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1. Introduction 
In Rel-18 a new WI for NR NTN enhancements was approved in RAN#94e. The revised WID [1] was approved in RAN#101. In this contribution we present our views on the scope for UE demodulation ad CSI reporting requirements for NTN enhancements. 

2. Discussion
The performance part objective for eNTN from [1]:
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The related core part objective for support of NTN deployment in > 10GHz bands is:
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The UE demod performance part requirements are to be discussed for NTN deployment in > 10GHz. 
Observation #1:  R18 NR NTN enhancements is to support NTN deployments in bands > 10GHz in FDD mode.
Observation #2:  For R18 NR NTN enhancements demod part we need to introduce demod and CSI reporting requirements for bands > 10GHz in FDD mode.

The UE demod and CSI reporting requirements in FR2 are only defined for TDD bands for TN deployment. The existing demodulation and CSI reporting requirements in FR2 cannot be applicable for NTN supporting > 10GHz bands.

Observation #3:  For TN we have requirements in FR2 for TDD duplex mode alone.
Observation #4:  Existing demodulation and CSI reporting requirements for FR2 cannot be directly applicable to R18 NR NTN.
We propose to introduce a minimum set of requirements for demodulation and CSI reporting for eNTN for FR2 in FDD bands. 
For UE demodulation, we should introduce new PDSCH demodulation requirements as existing requiremetns are only for TDD. We propose to introduce a minimum set of requirements with UE mandatory features – Mapping Type A, MMSE-IRC receiver, for rank 1 transmission.

Proposal #1:  Define a minimum set of PDSCH demodulation requirements for eNTN covering mandatory UE features – mapping Type A, MMSE-IRC receiver, rank 1 transmission. 

The PDCCH demodulation requirements in FR2 are defined for TDD but should also be applicable to FDD mode. We should evaluate the feasibility of using the same requirements from Rel-15 for PDCCH in FR2 for eNTN, without having to introduce a new set of requirements.

Proposal #2:  Evaluate feasibility of reusing FR2 PDCCH demod requirements for eNTN. 

For PBCH demod requirements in FR2, we have defined requirements for SSB SCS of 120KHz and 240KHz – Case-D and Case-E. The same SSB patterns are also used for NTN for >10GHz. Hence, there is no need to define new PBCH requirements for eNTN.

Observation #5:  The PBCH demod requirements for FR2-1 are defined for SSB SCS of 120KHz and 240KHz. The same SSB SCS/patterns are supported for eNTN.

Proposal #3:  Reuse the existing PBCH demod requirements for FR2-1 for eNTN. 
For CSI reporting requirements, we have CQI, PMI, RI reporting requirements for FR2-1. Given the round trip delay with NTN, we don’t think it is very critical to test CSI reporting requirements, as CSI feedback from the UE is likely outdated and not used. This is especially true with PMI reporting. There might be some value in verifying the CQI mapping. CQI reporting in fading propagation conditions would not be testable due to long RTT. Hence, we should further discuss if we should have CQI reporting in AWGN for eNTN.
Observation #6:  CSI feedback from UE is likely outdate and not used – especially for reported PMI.
Observation #7:  CQI reporting in NTN might still be useful.
Observation #8:  CQI reporting in fading conditions is not practical/ testable due to long RTT.
Proposal #4:  Further discuss if CQI reporting in AWGN should be introduced for NTN. 

In Rel-17 RAN4 introduced requirements for NTN in FR1. There we assumed that for UE demodulation requirements we don’t model and Doppler shift, timing drift, sampling frequency offset – since these are compensated by the UE prior to baseband processing and not part of verifying UE demod requirements. We propose to use the same methodology for R18 eNTN demod requirements. 
Proposal #5:  Reuse the methodology used in R17 NTN demod requirements for R18 eNTN 
– Assume UE compensation for Doppler shift prior to DL demodulation, i.e. no Doppler shift model
–  Do not consider timing drift and sampling frequency offset for UE demod requirements   
For NTN operation in >10GHz SCS of 60KHz, 120KHz are supported. The supported channel BWs are:
· 50, 100 and 200 MHz channel bandwidths are supported for 60 kHz SCS.
· 50, 100, 200 and 400 MHz channel bandwidths are supported for 120 kHz SCS.
For demodulation and CSI requirements for eNTN, we think it is sufficient to define requirements with 120KHz SCS with 100MHz CBW.
Proposal #6:  Define UE demod and CSI reporting requirements for 120KHz SCS with 100MHz CBW. 
Given the link budget in NTN, we don’t think it is practical to employ high modulation order. We propose to define requirements with QPSK, 16QAM for PDSCH.
Proposal #7:  Define PDSCH demod requirements for QPSK, 16QAM. 
In Rel-17 NTN, we introduced simplified channel models for NTN-TDLA and NTN-TDLC for NLOS and LOS propagation conditions respectively. We propose to use those as a starting point for requirements for eNTN.


Proposal #8:  Consider NTN channel models NTN-TDLA (NLOS) and NTN-TDLC (LOS) for R18 NTN requirements.
The Doppler used for R17 NTN demod requirements was 200Hz, and that was derived based on maximum frequency error of 0.1 ppm after compensation. Using the same logic, the Doppler for FR2 bands would be 3000Hz,which is pretty large to define any meaningful demod requirements. We should further discuss a practical value for Doppler for eNTN FR2 requirements. 
Observation #9:  Using the logic as FR1 NTN to use 0.1 ppm as the Doppler would lead to 3000Hz Doppler in FR2, which is not practical to define requirements.

Proposal #9:  Further discuss Doppler to be used for NTN requirements for FR2 bands.

