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1. Introduction
[bookmark: _Hlk528680199]During the previous RAN4#106 meeting, the test scope and parameters for ATG BS demodulation were discussed, but there are many open issues left in WF [1]. In this contribution, these open issues are furtherly analyzed.   

2. Discussion
2.1	General
The specification impact of ATG BS demodulation requirements is not discussed in previous meeting. Based on current discussion, ATG requirements could be special selected or defined no matter if legacy requirements would be reused or not. In that case, it would be better to have a separate section under each physical channel to capture all ATG relevant requirements. If legacy requirements are reused, corresponding statement on referred legacy requirements should be added. Readers could easily find the test cases and requirements. 
[bookmark: _Toc134705568]Proposal 1:	Use separate section to capture ATG demodulation requirements. If legacy requirements will be reused, corresponding referring statement could be captured in the section. 
In previous meeting, there were 3 different opinions on how to define demodulation requirements for ATG.
· Option 1: Reuse existing demodulation requirements only.
· Option 2: Define new dedicate demodulation requirements with AWGN 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. 

As we discussed in previous meeting, the benefits of reusing legacy requirements compared with defining new requirements for same configurations with single tap channel are as follows:
1. Legacy requirements use multipath fading channel could secure more robust product performance rather than using AWGN channel.  
2. Save simulation effort due to urgent timeline. If only new dedicated requirements are defined, there will be a lot of test cases need to be introduced.  
3. Legacy test setup could be reused, and the cost could be saved. 

As for defining incremental requirements, the necessary should be checked case by case based on agreed scope. One argument from companies is new TDD pattern might be introduced, and new test setup would be needed, but it should not impact the demodulation performance. From the BS demodulation requirement perspective, we use one TDD pattern in requirement and apply it for all possible patterns. Currently, proposed new pattern proposed is not agreed due to concerns from companies. The legacy pattern could be used as baseline. 
If new TDD pattern is agreed to be introduced, it should be applied only to new incremental PUSCH requirements to check the functionality. No need to test new TDD pattern on all physical channel tests.   
[bookmark: _Toc134705569]Proposal 2:	Select existing PUSCH demodulation requirements as mandatory requirements for ATG BS demodulation. The necessary of new incremental requirements should be checked case by case. 
[bookmark: _Toc134705570]Proposal 3: 	If new TDD pattern is agreed to be introduced, only apply it to incremental requirements.  

2.2	PUSCH
Following legacy test requirements could be considered for ATG PUSCH demodulation. 
Normal PUSCH
 (
Transform precoding 
Option 1: 
Only consider CP-OFDM
. 
Option 2: 
Consider CP-OFDM and DFT-S-OFDM waveform
)
Regarding the link budget for ATG deployment [2], the coverage should not be an issue. Only CP-OFDM test requirement could be enough for ATG BS. In that case, legacy requirements in TS38.104 8.2.1 and 11.2.1.1 can be referred. 
[bookmark: _Toc134705571]Proposal 4: 	Only consider CP-OFDM waveform for ATG PUSCH demodulation requirements. 

 (
Rank and MCS 
Agreements:
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.
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.
)
As rank 1 is agreed, it is straight forward to only consider 1Tx requirements. In existing BS demodulation requirements, the intention of define 2Tx requirements is to check the receiver performance under 2 layers transmission. No 2Tx with 1 layer demodulation requirements are defined in BS demodulation specification. 
[bookmark: _Toc134705483]Only 2 layers transmission is defined for existing 2Tx PUSCH demodulation requirements.  
For reusing legacy requirements, all 1Tx with 2/4/8 Rx requirements could be applied. The existing test applicability rule can be applied which means only the lowest and highest supported receiver branch number will be tested. 
For new defined incremental requirements, only 1T2R could be enough regarding AWGN channel will be used, and the linear combination gain (step as 3dB) could be predicted by higher Rx number. 
[bookmark: _Toc134705572]Proposal 5: 	Legacy requirements for 1Tx with 2/4/8 Rx for 1-C/1-H and 1Tx with 2Rx for 1-O in TS38.104 8.2.1 and 11.2.1.1 can be applied for ATG PUSCH demodulation. 
[bookmark: _Toc134705573]Proposal 6: 	If new incremental requirements will be introduced, only 1Tx with 2Rx requirement could be introduced.
Based on our link budget calculation in [2, 4], there will be high possibility to support 256QAM transmission in ATG deployment. It would be good to check 256QAM demodulation performance. In legacy requirements, 256QAM MCS20 is introduced. Regarding much better propagation condition in ATG, higher 256QAM MCS could be used in real network. RAN4 could discuss if higher 256QAM MCS requirements could be introduced for new incremental ATG demodulation requirements. If 256QAM is not agreed to be introduced, the highest 64QAM MCS28 can be considered for new incremental requirements. 
[bookmark: _Toc134705574]Proposal 7: 	Legacy requirements for 16QAM, 64QAM and 256QAM in TS38.104 8.2.1 and 11.2.1.1 can be applied for ATG PUSCH demodulation.
[bookmark: _Toc134705575]Proposal 8: 	If new incremental requirements will be introduced, only higher MCS than legacy requirement could be introduced, for example 64QAM MCS28 and/or 256QAM MCS22 (if 256QAM is agreed for ATG requirement). 

