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1. Introduction
In Rel-18, further enhancements on NTN for both NR and IoT are supported according to the corresponding WI [1][2]. For NR-NTN, it’s highlighted that we need to conclude the RAN1 scope of coverage enhancement by RAN#97 (for RAN1 items) on whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. 
Meanwhile, there is still pending aspect for IoT-NTN according to the objective listed: 
-	Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
Then, in this contribution, views on the update of corresponding scope based on the latest progress are elaborated with detailed analysis.
2. Discussion on NR-NTN on coverage enhancement
0. 
1. 
2. 
2.1. UL coverage enhancement
In RAN1#110, the target scenario of coverage enhancement for NR-NTN is concluded as
	Agreement
For NR-NTN coverage enhancement in Rel-18, link budget of parameter set-1 for LEO-1200 operating at LOS is considered as the target to evaluate whether each channel/signal with the existing specification needs to be enhanced or not. The targeted performances are used to evaluate the following services:
· VoIP using AMR 4.75 kbps. 
· Low data rate of 3 kbps. 
· Potential enhancements for deployments with parameter set-1 can also apply for deployments for parameter set-2


Then, for this scenario, observation and conclusion on the UL performance have been made as per UL channel, for example, 
· RAN1 has observed and concluded that enhancement is not necessary for PUCCH format 1, PUCCH format 3, Msg3 PUSCH, and low data rate of 3kbps. 
· RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.
However, for some other channels, the conclusion on whether the enhancement is needed is still unclear based the conditional observation.
2.1.1. PRACH
Regarding PRACH, RAN1 has following observation [3].
	Observation
For PRACH format 0 with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Eight sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 5.3 dB
For PRACH format 2 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification can meet the performance requirement
· Two sources observed that the existing specification cannot meet the performance requirement with a gap of 1.9 to 8.8 dB
For PRACH format B4 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification cannot meet the performance requirement with a gap of 1.2 to 11.9 dB
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.


From the observation, it can be found that even for PRACH format 2, enhancement on PRACH format 2 is still needed as observed by at least two companies. For others results on this PRACH format, as discussed in the RAN1, 2Rx at satellite is assumed in the evaluation, which is not aligned with the basic assumption 1Rx, the actual performance will be worse. 
With further aligned simulation parameters, the performance of PRACH format 2 under 30 degree elevation angle (-8.46 for lgDS, 8.05 for K) is evaluated. From the evaluation results shown in Figure 1, -12.2 dB is needed for 1% miss detection rate with 0.1% false alarm rate with 200 Hz frequency offset. It can be found that in this case, still there is 3.2 dB performance gap since the link budget for the target scenario is -15.4 dB. 
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[bookmark: _Ref19642]Figure 1 Evaluation of PRACH Format-2 for LEO-1200 Set-1
For other PRACH formats, it’s clear that the performance gap has been identified by majority. The only pending issue in RAN1 is whether one more format except for PRACH format-2 should be supported for NR-NTN. In our view, considering the potential issue on PRACH capacity as mentioned in Rel-16 SI for NR-NTN [4], PRACH with short sequence should also be considered.
Observation 1: For legacy PRACH format 2, up to 3.2 dB performance gap is identified for LEO-1200 with Set-1.
Proposal 1: Enhancement on PRACH for NTN should be considered at least for PRACH format 2 in LEO-1200 with set-1.
2.1.2. PUSCH for VoIP
Regarding PUSCH for VoIP, RAN1 has the following observations [3].
	Observation
For PUSCH for VoIP with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement with a margin of 0 to 1.7 dB
· One company simulated by using 20 repetitions without DMRS bundling
· Four companies simulated by using 20 repetitions with DMRS bundling
· One company simulated by using 32 repetitions with DMRS bundling
· Note: this is the only result using frame combining by application layer
· Nine sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 8.6 dB
· Eight companies simulated by using 20 repetitions without DMRS bundling
· Seven companies simulated without frequency hopping
· One company simulated by using 16 repetitions with DMRS bundling
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.
Observation
RAN1 concluded that enhancement for PUSCH for VoIP may be needed to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, when DMRS bundling is not applied.


