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1. Introduction
[bookmark: _Hlk528680199]The NR NTN (Non-terrestrial networks) enhancements revised WI (work item) [1] in RAN#99 meeting specifies Rel-18 requirements for the support of NTN. Therefore, it’s time to kick-off the discussion for this WI.
In this contribution, we discuss the scope of SAN (satellite access node) demodulation requirements for Ka-band in Section 2.1, solutions developed for coverage enhancement for S-band in Section 2.2 and thereby deliver our views on it.
In this contribution, open issues on PUSCH are further analyzed.   

2. Discussion
2.1 	FR2-1 band requirement
A GSO, or Geostationary Satellite Orbit, is an orbit in which a satellite remains stationary relative to the Earth's surface. Satellites in GSO are positioned approximately 35,786 kms above the Earth's equator. NGSO, or Non-Geostationary Satellite Orbit, is a term that encompasses a variety of satellite orbits that are not geostationary. NGSO orbits are typically at lower altitudes and have different characteristics compared to GSO. NGSO satellites can be further divided into several subcategories, including Low Earth Orbit (LEO), Medium Earth Orbit (MEO), and Highly Elliptical Orbit (HEO). As discussed in our another contribution [2], GEO and LEO (LEO600 and LEO1200) deployment scenarios will be considered and since they have different channel features, so different requirements could be considered. LEO600 is taken as the worst case due to higher Doppler shift. Also, since Doppler pre-compensation was considered in Rel-17 [2] for NTN UE, we anticipate the similar approach for NTN UE in Ka-band. However, small Doppler shift was considered in Rel-17 for S-band. Similarly, delay spread was also small due to mostly LoS condition for NTN UE. But for Ka-band in Rel-18, doppler shift may have higher value due to higher frequency. Also, for FR1 UE 120Km/h is assumed in Rel-17 NR NTN Demodulation requirement. For FR2-1 UE, low speed is assumed for initial simulations which should compensate the doppler shift for high frequency. 
[bookmark: _Toc146737714]Doppler shift and delay spread for both GEO and LEO deployment should be discussed in SAN (satellite access node) demodulation to enable pre-compensation for Doppler shift.
[bookmark: _Toc146737715]Same channel model might be used for both GEO and LEO if the Doppler error after pre-compensation does not have significant difference.
Ka-band (FR2-1) and BS (base station) type 2-O is considered for SAN demodulation requirements for Rel-18 as per [1]. Therefore, as a starting point we can consider radiated performance requirements in [3]. Also, FR2 is TDD as per current specification so FDD implementation is new, therefore new set of requirements might be needed.
The SCS 60/120 kHz for FR2 are involved in NTN RAN4 scope, and corresponding bandwidth are 50/100/200 MHz [3]. It normally defines demodulation requirements for each SCS in RAN4. But SCS 60KHz has not been concluded in RRM, as discussed in [2]. 
The selection of bandwidth could depend on the simulation results. If the results are similar between different bandwidths, only maximum and minimum bandwidth could be taken for the requirement definition to save simulation and test effort.
[bookmark: _Toc146737719]Proposal 1	Prioritize simulations with SCS 120KHz FR2 FDD for SAN demodulation requirements. The selection of bandwidth could depend on the simulation results.
As was in Rel-17 S-band both 1Rx and 2Rx configurations can be considered as the starting point for Ka-band. Although, it is possible for SAN at Ka-band to have more antenna branches due to smaller antenna size, but it needs further discussion.
[bookmark: _Toc146737720]Proposal 2 	Start with 1Tx and 1/2Rx antenna configuration for FR2-1 SAN demodulation requirements.   
For NR NTN, RAN4 has created the dedicated specifications for SAN RF and demodulation requirements, TS 38.108/181, and therefore RAN4 had specified the demodulation requirements of all the channels: PUSCH, PUCCH, and PRACH in TS 38.108/181. The NTN TDL (tapped delay line) channel models were developed for NTN in Rel-17 [4] for S-band. For ka-band, different delay spread, doppler shift and K-factor need to be investigated. Channel model discussion is provided in [2].`
[bookmark: _Toc146737716]New demodulation requirements for PUSCH, PUCCH and PRACH could be considered for NTN due to new channel model and new scenarios. The detailed assumptions need further discussion.
In NTN FR2-1 PUSCH requirements, following requirements are considered in target specification [4] and also refer to legacy TN FR2-1 requirements in [3]:
1. Requirements for PUSCH with transform precoding disabled.
2. Requirements for PUSCH with transform precoding enabled.
3. Requirements for UL timing adjustment.
4. Requirements for PUSCH repetition Type A.
However, there is no FR2 UL TA requirement for normal speed UE in legacy TN specification regarding relative low UE speed in FR2 scenario. In that case, we could follow that and only consider other basic requirements.
[bookmark: _Toc146737721]Proposal 3	Consider following PUSCH requirements for FR2-1 SAN demodulation:
· [bookmark: _Toc146737722]Requirements for PUSCH with transform precoding disabled.
· [bookmark: _Toc146737723]Requirements for PUSCH with transform precoding enabled.
· [bookmark: _Toc146737724]Requirements for PUSCH repetition Type A.
	