 (
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 
Applicability rule
A
greement
:
Reuse the applicability rule for the tests of different channel bandwidth
)
This issue should belong to the new incremental requirements since legacy requirements have included all typical channel bandwidth per SCS. For incremental requirements, the intention is to further check the performance with AWGN channel and new TDD pattern if introduced, so very limited requirements could be enough. Considering existing applicability rule for different channel bandwidth will be reused, only minimum channel bandwidth requirement will be feasible. 
[bookmark: _Toc134705576]Proposal 9: 	Reuse all channel bandwidth requirements in TS38.104 8.2.1 and 11.2.1.1 for ATG PUSCH demodulation.
[bookmark: _Toc134705577]Proposal 10: 	If new incremental requirements will be introduced, only minimum channel bandwidth per SCS can be considered for ATG PUSCH demodulation. 
· [bookmark: _Toc134705578]15kHz SCS: 5MHz
· [bookmark: _Toc134705579]30kHz SCS: 10MHz

 (
Test metric 
Option 1: 
Consider 70% and 30% throughput requirements for ATG PUSCH demodulation
. 
Option 2: 
70% throughput requirements
 
)In legacy requirements, 30% throughput metric is to test the HARQ performance. The corresponding MCS configuration is 16QAM MCS16 which means the scenario has good coverage. Considering 16QAM is agreed to be covered for ATG BS demodulation, 30% throughput test cases should also be covered. 
For new incremental requirements, it is not necessary to consider 30% throughput if product has passed legacy requirements. 
[bookmark: _Toc134705580]Proposal 11: 	Reuse 30% throughput requirements in TS38.104 8.2.1 and 11.2.1.1 for ATG PUSCH demodulation.
[bookmark: _Toc134705581]Proposal 12: 	If new incremental requirements will be introduced, only 70% throughput requirements are enough for ATG PUSCH demodulation.

UCI multiplexed on PUSCH
It could happen in ATG scenario, so the corresponding performance should be checked. Legacy requirements in TS38.104 8.2.3 and 11.2.1.3 can be directly reused, and no new incremental requirement is needed. 
[bookmark: _Toc134705582]Proposal 13: 	Reuse UCI multiplexed on PUSCH requirements in TS38.104 8.2.3 and 11.2.1.3 for ATG PUSCH demodulation. No new incremental requirement is needed.

PUSCH for 2-step RA type
For 2-step RA, it should be typical for ATG scenario due to good channel condition and long propagation delay. The feature could be checked by current 2-step RA requirements for ATG scenario. Regarding timing pre-compensation by ATG UE, the demodulation of MsgA would be the same as normal PUSCH. Thus, no new incremental requirement is needed.  
[bookmark: _Toc134705484]Demodulation of MsgA in 2-step RA is the same as normal PUSCH regarding to timing pre-compensation by ATG UE.
[bookmark: _Toc134705583]Proposal 14: 	Reuse 2-step RA requirements in TS38.104 8.2.9 and 11.2.1.9 for ATG PUSCH demodulation. No new incremental requirement is needed.

To summarize, ATG PUSCH demodulation requirements could include following configuration. 
[bookmark: _Toc134705584]Proposal 15: 	Take following configurations for ATG PUSCH demodulation requirements:
· [bookmark: _Toc134705585]Existing requirements:
· [bookmark: _Toc134705586]Reuse requirements for normal PUSCH, UCI multiplexing on PUSCH and 2-step RA.  
· [bookmark: _Toc134705587]TS38.104 8.2.1, 8.2.3 and 8.2.9 for 1-C/1-H, 11.2.1.1, 11.2.1.3 and 11.2.1.9 for 1-O.
· [bookmark: _Toc134705588]Down selection on requirements in TS38.104 8.2.1 and 11.2.1.1
· [bookmark: _Toc134705589]Antenna configuration: 
· [bookmark: _Toc134705590]1Tx with 2Rx/4Rx/8Rx for 1-C/1-H, and 1Tx with 2Rx for 1-O
· [bookmark: _Toc134705591]Modulation level: 16QAM, 64QAM and 256QAM.
· [bookmark: _Toc134705592]CBW and SCS: All existing CBW requirements could be reused. 
· [bookmark: _Toc134705593]Test metric: 70% and 30% throughput
· [bookmark: _Toc134705594]New incremental requirements (if agreed to be introduced):
· [bookmark: _Toc134705595]TDD pattern: new defined pattern (if agreed to be introduced)
· [bookmark: _Toc134705596]Channel model: AWGN + Doppler shift
· [bookmark: _Toc134705597]Antenna configuration: 1Tx with 2Rx
· [bookmark: _Toc134705598]MCS: 
· [bookmark: _Toc134705599]64QAM MCS28 if 256QAM is not agreed to be introduced
· [bookmark: _Toc134705600]256QAM MCS22 or higher if 256QAM is agreed to be introduced
· [bookmark: _Toc134705601]CBW and SCS: 
· [bookmark: _Toc134705602]15kHz SCS: 5MHz
· [bookmark: _Toc134705603]30kHz SCS: 10MHz
· [bookmark: _Toc134705604]Test metric: 70% throughput
· [bookmark: _Toc134705605]Other configurations refer to table 2.2-1.
[bookmark: _Toc134705606]Table 2.2-1 Parameters for new incremental ATG PUSCH demodulation requirements
	Parameter
	Value

