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1. Introduction 
In RAN4#109 UE demodulation performance requirements for eNTN were discussed and way forward [1] was agreed.  In this contribution we present our views on demodulation requirements for eNTN.   

2. Discussion
General
For the General aspects, the following agreements were made for channel model and scenario: 
	Issue 1-1-1: Scenario
· Agreement:
· For UE side
· Define requirements for NGSO and GSO. FFS whether one or two sets of requirements are specified for NGSO and GSO.
· For SAN side
· Define one set of requirements for both NGSO and GSO.
Issue 1-1-2: Channel model
· Agreement:
· Only NTN-TDLC will be considered.
Issue 1-1-4: Delay spread
· Agreement:
· 5ns for NTN-TDLC




The following open issue needs further discussion:
Issue 1-1-3: Doppler
· Agreement: Consider the following Doppler value for initial evaluation
· UE: [600Hz, 1200HZ, 2000Hz]
· SAN: [600Hz, 3000Hz]
· Leave some margin with respect to 0.1ppm requirement if all of them found to be feasible. Margin to be discussed.
The Doppler value used should represent the residual Doppler after compensation prior to baseband processing and also the Doppler due to UE mobility. The Doppler due to UE mobility is greatly reduced due to beam forming in FR2, so the main component would be the residual Doppler after compensation. Even though the minimum requirements are 0.1 ppm, the actual error is expected to be much smaller. Among the options discussed for UE demod requirements, 1200Hz and 2000Hz seem like very high Doppler value to define requirements with. 600Hz is more reasonable for Doppler value in FR2. 
Observation #1:   The Doppler values of 1200Hz and 2000Hz seem very high to define any PDSCH demod requirements.
Proposal #1:  Use Doppler for 600 Hz for FR2 NTN requirements. 


UE Demodulation performance requirements – Test Scope
On the test scope the following agreements were made:
	Issue 2-1-1: HARQ processes for above 10 GHz bands
· Agreement
· Consider both 16 and 32 HARQ processes; need further consideration on how to apply these to GSO and NGSO. Disabled HARQ requires further discussion.
Issue 2-1-3: Whether to define UE PBCH demodulation requirements for above 10 GHz bands?
· Agreement:
· Don’t define PBCH requirement for NR NTN enhancements.
Issue 2-1-4: Whether to define UE CQI reporting requirements for above 10 GHz bands?
· Agreement:
· Do not define UE CQI reporting requirements for above 10 GHz bands




Issue 2-1-2: Whether to define UE PDCCH demodulation requirements for above 10 GHz bands
· Proposals:
· Option 1: Yes
· Option 1a: Further evaluate feasibility of reusing TN FR2 PDCCH requirements
· Option 2: No
PDCCH requirements are essential to ensure performance of DL control channel. Not defining any PDCCH requirements might leave some PDCCH features untested. Although PDCCH is teased as part of PDSCH requirements, the typical configuration for PDSCH demod requirements with AL8 with non-interleaved CCE to REG mapping. 
Observation #2:  Defining PDCCH requirements is essential to ensure DL control channel performance in different configurations.
Observation #3:  PDCCH tested as part of PDSCH requirements doesn’t guarantee performance in all configurations.
There are 2 options to define PDCCH requirements for NTN in FR2 –
Option 1: Define new requirements for PDCCH for eNTN
	New requirements will be defined with the channel models agreed for eNTN
Option 2: Re-use FR2-1 requirements for eNTN
The following requirements are defined for FR2-1 for PDCCH demod.
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In FR2 NTN, higher AL would be more practical given the link budget. But the higher AL test cases in FR2-1 are defined with 2TX. Although the antenna configurations are still to be decided for eNTN requirements, we expect to at least have 1TX requirements. The 1TX requirements in FR2-1 are for lower AL. 
Observation #4:  In FR2-1 the PDCCH tests with higher AL are with 2 TX, and those with 1 TX are with lower AL.
Observation #5:  We expect to at least define 1TX requirements for eNTN.

Given the above observations, it might not be feasible to reuse the FR2-1 PDCCH requirements for eNTN and inevitable to introduce new requirements for PDCCH for eNTN.
Proposal #2:  Define new requirements for PDCCH demod for eNTN. 


