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1. Introduction
In RAN#96 meeting, the WID on Air-to-group network for NR was approved with the following objective as 
	· Core requirement
· 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
· Performance requirement
· 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]



In the last meeting, the performance part of demodulation requirement was discussed with including deployment scenario, channel model, UE assumption and test scope of demodulation requirement. The related agreements are captured into the WF [xx]
 
In this contribution, the view on the test scope and test setup of BS demodulation requirement 
2	Discussion
2.1	Test scope of BS demodulation requirement   
In the last meeting, the test scope for Rel-18 ATG demodulation discussion were discussed as 
	· BS demodulation requirement  
· PUSCH/PUCCH/PRACH
· Option 1: New dedicated requirement required
· Option 2: Existing requirements can be applied for ATG BS
· For PRACH format: FFS only long preamble format can be considered or both long and short format need to be considered



For ATG scenario, based on the WID, the following aspects should be addressed in a new ATG work item as 
	· Extreme large cell coverage range (e,g, up to 300km) and flight speed (e,g, up to 1200km/h)



Based on the example bands, the related carrier frequency should be 2G for band 1, and 4G for n78 or n79, the largest doppler should be 4000Hz, assuming the velocity is 1200km/h, which is out of doppler tracking capability for DMRS.  Also, ATG network should be able to provide up to 300km cell coverage range, which is out of cell coverage supported by existing PRACH structure. Therefore, UE pre-compensation for TA and doppler frequency should be considered for ATG scenario. In the last meeting, UE assumption was agreed as
	· UE assumption
· Take ATG UE pre-compensation on UL frequency shift and UL timing shift for ATG demodulation as baseline 
· Take ATG UE compensation on DL frequency shift for ATG demodulation as baseline



Therefore, based on UE pre-compensation assumption, the residual Doppler shift will be small with 0.1ppm. Then, according to the WID, the example bands include n1, n78 and n79, where FDD is applied for band n1, and TDD is applied for bands n78 and n79. The related carrier frequency should be 2GHz for band 1, and 4GHz for n78 or n79. Therefore, the related residual carrier frequency offset should be 200Hz and 400Hz, respectively.

Observation 1: The related residual carrier frequency offset is 200Hz for band n1, and 400Hz for band 78 and band 79 with assuming Doppler shift assumption as 0.1ppm

In general, the ATG scenario is similar with FR1 HST scenario. In existing FR1 HST scenario, RAN4 groups introduced the following requirements in FR1 HST scenario with 350km/h and 500km/h velocity, where the related  
	· BS demodulation requirement  
· PUSCH requirement with HST scenario 1 and 3 with 350km and 500km
· Doppler frequency offset:  
· 350km/h:  1340 Hz for 15KHz, and 2334KHz for 30KHz SCS
· 500km/h:  1740 Hz for 15KHz, and 3334KHz for 30KHz SCS
· Option 2: Existing requirements can be applied for ATG BS
· PRACH requirement with long preamble format and short preamble format
· Long preamble format:  625 Hz, 1334Hz and 2334Hz with normal mode, restricted set type A and B for format 0, respectively 
· Short format:  1740Hz and 3334Hz for 15KHz and 30 KHz SCS




Observation 2: The Doppler frequency for requirement definition in FR1 HST scenario is larger than the residual carrier frequency offset in ATG scenario with UE pre-compensation assumption. 

To some extent, from the baseband processing aspects, the doppler tracking ability has already verified in existing FR1 HST scenario, there is no difference foreseen compared with FR1 HST scenario.  Therefore, existing requirement can fulfill the test purpose
Considering the deployment of ATG and channel model is different with FR1 HST, from test coverage of new deployment scenario, we are fine to introduce the dedicated requirement for ATG with limited test cases for PUSCH. Regarding the PRACH requirement, we think existing requirement with format 0 with 625Hz doppler can be applied for ATG scenario, the difference should be minor.   

Proposal 1: RAN 4 can introduce dedicated requirement for ATG scenario with limited test cases for PUSCH if agreed. Existing requirement with format 0 with 625Hz doppler frequency can be applied for ATG scenario. 

2.2	Test setup of BS demodulation requirement

In the last meeting, the initial test up for BS demodulation requirement is discussed. In this section, the view on the test parameters is provided
Bandwidth & SCS
Regarding channel bandwidth, as our preferred to define limited case, we propose only consider the minimum channel bandwidth for each SCS with 15KHz and 30KHz, respectively, since the test can still be conducted if BS declares to support wide channel bandwidth based on test applicability introduced in Rel-15.
Proposal 2: RAN 4 only introduce the PUSCH requirement with minimum channel bandwidth per each SCS. 

