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1. [bookmark: _Ref18181]Introduction
In RAN#101 meeting, the following summary [1] on the scope of NR-NTN is provided based on the inputs from companies. Given the potential limits on the available TU, further refinement on the objective is recommended.
	· [bookmark: _Hlk151973856]Coverage enhancements for Downlink
· Coverage enhancements for Uplink
· Regenerative payload 
· Mobility enhancements
· Enhanced GNSS Operation 
· Uplink capacity / throughput enhancement
· Robust Notification/Alert
· MBS via NTN (->) Broadcast only for NGSO
· REDCAP


In this contribution, the views on the scope are elaborated with suggested objectives.
1. Discussion on the potential enhancement for NR-NTN
2.1 DL coverage enhancement
As clarified in the previous meeting, the motivation and justification on this aspect are mainly to improve the poor link budget and maximize the number of active beams per satellite to improve the service for all user terminals in different beam footprints. 
Then, for the 1st issue, the typical action, i.e., to identify the bottleneck channel via link-level analysis, can be considered. Once all issues are well analyzed with realistic assumptions, e.g., UE antenna gain, number of antenna (i.e., 2Rx based on the observations made in Self-Evaluation towards the IMT-2020 Submission), DL power/EIRP density of satellite, the relevant enhancements can be introduced. Additionally, regarding the target for improvement, considering the back-forward compatibility, the required SINR of SSB can be taken as the target for enhancement.
[bookmark: _GoBack]For the 2nd issue, as shown in the Figure 1, the system level study should be triggered with consideration on several aspects, e.g., satellite capability on the number of simultaneous beams vs. number of footprints in target area, required EIRP density for one beam vs. total power of satellite and service continuity for each UE vs. service availability within one footprint.
[image: ]
[bookmark: _Ref152144188]Figure 1 Illustration of the beam vs. footprint
Additionally, similar to the 1st issue, the realistic assumption of the satellite parameter is critical for the evaluation.
Based on the above analysis, the following details can be considered for this objective:
	For DL coverage enhancement:
· Study and identify the bottleneck channels for DL with required enhancement [RAN1]
· Note: the target link margin improvement may be different per the physical channel and bounded by required SINR for SSB. 
· Study and identify the solutions to support flexible power sharing and scheduling among. [RAN1, RAN2]
· Note-1: The reference Satellite payload parameters (e.g. beam illumination plan constraints, total EIRP) and energy consumption model along with necessary evaluation methodology and relevant KPIs should be considered.
· Note-2:  The existing 3GPP techniques can be evaluated in priority.


Proposal 1: Considering the following objectives to improve the DL coverage:
	For DL coverage enhancement:
· Study and identify the bottleneck channels for DL with required enhancement [RAN1]
· Note: the target link margin improvement may be different per the physical channel and bounded by required SINR for SSB. 
· Study and identify the solutions to support flexible power sharing and scheduling among beams. [RAN1, RAN2]
· Note-1: The reference Satellite payload parameters (e.g. beam illumination plan constraints, total EIRP) and energy consumption model along with necessary evaluation methodology and relevant KPIs should be considered.
· Note-2:  The existing 3GPP techniques can be evaluated in priority.


2.2 Robust Notification/Alert (RAN1, RAN2)
As shown Figure 2, the intention of this enhancement is to directly indicate the “message” to the “end user” to inform the necessary information. Compared to the existing solution in the spec, this solution is targeted for the case with “worse” channel condition, e.g., the device is in NLoS condition. 
[image: ]
[bookmark: _Ref152146082]Figure 2 Illustration of the event with notification/alter message
To enable this feature, in addition to identify the proper target channel condition, the content of the message should also be further studied since it will determine the information delivered to the end-user, e.g., inform the location with better coverage, or simply notification. Then, the channel which is used to deliver the message along with the corresponding mechanism/procedure can be further defined with following objectives:
	For Notification/alert message:
· Identify the content and size of notification/alert message
· Study and specify the solution including a DL physical channel and associated mechanism to support a robust notification/alert message. [RAN1, RAN2, RAN3]
· Note-1: Both enhancement on the existing DL channel and introduction of a new channel can be considered.