	Transform precoding
	disabled

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	Pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A

	
	Start symbol
	0 

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled




2.2	PUCCH
Legacy normal PUCCH requirements should be reused as mandatory for ATG BS. It is no necessary to introduce new incremental requirements even new TDD pattern is introduced since the HARQ function could be checked by PUSCH tests.   
[bookmark: _Toc134705607]Proposal 15:	Take normal PUCCH demodulation requirements in TS38.104 8.3.1 to 8.3.6 for 1-C/1-H and 11.3.1.1 to 11.3.1.6 for 1-O as mandatory requirements for ATG PUCCH demodulation. No need to define incremental requirement.  

2.3	PRACH
Legacy normal mode PRACH requirements have include most of typical PRACH formats (format 0/A1/A2/A3/B4/C0/C2) with AWGN and fading channel + frequency shift. There were different proposals for PRACH format [1].
· Option 1: Reuse legacy normal mode PRACH requirements. No new incremental requirements.
· Option 2: Define new dedicated requirements
· Consider format 0, A2, B4 and C2 as start point. 
· Only consider long format 0 for PRACH.
· Option 3: Reuse legacy normal mode PRACH requirements and define new incremental requirements
· Consider format 0, 2, B4 and C2.
· Consider format 0 with AWGN + 625Hz frequency shift

The channel model used in legacy normal PRACH requirements are AWGN + 0Hz and TDLC300-100 + 400Hz. Current agreement on frequency shift in ATG channel is 0.1ppm which is up to 500Hz in n79. If a BS passed legacy PRACH requirements, it should be enough to secure the performance with AWGN + 500Hz frequency shift. 
625Hz frequency shift is used in high-speed train PRACH format 0 requirement, but it is not suitable for ATG since the deployment and UE capability are different between two scenarios. 
If taking legacy normal PRACH requirements as mandatory requirements, no need to define new dedicated requirements for same PRACH formats. Considering the timing and frequency pre-compensation by ATG UE and the good link budget, both long and short formats have possibility to be used in ATG network. Thus, no need to down selection on different formats. All legacy requirements could be referred, but the tests could be based on the manufacture declaration and applicability rule. 
[bookmark: _Toc134705485]The channel models used in legacy normal PARCH requirements could be enough to cover ATG channel model AWGN + 0.1ppm frequency shift from demodulation perspective.
As format 2 which is introduced in NR NTN, the motivation of introduce this format is due to very long propagation distance (600km to over 35000km), low UE power (typical 23dBm for handheld UE) and less satellite antenna branch (1Rx/2Rx). Format 2 have the longest sequence length which could have highest correlation peak power to compensate the propagation loss. 
But in ATG deployment, the maximum distance is only up to 300km, ATG UE have higher output power (40~43dBm) with large antenna and ATG BS have large antenna gain. The link budget in ATG will be much better than NTN, so there is no strong motivation to introduce PRACH format 2 requirement in ATG. 
[bookmark: _Toc134705486]There is no strong motivation to introduce PRACH format 2 requirement for ATG regarding much better link budget than NTN scenario.   
[bookmark: _Toc134705608]Proposal 16: 	Take normal PRACH requirements in TS38.104 8.4.1 and 8.4.2.1 for 1-C/1-H, 11.4.1.1 and 11.4.2.2.2 for 1-O as mandatory requirements for ATG PRACH demodulation. No need to define incremental requirements.  