TDD pattern
Regarding the TDD pattern, in Rel-15, serval TDD patterns were introduced for requirement definition considering the deployment requested by Operator in the practical scenario. While from baseband processing aspects, there is no difference foreseen. Meanwhile, the requirement of TDD with selected TDD pattern can be applied for TDD with different UL-DL pattern. Therefore, we prefer to do not consider TDD patten impact in ATG demodulation requirements because it is not relevant to receiver demodulation algorithm. We also open to further discuss the necessity of new TDD pattern, considering it is only applied for ATG scenario, based on the request for operator for ATG deployment if there is a strong deployment command.
Proposal 3: The requirement of TDD with existing Patten can be applied for TDD with different UL-DL pattern in ATG scenario. FFS on introducing a new TDD pattern only applied for ATG scenario. 

Antenna Configuration
As for antenna configuration, since it is AWGN channel with adding frequency offset. It is almost LOS channel condition. It is meaningless to support Rank2 transmission. Therefore, we do not think 2Tx is necessary. For 1Tx with different number of receiver, there is no difference processing for 2Rx/4Rx/8Rx. Therefore, from the baseband verification prospective, we prefer only introduce the 2Rx to reduce the test effort.
Proposal 4: RAN 4 only introduce the PUSCH requirement with 1Tx2Rx antenna configuration.
Rank and MCS
In existing FR1 HST requirement, both MCS 2 and MCS 16 were considered for requirement definition. Therefore, MCS 2 and MCS 16 can be regarded as starting point. Considering the residual doppler frequency is small, we are open to further discuss whether 64 QAM is feasible. Meanwhile, considering the link budget evaluation is conducted to check the impact of the TN network to the ATG network, we are fine to decide the feasible MCS based on the link budget analysis results.     
As mentioned above, it is meaningless to support Rank 2.   
Proposal 5: MCS 2 and MCS 16 can be considered as start point for PUSCH requirement of ATG. FFS on the 64QAM
Transform precoding  
In existing FR1 HST requirement, only CP-OFDM waveform is considered for requirement definition. Therefore, we would like to select only CP-OFDM waveform to reduce the test effort.
Proposal 6: RAN 4 only introduce the PUSCH requirement with CP-OFDM waveform.
DMRS configuration 
In existing FR1 HST requirement, 3 DMRS pattern is assumed considering the large doppler frequency error, which may exceed the tracking capability of 2 DMRS pattern. For ATG scenario, since there is a UE assumption for Doppler frequency pre-compensation. Then, the residual carrier frequency offset is 200Hz for band n1, and 400Hz for band n 78 and n79. Therefore, it is not necessary to configure 3 DMRS pattern, we think 2 DMRS patten should be enough.
Proposal 7:  2 DMRS pattern can be considered for PUSCH requirement for ATG scenario. 

Other
For other test parameters, the existing test parameters defined in FR1 HST scenario can be reused. 
Proposal 8:  For other test parameters, the existing test parameters defined in FR1 HST scenario can be reused.

3	Conclusion
In this contribution, the initial view on the test scope and test setup of BS demodulation requirement is provided.
Observation 1: The related residual carrier frequency offset is 200Hz for band n1, and 400Hz for band 78 and band 79 with assuming Doppler shift assumption as 0.1ppm
Observation 2: The Doppler frequency for requirement definition in FR1 HST scenario is larger than the residual carrier frequency offset in ATG scenario with UE pre-compensation assumption. 
Proposal 1: RAN 4 can introduce dedicated requirement for ATG scenario with limited test cases for PUSCH if agreed. Existing requirement with format 0 with 625Hz doppler frequency can be applied for ATG scenario. 
Proposal 2: RAN 4 only introduce the PUSCH requirement with minimum channel bandwidth per each SCS. 
Proposal 3: The requirement of TDD with existing Patten can be applied for TDD with different UL-DL pattern in ATG scenario. FFS on introducing a new TDD pattern only applied for ATG scenario. 
Proposal 4: RAN 4 only introduce the PUSCH requirement with 1Tx2Rx antenna configuration.
Proposal 5: MCS 2 and MCS 16 can be considered as start point for PUSCH requirement of ATG. FFS on the 64QAM
Proposal 6: RAN 4 only introduce the PUSCH requirement with CP-OFDM waveform.
Proposal 7:  2 DMRS pattern can be considered for PUSCH requirement for ATG scenario. 
Proposal 8:  For other test parameters, the existing test parameters defined in FR1 HST scenario can be reused.
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