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1. Introduction
The background of Rel-18 ATG NR is introduced in [1].
[bookmark: _Hlk528680199]The core part of this work item includes
· 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)
· Indentify 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
The performance part of the work item includes
· Specify corresponding RRM performance requirements and test cases for ATG UE [RAN4]
· Specify corresponding demodulation performance requirements for ATG BS [RAN4]
· Specify corresponding demodulation performance and CSI reporting requirements for ATG UE/BS [RAN4]
· Specify test procedures for ATG BS conformance testing and conformance requirements [RAN4]

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

2. Discussion
2.1	Deployment and channel model 
According to the analysis in [2], AWGN + frequency shift could be typical channel model for baseline ATG UL and DL transmission. The value of frequency shift would lead to different ways of demodulation requirement. 
The frequency shift equals to frequency error if ATG UE pre-compensation is supported. The specific value depends on the RF agreement which is not decided yet. Referring to NTN discussion which agree to use 0.1ppm for frequency error, the value is similar to the TN UE requirement. In that case, the ATG channel model would be much more relaxed than TN demodulation models (TDLA30-10, TDLB100-400, TDLC300-100) from receiver algorithm perspective. 
Observation 1: AWGN channel with small frequency shift is simpler than legacy TN BS demodulation channel models.
If UE pre-compensation on frequency error is not supported, the frequency shift is the maximum Doppler shift, and the value can be further discussed. If we take the deployment proposal in [2], the maximum Doppler shift would happen when ATG UE elevation angle is 0o to ATG BS. The Table 2.1-1 list the maximum Doppler shift for UL transmission at the different centre frequency.  It should be noted that, the frequency error on UE side is not included. 
Table 2.1-1 The maximum Doppler shift for ATG UL transmission ATG UE speed 1200km/h
	Fc [GHz]
	2
	4
	5
	6

	SCS [kHz]
	15
	30
	30
	30

	Max Doppler shift [Hz]
	4444
	8889
	11111
	13333


 
The most serious issue is the limitation of random access. Long PRACH formats could support large cell range to 100km but can’t handle very high Doppler shift. Currently, BS demodulation requirement only consider 2333Hz Doppler shift for format 0 with restricted set type B for high-speed train. Short PRACH formats could handle high Doppler but can’t support very large cell range [3]. Table 2.1-2 summarize the theoretical cell range for each PRACH format. 
To support large ATG cell range (up to 200km ~300km) and high Doppler shift (up to 11kHz) at the same time, the UE pre-compensation on frequency shift is necessary.
Table 2.1-2 PRACH format and theoretical cell range
	PRACH format
	SCS [kHz]
	Max cell range [km]

	0
	1.25
	14.5

	1
	1.25
	107.3

	2
	1.25
	22.1

	3
	5
	14.5

	A1
	15/30
	0.9/0.5

	A2
	15/30
	2.1/1.1

	A3
	15/30
	3.5/1.8

	B1
	15/30
	0.5/0.2

	B2
	15/30
	1.1/0.5

	B3
	15/30
	1.8/0.9

	B4
	15/30
	3.9/1.9

	C0
	15/30
	5.3/2.7

	C2
	15/30
	9.3/4.7



Observation 2: Current PRACH formats can’t handle very large cell range (i.e., 200~300km) and very high Doppler shift (i.e., 11kHz) at the same time. 
From Table 2.1-1, more additional DM-RS is needed to support data transmission. The maximum supported Doppler shift with 3 additional DM-RS with 30kHz SCS could be up to 9.3kHz. It can only handle up to 4GHz centre frequency. Current band scope in this WI focus on n1, n78 and n79, and the n79 will reach to 5GHz. In that case, it is hard for n79 to support ATG deployment if no UE pre-compensation is considered. Furthermore, all legacy FR1 demodulation requirements are band agnostic which means no requirement is defined for a special band.   
Observation 3: The maximum UL Doppler shift will exceed the DM-RS capability if no UE pre-compensation is supported.
More Not just on the data transmission, the random-access procedure would be greatly impacted by the large cell and high Doppler in ATG. 
As pointed out in 2.2.2 in [2], the pre-compensation on timing is agreed for ATG RF and RRM discussion, so it is straight forward to define demodulation requirements with the same UE capability. 
Proposal 1: Take UE pre-compensation on frequency shift and timing as the baseline for ATG BS demodulation discussion. 

