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[bookmark: _Hlk521259925]A new work item on non-terrestrial networks (NTN) was approved in RAN#86 meeting [1], with the following objectives: 
	The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.


The detailed objectives in RAN1 as follows:
	Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode


In this contribution, we will discuss on the deployment scenarios and technique challenges for ATG (air-to-ground) network, as well as potential enhancements including NTN compatible solutions with specification impact, and some other network implementation-based solutions.
Deployment scenarios for ATG network
Air-to-ground (ATG) network refers to in-flight connectivity technique, using ground-based cell towers that send signals up to an aircraft’s antenna(s) of onboard ATG terminal. As a plane travels into different sections of airspace, the onboard ATG terminal automatically connects to the cell with strongest received signal power, just as a mobile phone does on the ground. As shown in Figure 1, ATG gNB deployed on the ground, with antennas pointing upward to form an aerial cell, while aircraft performs as a special UE. ATG air interface connects ATG gNB and aircraft, while Wi-Fi connects aircraft and passengers.


Figure 1: Illustration of ATG network.
There are several regional commercial or trial in-flight networks based on hybrid techniques of ATG and satellite communication, such as Gogo’s commercial network in USA, Inmarsat’s commercial network in Europe, and CMCC’s trial network in China. Regarding the hybrid network, satellite link focus on providing every-where connectivity (e.g., when cross the sea), while ATG link focus on providing high-quality data services for all service available areas (e.g., inland and coastline area) considering its advantage of high throughput, low propagation delay, and low cost over satellite’s application.
5G NR will be the most important network in the next few years and should be capable to be expanded to more potential area. Now it is time for 3GPP to investigate how to support ATG in Rel-17 with NR.
Form the trial of proprietary ATG solution, some characteristics to be considered for ATG network deployment scenarios:
· Extreme large inter-site distance (ISD) and coverage range: w.r.t. the network deployment cost and limited number of flights, typical ISD is about 100~200km. However, in order to cover planes above the sea with gNB on shore, up to 300km coverage range should be supported in some scenarios.
· Frame structure with large periodicity and dozens of concatenate DL slots in TDD: w.r.t. GP overhead when supporting up to 300km coverage range, 20ms TDD switching period with 2ms GP is considered. Furthermore, 30kHz SCS is preferred to support maximum 1200km/h flight speed, and 27DL:4S:9UL TDD configuration can be considered to accommodate DL dominated traffic. Note that the proposed frame structure can be configured via two concatenate 10ms uplink-downlink periods, while the first one with all DL slots, and the second one with 7DL:4S:9UL configuration.
· Utilizing non-disjoint operators’ proprietary frequency for deploying both ATG and terrestrial networks: Operators are interested to adopt the same frequency for deploying both ATG and terrestrial networks to save frequency resource cost, resulting in nonnegligible mutual interference between ATG and terrestrial networks. Especially, from China Mobile’s point of view, 4.8GHz is an interesting frequency for deploying both ATG and terrestrial NR network, since the latter network aims to local deployment for hot point enhancement and vertical use cases, which making geography isolating becomes an effective and interesting mechanism to alleviate the mutual interference, since ATG gNBs can be deployed in underpopulated regions like remote mountains.
· [bookmark: _Hlk31117021][bookmark: _Hlk31117028]Much powerful on-board ATG terminal capability: On-board ATG terminal can be much powerful than normal terrestrial UE, e.g., with higher EIRP via much larger transmission power and/or much larger on-board antenna gain, with high stability LO (local oscillator), and location information can be got via on-board GNSS.

Several deployment scenario related characteristics between NTN in case of satellite with regenerative payload and ATG network are compared in Table 1.
Table 1. Comparison on typical deployment scenario between NTN in case of satellite with regenerative payload and ATG.
	
