3GPP TSG-RAN WG4 Meeting #106bis-e                                                    R4-2305661
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Online, 17 Apr. – 26 Apr. 2023

Agenda Item:	9.14.5.2
Source:	Ericsson
Title:	On UE demodulation scope and PDSCH requirements for ATG network
Document for:	Discussion
1	Introduction
In last RAN4 #106 meeting, companies had very limited time on discussing the general and UE demodulation requirements. A Way Forward was agreed to carry all the agreements and open issues. Followings are agreed assumptions during last meeting’s discussion:
	Issue 1-1-2: UE assumption
Tentative agreement:
· 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.
Issue 2-1-1: Receiver 
Agreement:
· Use MMSE-IRC as the baseline receiver for R18 ATG
Issue 2-2-1:Test scope
Agreement:
· Define PDSCH demodulation requirements for ATG UE.
· FFS on PDCCH and CSI reporting
Issue 2-2-3: Bandwidth & SCS
Agreement:
· Apply 15kHz SCS for FDD, 30kHz SCS for TDD.
· For FDD 15kHz
· 10MHz
· For TDD 30kHz, 
· 40MHz or 100MHz
Issue 2-2-8: Test metric
Agreement:
· Take legacy test metric which is 70% of max TP as baseline.



Except the agreements above, however, most of issues are listed with many options in this Way Forward for further studies. In this contribution, we discussed first the scope of UE demodulation requirement. Then, we analyzed and gave our proposals for the parameter assumptions of PDSCH requirements.
2	Discussion
2.1 Test scope 
As specified in our contribution [2], the channel for ATG scenario can be treated similar to what we did in HST that in ATG network, the LOS channel characteristic is determined by the deployment of ATG base station for which is at least 25meters high on top of the ground in open area and the ATG UE is up in the air. Thus, it is reasonable to consider an AWGN + Doppler channel model for ATG scenario. 
For CSI reporting, we have requirements for CQI reporting under AWGN condition already and ATG scenario brings no obvious difference to that. Meanwhile, we won’t introduce new codebook or implement advanced codebook under AWGN condition, which gives no reason for defining new PMI requirements. Same circumstance for RI reporting requirement. In this case, we propose not to define any new CSI reporting requirements, the ATG UE shall meeting legacy UE CSI reporting requirements, including both AWGN and fading channel. There is no need to consider new PDCCH requirement either.
Proposal 1: Do not define new requirement for ATG UE CSI reporting, the ATG UE shall meet legacy UE CSI reporting requirements
Proposal 2: Do not define new PDCCH requirements, the ATG UE shall meet legacy PDCCH requirements
2.2 Parameter assumptions for PDSCH requirement
Bandwidth & SCS
It’s agreed to apply 15kHz SCS for FDD and 30kHz SCS for TDD. 
	Issue 2-2-3: Bandwidth & SCS
Agreement:
· Apply 15kHz SCS for FDD, 30kHz SCS for TDD.
· For FDD 15kHz
· 10MHz
· For TDD 30kHz, 
· 40MHz or 100MHz



As for the corresponding bandwidth, we propose to consider large bandwidth for defining PDSCH requirements, since it is practical to apply higher bandwidth for the ATG (CPE) UE that always has high SINR and needs to serve a large traffic capacity as it is distributing data within an aircraft. According to the WID, n1, n78 and n79 is the example band for core part discussion. Since 100MHz can be supported by n78 and n79, we propose to consider 100MHz for TDD. 
Proposal 3: Consider large bandwidth for defining PDSCH requirements, for example 20MHz for FDD and 100MHz for TDD
Antenna configuration
For antenna configurations, there are three options listed in the Way Forward [1]:
	Issue 2-2-5: Antenna Configuration
· Option 1: Use antenna configuration 2x2/2x4 for FDD and 2x4 only for TDD. 
· Option 2: use 2Tx as baseline, and cover 2Rx and 4Rx.
· Option 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.



As the ATG base station is just like the deployment of the legacy 5G base station except a little higher, we propose to consider 2Tx antenna configuration, which is as same as the legacy PDSCH requirement, and cover both 2Rx and 4Rx. 
Proposal 4: Consider 2x2, 2x4 for antenna configuration
MCS & Rank
For the MCS & rank, following options are listed in the WF:
	Issue 2-2-6: MCS&Rank
· Option 1: For MCS and rank should be selected based on link budget evaluation after the impact of the TN network to the ATG network is clear. 
· Option 2: for rank, both rank 1 and rank 2; for MCS, 16QAM, 64QAM and 256QAM
· Option 3: More robust MCS scheme than HST UE can be considered for PDSCH/PUSCH performance requirements.



