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1. Introduction
The following objectives has been included in WID on Further enhancement on Air-to-ground network for NR [1]:
	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]


According to the work plan [2], RAN4 will start to discuss the demodulation/CSI performance requirements for ATG UE from this meeting. In this contribution, we give our views on test scope, network scenario, channel model, simulation assumption and so on. 
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk70326378]Test scope
At this early stage, we propose to consider PDSCH, PDCCH and CSI reporting requirements (includes RI, PMI and CQI reporting) in the study. 
Proposal 1: Investigate PDSCH, PDCCH and CSI reporting requirements for R18 ATG.
3. Network scenario
Duplex mode, SCS and channel bandwidth
For Duplex mode and SCS, the simulation assumption from RF co-existence evaluation can be taken as reference, which cover FDD 15kHz and TDD 30kHz. Regarding the channel bandwidth, except for typical BWs, we think large bandwidth should be considered to fulfill the throughput requirement, since CPE will carry all data flow from all passengers on the aircraft. we propose to consider 5MHz, 20MHz and 40MHz for FDD, 40MHz, 60MHz and 100MHz for TDD.
Proposal 2: For network scenario, cover FDD 15kHz and TDD 30kHz.
Proposal 3: For channel bandwidth, cover 5MHz, 20MHz and 40MHz for FDD, 40MHz, 60MHz and 100MHz for TDD.
TDD pattern
Considering of the distance of CPE and ATG BS may achieve 250km, a large guard period may be needed to prevent interference from DL to UL, the length should at least cover 2*propagation delay ≈ 1.7ms. The original TDD pattern which guard period short than 1 slot cannot be applied to ATG in practical scenario. Besides, in ATG network, the demand of downlink throughput is much more than uplink throughput. Therefore, we propose to define a new TDD pattern 30D4S6U, which is applied for ATG UE only.
Proposal 4: Define a new TDD pattern 30D4S6U which only applied for ATG scenario.
4. Channel model
Doppler
One special feature of ATG scenario is that UE move at extremely high speed. The maximum UE speed is about 1200km/h, which will introduce severe doppler frequency shift, about ±1.11ppm. In order to calculate the doppler value, for carrier frequency, we use the same assumption of RF co-existence evaluation, 2GHz for FDD and 4GHz for TDD. The calculation result is shown in table below:
	Maximum Doppler (±1.11ppm)
	DL
	UL

	FDD 2GHz; 15kHz SCS; 1200km/h
	±2.22kHz
	[bookmark: _Hlk126655184]±4.44kHz

	TDD 4GHz; 30kHz SCS; 1200km/h
	±4.44kHz
	±8.88kHz


Observation 1: The maximum doppler in ATG scenario is about ±1.11ppm. 
· For Doppler frequency shift in FDD 2GHz, ±2.22kHz for DL and ±4.44kHz for UL.
· For Doppler frequency shift in TDD 4GHz, ±4.44kHz for DL and ±8.88kHz for UL.
Frequency offset tracking
In RAN4#104b-e meeting, an agreement about frequency offset tracking is approved in RRM session, we copy it below for information.
Issue 3-1-2: Frequency offset tracking
· The solution of frequency offset tracking in NTN system can be considered as reference for ATG system when SSB+TRS is not sufficient for some combination of frequency and SCS. 
· UE transmit frequency pre-compensation could be considered in ATG
· No RRM core requirements impaction.
The DL frequency tracking capability is calculated as table below:
	Frequency tracking RS
	Gap between adjacent RS
	Frequency tracking capability


	TRS
	4 symbols
	±1.75kHz (15kHz SCS)

	
	
	±3.5kHz (30kHz SCS)

	SSB
	2 symbols
	±3.5kHz (15kHz SCS)

	
	
	±7kHz (30kHz SCS)