	NTN in case of satellite with regenerative payload
	ATG
	Comments

	Access scenario
	· gNB in space, and UE on ground
	· gNB on ground, and UE in sky
	· Generally, ATG can be seen as inversely deployed NTN

	gNB characteristic
	· Altitude: LEO (500~2000km), GEO (35786km)
· Speed: LEO at 600km (7.5km/s), GEO (geostationary)
· Antenna: point to the earth with multiple spot beams
· Typical max cell size (edge to edge): LEO (200km), GEO (1000km)
	· Altitude: 40m
· Speed: 0
· Antenna: point to sky
· Max coverage: 100 ~ 300km



	· w.r.t. gNB, NTN is much more complex than ATG

	UE characteristic
	· Altitude: aircraft (10km), others (3m)
· Speed: aircraft (1000km/h), others (3km/h)
· UE w/ or w/o directional antenna
· UE w/ or w/o location determination capability (e.g. GNSS): both supported
	· Altitude: 6~12km
· Speed: 1000km/h
· UE w/ directional antenna
· UE w/ high stability LO
· UE knows location
	· w.r.t UE, both with similar maximum altitude & speed

	Others
	· FDD is typical, and TDD is also considered for LEO
· Dedicated frequency, not shared with terrestrial network
	· TDD should be supported
· Frequency sharing with terrestrial network
	· Enhancements to support TDD duplex scheme and frequency sharing between ATG and terrestrial network need to be considered for ATG


W.r.t. access scenario, ATG can be seen as an inverse deployed network of NTN, where for ATG network gNB on ground and UE on sky, while for NTN network in case of satellite with regenerative payload UE on earth and gNB on space. Despite the inverse access scenario, some other technique challenges, such as large cell coverage range, high doppler shift, seems similar.
Inspired by above discussion, it was agreed to develop NTN specification in Rel-17 with implicit compatibility to support ATG scenarios to minimize specification effort.
Problem identification for ATG
Considering the particularity of ATG network deployment, the following aspects should be investigated.
Table 2. Potential challenge for ATG.
	Aspect
	Importance
	Potential problem
	Potential enhancement

	1. Extreme large cell coverage range (e.g., up to 300 km) and high speed (e.g., up to 1200km/h)
	Essential
	· Current specification can support up to 100km coverage range and up to 500km/h.
	· RAN 1:
· Enhancements on UL time and frequency synchronization

	2. Coexistence between ATG and terrestrial network
	Essential
	· Potential seriously mutual interference between ATG and terrestrial network
	· RAN 1:
· Physical layer interference mitigation mechanism for ATG network
· RAN 4:
· Core specifications of RF and RRM requirements for coexistence
· Co-existence evaluation for ATG network (e.g. ACLR, ACS)
· Study and identify new power class UE/BS category for ATG network
· Study and identify RF requirements for ATG UE/BS
· Study and identify RRM core requirements

	3. TDD UL-DL Config. with >16 DL slots (e.g., 27DL:4GP:9UL frame structure with 30kHz SCS )
	Not essential
	· Limited HARQ process number (16)
· Limited K1 range (0~15) for PDSCH-to-ACK feedback
	· RAN1:
· Support larger value range for K1 (e.g., 0~31)
· [bookmark: _Hlk46521943]Support >16 HARQ process for PDSCH


Aspect 1 & 2 are essential, since 
· without enhancement for aspect 1, UE may cannot properly access to ATG cell, and 
· without enhancement for aspect 2, the performance of terrestrial network may be seriously degraded due to mutual interference from ATG network.
Aspect 3 seems not essential, since if enhancements not supported, 10ms TDD switching period with 12DL:4S:4UL TDD configuration can be utilized instead for deploying ATG network. The alternative solution may result in higher GP overhead (about 20%), so enhancements for aspect 3 is desired.
Note that there was thorough discussion regarding Aspect 1 & 3 in NTN study item, and many potential solutions which may be specified in Rel-17 work item can be reused to support ATG scenario. The detailed solutions will be discussed in Clause 4.1 and 4.3.
Regarding Aspect 2, network implementation-based solutions are considered to deal with the physical layer interference mitigation mechanism, while new work item led by RAN 4 is suggested to specify RF and RRM requirements for coexistence between ATG and terrestrial network. The detailed solutions will be discussed in Clause 4.2.

