaxation if there is any unpredictable change in flight path or sudden drop in aircraft height due to any critical or emergency situation.
Proposal 5	For cell reselection and handover,  UE can determine the sudden change in the flight path autonomously (e.g. internally from flight data) or based on assistance information from the ground base station. Details are FFS.
Proposal 6	The measurement capability requirements of A2G is FFS. 
Proposal 7	The current IDLE/INACTIVE paging reception requirements, excluding inter-RAT, are reused for A2G. 
Proposal 8	SDT requirements are defined for A2G. Details are FSS.  
Proposal 9	The principle from the legacy RRC re-establishment requirements can be reused as baseline for A2G, and any further impact is FFS.  
Proposal 10	The principle from the random access requirements can be reused as baseline for A2G, and any further impact is FFS.  
Proposal 11	RAN4 to discuss whether to define requirements for 2-step RA for A2G. 
Proposal 12	The principle from the RRC connection release with redirection for A2G, and any further impact is FFS.  

Proposal 13	Interruption requirements defined in section 8.2 are not applicable assuming that single carrier is considered for A2G in this release.  
 Proposal 14	The existing link recovery requirements defined for FR1 are used as baseline for A2G.   
Proposal 15	The existing active BWP switch delay requirements defined for FR1 are used as baseline for A2G.   
Proposal 16	The existing active TCI state switch delay requirements defined for FR1 are used as baseline for A2G.   
Proposal 17	The existing active spatial relation switch delay requirements defined for FR1 are used as baseline for A2G.   
Proposal 18	The existing UE specific CBW change requirements defined for FR1 are used as baseline for A2G.   
Proposal 19	No need to consider pathloss reference signal switch delay requirements for A2G in Rel-18.   
Proposal 20	The existing requirements on SCell activation and deactivation are used as baseline for A2G provided that CA/multiple carriers are supported for A2G.
Proposal 21	Only FR1 MG is considered in ATG network.
Proposal 22 CSSF needs update if single carrier is supported, such as no deactivated SCell measurement, no SCCs, PSCell measurement. RedCap single carrier measurement requirement can be a reference.   
Proposal 23 RAN4 can further study the trade-off between Inter-frequency measurement within MG and the throughput due to large cell coverage. 
Proposal 24 UE doesn’t need to support any inter-RAT measurement in ATG system.
Proposal 25 RAN4 to further discuss whether UE supports CGI reading in ATG system.

Discussions on timing requirements
The basic set of requirements given by ATG in the WID [1] are:
Considering the particularity of ATG network deployment, the following aspects should be addressed in a new ATG work item.
Extreme large cell coverage range (e.g., up to 300 kilometers) and flight speed (e.g., up to 1200km/h). 
Coexistence requirements between ATG and terrestrial network. 
ATG BS/UE core and performance requirement
[bookmark: _Hlk109746714]
The Air-to-ground network (ATG) for NR WI is a RAN4 only WI. This means that we have to rely on the existing procedures up to and including rel-17. This gives us two options when analyzing ATG requirements:
Terrestrial Network procedures (TN)
Non-terrestrial Network procedures (NTN) 

[bookmark: _Hlk110498029]Observation 3: Air-to-ground network (ATG) for NR WI is a RAN4 only WI. This means that we have to rely on the existing procedures up to and including rel-17, that is TN and NTN procedures up to and including release-17, for random access and Timing Advance.
Maximal cell range and Doppler in Terrestrial Networks
The WID states:
“ATG will operate within existing bands and does not need new bands and band properties to be identified.” and “Example bands include n1, n78 and n79”.
We can then translate the requirements to range and Doppler frequency using:

													(1)		
Where   is Doppler frequency,  is the speed of the aircraft and  is the carrier frequency. If we plug in band n79 and  = 5 GHz and  = 1200 km/h into (1), we get  ≈ 5.6 kHz. This means that the aspects to be addressed in ATG WI are 300 kilometers cell coverage and 5.6 kHz Doppler. There are existing bands in FR1 up to 7.125 MHz and FR2 with even higher carrier frequency in the 52.6-71 GHz range, but for ATG we restrict analysis to frequencies up to n79. 

