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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	Scope

 (
Issue 3-1-1: Test scope
Agreement:
PUSCH/PUCCH/PRACH
Option 1: New dedicated requirements 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.
)As analyzed in our general issue contribution [2], the practical channel model for ATG deployment is single-tap channel with small frequency shift. It is much simpler than legacy TDL channel models which is used in TN BS requirements. Comparing to define new requirements with AWGN channel, it would be better to take legacy requirements to check the receiver performance. In that case, operators could get better product with legacy requirements on one hand, and vendors can save cost by reusing the test setup for legacy requirements on the other hand. The WI timeline is very tight, introduce new requirement will lead to very heavy simulation load which also should be considered.  
Observation 1: 	The ATG channel is single tap channel which would be much simpler than legacy TN channel.  
Observation 2: 	By reusing existing demodulation requirements, operators could get better product on one hand, and vendors could also save cost by reusing the test setup for legacy requirements on the other hand. The WI timeline could also be secured.
From test coverage point of view, legacy TN BS demodulation requirements could cover almost all scenarios in ATG deployment, such as large channel bandwidth (100MHz), high MCS (64QAM or 256QAM), different physical channel formats (PUCCH, PRACH) etc. It could be enough to secure the receiver performance when handling different situation. Companies could choose proper cases from legacy requirements and apply them to ATG BS. 
By checking existing BS demodulation requirements, following table captures analysis for ATG deployment.
Table 2-1 The applicability of TN BS demodulation requirements 
	Physical channel
	TN BS requirements
	Chapter in 38.104
	ATG BS applicability and comments

	PUSCH
	Normal PUSCH with CP-OFDM
	8.2.1, 11.2.1.1
	Yes. The test cases could be down selected, e.g., only 1Tx requirements are considered.

	
	Normal PUSCH with DFT-s-OFDM
	8.2.2, 11.2.1.2
	No. Coverage won’t be an issue in ATG.  

	
	[bookmark: _Hlk130441367]UCI multiplexed on PUSCH
	8.2.3, 11.2.1.3
	Yes. The situation could happen in ATG and corresponding performance should be checked.

	
	PUSCH for high-speed train
	8.2.4, 11.2.1.4
	No. 

	
	UL timing adjustment
	8.2.5, 11.2.1.5
	No. UL timing accuracy depends on ATG UE pre-compensation. 

	
	PUSCH 0.001% BLER
	8.2.6, 11.2.1.6
	No. URLLC is not in the current ATG scope.

	
	PUSCH repetition type A
	8.2.7, 11.2.1.7
	No. URLLC is not in the current ATG scope.

	
	PUSCH mapping type B with non-slot transmission
	8.2.8, 11.2.1.8
	No. URLLC is not in the current ATG scope.

	
	PUSCH for 2-step RA type
	8.2.9, 11.2.1.9
	Yes. It could be beneficial for ATG deployment due to long propagation delay and good channel condition. 

	
	Interlaced PUSCH
	8.2.10, 11.2.1.10
	No. 

	
	CG-UCI multiplexed on interlaced PUSCH
	8.2.11, 11.2.1.11
	No. 

	
	PUSCH with TBoMS
	8.2.12, 11.2.1.12
	No. Coverage won’t be an issue in ATG. 

	
	PUSCH with DM-RS bundling
	8.2.13, 11.2.1.13
	No. Coverage won’t be an issue in ATG.

	PUCCH
	DTX to ACK probability
	8.3.1, 11.3.1.1
	Yes.

	
	Normal PUCCH format 0/1/2/3/4
	8.3.2 - 6, 
11.3.1.2 – 6
	Yes. 

	
	Multi-slot PUCCH
	8.3.7, 11,3.1.7
	No. Coverage won’t be an issue in ATG.

	
	Interlaced PUCCH format 0/1/2/3
	8.3.8 – 11
	No. 

	
	PUCCH with DM-RS bundling
	8.2.12 - 13, 11.3.2.1.8 - 9
	No. Coverage won’t be an issue in ATG.

	
	PUCCH with sub-slot repetition
	8.3.14, 11.3.2.1.10
	No. URLLC is not in the current ATG scope.

	PRACH
	False alarm probability
	8.4.1, 11.4.1.1
	Yes. 

	
	Normal mode PRACH detection 
	8.4.2.1, 11.4.2.2.2
	Yes. 

	
	PRACH detection for high-speed train 
	8.4.2.2, 11.4.2.2.3
	No. 

	
	PRACH detection with long sequence 
	8.4.2.3
	No. It is not in the ATG scope.



Proposal 1 [bookmark: _Hlk132046615] RAN4 reuse following legacy requirements for ATG BS demodulation requirements. 
· 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
· PRACH
· False alarm probability
· Normal mode PRACH detection

From the specification point of view, it would be better to have a separate section for ATG BS under each physical channel requirements to indicate which legacy requirements could be referred. Corresponding manufacture declaration could also be needed. Following is an example. 
	8.2 	Performance requirements for PUSCH
		8.2.x Requirements for PUSCH for ATG
	8.3 	Performance requirements for PUCCH
		8.3.x Requirements for PUCCH for ATG
	…
[bookmark: _Hlk132046703]Proposal 2: 	Use separate sub-sections to capture ATG BS demodulation requirements under each physical channel requirement sections. Corresponding manufacture declaration can be defined.

