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1. Introduction
In the last RAN4 meeting, the performance part of ATG demodulation requirement was discussed with including the deployment scenario, channel model, UE assumption and the test scope of demodulation requirement. The related agreements are captured into the WF [1].
In this contribution, the view on the test scope and test setup of BS demodulation requirement is provided.
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 
	· FFS for PUSCH
· Option 1
· PUSCH
· Normal PUSCH with CP-OFDM with down selection
· UCI multiplexed on PUSCH
· PUSCH for 2-step RA type
· PUCCH
· DTX to ACK probability
· Normal PUCCH format 0/1/2/3/4
· Option 2: Define new dedicated requirements for PUSCH/PUCCH for AGWN channel model
· Option 3: Define new incremental requirements dedicated for ATG BS, i.e. a BS supporting ATG feature should pass both the existing requirements and the new dedicated requirements for ATG based on manufacture declaration 
· FFS for PRACH
· Option 1
· False alarm probability
· Normal model PRACH detection
· Reuse legacy TN BS PRACH format 0, A1/A2/A3/B4/C0/C2 demodulation requirements and the new dedicated requirements for ATG based on manufacture declaration  
· Option 2
· Consider both long and short formats for ATG, Format 0, A2, B4 and C2 can be starting point 
· Option 3: only consider long format 0 for PRACH
· Option 4
· Define new incremental requirements dedicated for ATG BS, i.e. a BS supporting ATG feature should pass both the existing requirements and the new dedicated requirements for ATG based on manufacture declaration
· Select the same formats as NTN for ATG BS demodulation requirements, i.e. preamble format 0, 2, B4 and C2.
· Option 5
· Existing requirement with format 0 with 625Hz doppler frequency can be applied 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, up to 500Hz residual carrier frequency offset will be experienced at the gNB. From baseband processing, we think the ATG BS is same as TN BS, if UE has the capability for pre-compensation. 
Meanwhile, from doppler tracking ability aspect, it has already verified in existing FR1 HST scenario. Therefore, existing requirement can fulfill the test purpose of doppler tracking.
Considering the deployment of ATG and channel model is different with existing TN BS, from test coverage of new deployment scenario, we are fine to introduce the dedicated requirement for ATG with limited test cases for PUSCH. From test aspect, we think the BS declares to support ATG scenario, if it can pass the existing TN BS requirement and the dedicated requirement, it can apply for ATG scenario 
Proposal 1: RAN 4 can introduce new dedicated requirement for ATG scenario with limited test cases for PUSCH, If BS declared to support ATG scenario, it can pass the existing TN BS requirement and the dedicated requirement, it can apply for ATG scenario.

For PUCCH, considering the small number and low modulation order, it is not sensitive for the doppler shift impact. Meanwhile, the DMRS pattern is similar as PUSCH. Therefore, we do not think PUCCH is the bottleneck for ATG scenario, if the existing TN BS requirement for PUCCH can be satisfied 
Proposal 2: No PUCCH requirements introduced for ATG scenario. If TN BS has passed the exiting PUCCH requirement, it can apply for ATG scenario.
For PRACH, RAN4 have introduced several requirements for both normal speed and high-speed scenario as following 
	· PRACH requirement with long preamble format and short preamble format
· Long preamble format:  400Hz with normal model, 625 Hz, 1334Hz and 2334Hz as high-speed mode with restricted set type A and B for format 0, respectively 
· Short format:  400Hz, 1740Hz and 3334Hz for 15KHz and 30 KHz SCS 



From the baseband process aspect, the frequency correction for PRACH has been verified in existing PRACH requirements with format 0 with 400Hz, and short formats with 1744Hz and 3334Hz So, if the TN BS have passed the exiting requirement, we think it can apply for ATG scenario. Therefore, we do not think it is necessary to introduce new PRACH requirement.
Proposal 3: No PRACH requirements introduced for ATG scenario. If TN BS has passed the exiting PRACH requirement, it can apply 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.
Channel Model
	· Channel Model
· At least single path AWGN channel with Doppler



Proposal 4: Only consider single path AWGN channel with Doppler for requirement.
Doppler shift assumption 
	· Align with RF session agreement on frequency error requirements with below values as starting point
· For FDD channel model, set Doppler as [220Hz]
· For TDD channel model, set Doppler as [400/500Hz]
· FFS
· For FDD channel model
· Option 1: set Doppler as 220Hz
· Option 2: set Doppler as 200Hz for UL, 220Hz for DL
· For TDD channel model
· Option 1: set Doppler as 400Hz
· Option 2: set Doppler as 500Hz