2.2	Requirement impact
Based on previous discussion and analysis, no new category of BS will be introduced for ATG, so TN BS demodulation requirements could be applied. Furthermore, no new physical channel formats are introduced for ATG scenario.
Observation 4: No new physical channel formats were introduced by RAN 1 for ATG scenario.
For PUSCH, the typical case for ATG might be large carrier bandwidth with high modulation regarding the good propagation channel and large antenna would be used on ATG UE.  Checking legacy demodulation requirements, all typical use cases in ATG scenario are covered even for the high modulation level (256QAM). The fading channel model used in TN BS demodulation requirements would be better for checking receiver performance than AWGN like channel model in ATG. 
Observation 5: TN BS normal PUSCH demodulation requirements could cover all typical ATG normal PUSCH cases. 
Proposal 2: Do not define new normal PUSCH demodulation requirements for ATG scenario if ATG UE support UL pre-compensation.

UL timing requirement is to check the accuracy on the timing estimation and corresponding adjustment. If ATG UE will do pre-compensation on UL timing, corresponding timing error requirement will be defined in other session, e.g., RRM, to secure the performance. It is no need to consider it in demodulation scope.   
Proposal 3: Do not define new UL TA requirements for ATG BS demodulation if ATG UE support UL pre-compensation.

For PUCCH, it seems no new demodulation requirement is need regarding no new formats is introduced or the worse channel condition is observed in ATG scenario if UE pre-compensation is supported. 
Proposal 4: Do not define new PUCCH demodulation requirements for ATG scenario if ATG UE support UL pre-compensation.

For PRACH, long format, e.g., format 1 or 2, could be useful for ATG scenario regarding the large cell range as pointed out in observation 3, no formats can handle larger cell range and very high Doppler shift at the same time if no UE timing pre-compensation is supported.  
But on the other hand, if UE timing pre-compensation is supported, the requirement for BS estimate timing by PRACH would be greatly relaxed, and the timing could be quite aligned between UE within the cell. Furthermore, UE antenna size and good propagation condition could compensate the propagation loss. So even short formats could be also feasible for ATG scenario. Legacy PRACH demodulation requirements include format 0, A1, A2, A3, B4, C0, C2 which could be enough for receiver performance checking. 
Proposal 5:  Do not define new PRACH demodulation requirements for ATG scenario if ATG UE support UL pre-compensation.

3. Conclusions
Observation 1: AWGN channel with small frequency shift is simpler than legacy TN BS demodulation channel models.
Observation 2: Current PRACH formats can’t handle very large cell range (i.e., 200~300km) and very high Doppler shift (i.e., 11kHz) at the same time. 
Observation 3: The maximum UL Doppler shift will succeed the DM-RS capability if no UE pre-compensation is supported.
Proposal 1: Take UE pre-compensation on frequency shift and timing as the baseline for ATG BS demodulation discussion. 
Observation 4: No new physical channel formats are introduced for ATG scenario.
Observation 5: TN BS normal PUSCH demodulation requirements could cover all typical ATG normal PUSCH cases. 
Proposal 2: Do not define new normal PUSCH demodulation requirements for ATG scenario if ATG UE support UL pre-compensation.
Proposal 3: Do not define new UL TA requirements for ATG BS demodulation if ATG UE support UL pre-compensation.
Proposal 4: Do not define new PUCCH demodulation requirements for ATG scenario if ATG UE support UL pre-compensation.
Proposal 5: Do not define new PRACH demodulation requirements for ATG scenario if ATG UE support UL pre-compensation.
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