Similarly, we can consider requirements for PUCCH as given in [4] and [3]: Performance requirements for PUCCH format 0,1,2,3,4...
[bookmark: _Toc146737725]Proposal 4 	Consider PUCCH format 0/1/2/3/4 requirements for FR2-1 SAN demodulation.
For PRACH, missed detection requirements can be considered for different formats. Only short formats are used in FR2 bands. For NTN, all short formats could possibly feasible due to UE pre-compensation on timing. But only test on typical formats should be enough for coverage, such as A2, B4 and C2. As discussed above on antenna configuration, 1Tx could be prioritized for SAN demodulation requirements.
[bookmark: _Toc146737726]Proposal 5	Consider normal PRACH requirements for FR2-1 SAN demodulation. Take A2, B4 and C2 format for initial discussion. 

2.2 	Coverage Enhancements for FR1 band
As mentioned in the WID [1], the detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To specify, if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) [RAN1]

2.2.1 	DMRS-bundling for PUSCH
DMRS-bundling was introduced for PUSCH and PUCCH to improve the performance, which needs better receiver processing for channel estimation for DMRS over multiple coherent slots, thereby requiring different demodulation algorithms than Rel-15/16. In Rel-17, PUSCH DMRS bundling has been defined for both FR1 and FR2 for NR coverage enhancements. We can implement this feature for NR NTN coverage enhancements. However, NTN UE needs to maintain the power consistency and phase continuity by reporting a nominal window to indicate the maximum duration. But an actual time domain window (aTDW) is also defined for which power consistency and phase continuity are maintained. 
[bookmark: _Toc146737717]Demodulation performance for DMRS bundling depends on actual window length in which NTN UE can maintain it’s phase and power.  
However, as discussed in our another contribution in RF [5], determination of aTDW is provided since UE shall not perform TA pre-compensation update within an aTDW if it causes phase discontinuity that may violate the phase difference limit. The deployment scenario considered is LEO1200 in [5], which is the target scenario for RAN1. Further, it is proposed to determine if new UE capability on DMRS bundling is needed for non-GSO and GSO scenario. For TN FR1, these windows have been defined which can be considered for NTN FR1 initial discussion. However, to check the feasibility of this feature, we suggest following the RF discussion to define the aTDW length, phase rotation model etc. to define the SAN demodulation configurations.
[bookmark: _Toc146737718]To define BS PUSCH demodulation requirements for DMRS bundling, with detailed parameters such as slot number, configured window length, frequency hopping, repetition type, waveform etc., RF discussion should be followed.

2.2.2	PUCCH enhancements for Msg4 HARQ-ACK
Based on current RAN1 discussion, the PUCCH enhancements for Msg4 HARQ-ACK mainly on supporting repetition number of 1, 2, 4, 8. The frequency hopping and DM-RS bundling based on top of repetition is left for further study. 
We note that in Rel-17 demodulation requirement for multi-slot PUCCH is defined in FR1 but in FR2 is not defined in TS 38.104. There is not much difference between PUCCH enhancements for Msg4 HARQ-ACK compared to multi-slot PUCCH enhancements from the BS demodulation point of view. 
[bookmark: _Hlk146492669][bookmark: _Toc146737727]Proposal 3 	Do not define new requirement for PUCCH enhancements for Msg4 HARQ-ACK, since multi-slot PUCCH enhancements are already defined in Rel-17 NTN specification. 
   

3. Conclusions
 In the previous sections we made the following observations: 
Observation 1	Doppler shift and delay spread for both GEO and LEO deployment should be discussed in SAN (satellite access node) demodulation to enable pre-compensation for Doppler shift.
Observation 2	Same channel model might be used for both GEO and LEO if the Doppler error after pre-compensation does not have significant difference.
Observation 3	New demodulation requirements for PUSCH, PUCCH and PRACH could be considered for NTN due to new channel model and new scenarios. The detailed assumptions need further discussion.
Observation 4	Demodulation performance for DMRS bundling depends on actual window length in which NTN UE can maintain it’s phase and power.
Observation 5	To define BS PUSCH demodulation requirements for DMRS bundling, with detailed parameters such as slot number, configured window length, frequency hopping, repetition type, waveform etc., RF discussion should be followed.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Prioritize simulations with SCS 120KHz FR2 FDD for SAN demodulation requirements. The selection of bandwidth could depend on the simulation results.
Proposal 2 	Start with 1Tx and 1/2Rx antenna configuration for FR2-1 SAN demodulation requirements.
Proposal 3	Consider following PUSCH requirements for FR2-1 SAN demodulation:
	Requirements for PUSCH with transform precoding disabled.
	Requirements for PUSCH with transform precoding enabled.
	Requirements for PUSCH repetition Type A.
Proposal 4 	Consider PUCCH format 0/1/2/3/4 requirements for FR2-1 SAN demodulation.
Proposal 5	Consider normal PRACH requirements for FR2-1 SAN demodulation. Take A2, B4 and C2 format for initial discussion.
Proposal 3 	Do not define new requirement for PUCCH enhancements for Msg4 HARQ-ACK, since multi-slot PUCCH enhancements are already defined in Rel-17 NTN specification.
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