3. Conclusions
 In the previous sections we made the following observations: 
Observation 1	Only 2 layers transmission is defined for existing 2Tx PUSCH demodulation requirements.
Observation 2	Demodulation of MsgA in 2-step RA is the same as normal PUSCH regarding to timing pre-compensation by ATG UE.
Observation 3	The channel models used in legacy normal PARCH requirements could be enough to cover ATG channel model AWGN + 0.1ppm frequency shift from demodulation perspective.
Observation 4	There is no strong motivation to introduce PRACH format 2 requirement for ATG regarding much better link budget than NTN scenario.

Based on the discussion in the previous sections we propose the following:
Proposal 1:	Use separate section to capture ATG demodulation requirements. If legacy requirements will be reused, corresponding referring statement could be captured in the section.
Proposal 2:	Select existing PUSCH demodulation requirements as mandatory requirements for ATG BS demodulation. The necessary of new incremental requirements should be checked case by case.
Proposal 3: 	If new TDD pattern is agreed to be introduced, only apply it to incremental requirements.
Proposal 4: 	Only consider CP-OFDM waveform for ATG PUSCH demodulation requirements.
Proposal 5: 	Legacy requirements for 1Tx with 2/4/8 Rx for 1-C/1-H and 1Tx with 2Rx for 1-O in TS38.104 8.2.1 and 11.2.1.1 can be applied for ATG PUSCH demodulation.
Proposal 6: 	If new incremental requirements will be introduced, only 1Tx with 2Rx requirement could be introduced.
Proposal 7: 	Legacy requirements for 16QAM, 64QAM and 256QAM in TS38.104 8.2.1 and 11.2.1.1 can be applied for ATG PUSCH demodulation.
Proposal 8: 	If new incremental requirements will be introduced, only higher MCS than legacy requirement could be introduced, for example 64QAM MCS28 and/or 256QAM MCS22 (if 256QAM is agreed for ATG requirement).
Proposal 9: 	Reuse all channel bandwidth requirements in TS38.104 8.2.1 and 11.2.1.1 for ATG PUSCH demodulation.
Proposal 10: 	If new incremental requirements will be introduced, only minimum channel bandwidth per SCS can be considered for ATG PUSCH demodulation.
	15kHz SCS: 5MHz
	30kHz SCS: 10MHz
Proposal 11: 	Reuse 30% throughput requirements in TS38.104 8.2.1 and 11.2.1.1 for ATG PUSCH demodulation.
Proposal 12: 	If new incremental requirements will be introduced, only 70% throughput requirements are enough for ATG PUSCH demodulation.
Proposal 13: 	Reuse UCI multiplexed on PUSCH requirements in TS38.104 8.2.3 and 11.2.1.3 for ATG PUSCH demodulation. No new incremental requirement is needed.
Proposal 14: 	Reuse 2-step RA requirements in TS38.104 8.2.9 and 11.2.1.9 for ATG PUSCH demodulation. No new incremental requirement is needed.
Proposal 15: 	Take following configurations for ATG PUSCH demodulation requirements:
	Existing requirements:
o	Reuse requirements for normal PUSCH, UCI multiplexing on PUSCH and 2-step RA.
	TS38.104 8.2.1, 8.2.3 and 8.2.9 for 1-C/1-H, 11.2.1.1, 11.2.1.3 and 11.2.1.9 for 1-O.
o	Down selection on requirements in TS38.104 8.2.1 and 11.2.1.1
	Antenna configuration:
	1Tx with 2Rx/4Rx/8Rx for 1-C/1-H, and 1Tx with 2Rx for 1-O
	Modulation level: 16QAM, 64QAM and 256QAM.
	CBW and SCS: All existing CBW requirements could be reused.
	Test metric: 70% and 30% throughput
	New incremental requirements (if agreed to be introduced):
o	TDD pattern: new defined pattern (if agreed to be introduced)
o	Channel model: AWGN + Doppler shift
o	Antenna configuration: 1Tx with 2Rx
o	MCS:
	64QAM MCS28 if 256QAM is not agreed to be introduced
	256QAM MCS22 or higher if 256QAM is agreed to be introduced
o	CBW and SCS:
	15kHz SCS: 5MHz
	30kHz SCS: 10MHz
o	Test metric: 70% throughput
o	Other configurations refer to table 2.2-1.
Table 2.2-1 Parameters for new incremental ATG PUSCH demodulation requirements
Proposal 15:	Take normal PUCCH demodulation requirements in TS38.104 8.3.1 to 8.3.6 for 1-C/1-H and 11.3.1.1 to 11.3.1.6 for 1-O as mandatory requirements for ATG PUCCH demodulation. No need to define incremental requirement.
Proposal 16: 	Take normal PRACH requirements in TS38.104 8.4.1 and 8.4.2.1 for 1-C/1-H, 11.4.1.1 and 11.4.2.2.2 for 1-O as mandatory requirements for ATG PRACH demodulation. No need to define incremental requirements.
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