Regarding Doppler shift assumption, as agreed, UE will do the pre-compensation before UL transmission. Then, only the residual Doppler shift will be considered. The value is decided to align with RF session agreement on frequency error requirements as a starting point, where 0.1ppm is considered. According to the WID, the example bands include n1, n78 and n79, where FDD is applied for band 1, and TDD is applied for bands n78 and n79. For UL, the related carrier frequency should be 2GHz. Then, to align the carrier frequency for UL and DL in FDD mode, the Doppler should be set as 200Hz, for DL side, the carrier frequency should be 2.1GHz
For TDD model, the typical carrier frequency should be 4.9GHz for n79, and 3.5GHz for n78, the related Doppler value should be 490Hz and 350Hz. While from RF core requirement discussion, 2GHz and 4GHz are applied for BS and UE in co-existence study. To align with RF core requirement study, we suggest to apply the common value with Doppler value as 200Hz for FDD and 400Hz for TDD scenario. 
Proposal 5: To align the RF core requirement with co-existence study, apply common value with Doppler value as 200Hz for FDD and 400Hz for TDD.
Bandwidth & SCS
	· For FDD 15kHz
· Option 1: 5MHz, 20MHz and 40MHz
· Option 2: 20MHz
· Option 3: 5MHz
· For TDD 30kHz
· Option 1: 10MHz, 40MHz, 60MHz and 100MHz
· Option 2: 100MHz
· Option 3: 10MHz



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 6: RAN 4 only introduce the PUSCH requirement with minimum channel bandwidth per each SCS for ATG scenario.

TDD pattern
	· Option 1: Reusing legacy TDD pattern
· Option 2: Define a new TDD pattern 30D4S6U which only applied for ATG scenario
· Option 3: The requirement of TDD with existing Pattern 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
· Option 4: If new dedicated TDD pattern is considered, note should be added in the specification that is pattern for ATG scenario used only



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. 
The motivation of introducing a new TDD patten for ATG is to avoid the interference of UL and DL, due to larger propagation delay for ATG scenario. While it can also result in the co-existence interference for TN BS. And the large number of DL slots will also impact both DL and UL, since the large amount of buffered data is required.
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 not consider new TDD patten in ATG demodulation requirements because it is not relevant to receiver demodulation algorithm. We are 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. So, if new dedicated TDD pattern is considered, note should be added in the specification that is pattern for ATG scenario used only, no new requirement was introduced for the dedicated TDD pattern.
Therefore, we prefer to reuse existing pattern for requirement. For the new TDD pattern, we don’t think it is need to introduce new requirement for this pattern. Even new TDD pattern is introduced, we think the requirement can be applied with different UL-DL pattern. 
Proposal 7: Reusing the legacy TDD pattern for requirement in ATG scenario. If new dedicated TDD pattern is considered, note should be added in the specification that is pattern for ATG scenario used only, no new requirement is introduced for new dedicated TDD pattern. The requirement of TDD with existing pattern can be applied for TDD with different UL-DL pattern, including new TDD pattern, in ATG scenario.

Antenna Configuration
	· 1T2R
· FFS 
· Option 1: 1/2Tx and 2/4/8 Rx for 1-C/1-H; and 1/2Tx and 2Rx for 1-O.
· Option 2: 1/2Tx and 2/4 Rx for 1-C/1-H; and 1/2Tx and 2Rx for 1-O



For antenna configuration, since it is AWGN channel with adding frequency offset. Then, it is almost LOS channel condition.  It is meaningless to support Rank 2 transmission. For 2Tx with rank 1 transmission, the codebook selection for UE transmission is related with gNB scheduling and also related with UE capability. From demodulation requirement itself, different TPMI with rank 1 transmission, the performance is similar. Therefore, we do not think 2Tx is necessary. For 1Tx with different number of receiver, there is no difference processing for 2Rx/4Rx/8Rx. Meanwhile, the test coverage of BS with different Rx has been verified in existing TN BS requirement.
Therefore, from the baseband verification prospective, we prefer to only introduce the 2Rx to reduce the test effort, 
Proposal 8: RAN 4 only introduce the PUSCH requirement with 1Tx2Rx antenna configuration.