General issues for above 10GHz
The following agreements were reached in [1] for general issues above 10GHz:
	Issue 2-2-1: SCS (except PBCH testing)
· Agreement:
· Confirm 120 kHz SCS for initial alignment as confirmed in RRM session.



Issue 2-2-2: Channel bandwidth
· Proposals
· Option 1: 100MHz
· Option 2: 200MHz
Based on the outcome of RRM session, it was agreed to define requirements with 120KHz SCS. We support to use SCS 120KHz with CBW 100MHz for FR2 NTN requirements. There is no good reason to increase the CBW to 200MHz as it doesn’t impact any UE processing.

Proposal #3:  Define requirements with 100MHz CBW for FR2 NTN. 

Issue 2-2-3: Antenna configuration
· Proposals
· Option 1: 1Tx1Rx
· Option 1a: Take 1Tx1Rx for parabolic VSAT antenna configuration for initial demodulation discussion and input from satellite companies is needed
· Option 1b: Consider 1T1R parabolic VSAT as a starting point
· Option 2: Need further clarification on impact to demodulation performance with parabolic VSAT antenna configuration
· Option 3: Both 1Tx1Rx and 1Tx2Rx, with antenna type not limit to parabolic, but also phase antenna array

Further clarification is needed on the impact of parabolic VSAT antenna configuration or phase antenna array on demodulation requirements/ performance. It is not clear if something needs to considered in the antenna configuration assumption that would impact demodulation performance. 
Proposal #4:  Need further clarification on impact to demodulation performance with parabolic VSAT antenna configuration or phase antenna array assumption. 
As a starting point, we should define requirements with 1TX and 2RX, and see if any other antenna configurations need to be considered.
Proposal #5:  Consider 1TX and 2RX as baseline for demod requirements for eNTN. 

Issue 2-2-4: Beamforming and beam steering
· Proposals
· Option 1: Need further clarification on impact of beam steering mechanism of VSAT devices to demodulation performance.
· Option 2: Consider beam steering approach as specified in 38.101-4 (Sec B.2.3.2.3)
· Option 3: Do not consider beamforming and beam steering for FR2 NTN demodulation requirements
The demodulation requirements are defined to verify baseband performance. The beam steering mechanism for VSAT devices should not have any impact on baseband processing or demodulation requirements. 
Observation #6:  Demodulation requirements are for baseband performance and beam steering mechanism should have no impact on baseband processing or demodulation requirements.
Proposal #6:  Do not consider beamforming and beam steering for FR2 NTN demodulation requirements. 


Issue 2-2-5: Rx phase noise
· Proposals
· Option 1: Take Rx phase noise impact into impairment results and companies could give proper values based on preferred PN model.
· Option 2: Do not consider any PN impact in the simulation and in ideal simulation results alignment
The MCS targeted for FR2 NTN is not very high given the typical link budget. We don’t need to study the impact of PN for low MCS. If higher MCS is considered for FR2 NTN, then we would need to study the impact of PN. Like the procedure followed in FR2-1 and FR2-2 demodulation requirements, we propose to take PN impact into account in impairment results. 
Observation #7:  Don’t expect PN impact in low MCS typically targeted for NTN.
Proposal #7:  Take PN impact into account in impairment results. 

Issue 2-2-6: Applicability rule
· Proposals
· Option 1: Consider applicability rule after discussion about scenario is settled
· Option 2: Adding similar applicability rule for FR2 NTN UE optional capabilities as in Rel-17 FR1 NTN UE
It is very premature to discuss applicability rule without a good idea of all demod requirements we are introducing. We propose to discuss applicability rules are we have concluded discussion on scenarios and test cases.
Proposal #8:  Discuss applicability rules once we have concluded the discussion on scenarios and test setup. 

