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1. Introduction
The background of Rel-18 ATG NR is introduced in [1].
[bookmark: _Hlk528680199]From the trials and commercial operation [https://inflight.telekom.net/ean/] of adapted LTE ATG solutions, some characteristics could be considered for ATG network deployment scenarios
· Extremely large inter-site distance (ISD) and large coverage range: To control the network deployment cost and considering the limited number of flights, large ISD is preferred, e.g., about 100km to 200km. At the same time, when the plane is above the sea, the distance between the plane and the nearest base station could be more than 200km and even up to 300km. Therefore, ATG network should be able to provide up to 300km cell coverage range
· Utilizing non-disjoint 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, while interference between ATG and terrestrial networks becomes non-negligible and should be addressed. Especially, from China Mobile’s point of view, 4.8GHz is an interesting frequency for deploying both ATG and terrestrial NR network.
· Much powerful on-board ATG terminal capacity: 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.

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

The corresponding RF and RRM discussion are ongoing in previous RAN4 meetings. In this contribution, general view on ATG channel model for demodulation is analyzed.     

2. Discussion
2.1 Scenario and deployment 
ATG is expected as a new commercial network for many kinds of aircraft. Regarding the different airlines and landforms, the ATG deployment would be quite different from the legacy hexagonal cell in TN network. The ISD could be quite variant. Furthermore, the boresight of the BS antenna is toward to the sky, ATG cell range could also be quite different from the legacy network. The ATG cell could reach to a distance much larger than ISD, and an ATG UE might be covered by a faraway ATG BS rather than a nearest one due to the BS beam direction and beam width. In summary, the ATG network deployment could be quite flexible and non-uniform between cells. 
According to WI and the current discussion in RF and RRM, the ISD for ATG network is assumed as [14] km to 200km [2]. The baseline deployment for the discussion is that all ATG BS are on the ground and the height is around 30m, and all BS beam directions are pointing to the horizon [2]. The baseline of ATG UE type is assumed as CPE mounted on the airplane. Its altitude is assumed within the range 3/7 km ~12km, and its maximum speed could reach up to 1200km/h. 
The figure 2.1-1 is the ATG BS and ATG UE relationship assumption for ATG RF co-ex discussion [2]. It should be noted that the ATG UE with higher altitude could be served by another ATG BS in the real network.  
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Figure 2.1-1 Baseline deployment for ATG Co-ex simulation
Agreement:
· One site with one sector for simulation
· Aircraft altitude to derive cell coverage: 3km
· Cell range for simulation: 100km. Note: This value for simulation does no impact RRM evaluation.
· Angle of aircraft at minimum altitude and maximum distance from ATG BS: 1.5°
· Aircraft altitude to derive minimum distance: 10km
· Minimum distance for non sub-array= 20 km
· Minimum distance for sub-array= 50 km
 
For the demodulation discussion which is focusing on the performance of channel estimation and consequent signal decoding in end-to-end connection, no need to consider co-existing with TN BS network and cell overlapping between different RRH or BS. Rel-18 is the first release of ATG, so the scenario could be simplified to consider normal performance requirement as the highest priority. In that case, one TRP for DL could be suitable for the discussion. 
The relative location between ATG BS and UE in horizontal could be similar as in TN network regarding to random airlines. If only one UE is considered, using a fixed beam direction which lead to the worst case for demodulation could be enough for the analysis. From the link budget perspective, the worst case could be the low aircraft latitude, such as ATG UE B in Figure 2-1, the corresponding distance between ATG BS and UE and Doppler shift could be maximum. Thus, the baseline deployment in Figure 2-1 could also be used for demodulation requirement discussion. 
To be specific, following assumptions could be taken as the worst case for Rel-18 ATG demodulation discussion:
· One ATG UE only served by one TRP from ATG BS at the same time. 
· ATG BS is 30m high and its beam direction is fixed and pointing to the horizon. The vertical HPBW is α and its lower boundary is parallel to the horizon. 
· ATG UE moving toward to ATG BS with the elevation angle from 0o to α at the speed 1200km/h. The corresponding maximum distance between UE and BS could be 200km ~300km.
In Figure 2.1-2, the scenario between ATG UE B and ATG BS 2 could be considered as the worst case for demodulation. 
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Figure 2.1-2 The baseline scenario for demodulation discussion