Solutions to support ATG
Solutions regarding Aspect 1 to deal with extreme large cell coverage range and high speed
[bookmark: _Hlk46517365]Potential enhancements for timing advancing adjustment
In order to support up to 300km coverage range, two options of UL TA synchronization solutions as developed in NTN SI (see TR38.821) can both be reused in ATG scenarios.
Option 1: Autonomous acquisition of the TA at UE with UE known location and satellite ephemeris.
In NTN scenario, satellite ephemeris is used to determine satellite’s location, and air interference signal is transmitted/forward from satellite to UE. While in ATG scenario, air interference signal is transmitted from gNB to ATG CPE. So similar to NTN solutions, if UE can know its location and ATG gNB’s location, Option 1 can be simply reused in ATG scenario. In this way, the required TA value for UL transmission including PRACH can be calculated by the UE, with prior information of aircraft’s positions and ATG gNB’s location. 
Note that it is a fundamental assumption that on-board ATG terminal have location determination capability via on-board GNSS. Nevertheless, ATG gNB’s location may be pre-stored in ATG CPE by network implementation, or it can be derived from broadcast information. The latter solution has significant superiority in network maintainability, since in the former solution, ATG CPEs need to update the stored ATG gNB’s location information in time, if any ATG gNB’s location along the air flight or even among the country was changed (e.g., due to addition and/or failure of some ATG gNBs). So it is suggested to broadcast gNB’s location via system information. Consider that some regional may have prohibition on broadcasting accurate base station position, broadcasting of coarse position of gNB or gateway with [x m] random error can be considered.
Proposal 1: W.r.t. autonomous acquisition of the TA at UE, broadcasting of the [coarse] location of gNB via system information is suggested to support ATG scenario.
· FFS. maximum [x m] random error between accurate position and broadcasted position.

With autonomously acquired TA value, full TA based pre-compensation when sending Msg. 1 at UE side is preferred to accommodate to TDD duplex mode, i.e., DL and UL frame timing can keep aligned at gNB side, just as worked in terrestrial network.
Proposal 2: W.r.t. autonomous acquisition of the TA at UE, full TA based pre-compensation at UE side is preferred to accommodate to TDD duplex mode in ATG scenario.

Option 2: Timing advanced adjustment based on network indication
If broadcasting of the [coarse] location of gNB via system information is not supported, common TA indication-based solution as studied in NTN study item can also be considered instead to support ATG scenario. In this way, the common TA, which refers to the common component of propagation delay shared by all UEs within the coverage of same ATG gNB beam, is broadcasted by the network per ATG gNB beam. The calculation of this common TA is conducted by the network.


  
Figure 2: Common TA solution for ATG.
An example for applying common TA technique in ATG network is shown in Figure 2. Assume there are 4 cells per gNB, and 4 beams per cell, and each beam has square footprint pattern for simplification, i.e., .
To cover aircrafts at coverage edge  km with  km aircraft altitude, where , it can be determined that


Assume flight altitude is within 8~12km. Given the reference points are at each beam center (e.g.,  for beam i), it can be observed that the maximum differential distance with each beam is less than 52km as shown in Table 3, which can be supported by NR Rel-15 specification regarding PRACH design.
Table 3. Differential distance with each beam.
	Maximum coverage range (km)
	300

	
	0
	1
	2
	3

	Maximum differential distance with beam i (km)
	51.143
	47.623
	44.593
	42.764


Furthermore, common TA pre-compensation at UE side is also needed, i.e., ATG terminal can pre-compensate timing advancing based on indicated common TA value when sending Msg. 1.
Nevertheless, common TA indication-based solution requires multiple beams configuration, which may impose restriction on deployment flexibility.
Proposal 3: Common TA indication-based solution with pre-compensation at UE side can be considered in ATG scenario, with the cost of certain restriction on deployment flexibility.
Potential enhancements for UL frequency compensation
Network implementation-based solution can be considered to estimate and compensate UL doppler shift due to higher flight speed.
Note that it is a fundamental assumption that on-board ATG terminal have location determination and global time/frequency synchronization capability via on-board GNSS, then it can be assumed that both gNB and UE can first keep frequency synchronization to the same universal frequency system. In this case, UL doppler shift can be determined based on DL RS detection.
As shown in Figure 3, the granularity of synchronization raster for above 3GHz operating band (1.44MHz) is significantly larger than the maximum doppler shift for ATG network (e.g., 5kHz for 1200km/h flight speed at 4.8GHz operating band), so UE can easily estimate the doppler shift based on DL RS detection, as well as pre-compensate the UL doppler shift when sending Msg. 1, without ambiguity in synchronization raster.
Proposal 4: UL frequency compensation can be realized via network implementation-based solution.