Observation 4: The maximum Doppler frequency for ATG UE is at least 5.6 kHz to cover example bands.

For BS demodulation, assuming current terrestrial network standard, we have the Doppler offset more than doubled because of the assumption that UE adjusts the DMRS based on DL signal + UL frequency error:
		(2)
If we plug in band n79 and  = 5 GHz and  = 1200 km/h, into (2) we get  ≈ 11.6 kHz.
Observation 5: The maximum Doppler frequency for ATG BS is at least 11.6 kHz to cover example bands whilst assuming existing terrestrial 5G access procedures.

Proposal 25: Clarify maximum Doppler frequency for ATG UE and BS requirements.

There is a fundamental tradeoff between cell range and ability to suppress Doppler frequency in a TN network. One can simplify to first order analysis and say that 5G TN PRACH design follows these constraints:
 																			(3)
,  r < 												(4)
Where  is the subcarrier spacing of the RACH preamble, r is the cell radius,  is PRACH preamble CP length and  is the PRACH preamble Guard Period (or Gap Period). The current PRACH preamble designs are listed in tables 1 and 2. From equations (3), (4), Table 1 and Table 2, it is clear that either one has large tolerance to Doppler with high but lower cell coverage range, or the other way around. In the tables  and  are given in  units 
(  s).

Table 1: PRACH preamble formats for  (long sequence) and  kHz. (Table 6.3.3.1-1 in [2])
	Format
	

	
	
	
	
	Support for restricted sets

	0
	839
	1.25 kHz
	
	
	
	Type A, Type B

	1
	839
	1.25 kHz
	
	
	
	Type A, Type B

	2
	839
	1.25 kHz
	
	
	
	Type A, Type B

	3
	839
	5 kHz
	
	
	
	Type A, Type B



Table 2: Preamble formats for  (short sequence) and  kHz where . (Table 6.3.3.1-1 in [2])
	[bookmark: MCCQCTEMPBM_00000029]Format
	

	
	
	

	Support for restricted sets

	
	
	
	
	
	
	
	

	A1
	139
	1151
	571
	

	

	

	-

	A2
	139
	1151
	571
	

	

	

	-

	A3
	139
	1151
	571
	

	

	

	-

	B1
	139
	1151
	571
	

	

	

	-

	B2
	139
	1151
	571
	

	

	

	-

	B3
	139
	1151
	571
	

	

	

	-

	B4
	139
	1151
	571
	

	

	

	-

	C0
	139
	1151
	571
	

	

	

	-

	C2
	139
	1151
	571
	

	

	

	



The following is visible regarding the design of NR RACH preambles:
· [bookmark: _Hlk109743148]If the subcarrier spacing of PRACH preamble is 1.25 or 5 kHz then a long sequence () is used. These sequences can be used for cells up to 100 km, if the guard period of the PRACH is long enough for FR1, but are sensitive to high Doppler. We can only handle Doppler much lower than  ≈ 5.6 kHz and  ≈ 11.6 kHz, which are probable minimum requirement for ATG UE and ATG BS, to cover, at least, example bands. 
   Type A and Type B Restricted Sets are specified for use with long PRACH preambles to handle higher Doppler, but you do not get the range. For example, Format 0 and Format 1 limits to 33 km for Restricted Set A and 19 km for restricted set B and maximum Doppler for these sets are currently specified to 2334 Hz [3, section 8.4.2].
· In a short sequence PRACH preamble then we can tolerate high Doppler since SCS = 15, 30, 60, 120 and 240 kHz, but we do not get the range, since  is small, only , which becomes 10 km for  = 15 kHz and 5 km for  = 30 kHz, etc.