Proposal 2: Considering the following objectives to enable the notification/alert message:
	For Notification/alert message:
· Identify the content and size of notification/alert message [RAN2, RAN1]
· Study and specify the solution including a DL physical channel and associated mechanism to support a robust notification/alert message. [RAN1, RAN2, RAN3]
· Note-1: Both enhancement on the existing DL channel and introduction of a new channel can be considered.


2.3 UL enhancement
For the UL enhancement, in Rel-18, the study and specification on coverage for PUSCH and common PUCCH have been introduced. Regarding other channels especially in the initial access stage, e.g., Msg-5, the relevant discussion can be considered together with the needs identified in different scenarios [2].
Additionally, another essential aspect for UL is to improve the capacity of channel used in both initial access stage and normal transmission. More specifically:
· PUCCH enhancement: As mentioned before, after the introduction of repetition for common PUCCH, due to the limited frequency resource and time-efficient, the available resource will be limited. 
· PUSCH enhancement: In the existing NR system, 2-step RACH is used to reduce the latency for access, which is beneficial for NTN scenario. However, in case of large cell size, the capacity of PUSCH is also bottleneck to support more UEs. Then, given the limitation of available frequency resource, the Code-based approach, e.g., OCC, can be considered as the baseline to enhance PUSCH. The related aspect can also be extended to cover the normal UL transmission.
Then, according to the analysis above, the following objectives can be considered:
	[bookmark: _Hlk152184201]For UL enhancement:
· Study and specify the enhancement to improve the capacity for common PUCCH. [RAN1, RAN2]
· Study and specify the enhancement to improve the capacity for PUSCH. [RAN1, RAN2]
· Note-1: The OCC based approach is prioritized with considering realistic impairments (e.g. Doppler, time variation, phase distortion)
· Note-2: The DFT-s-OFDM is prioritized. 
· Note-3: This enhancement is applied to PUSCH in CBRA and CFRA, and normal PUSCH transmission.


Proposal 2: Considering the following objectives to enhance the capacity of UL:
	For UL enhancement:
· Study and specify the enhancement to improve the capacity for common PUCCH. [RAN1, RAN2]
· Study and specify the enhancement to improve the capacity for PUSCH. [RAN1, RAN2]
· Note-1: The OCC based approach is prioritized with considering realistic impairments (e.g. Doppler, time variation, phase distortion)
· Note-2: The DFT-s-OFDM is prioritized. 
· Note-3: This enhancement is applied to PUSCH in CBRA and CFRA, and normal PUSCH transmission.