Proposal 1: Consider following deployment scenario  for Rel-18 ATG demodulation discussion: 
· One ATG UE only served by one TRP from ATG BS at the same time. 
· ATG BS is 30m high and its beam direction is fixed and pointing to the horizon. The vertical HPBW is α and its lower boundary is parallel to the horizon. 
· ATG UE moving toward to ATG BS with the elevation angle from 0o to α at the speed 1200km/h. The corresponding maximum distance between UE and BS could be 200km ~300km. 

2.2 Node type and capability
2.2.1 ATG BS 
In core part discussion, same BS types are applied for ATG BS including 1-C, 1-H and 1-O, and BS class would be further derived with the co-existing evaluation [3]. Observing the agreed RF requirements in [4], most of them reuse requirements in 38.104 for Wide Area BS except for ACLR and ACS which will depend on the co-existing study.  
[image: ]Based on RF discussion, similar antenna configurations are assumed for ATG BS as in TN BS. From demodulation perspective, same receiver antenna branch number as TN BS could be applied for ATG BS according to manufacture declarations, e.g., 2/4/8 Rx for 1-C /1-H and 2Rx for 1-O.  
Proposal 2: Use same antenna configurations and manufacture declarations as TN BS for ATG demodulation requirements, e.g., 1/2/4Tx and 2/4/8 Rx for 1-C/1-H; and 1/2Tx and 2Rx for 1-O. 
2.2.2 ATG UE
As the baseline of ATG UE type is CPE like with large antenna size, it could achieve much higher output power and antenna gain than TN UE. It is possible to support more antenna branches for both DL and UL for a CPE like UE. However, there is another Rel-18 WI on CPE like UE performance with 4Tx/8Rx. Regarding this is the first release for ATG scenario and not to overlapping parallel WI, similar antenna configurations as legacy handheld UE could be considered for ATG UE, e.g., 1/2 Tx and 1/2/4 Rx for 1-C. Regarding the UE type 1-O has not been agreed to be introduced, the corresponding requirements could be further discussed in later meetings. 
Proposal 3: Use same antenna configurations as legacy UE for ATG demodulation requirements, e.g., 1/2 Tx and 1/2/4 Rx for 1-C. 
Furthermore, more capabilities are considered for ATG UE to handle the large Doppler shift and cell range as NTN UE, e.g., pre-compensation on frequency shift and UL timing. 
· Pre-compensation for Doppler shift
Issue 3-1-1: Whether ATG UE should be capable of GNSS measurement [5]
· ATG UE should be capable of GNSS measurement
Issue 3-2-2: Whether to introduce UE based Frequency pre-compensation [6]
· UE based frequency pre-compensation similar as in NTN can be reused in ATG, however, no RRM impact. Details can be further evaluated in RF session.
Agreement [7]:
· Focus on the frequency error requirements considering the Doppler pre-compensation function
· Further check whether and how the Doppler pre-compensation functionality specified for NTN works for ATG with the understanding that there is no RAN1/2 impact expected.
R4-2220826 [8]: Since the potential maximum cell range is up to 200-300km [x] and the normal commercial airplane altitude is 10km, the elevation angle is only about 2~3 degrees when UE doing initial access at cell edge. Then the maximum DL doppler frequency is approaching 5.5kHz and the UL doppler frequency is approaching 11kHz if without any compensation which may cause non-negligible impact for link performance and success rate of access. ATG UE needs to perform frequency compensation. The frequency accuracy requirement will be written assuming Doppler frequency pre-compensation.
Observation 1: The maximum Doppler shift at 5GHz could reach to 5.5kHz for DL and 11kHz for UL. 
Observation 2: Doppler pre-compensation function is considered as baseline capability of ATG UE in RF and RRM discussion.
· Pre-compensation for timing
Issue 3-2-1: Whether to introduce UE based Timing pre-compensation [9]
Agreements
· Support UE-based timing pre-compensation for ATG networks 
· FFS for details and whether NTN-based solution can be reused 
Observation 3: Timing pre-compensation is agreed as ATG UE capability. 
From the demodulation perspective, the smaller demodulation impact would be seen if ATG UE could support pre-compensation on both DL and UL referring to NTN discussion. 
· The Doppler shift caused by ATG UE could reach to 5.5kHz for DL and 11kHz for UL. It would exceed the maximum capability of PRACH formats and DM-RS configuration for UL demodulation. Especially the limitation on PRACH will be the bottleneck of ATG scenario if UE don’t support pre-compensation on frequency shift. The detailed analysis can be found in [11]. 
If pre-compensation on Doppler shift is supported, only the remaining frequency error after compensation needs to be considered. NR NTN agreed the frequency error as 0.1ppm which is a small frequency shift. The demodulation performance with such small frequency shift could be checked by the TN demodulation requirements for normal speed UE (120km/h). 
It should be noted that, once ATG UE could estimate Doppler shift by the information about its speed, GNSS and BS location, both UL and DL Doppler shift could be compensated. It would lead to less DM-RS overhead for both directions, and the corresponding throughput will not be impacted too much by high Doppler. 
· The ATG cell range would be much larger than TN network cell, and corresponding propagation delay is very long. The large timing advance is needed and timing differences between UE could be also large. High UE speed would also cause timing drift quickly. It is hard for ATG BS to handle such kind of timing adjustment under such situations.     
Observation 4: It would lead to UL demodulation problems if ATG UE won’t support pre-compensation on frequency shift.   
Observation 5: The DL and UL throughput won’t be impacted too much by high Doppler shift if UE pre-compensation on frequency shift is supported.
Observation 6: The UL timing pre-compensation is necessary for ATG demodulation. 
Proposal 4: Consider ATG UE pre-compensation on frequency shift and timing for ATG DL and UL demodulation discussion.   