Test Setup for above 10GHz
Issue 2-3-1: MCS for PDSCH
· Proposals
· Option 1: MCS4 (QPSK, 0.30) and MCS13 (16QAM, 0.48)
· Option 2: 16QAM as baseline, FFS 64QAM
· Option 3: QPSK, 16QAM
We support to define requirements with QPSK and 16QAM for FR2 NTN. We can use MCS4 for QPSK and MCS 13 for 16QAM requirements.  We don’t think 64QAM is feasible in FR2 NTN due to link budget. 
Observation #8:  64QAM is not feasible/ practical in FR2 NTN.
Proposal #9:  Use MCS4 (QPSK, 0.30) and MCS13 (16QAM, 0.48) for PDSCH demod requirements. 


Issue 2-3-4: PDCCH aggregation level (If agreed to be introduced)
· Proposals
· Option 1: 8 as baseline
· Option 2: 2 and 4
· Option 3:4, 8 and 16
Higher AL might be more practical in FR2 NTN. We propose to use AL 8 as baseline for PDCCH requirements for FR2 NTN. 
Proposal #10:  Use AL=8 as baseline for PDCCH demod requirements in FR2 NTN. 
3. Conclusion
In this paper, we provide our views on the scope for UE demodulation ad CSI reporting requirements for NTN enhancements. Our observations and proposals are captured below:

Channel Model
Observation #1:  The Doppler values of 1200Hz and 2000Hz seem very high to define any PDSCH demod requirements.
Proposal #1:  Use Doppler for 600 Hz for FR2 NTN requirements. 

Test scope for UE demodulation requirements
Observation #2:  Defining PDCCH requirements is essential to ensure DL control channel performance in different configurations.
Observation #3:  PDCCH tested as part of PDSCH requirements doesn’t guarantee performance in all configurations.
Observation #4:  In FR2-1 the PDCCH tests with higher AL are with 2 TX, and those with 1 TX are with lower AL.
Observation #5:  We expect to at least define 1TX requirements for eNTN.
Proposal #2:  Define new requirements for PDCCH demod for eNTN. 

General issues for above 10GHz
Proposal #3:  Define requirements with 100MHz CBW for FR2 NTN. 
Proposal #4:  Need further clarification on impact to demodulation performance with parabolic VSAT antenna configuration or phase antenna array assumption. 
Proposal #5:  Consider 1TX and 2RX as baseline for demod requirements for eNTN. 
Observation #6:  Demodulation requirements are for baseband performance and beam steering mechanism should have no impact on baseband processing or demodulation requirements.
Proposal #6:  Need further clarification on impact of beam steering mechanism of VSAT devices to demodulation performance. 
Observation #7:  Don’t expect PN impact in low MCS typically targeted for NTN.
Proposal #7:  Take PN impact into account in impairment results. 
Proposal #8:  Discuss applicability rules once we have concluded the discussion on scenarios and test setup. 

Test Setup for above 10GHz
Observation #8:  64QAM is not feasible/ practical in FR2 NTN.
Proposal #9:  Use MCS4 (QPSK, 0.30) and MCS13 (16QAM, 0.48) for PDSCH demod requirements. 
Proposal #10:  Use AL=8 as baseline for PDCCH demod requirements in FR2 NTN. 
Reference
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Table 7.3.2.2.1-1: Minimum performance requirements with 120 kHz SCS for FR2-1

Antenna Reference
:f:rt‘ Bandwidth | CORES CORESET | Aggregation | Reference Propagation conflg:;atlon Pm-value
(MHz) ETRB duration level Channel Condition . SNRes
ber correlation dsg (dB)
Matrix (%)
1-1 100 60 1 2 R.PDCCH. TDLA30-75 1x2 Low 1 6.4
5-1.1 TDD
1-2 100 60 1 4 R.PDCCH. | TDLA30-300 1x2 Low 1 3.0
5-1.2TDD
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Table 7.3.2.2.2-1: Minimum performance requirements with 120 kHz SCS for FR2-1

Antenna Reference
:f:rt‘ Bandwidth CORESE | CORESET | Aggregation Reference Propagation conflg:;atlon Pm-value
(MHz) T RB duration level Channel Condition . SNRss
ber correlation dsg (dB)
Matrix (%)

2-1 100 60 1 8 R.PDCCH. TDLA30-75 2x2 Low 1 0.1
5-1.3 TDD

2-2 100 60 2 16 R.PDCCH. TDLA30-75 2x2 Low 1 -3.0
5-2.1 TDD