The HARQ enhancements introduced in R17 NTN are also applicable to NTN in bands >10GHz. In Rel-17 we define requirements for-
· 16, 32 HARQ processing
· Disabled HARQ feature
There were some testability issues identified with the test with disabled HARQ. Hence, we would like to further discuss if we need to introduce requirements with disabled HARQ feature for eNTN.
Proposal #10:  Define PDSCH demod requirements with 16, 32 HARQ processes.
Proposal #11:  Further discuss if requirements with disabled HARQ are introduced.


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:
Observation #1:  R18 NR NTN enhancements is to support NTN deployments in bands > 10GHz in FDD mode.
Observation #2:  For R18 NR NTN enhancements demod part we need to introduce demod and CSI reporting requirements for bands > 10GHz in FDD mode.
Observation #3:  For TN we have requirements in FR2 for TDD duplex mode alone.
Observation #4:  Existing demodulation and CSI reporting requirements for FR2 cannot be directly applicable to R18 NR NTN.
Proposal #1:  Define a minimum set of PDSCH demodulation requirements for eNTN covering mandatory UE features – mapping Type A, MMSE-IRC receiver, rank 1 transmission. 

Proposal #2:  Evaluate feasibility of reusing FR2 PDCCH demod requirements for eNTN. 
Observation #5:  The PBCH demod requirements for FR2-1 are defined for SSB SCS of 120KHz and 240KHz. The same SSB SCS/patterns are supported for eNTN.

Proposal #3:  Reuse the existing PBCH demod requirements for FR2-1 for eNTN. 
Observation #6:  CSI feedback from UE is likely outdate and not used – especially for reported PMI.
Observation #7:  CQI reporting in NTN might still be useful.
Observation #8:  CQI reporting in fading conditions is not practical/ testable due to long RTT.
Proposal #4:  Further discuss if CQI reporting in AWGN should be introduced for NTN. 
Proposal #5:  Reuse the methodology used in R17 NTN demod requirements for R18 eNTN 
– Assume UE compensation for Doppler shift prior to DL demodulation, i.e. no Doppler shift model
–  Do not consider timing drift and sampling frequency offset for UE demod requirements   
Proposal #6:  Define UE demod and CSI reporting requirements for 120KHz SCS with 100MHz CBW. 
Proposal #7:  Define PDSCH demod requirements for QPSK, 16QAM. 
Proposal #8:  Consider NTN channel models NTN-TDLA (NLOS) and NTN-TDLC (LOS) for R18 NTN requirements.
Observation #9:  Using the logic as FR1 NTN to use 0.1 ppm as the Doppler would lead to 3000Hz Doppler in FR2, which is not practical to define requirements.
Proposal #9:  Further discuss Doppler to be used for NTN requirements for FR2 bands.
Proposal #10:  Define PDSCH demod requirements with 16, 32 HARQ processes.
Proposal #11:  Further discuss if requirements with disabled HARQ are introduced.
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The performance part objectives are applicable to the NR-NTN deployment in above 10 GHz bands objective.

e Specify RRM performance requirements and test cases [RAN4]

e Specify UE demodulation and CSI reporting requirements [RAN4]
e Specify satellite access node demodulation requirements [RAN4]
e Specify satellite access node conformance tests [RAN4]

The RAN4 performance part for the remaining objectives needs to be further discussed once the scope is stabilized.
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NR-NTN deployment in above 10 GHz bands

The following assumptions are taken a baseline for this work:

GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
o ESIM scenarios for NGSO in Ka band are not considered in this WI.
Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in
priority but additional NTN UE classes may be considered if justified
o Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land
based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-
existence study.
FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial
operation in FR2
The ITU-R harmonized Ka band will serve as reference
Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect
will be captured in the specification.

The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start
after June 2022.

Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios.
The example band shall be identified early in the W1. Additional bands can be introduced in a release-
independent manner. [RAN4]

o Consider the satellite harmonized Ka band as a reference, according to ITU allocation; taking into
account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations, define an
example band suitable for development of generic 3GPP minimum performance requirements (the
example RAN4 band may be a portion of or the entire harmonized Ka band). [RAN4]

o Study implications of FDD operation in FR2 and derive requirements for the identified example band
appropriately. Satellite bands introduced in 3GPP for NTN for FDD shall not impact the existing
3GPP TDD specifications for terrestrial bands adjacent to the NTN band (see note 3 of the approved
way forward RP-211596 in RAN#92-¢). [RAN4]

o Relevant coexistence scenarios and analysis to be considered in RAN4, if and where applicable, to
ensure that satellite bands introduced in 3GPP for NTN shall not impact the existing specifications
and shall not cause degradation (in the sense of RAN4 co-existence studies) to networks in 3GPP
specified terrestrial bands adjacent to the NTN band. In that, it is assumed that the NTN-TN adjacent
band coexistence will be performed at the harmonized Ka band edges. The outcome is expected to be
applicable to all NTN-TN adjacent band scenarios (if any) in the whole Ka band range where
applicable and regulations allow. [RAN4]

o For all the above, RAN4 process as agreed for NTN in FR1 (see 3GPP TR 38.863) should be used for
coexistence analysis in above 10 GHz bands [RAN4].

o Definition of NTN band(s) above 10 GHz does not change the current FR1/FR2 definition, nor
automatically apply to future terrestrial bands defined in this frequency region; (see proposal 2 of the
approved way forward RP-211596 in RAN#92-e) [RAN4]

Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture)
as appropriate for the identified example band [RAN4]

Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of
parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:

o time relationship related enhancement (e.g. K._offset)

o subcarrier spacing for different UL/DL signals/channels

o PRACH configuration index for FDD above 10 GHz

Specify necessary RRM requirements for electronically-steered beam UEs (Type 1) and mechanically-steered
beam UEs (Type 2)