2.3 Channel model
Regarding the deployment assumption above, the transmission link between ATG BS and UE is only in the air and should be LOS channel. ATG BS is much higher than the ground and surrounding environment, the multipath fading impact would be very rare. Comparing to the NTN deployment, the link between a satellite and a GW on the ground would be quite similar as ATG deployment. During the NTN discussion, the feeder link is assumed as fibre like regarding the large antenna size and high transmission power on both sides. In that case, AWGN channel could also be typical for ATG link. 
It could be noted that, the NTN TDL models for service link are not suitable for ATG transmission link since NTN UE is assumed as handheld type which is only 1.5m high. So, the multi-path fading is still possible environment. Furtherly checking the LOS channel study in TR38.811 [2], the lower the satellite elevation angle the higher K-factor which will also lead to AWGN like channel. 
Observation 7: The propagation channel for ATG UL/DL is quite close to AWGN regarding very strong LOS path and almost zero delay spread and Doppler spread. 
As discussed in 2.2.2, the Doppler shift would be very high for ATG deployment. No matter if UE pre-compensation is supported or not, the channel model for ATG could be described as AWGN + Doppler shift. If pre-compensation is supported, frequency error after compensation can be considered in channel model, otherwise, the maximum Doppler shift is considered. 
Proposal 5: Use AWGN + Doppler shift as channel model for ATG demodulation requirements, and the value of Doppler shift depends on the agreement of ATG UE capability on pre-compensation on frequency error.  

2.4 Others
Some discussions are ongoing on TDD pattern impact on ATG UL timing [10]. Legacy TDD pattern e.g., 7D1S2U S=6:4:4, might have insufficient guard period for UL transmission due to long propagation delay. The scheduled UL timing would reach to the boundary of DL slot in the worst case, e.g., >100km distance between ATG UE and BS. Thus, some new methods are discussed, such as introducing new TDD pattern with more special slots or less PDSCH scheduling when distance too large, etc. 
From the demodulation perspective, this timing issue won’t impact the receiver demodulation algorithm even it might impact the measured throughput in the worst case. The candidate solutions are no relevant to demodulation. Similar as in legacy TN, same demodulation requirements should be expected for different TDD patterns for ATG because the metric is normalized throughput. 
However, if new TDD pattern is introduced for demodulation finally, it should be a dedicated pattern for ATG product. In that case, the corresponding test setup would be revisited for this TDD pattern, and new manufactory declaration and applicability rules might also be needed. Anyway, this depends on the RAN4 discussion progress. 
Proposal 6: Do not consider TDD pattern impact in ATG demodulation requirements because it is not relevant to receiver demodulation algorithm.  