Observation 6:  There is a fundamental tradeoff between cell range and ability to suppress Doppler frequency in a TN network.
A long sequence is closer to meet the ATG requirement of up to 300 km cell range but can only reach around 100 km and handle Doppler corresponding to a UE speed of up to 300 km/h. 
Observation 7:  A long sequence is closer to meet the ATG requirement of up to 300 km cell range but can only reach around 100 km and handle ordinary Doppler corresponding to UE speed of up to 300 km/h or 500 km/h with Restricted Sets. A short sequence can handle the Doppler of ATG but not the range. 
Proposal 26: Clarify maximum range in ATG given the capabilities of existing releases up to and including release 17. 
TDD Guard Period for Terrestrial Networks
The guard period of a TDD system must fit all the timing uncertainties like Cell Phase Sync (3 µs) and RF transients (10 or 5 µs), but the dimensioning factor in this case is that we need to fit the propagation time of the cell range as well. In [4] we derive that the guard period, , becomes:
    TGuard ≥ 2* TSync + 2*Tprop_cell edge +max ((TBS on off), (TUE off on)) + max ((TBS off on), (TUE on off))   (5)
[bookmark: _Hlk109744793]
where TSync is cell phase sync, TBS and TUE are the RF transients and Tprop_cell edge equals the travel time of the signal across the cell range. The term Tprop_cell edge =  = 1 ms. This is a full slot or several slots, even at SCS = 15 kHz depending on how far away the interference will reach (first ring of interferers, second ring etc.). However, the expression in (5) is only valid if there is overlapping coverage. The large ISD and beamforming might mitigate any issues with regards to TGuard.
Observation 8: An ATG system needs a full slot or even several slots of GP, however the large ISD and beamforming might mitigate any issues with regards to GP for TDD.  
Proposal 27: Clarify the need for and size of GP for ATG TDD.
Maximal cell range and Doppler in Non-Terrestrial Networks
We need to consider the TA mechanism, as approved in RAN1: 
		Agreement RAN1#104-bis-e:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
Where:
  is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
FFS: details of NTA update/accumulation.
  is UE self-estimated TA to pre-compensate for the service link delay.
 is network-controlled common TA, and may include any timing offset considered necessary by the network.
 with value of 0 is supported. 
FFS:  details of signalling including granularity.   
 is a fixed offset used to calculate the timing advance.

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.






Since  is based on satellite orbit ephemeris data signalled to the UE and the UE GNSS position then virtually any cell range can be managed in an NTN network. The LEO orbits start at 160 km, but there is no minimum limit, which means that an NTN style ATG system could handle the stipulated cell range of 300 km.
Observation 9: An NTN network can handle the 300 km cell range of an ATG system.
An NTN UE has access to its own position through GNSS and therefore knows the Doppler since it has received ephemeris orbit data about satellites in system messages it can compensate large Doppler frequencies. The NTN TR 38.121 [5], lists 24 ppm as Doppler shift with a change rate of 0.27 ppm/s.  
Observation 10: An NTN network can handle the Doppler of an ATG system.
However in [6], ATG Scenarios, we discuss the fact that there are differences between NTN and ATG which needs to be addressed:
“Within the context of Satellite and HAPS operation, RAN1-3 NTN specifications provide for the UE to pre-compensate timing and Doppler using ephemeris information. For ATG, the scenario differs in that the UE is in the air and the BS is on the ground. The equivalent of ephemeris information would be a knowledge of BS positions.”
Observation 11: For ATG, the scenario differs in that the UE is in the air and the BS is on the ground. The equivalent of ephemeris information would be a knowledge of BS positions.