[bookmark: _Toc152155924]2.4 Enhanced GNSS Operation
For the enhanced GNSS operation, in Rel-18, to avoid the frequent switch of UE’s RRC state, e.g., go to idle if GNSS validity duration is expired, some enhancements are introduced to enable the GNSS measurement in RRC-connected state and UL transmission with expired GNSS information, respectively. However, for NR-NTN, there is no necessity to introduce the 1st part since simultaneously operation with GNSS is supported by normal UE. 
Regarding the 2nd aspect, it’s should be noticed that all of the new features for NR-NTN (e.g., cell-selection, handover, SMTC adjustment and location verification (required by regulatory)) is specified with the valid location information at UE side. It’s not reasonable and realistic to initialize the discussion by assuming the failed GNSS or unavailable GNSS, especially, much better link budget is experienced for GNSS operation than communication. 
If companies want to introduce additional enhancement with relaxed requirement on GNSS accuracy, the corresponding study can be trigger after the justification of degraded GNSS accuracy with mandated availability of GNSS service.
Proposal 3: The potential study to enhance the UL transmission due to the degraded performance of GNSS can be considered after justification on the relaxation of RAN4 requirement on the accuracy of GNSS.
· Note: The availability of GNSS should be always assumed.
2.5 Regenerative payload (RAN3)
For the regenerative payload, according to the previous discussion, the full-gNB can be supported by the existing spec via implementation. If companies prefer to clarify it in the spec, the slight update on the stage-2 spec, i.e., TS 38.300, is sufficient. 
Regarding other proposals, e.g., to study the potential enhancement on NG interface, or DU on-board, the necessity is still questionable. For example, since the detailed implementation of feeder link is out of scope of 3GPP, once the performance can satisfy the requirement of transmission, the system can work. Furthermore, the feeder link switching has already been investigated in previous release and no additional enhancement is needed. The similar issue is applied for the DU on-board and F1-interface discussion. Moreover, from the implementation perspective, no benefit is observed to support DU on-board. Then, these enhancements should be deprioritized in Rel-19. 
Proposal 4: For regenerative payload in Rel-19, only clarification on the support for full-gNB on board in stage-2 spec is sufficient. All other aspects should be deprioritized.
2.4 Others 
2.4.1 Mobility enhancement
In the previous discussion, companies proposed to further consider the leftover issues in Rel-18. However, according to the latest SR[3], it seems that there are no remaining issues for TN-NTN mobility, NTN-TN mobility and unchanged PCI, and no need to further discuss it in Rel-19.
Furthermore, regarding other proposals, e.g., Dual Active Protocol Stack (DAPS) handover, L1/L2-triggered mobility (LTM) procedure, the necessity to apply these features for NTN case is questionable. For example,
· Regarding the DAPS, in NTN case, due to the large time and frequency offset, it’s hard to let the UE maintain the connection with different satellites, especially before comprehensive study on the availability of Dual connection (DC). Additionally, due to the predictable trajectory of satellite, the existing solution is sufficient to provide the robust performance with much lower complexity.
· For the LTM, it’s mainly motivated by the beam-level application in Terrestrial network (e.g., for FR2). However, for NTN case, although the “beam” will be used at satellite side, the size of footprint is much large the size of TN. Additionally, for FR2-based NTN, the alignment of the beam between UE and satellite is mainly controlled in quasi-deterministic way, e.g., location based, and the merit of measurement related approach is limited. 
So, according to the above analysis, the enhancement on the mobility can be de-prioritized in Rel-19, especially after extensive discussion in past two releases.
Proposal 5: The mobility enhancement can be deprioritized in Rel-19.
2.4.2 Redcap over NTN (RAN4)
For the Redcap over NTN, given the situation that the DL coverage enhancement will be required even for the normal UE as justified in the section 2.1, the performance for the Redcap type service will be even worse with 1 Rx. Moreover, if additional features to support the NTN are introduced, the impact on the complexity of Redcap and performance requirement should be further investigated. So, it’s preferred to keep it as RAN4 led topic if it’s included as part of Rel-19.  
Proposal 6: The RAN4-led study on Redcap over NTN can be considered if 2Rx is assumed as the baseline to leverage the enhancement for DL coverage.
1. Conclusion 
In this contribution, the detailed views on the potential objectives for NR-NTN are provided with following proposals:
Proposal 1: Considering the following objectives to improve the DL coverage:
	For DL coverage enhancement:
· Study and identify the bottleneck channels for DL with required enhancement [RAN1]
· Note: the target link margin improvement may be different per the physical channel and bounded by required SINR for SSB. 
· Study and identify the solutions to support flexible power sharing and scheduling among beams. [RAN1, RAN2]
· Note-1: The reference Satellite payload parameters (e.g. beam illumination plan constraints, total EIRP) and energy consumption model along with necessary evaluation methodology and relevant KPIs should be considered.
· Note-2:  The existing 3GPP techniques can be evaluated in priority.


Proposal 2: Considering the following objectives to enable the notification/alert message:
	For Notification/alert message:
· Identify the content and size of notification/alert message [RAN2, RAN1]
· Study and specify the solution including a DL physical channel and associated mechanism to support a robust notification/alert message. [RAN1, RAN2, RAN3]
· Note-1: Both enhancement on the existing DL channel and introduction of a new channel can be considered.


Proposal 3: The potential study to enhance the UL transmission due to the degraded performance of GNSS can be considered after justification on the relaxation of RAN4 requirement on the accuracy of GNSS.
· Note: The availability of GNSS should be always assumed.
Proposal 4: For regenerative payload in Rel-19, only clarification on the support for full-gNB on board in stage-2 spec is sufficient. All other aspects should be deprioritized.
Proposal 5: The mobility enhancement can be deprioritized in Rel-19.
Proposal 6: The RAN4-led study on Redcap over NTN can be considered if 2Rx is assumed as the baseline to leverage the enhancement for DL coverage.
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