Figure 3: Estimation and pre-compensation of UL doppler shift at UE side.
Solutions regarding Aspect 2 to deal with mutual interference between ATG and terrestrial network 
Potential physical layer interference mitigation mechanism
As summarized in Section 2, operators are interested to adopt the same frequency for deploying both ATG and terrestrial networks to save frequency resource cost, while mutual interference between ATG and terrestrial networks becomes nonnegligible and should be addressed.


Figure 4: Mutual interference from ATG to terrestrial network.
Regarding the mutual interference between ATG and terrestrial networks, a key design principle which is considered by China Mobile is to keep terrestrial network away from seriously interference caused by ATG network.
Geography isolating
Geography isolating is an efficient method to mitigate mutual interference from ATG gNB to terrestrial network (including terrestrial gNB and UE).
Especially, from China Mobile’s point of view, 4.8GHz is an interesting frequency for deploying both ATG and terrestrial NR network, since the latter network aims to local deployment for hot point enhancement and vertical use cases, which making geography isolating becomes an effective and interesting mechanism to alleviate the mutual interference, as ATG gNBs can be deployed in underpopulated regions like remote mountains.
UL power control
Note that in NR Rel-15, uplink power  for PUSCH, PUCCH, SRS and PRACH transmission can be determined by the following unified form

where,  is the UE configured maximum output power,  is target power level at the network receiver side,  is pathloss compensation coefficient, and  denotes other parameters.


Figure 5: Interference from ATG terminal to terrestrial network.
As shown in Figure 5, there are significant propagation distance difference between serving link (i.e., ATG terminal to ATG gNB) and UL interfering link (i.e., ATG terminal to terrestrial network).
In order to mitigate the interference from ATG terminal to terrestrial network, legacy NR Rel-15 power control mechanism can be reused, where parameter set  applying for the serving link, while parameter  applying for the interfering link. Note that there is no specification impact since parameter  is configurable by high level.
How to determine parameter  to avoid seriously interference to terrestrial network can rely on network implementation.
Proposal 5: In order to keep terrestrial network from seriously interference caused by ATG network, two potential network implementation-based solutions are proposed:
· Alt 1: Geography isolating to mitigate mutual interference from ATG gNB to terrestrial network (including terrestrial gNB and UE).
· Alt 2: UL power control with parameter  determined for mitigating seriously interference from ATG terminal to terrestrial network (including terrestrial gNB and UE).
RF and RRM requirements for coexistence between ATG and terrestrial network
Nevertheless, regarding on-board ATG terminal can be much powerful capability can than normal terrestrial UE, e.g., with higher EIRP via much larger transmission power and/or much larger on-board antenna gain, with high stability LO (local oscillator), and location information can be got via on-board GNSS, then it is necessary to set up a separate ATG work item led by RAN4 on core specifications of RF and RRM requirements for coexistence between ATG and terrestrial network, including,
· Co-existence evaluation for ATG network (e.g. ACLR, ACS)
· Study and identify new power class UE/BS category for ATG network
· Study and identify RF requirements for ATG UE/BS
· Study and identify RRM core requirements
Proposal 6: A new ATG WI led by RAN4 could be considered on core specifications of RF and RRM requirements for coexistence between ATG and terrestrial network, including,
· Co-existence evaluation for ATG network (e.g. ACLR, ACS)
· Study and identify new power class UE/BS category for ATG network
· Study and identify RF requirements for ATG UE/BS
· Study and identify RRM core requirements
Solutions regarding Aspect 3 to deal with TDD frame structure with >16 concatenated DL slots 
[bookmark: _Hlk46521316]As summarized in Section 2, 27DL:4S:9UL TDD frame structure with 20ms periodicity and 30kHz SCS is perferred in ATG scenario to save GP overhead.