 (
Issue 3-1-2: Bandwidth & SCS
Agreement:
Apply 15kHz SCS for FDD, 30kHz SCS for TDD.
FFS channel bandwidth:
F
or FDD 15kHz,
 consider all or part of following bandwidths
:
5MHz, 20MHz and 40MHz
F
or TDD 30kHz, 
consider all or part of following bandwidths
:
10MHz, 40MHz, 60MHz and 100MHz
)
If we reuse legacy requirements for ATG BS demodulation, following channel bandwidth could have requirements for PUSCH. 
· 15kHz SCS:  5MHz, 10MHz, 20MHz
· 30kHz SCS: 10MHz, 20MHz, 40MHz, 100MHz
The performance of 40MHz with 15kHz SCS could be similar as 20MHz with 15kHz SCS, and the performance of 60MHz with 30kHz SCS could be similar as 40MHz with 30kHz SCS. The legacy applicability rule for different channel bandwidth can be applied. 
Observation 3: 	 Reusing legacy requirements could avoid discussion on the selection of channel bandwidth. 

 (
Issue 3-1-4: Antenna Configuration
Option 1: 1x2, 1x4, 1x8, 2x2, 2x4, and 2x8. 
O
ption 2: Use same antenna configurations and manufacture declarations as TN BS for ATG demodulation requirements, e.g., 1/2/4Tx and 2/4/8 Rx for 1-C/1-H; and 1/2Tx and 2Rx for 1-O.
Agreement:
For BS 1-C/1-H
1x2, 1x4, 1x8, 
FFS 
2x2, 2x4, and 2x8.
For BS 1-O
1x2
FFS 2x2
)
The channel model between ATG BS and UE would be single tap which means only 1 layer could be feasibly supported. Higher layers will have extremely high interference between layers due to no low correlation channels can be achieved. In that case, only 1Tx requirements could be considered for ATG BS demodulation.
Proposal 3: 	 Only consider 1Tx requirements for ATG BS demodulation.

2.2	PUSCH



 (
Issue 3-1-6: Transform precoding
Option 1: Consider CP-OFDM and DFT-S-OFDM waveform for requirement definition.
Issue 3-1-7: 
PUSCH configuration
Option 1: 
M
apping type: 
type
 A
S
tarting symbol: 0 
L
ength: 14
P
USCH aggregation factor: 1 and 2
Other Options are not precluded
Issue 3-1-8: 
Other parameters
Option 1: 
Reuse other parameters from NTN SAN requirements.
Other Options are not precluded
Issue 3-1-9: 
Applicability rule
Option 1
: Current applicability rule can be reused, i.e. all BS supporting ATG can perform same minimum bandwidth test by putting the tested PRBs centered in BS widest supported channel bandwidth
)
For ATG deployment, the channel condition is good, and coverage should not be an issue. CP-OFDM would be much more typical than DFT-s-OFDM waveform. Only the requirement for CP-OFDM could be enough. 
Proposal 4:	 Only consider CP-OFDM requirements for ATG PUSCH demodulation.
The metric for ATG could only consider 70% throughput. 30% throughput requirements are defined to check HARQ performance for the BS with good coverage. Thus, it is also feasible for ATG scenario and should be included in the requirements. 
Proposal 5: 	Consider 70% and 30% throughput requirements for ATG PUSCH demodulation.
Configurations and applicability rule could directly follow legacy requirements because no need to define new requirements as discussed in general part. It is not suitable to reuse NTN SAN parameters for ATG BS demodulation due to totally different deployment scenarios.
Proposal 6: 	Reuse applicability rule in legacy TN BS demodulation requirements as much as possible. 
Proposal 7: 	Do not reuse parameters from NTN SAN requirements due to it is totally different from ATG BS scenario. 

2.3	PRACH
One open issue for ATG PRACH demodulation is about the formats. Based on previous agreement, UE pre-compensation on frequency and timing should be supported by ATG UE. Thus, the timing estimation will not be necessary on BS side, and all PRACH formats would lead to same timing error (caused by compensation precision). But another difference between PRACH formats is remaining that the long formats would have higher energy after correlation at receiver side, then it is beneficial to the large pathloss. However, the propagation condition is good, and the link budget would not be bottleneck for short formats. Furthermore, format 0 is defined in legacy TN BS requirements which could be enough to cover long format situation. For short formats, legacy TN PRACH requirements include A1/A2/A3/B4/C0/C2 which would be preferred by different companies. To avoid no requirements for an ATG BS only support a certain PRACH short format, all legacy requirements could be reused. 
Proposal 8: 	Reuse legacy TN BS PRACH format 0, A1/A2/A3/B4/C0/C2 demodulation requirements for ATG BS PRACH.  

3. Conclusions
Observation 1: 	The ATG channel is single tap channel which would be much simpler than legacy TN channel.
Observation 2:		 By reusing existing demodulation requirements, operators could get better product on one hand, and vendors could also save cost by reusing the test setup for legacy requirements on the other hand. The WI timeline could also be secured.
Proposal 2 	RAN4 reuse following legacy requirements for ATG BS demodulation requirements. 
· 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
· PRACH
· False alarm probability
· Normal mode PRACH detection 
Proposal 2: 	Use separate sub-sections to capture ATG BS demodulation requirements under each physical channel requirement sections. Corresponding manufacture declaration can be defined.

Observation 3: 	 Reusing legacy requirements could avoid discussion on the selection of channel bandwidth. 
Proposal 3: 	 Only consider 1Tx requirements for ATG BS demodulation.
Proposal 4:	 Only consider CP-OFDM requirements for ATG PUSCH demodulation.
Proposal 5: 	Consider 70% and 30% throughput requirements for ATG PUSCH demodulation.
Proposal 6: 	Reuse applicability rule in legacy TN BS demodulation requirements as much as possible. 
Proposal 7: 	Do not reuse parameters from NTN SAN requirements due to it is totally different from ATG BS scenario.
Proposal 8: 	Reuse legacy TN BS PRACH format 0, A1/A2/A3/B4/C0/C2 demodulation requirements for ATG BS PRACH.  
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