As for the MCS selection, we think 256QAM should be considered since there is a need for high capacity for ATG service. Referring to the link budget evaluation, we found it is possible to consider 256QAM because of the LOS channel. Thus, we propose to consider 256QAM for the modulation order for defining requirements. Meanwhile, to avoid potential inter-layer interference due to high correlation channel, we propose to consider only rank 1 for defining requirements.
Proposal 5: Consider 256QAM for the modulation order for defining PDSCH requirements  
Proposal 6: Cover only rank 1 for defining PDSCH requirements
DMRS
As for the DMRS configuration, it is reasonable to consider only 1 front loaded DMRS + 1 additional DMRS configuration since it’s agreed to take the following assumption as baseline:
· ATG UE pre-compensation on UL frequency shift and UL timing shift for ATG demodulation
· ATG UE pre-compensation on DL frequency shift for ATG demodulation
Thus, 1 front loaded DMRS + 1 additional DMRS configuration is enough as there is no need for the UE to do the frequency offset tracking. 
Proposal 7: Consider 1 front loaded DMRS + 1 additional DMRS for DMRS configuration
TDD pattern
To overcome the large propagation delay between ATG UE and the base station, a new TDD pattern was proposed in the last RAN4 #106 meeting for discussion. 
	Issue 2-2-4: TDD pattern
· Option 1: Define new TDD pattern (e.g. 30D4S6U, S=14G) which only applied for ATG scenario.
· Option 2: Do not consider TDD pattern impact in ATG demodulation requirements because it is not relevant to receiver demodulation algorithm. 



As specified in our contribution [2], the impact of introducing such new TDD pattern on RF coexistence, RRM timing as well as Demodulation should be studied, and the agreement should be made with consistence. However, the impact on demodulation performance is believed to be minimum. We propose to proceed with typical TDD pattern and further check the performance once the new TDD pattern is agreed to be introduced. 
Proposal 8: RF, RRM and Demod sessions should keep the consistency on the agreement for the necessary of new TDD pattern for ATG scenario. 
Proposal 9: Proceed with typical TDD pattern for requirement, further check the performance if the new TDD pattern is agreed to be introduced 
Proposal 10: Start with FDD requirement configuration if companies cannot get consensus on TDD pattern issue easily
Applicability rule
One option was listed for the discussion of applicability rule:
	Issue 2-3-3: Applicability rule
· Option 1: Applicability rule can be defined that if UE supporting both NTN and ATG feature has passed the NTN performance requirements, then it can skip ATG cases with the same SCS, bandwidth, MCS and rank configurations. 
· Option 2: FFS



In our understanding, ATG network is very different from the NTN scenario. On the first place, the ATG UE is above the air not like the NTN UE roaming on the ground. On the second, the ATG UE will be a CPE like device mounted on the underside of an aircraft, which means that the antenna will be pointing towards the ground, not like that of NTN UE towards the space. With this deployment, the ATG UE will be around 10km in the sky, which is completely different in comparison to the NTN UE that is around 1.5m height. Furthermore, the ATG UE will try to handle large amount of data and give out large throughput because it needs to serve hundreds of people on the aircraft, while an NTN UE will have only limited link budget. Given that, we found option 1 not feasible. 
However, we propose RAN4 to discuss which legacy PDSCH requirement should be also applied for ATG UE. A new UE feature for ATG UE can be introduced.
Proposal 11: RAN4 to discuss which legacy PDSCH requirement should be also applied for ATG UE
3	Summary
In summary, we discussed the necessity of introducing UE demodulation and CSI reporting requirement. Based on the analysis above and agreements made in the previous meeting, we proposed the following:
Proposal 1: Do not define new requirement for ATG UE CSI reporting, the ATG UE shall meet legacy UE CSI reporting requirements
Proposal 2: Do not define new PDCCH requirements, the ATG UE shall meet legacy PDCCH requirements
Proposal 3: Consider large bandwidth for defining PDSCH requirements, for example 20MHz for FDD and 100MHz for TDD
Proposal 4: Consider 2x2, 2x4 for antenna configuration
Proposal 5: Consider 256QAM for the modulation order for defining PDSCH requirements  
Proposal 6: Cover only rank 1 for defining PDSCH requirements
Proposal 7: Consider 1 front loaded DMRS + 1 additional DMRS for DMRS configuration
Proposal 8: RF, RRM and Demod sessions should keep the consistency on the agreement for the necessary of new TDD pattern for ATG scenario. 
Proposal 9: Proceed with typical TDD pattern for requirement, further check the performance if the new TDD pattern is agreed to be introduced 
Proposal 10: Start with FDD requirement configuration if companies cannot get consensus on TDD pattern issue easily
Proposal 11: RAN4 to discuss which legacy PDSCH requirement should be also applied for ATG UE
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