Conclusion
In this contribution we have provided initial analysis of the RRM impact of A2G network. Based on the discussions, we have made following observations and proposals:
Observation 1: ISD can be 200km, and even up to 300km for ATG network.
Observation 2: Compared to NTN system, ATG system can provide higher data rate due to the distance between BS and UE only 10km.
Proposal 1	General section on bands and terminologies are updated with A2G bands and terminologies. 
Proposal 2	RAN4 to assess if existing IDLE/INACTIVE requirements on serving cell evaluation from HST can be reused for A2G.
Proposal 3	The A2G UE is allowed to not measure on the neighbour cells based on the coverage information of the serving cell e.g. if serving cell RSRP is above threshold. 
Proposal 4	For cell reselection and handover, the A2G UE should resume the neighbor cell measurement in normal manner without any relaxation if there is any unpredictable change in flight path or sudden drop in aircraft height due to any critical or emergency situation.
Proposal 5	For cell reselection and handover,  UE can determine the sudden change in the flight path autonomously (e.g. internally from flight data) or based on assistance information from the ground base station. Details are FFS.
Proposal 6	The measurement capability requirements of A2G is FFS. 
Proposal 7	The current IDLE/INACTIVE paging reception requirements, excluding inter-RAT, are reused for A2G. 
Proposal 8	SDT requirements are defined for A2G. Details are FSS.  
[bookmark: _In-sequence_SDU_delivery]Proposal 9	The principle from the legacy RRC re-establishment requirements can be reused as baseline for A2G, and any further impact is FFS.  
Proposal 10	The principle from the random access requirements can be reused as baseline for A2G, and any further impact is FFS.  
Proposal 11	RAN4 to discuss whether to define requirements for 2-step RA for A2G. 
Proposal 12	The principle from the RRC connection release with redirection for A2G, and any further impact is FFS.  
Proposal 13	Interruption requirements defined in section 8.2 are not applicable assuming that single carrier is considered for A2G in this release.  
Proposal 14	The existing link recovery requirements defined for FR1 are used as baseline for A2G.   
Proposal 15	The existing active BWP switch delay requirements defined for FR1 are used as baseline for A2G.   
Proposal 16	The existing active TCI state switch delay requirements defined for FR1 are used as baseline for A2G.   
Proposal 17	The existing active spatial relation switch delay requirements defined for FR1 are used as baseline for A2G.   
Proposal 18	The existing UE specific CBW change requirements defined for FR1 are used as baseline for A2G.   
Proposal 19	No need to consider pathloss reference signal switch delay requirements for A2G in Rel-18.   
Proposal 20	The existing requirements on SCell activation and deactivation are used as baseline for A2G provided that CA/multiple carriers are supported for A2G.
Proposal 21	Only FR1 MG is considered in ATG network.
Proposal 22 CSSF needs update if single carrier is supported, such as no deactivated SCell measurement, no SCCs, PSCell measurement. RedCap single carrier measurement requirement can be a reference.   
Proposal 23 RAN4 can further study the trade-off between Inter-frequency measurement within MG and the throughput due to large cell coverage. 
Proposal 24 UE doesn’t need to support any inter-RAT measurement in ATG system.
Proposal 25 RAN4 to further discuss whether UE supports CGI reading in ATG system.

Observation 3: Air-to-ground network (ATG) for NR WI is a RAN4 only WI. This means that we have to rely on the existing procedures up to and including rel-17, that is TN and NTN procedures up to and including release-17, for random access and Timing Advance.

Observation 4: The maximum Doppler frequency for ATG UE is at least 5.6 kHz to cover example bands.

Observation 5: The maximum Doppler frequency for ATG BS is at least 11.6 kHz to cover example bands whilst assuming existing terrestrial 5G access procedures.

Observation 6:  There is a fundamental tradeoff between cell range and ability to suppress Doppler frequency in a TN network.
Observation 7:  A long sequence is closer to meet the ATG requirement of up to 300 km cell range but can only reach around 100 km and handle ordinary Doppler corresponding to UE speed of up to 300 km/h or 500 km/h with Restricted Sets. A short sequence can handle the Doppler of ATG but not the range. 
Observation 8: An ATG system needs a full slot or even several slots of GP, however the large ISD and beamforming might mitigate any issues with regards to GP for TDD.  
Observation 9: An NTN network can handle the 300 km cell range of an ATG system.
Observation 10: An NTN network can handle the Doppler of an ATG system.
Observation 11: For ATG, the scenario differs in that the UE is in the air and the BS is on the ground. The equivalent of ephemeris information would be a knowledge of BS positions.
Proposal 25: Clarify maximum Doppler frequency for ATG UE and BS requirements.

Proposal 26: Clarify maximum range in ATG given the capabilities of existing releases up to and including release 17. 
Proposal 27: Clarify the need for and size of GP for ATG TDD.
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