3. Conclusions
Proposal 1: Consider following deployment scenario  for Rel-18 ATG demodulation discussion: 
· One ATG UE only served by one TRP from ATG BS at the same time. 
· ATG BS is 30m high and its beam direction is fixed and pointing to the horizon. The vertical HPBW is α and its lower boundary is parallel to the horizon. 
· ATG UE moving toward to ATG BS with the elevation angle from 0o to α at the speed 1200km/h. The corresponding maximum distance between UE and BS could be 200km ~300km. 

Proposal 2: Use same antenna configurations and manufacture declarations as TN BS for ATG demodulation requirements, e.g., 1/2/4Tx and 2/4/8 Rx for 1-C/1-H; and 1/2Tx and 2Rx for 1-O. 
Proposal 3: Use same antenna configurations as TN UE for ATG demodulation requirements, e.g., 1/2 Tx and 1/2/4 Rx for 1-C. 
Observation 1: The maximum Doppler shift at 5GHz could reach to 5.5kHz for DL and 11kHz for UL. 
Observation 2: Doppler pre-compensation function is considered as baseline capability of ATG UE in RF and RRM discussion.
Observation 3: Timing pre-compensation is agreed as ATG UE capability. 
Observation 4: It would lead to UL demodulation problems if ATG UE won’t support pre-compensation on frequency shift.   
Observation 5: The DL and UL throughput won’t be impacted too much by high Doppler shift if UE pre-compensation on frequency shift is supported.
Observation 6: The UL timing pre-compensation is necessary for ATG demodulation. 
Proposal 4: Consider ATG UE pre-compensation on frequency shift and timing for ATG DL and UL demodulation discussion.   
Observation 7: The propagation channel for ATG UL/DL is quite close to AWGN regarding very strong LOS path and almost zero delay spread and Doppler spread. 
Proposal 5: Use AWGN + Doppler shift as channel model for ATG demodulation requirements, and the value of Doppler shift depends on the agreement of ATG UE capability on pre-compensation on frequency error.  
Proposal 6: Do not consider TDD pattern impact in ATG demodulation requirements because it is not relevant to receiver demodulation algorithm.    

4. References
[1]	RP-221369, Revised WID on Air-to-ground network for NR, CMCC
[2]	R4-2220542, WF on ATG co-existence evaluation, CMCC 
[3]	R4-2217504, TP for TR38.876, Huawei, HiSilicon
[4]	R4-2214461, WF for ATG BS RF requirement, ZTE
[5]	R4-2214347, WF on NR ATG RRM, CMCC
[6]	R4-2217265, WF on NR ATG RRM core requirements, CMCC
[7]	R4-2217738, WF on ATG terminal RF requirement, Huawei, Hisilicon
[8]	R4-2220826, TP for TR 38.876: frequency error, Apple
[9]	R4-2210361, WF on NR ATG RRM, CMCC
[10]	R4-2301931, On large TDD cells and other timing requirements, Ericsson
[11]	R4-2301032, Discussion on ATG BS demodulation requirements, Ericsson
	
 
image2.png
i« 1SD = 14km ~ 200km o

ATGBS 1 ATG BS 2





image3.png
7.2 ATG BS specific
7.2.1 ATG BS class and BS type

For BS type typel-C, 1-H and 1-O, ATG BS class is defined as indicated below:

[ATG Base Stations are characterized by requirements derived from ATG (Air to Ground) scenarios with a ground BS to
air UE with typical vertical altitude range TBD km].
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