Rank and MCS

	· For rank, cover rank 1
· For MCS, cover 16QAM and 64QAM, further discuss whether to cover 256QAM after UE 256QAM transmit intermodulation requirements is concluded.



Based on RF core requirement discussion, whether to support 256QAM for ATG UL and the existing transmit modulation quality requirements can be reused should be further discussion. From UE feature aspect, 256QAM is UE optional feature. We suggest to focus on the mandatory UE feature for requirement in ATG scenario. From performance requirement itself, although assuming UE can do the pre-compensation, the residual doppler shift with 0.1 ppm is still existed. With high MCS, the performance is more sensitive with frequency offset error. Meanwhile, the test SNR is higher, we also need to check whether link budget is enough to support UL 256QAM. Therefore, we prefer not to introduce PUSCH requirement with 256QAM in ATG scenario. 
Proposal 9: No PUSCH requirement with 256QAM introduced in ATG scenario.

Transform precoding  
	· Option 1: only consider CP-OFDM
· Option 2: Consider CP-OFDM and DFT-s-OFDM waveform



As mentioned, ATG BS is almost same as TN BS. The performance of different waveform configurations has been verified in existing TN BS performance requirement.  For ATG scenario, new capability can be introduced for ATG UE to indicate at the maximum modulation order and full PRB configurations, and upper limit for new capability for maximum conductive power is 40dBm. Therefore, the coverage should be no issue for ATG scenario. So, we would like to select only CP-OFDM waveform to reduce the test effort.
Proposal 10: RAN 4 only introduces the PUSCH requirement with CP-OFDM waveform.
Test metric
	· Option 1: consider 70% and 30% throughput requirements for ATG PUSCH demodulation
· Option 2: 70% throughput requirements



In Rel-15, both 70% and 30% are considered for requirements. The purpose of introducing 30% requirement is to check the HARQ performance requirement. As mentioned, from the baseband processing, ATG BS is almost same as TN BS. Since the HARQ performance have been verified in the TN BS, we think there is no need to introduce additional cases with 30% throughput requirements
Proposal 11: RAN 4 only considers 70% throughput requirements for ATG PUSCH demodulation 

Other
For other test parameters, the existing simulation assumption for TN BS can be reused 
Proposal 12:  For other test parameters, the existing simulation assumption for TN BS can be reused.

3	Conclusion
In this contribution, the initial view on the test scope and test setup of BS demodulation requirement is provided.
Proposal 1: RAN 4 can introduce new dedicated requirement for ATG scenario with limited test cases for PUSCH, If BS declared to support ATG scenario, it can pass the existing TN BS requirement and the dedicated requirement, it can apply for ATG scenario.
Proposal 2: No PUCCH requirements introduced for ATG scenario. If TN BS has passed the exiting PUCCH requirement, it can apply for ATG scenario.
Proposal 3: No PRACH requirements introduced for ATG scenario. If TN BS has passed the exiting PRACH requirement, it can apply for ATG scenario.
Proposal 4: Only consider single path AWGN channel with Doppler for requirement.
Proposal 5: To align the RF core requirement with co-existence study, apply common value with Doppler value as 200Hz for FDD and 400Hz for TDD.
Proposal 6: RAN 4 only introduce the PUSCH requirement with minimum channel bandwidth per each SCS for ATG scenario.
Proposal 7: Reusing the legacy TDD pattern for requirement in ATG scenario. If new dedicated TDD pattern is considered, note should be added in the specification that is pattern for ATG scenario used only, no new requirement is introduced for new dedicated TDD pattern. The requirement of TDD with existing pattern can be applied for TDD with different UL-DL pattern, including new TDD pattern, in ATG scenario.
Proposal 8: RAN 4 only introduces the PUSCH requirement with 1Tx2Rx antenna configuration.
Proposal 9: No PUSCH requirement with 256QAM is introduced in ATG scenario.
Proposal 10: RAN 4 only introduces the PUSCH requirement with CP-OFDM waveform.
Proposal 11: RAN 4 only considers 70% throughput requirements for ATG PUSCH demodulation 
Proposal 12:  For other test parameters, the existing simulation assumption for TN BS can be reused.
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