From the observations, majority of companies observed that the target scenario cannot be satisfied and enhancement is still needed without DM-RS bundling in NTN cases. After further aligned assumption including the number of Rx antenna for reception at satellite side as mentioned for PRACH, the performance of PUSCH for VoIP under 30 degree elevation angle (-8.46 for lgDS, 8.05 for K) is shown in Figure 2. It can be found that the required SNR at 2% BLER is -5.2dB even with JCE and zero residual FO. In this case, at least 5.4 dB performance gap can be at least observed since the link budget for the target scenario is -10.6 dB. Then, enhancement is still needed regarding PUSCH for VoIP.
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[bookmark: _Ref21030]Figure 2 Evaluation of PUSCH for VoIP for LEO-1200 Set-1
Observation 2: Enhancement should be considered Up to performance 5.4dB gap is identified for VoIP on PUSCH with in LEO-1200 with Set-1.
Proposal 2: Enhancement on PUSCH for NTN should be considered for VoIP in LEO-1200 with set-1.
2.2. DL coverage enhancement
In RAN1#110, RAN1 has evaluated the DL coverage performance with and without PFD (power flux density) limit. However, since companies cannot achieve consensus on whether and how to treat the PFD limit in 3GPP, RAN1 does not propose observations on DL coverage performance along with corresponding conclusions on the identified performance gap and enhancement for DL channels. 
However, in our view, the PFD is clearly listed as part of consideration in WI as
 “The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.”
Then, in our view, at least, from the perspective of performance evaluation, corresponding works should be concluded in this study phase.
Moreover, according to the highly aligned results submitted RAN1#110, if satellite transmit power reduction due to PFD limit needs to be considered, significant performance gap for several DL channels can be observed according to all the sources which provide corresponding evaluations. Then, considering the uncertainty on how to treat the PFD in 3GPP, it is recommended to conclude the corresponding discussion directly in RAN plenary.
Proposal 3: It’s recommended to conclude the discussion on PFD issue in RAN meeting at least as follows:
· With considering the satellite transmission power reduction due to existing ITU regulatory on PFD, performance gap is identified for NR-NTN for one or more downlink channels and signals (e.g. Msg4 PDSCH, PDCCH) with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.
2.3. Potential overlapping for NR-NTN and CE
In RAN1 and RAN2 discussions, some companies proposed to merge the discussion between NR-NTN and CE regarding the UL enhancement, e.g., PRACH enhancement. In our view, these two topics have different assumption on the scenario, which will lead to different performance gap for enhancement.  In this case, some introduced features may either lead to insufficient enhancement for NR-NTN or over-engineered solutions for TN. 
Meanwhile, RAN2 has made the following agreement to align the understandings that NTN related coverage enhancement should be discussed in NTN WI [5].
	Agreements:
1. RAN2 understands that, based on the WID, only solutions that address the NTN specific characteristics (e.g. related to propagation delays, coverage loss, satellite movement) should be considered. But the identified solutions could then also be applicable to other cases (TN networks). In any case this will be discussed case by case (this understanding is not meant to change the WID description)


According to the discussion above, it’s recommended that specify NTN-specific feature for coverage in NR-NTN WI.
Proposal 4: It’s recommended to specify NTN-specific feature for coverage in NR-NTN WI.
3. Discussion on IoT-NTN on the improved GNSS operation
In the WI of Rel-18 IoT-NTN, the necessity of improved GNSS operations during long connection times is agreed to be studied as shown in the introduction. In RAN1#109e and RAN1#110, following agreements are achieved.
	Agreement
Further study on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
· Network triggered GNSS measurement. 
Conclusion
IoT NTN UE may need to re-acquire a valid GNSS position fix in long connection time. 
FFS: Whether and how to update or reduce the need to update GNSS position fix in long connection time
Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
· Note: further discuss whether a UE is expected to handle all eNB triggers


According to the agreements above, it can be observed that RAN1 has concluded that the enhancement on improved GNSS measurements during long connection times is needed with corresponding solutions, e.g., how to re-acquire GNSS in long connection. With this consideration, it's recommended to update the objective of the WID correspondingly.
Proposal 5: Refinement of scope for IoT-NTN with the following updates should be considered.
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Specify the improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]


4. Conclusions
In this contribution, the views on coverage enhancement for NR-NTN and improved GNSS operations for IoT-NTN are concluded with following proposals: 
Observation 1: For legacy PRACH format 2, up to 3.2 dB performance gap is identified for LEO-1200 with Set-1.
Proposal 1: Enhancement on PRACH for NTN should be considered at least for PRACH format 2 in LEO-1200 with set-1.
Observation 2: Enhancement should be considered Up to performance 5.4dB gap is identified for VoIP on PUSCH with in LEO-1200 with Set-1.
Proposal 2: Enhancement on PUSCH for NTN should be considered for VoIP in LEO-1200 with set-1.
Proposal 3: It’s recommended to conclude the discussion on PFD issue in RAN meeting at least as follows:
· With considering the satellite transmission power reduction due to existing ITU regulatory on PFD, performance gap is identified for NR-NTN for one or more downlink channels and signals (e.g. Msg4 PDSCH, PDCCH) with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.
Proposal 4: It’s recommended to specify NTN-specific feature for coverage in NR-NTN WI.
Proposal 5: Refinement of scope for IoT-NTN with the following updates should be considered.
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Specify the improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
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