For downlink, SSB+TRS is sufficient for DL frequency offset tracking.
For uplink, if the gap between adjacent frequency tracking RS could be 1 symbol, then BS can perform the UL frequency offset tracking.
Observation 2: The legacy solution is sufficient for frequency offset tracking. 
· For DL, use SSB+TRS solution.
· For UL, guarantee that the gap between adjacent frequency tracking RS could be 1 symbol.
UE transmit/receive frequency pre-compensation
The UE transmit/receive frequency pre-compensation solution is used in NTN system, to address the high doppler issue. This solution can be applied provided that UE could acquire its location, speed and BS’s location.
Currently, we have agreed that UE could acquire its location by GNSS, and acquire BS’s location by PVT information. However, how does UE acquire its speed and the accuracy is unclear.
If UE could acquire the speed, and use the result in frequency compensation, then we are fine to also consider the UE transmit/receive frequency pre-compensation solution in ATG, which could increase the system throughput with less RS configured.
Observation 3: UE transmit/receive frequency pre-compensation solution can be applied provided that UE could acquire its location, speed and BS’s location.
· UE could acquire its location by GNSS, and acquire BS’s location by PVT information
· how doss UE acquire its speed and the accuracy is unclear
With all analysis above, there are two ways to address the doppler issue
· Alt 1: Use legacy frequency offset tracking solution with proper RS configuration
· Alt 2: Use UE transmit/receive frequency pre-compensation
These two ways will lead to different channel model, considering there is almost no diffraction, reflection and other clutter between BS and UE:
For Alt 1, a new channel model similar to HST single-tap should be defined with higher doppler value, the doppler value depends on carrier frequency and maximum UE speed.
For Alt 2, if frequency offset can be perfectly compensated by UE, then we can use the AWGN as channel model. If there is still residual frequency offset after frequency pre-compensation, then a new channel model should be defined, which is like AWGN with relatively low doppler, the doppler value depends on residual frequency offset after pre-compensation. 
We can take these two methods as the baseline for further discussion.
Proposal 5: Further discuss following two frequency tracking/compensation method and corresponding channel model:
· Alt 1: 
· Use legacy frequency offset tracking solution with proper RS configuration
· Define a new channel model which similar to HST single-tap, the maximum doppler value depends on carrier frequency and maximum UE speed.
· Alt 2:
· Use UE transmit/receive frequency pre-compensation
· If frequency offset can be perfectly compensated by UE, then use the AWGN as channel model 
· If there is still residual frequency offset after frequency pre-compensation, then define a new channel model, which is like AWGN with relatively low doppler. The doppler value depends on residual frequency offset after pre-compensation
5. Receiver
Since RAN4 discuss ATG from R18, we think MMSE-IRC can be the baseline receiver, which is mandatory from R18.
Proposal 6: Use MMSE-IRC as the baseline receiver for R18 ATG.
6. PDSCH parameters
Antenna configuration
Considering the high demand of channel capacity, we propose to use 2Tx as baseline. For the Rx antenna number, we think both 2Rx and 4Rx should be covered.
Proposal 7: For antenna configuration, use 2Tx as baseline, and cover 2Rx and 4Rx.
RANK and MCS
For RANK, we propose to cover both RANK 1 and RANK 2. For MCS, we can take 16QAM, 64QAM and 256QAM as simulation assumption, and do the further selection according to SNR in simulation results.
Proposal 8: For rank, cover both rank 1 and rank 2 in simulation.
Proposal 9: For MCS, consider 16QAM, 64QAM and 256QAM in simulation.
HARQ
HARQ feedback processes are related to TDD pattern, we propose start the HARQ discussion until TDD pattern achieve the agreement. 
Proposal 10: Discuss HARQ related issues after TDD pattern achieve the agreement.
DMRS configuration
DMRS configuration may related to channel model. For example, if UE perform the frequency offset tracking as legacy, additional 2 DMRS should be configured. If UE perform UE transmit/receive frequency pre-compensation, then 1 additional DMRS or no additional DMRS may also ok. 
Proposal 11: If UE perform the frequency offset tracking as legacy, additional 2 DMRS should be configured. If UE perform UE transmit/receive frequency pre-compensation, then 1 additional DMRS or no additional DMRS may also ok.
Test metric
The legacy test metric which is 70% of max TP can be reused.
Proposal 12: Reuse legacy test metric which is 70% of max TP
7. Conclusion
Based on the discussion above, the following and proposals are concluded. 
Proposal 1: Investigate PDSCH, PDCCH and CSI reporting requirements for R18 ATG.
Proposal 2: For network scenario, cover FDD 15kHz and TDD 30kHz.
Proposal 3: For channel bandwidth, cover 5MHz, 20MHz and 40MHz for FDD, 40MHz, 60MHz and 100MHz for TDD.
Proposal 4: Define a new TDD pattern 30D4S6U which only applied for ATG scenario.
Observation 1: The maximum doppler in ATG scenario is about ±1.11ppm. 
· For Doppler frequency shift in FDD 2GHz, ±2.22kHz for DL and ±4.44kHz for UL.
· For Doppler frequency shift in TDD 4GHz, ±4.44kHz for DL and ±8.88kHz for UL.
Observation 2: The legacy solution is sufficient for frequency offset tracking. 
· For DL, use SSB+TRS solution.
· For UL, guarantee that the gap between adjacent frequency tracking RS could be 1 symbol.
Observation 3: UE transmit/receive frequency pre-compensation solution can be applied provided that UE could acquire its location, speed and BS’s location.
· UE could acquire its location by GNSS, and acquire BS’s location by PVT information
· how doss UE acquire its speed and the accuracy is unclear
Proposal 5: Further discuss following two frequency tracking/compensation method and corresponding channel model:
· Alt 1: 
· Use legacy frequency offset tracking solution with proper RS configuration
· Define a new channel model which similar to HST single-tap, the maximum doppler value depends on carrier frequency and maximum UE speed.
· Alt 2:
· Use UE transmit/receive frequency pre-compensation
· If frequency offset can be perfectly compensated by UE, then use the AWGN as channel model 
· If there is still residual frequency offset after frequency pre-compensation, then define a new channel model, which is like AWGN with relatively low doppler. The doppler value depends on residual frequency offset after pre-compensation
Proposal 6: Use MMSE-IRC as the baseline receiver for R18 ATG.
Proposal 7: For antenna configuration, use 2Tx as baseline, and cover 2Rx and 4Rx.
Proposal 8: For rank, cover both rank 1 and rank 2 in simulation.
Proposal 9: For MCS, consider 16QAM, 64QAM and 256QAM in simulation.
Proposal 10: Discuss HARQ related issues after TDD pattern achieve the agreement.
Proposal 11: If UE perform the frequency offset tracking as legacy, additional 2 DMRS should be configured. If UE perform UE transmit/receive frequency pre-compensation, then 1 additional DMRS or no additional DMRS may also ok.
Proposal 12: Reuse legacy test metric which is 70% of max TP
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