Figure 6: DL dominated frame structure with >16 concatenated DL slots.
Potential enhancements to support larger value range for K1
Note that the value range of timing for given PDSCH to the DL ACK (i.e., K1) in NR Rel-15 is (0..15), which results in more than half DL slots cannot be scheduled due to the lack of available HARQ-ACK feedback resource caused by out of indication range of K1, as shown in Figure 6.
W.r.t. the limited timing indication range for K1 (PDSCH-to-HARQ feedback timing), a simply solution by extending the value range of dl-DataToUL-ACK field in PUCCH-Config IE from (0..15) to (0..Y) is preferred as shown below, where value Y is selected as 31 for example.
PUCCH-Config ::=          SEQUENCE {
    ...
    dl-DataToUL-ACK           SEQUENCE (SIZE (1..8)) OF INTEGER (0..15) (0..31)       OPTIONAL, -- Need M
    ...
}
Proposal 7: Extending the value range of dl-DataToUL-ACK field in PUCCH-Config IE to larger than 15, e.g., 31.
Potential enhancements to support >16 HARQ process for PDSCH
Furthermore, note that there are only 16 HARQ process number in NR Rel-15, which is much less than available concatenated DL slots as shown in Figure 6. It may seriously limit the peak throughput in ATG network.
W.r.t. limited HARQ process number for PDSCH, a simply solution is to support >16 HARQ process for PDSCH. 
One approach is to slightly increase the size of HARQ process ID field in DCI, e.g., to 5-bit. Another approach is to keep the 4-bit HARQ process ID field in DCI by reusing HARQ process ID within RTD (time window). The details can be found in our company’s contribution [2].
Proposal 8: Support more than 16 HARQ process number in NTN and keep 4-bit HARQ process number field in DCI or just increase to be 5-bit.
Proposal 9: The time domain window based synchronous and asynchronous HARQ scheme can be used for greater than 16 HARQ process ID indication.
Conclusions
In this contribution, we share our views on the scenarios, technique challenges, and potential enhancement to support ATG network. The observations and proposals are summarised as follows:
Proposal 1: W.r.t. autonomous acquisition of the TA at UE, broadcasting of the [coarse] location of gNB or gateway via system information is suggested to support ATG scenario.
· FFS. maximum [x m] random error between accurate position and broadcasted position.
Proposal 2: W.r.t. autonomous acquisition of the TA at UE, full TA based pre-compensation at UE side is preferred to accommodate to TDD duplex mode in ATG scenario.
Proposal 3: Common TA indication-based solution with pre-compensation at UE side can be considered in ATG scenario, with the cost of certain restriction on deployment flexibility.
Proposal 4: UL frequency compensation can be realized via network implementation-based solution.
Proposal 5: In order to keep terrestrial network from seriously interference caused by ATG network, two potential network implementation-based solutions are proposed:
· Alt 1: Geography isolating to mitigate mutual interference from ATG gNB to terrestrial network (including terrestrial gNB and UE).
· Alt 2: UL power control with parameter  determined for mitigating seriously interference from ATG terminal to terrestrial network (including terrestrial gNB and UE).
Proposal 6: A new ATG WI led by RAN4 could be considered on core specifications of RF and RRM requirements for coexistence between ATG and terrestrial network, including,
· Co-existence evaluation for ATG network (e.g. ACLR, ACS)
· Study and identify new power class UE/BS category for ATG network
· Study and identify RF requirements for ATG UE/BS
· Study and identify RRM core requirements
Proposal 7: Extending the value range of dl-DataToUL-ACK field in PUCCH-Config IE to larger than 15, e.g., 31.
Proposal 8: Support more than 16 HARQ process number in NTN and keep 4-bit HARQ process number field in DCI or just increase to be 5-bit.
Proposal 9: The time domain window based synchronous and asynchronous HARQ scheme can be used for greater than 16 HARQ process ID indication.
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