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In the last meeting RAN #101, up to 9 candidate enhancements for NR NTN (Non-Terrestrial Networks) were proposed for discussion towards the final approval of a WI at RAN#102 as following [1]:
· Coverage enhancements for Downlink
· Coverage enhancements for Uplink
· Regenerative payload 
· Mobility enhancement
· Enhanced GNSS Operation 
· Uplink capacity / throughput enhancement
· Robust Notification/Alert
· MBS via NTN (->) Broadcast only for NGSO
· REDCAP
In this contribution, we share our view on the main candidate topics that were proposed and discussed for Rel-19 NTN in the last meeting. 
[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
Coverage enhancement 
· [bookmark: _GoBack]DL coverage enhancement:
For link-level coverage enhancement, we have analyzed the coverage gap in the last meeting in [2], and observed that based on the current assumption of satellite parameters in 38.821, there is no DL coverage gap. Even with 4dB of body loss and assuming 1Rx used on UE, only 0.8 dB gap and 0.2 dB gap are observed for single PSS detection with LEO600 set-1 and LEO1200 set-1, respectively. Typically at least 2 Rx are equipped for most smart phones, therefore, more Rx chains could be utilized on NTN UE to further improve the PSS detection performance. Specifically, according to our simulation, 2.3 dB SNR gain is observed with 2 Rx at UE side as comparing to 1 Rx, the corresponding coverage gap  is -1.5 even with 4dB body loss assumption. As such, there is no coverage gap for PSS detection as well as other DL channels.  Note that the performance can be further improved when combination is applied among different PSSs. Specifically, about 2.7dB improvement (the coverage gap is -4.2) will be introduced. When comparing different channels, performance of DL synchronization and control channels have larger SNR margin compared to Msg4 PDSCH. However, even with 4dB body loss assumption, the coverage margin is 2.2dB for Msg4 PDSCH. Therefore, we should deprioritize the link level DL coverage enhancement in Rel-19. 
Proposal 1: Deprioritize the link-level DL coverage enhancement in Rel-19 NTN.
For system-level coverage enhancement, as analyzed in [3], more than 1000 satellite beams are needed to cover the footprint of a satellite assuming minimum UE elevation angle is 30 degree. It is clearly not feasible to transmit such a large number of beams at the same time due to limited total power on a satellite. Therefore, beam scheduling in a TDM manner or beam hopping is needed to support system-level coverage extension. As NTN is complementary to the coverage of TN, most of NTN’s coverage will have no or rare demand of access, e. g. marine and forest areas. Obviously, it is a waste of network power and resources to schedule the same amount of power/resource for unpopulated areas and populated areas. To make an efficient utilization of resources with extended coverage, non-uniform initial access beam hopping/scheduling can be studied, e. g. the beam hopping of beams for initial access, e.g. beams for SSB transmission, based on the density of potential users or access demand. This is also beneficial for improving the UL capacity / throughput. 
Proposal 2: Study and specify mechanisms to support beam hopping for system coverage extension, including non-uniform initial access beam hopping/scheduling based on the density of potential users or access demand for better coverage and access capacity.
· UL coverage enhancement:
In Rel-18, coverage enhancements including common PUCCH repetition and DMRS bundling for PUSCH transmission are specified to improve the link-level coverage assuming an UE antenna gain of -5.5dBi. The repetition number of common PUCCH is up to 8 when dedicated RRC configuration is not provided. For PUSCH transmission, up to 32 repetitions have already been supported in Rel-17. All the supported repetition numbers have been selected based on the coverage evaluations in Rel-17 and Rel-18. Meanwhile both the per-UE throughput and the system capacity degrade when large repetitions are used. Therefore, there is no need to further increase the supported repetitions number in Rel-19.
Proposal 3: Deprioritize the link-level UL coverage enhancement by increasing the repetition number in Rel-19.
A more efficient candidate solution for UL coverage improvement is increasing UE’s transmit power, which was also proposed by many companies during the last meeting and offline discussion in the last RAN meeting. The maximum Tx power of high-power UEs (HPUE) for TDD can be as high as 31dBm and the configured maximum output power is determined based on the reported capability of maximum UL duty cycle. As the TDD frame structure is periodic, if high power transmission is supported by the UE, the network can restrict the uplink-downlink configuration of TDD frame to ensure the percentage of UL transmission will not exceed the requirement or the capability reported by the UE [4]. 
Unlike TDD frame, FDD frame is not restricted by the uplink-downlink configuration. Specifically, as long as the UL transmission percentage does not exceed a threshold within several minutes based on SAR restriction, the requirement can be satisfied. Therefore, to optimize the UL capacity while satisfying the SAR restriction, it is possible to allow the UE to transmit continuously with high power for longer time than that in TDD. 
The mechanism to support flexible scheduling in a longer duration in FDD should be further discussed in working groups. Introducing too much complexity at the gNB side, e. g. counting each UE’s UL percentage within a long time span, is not preferred. As a simple candidate solution for PC1 UE with 31dBm Tx power, which could only have 1/8 UL transmission ratio within the statistics period of SAR requirement, UL transmission pattern can be considered to be configured for UEs. Other enhancements for HPUE, including PC 2 UEs, should be further studied and specified to support flexible scheduling in a longer duration while avoid introducing too much complexity at the gNB side.
Proposal 4: Support PC2 (+26dBm) and PC1 (+31dBm) for NTN exemplary bands n256, n255 and n254
· Study the adjacent channel co-existence with terrestrial network [RAN4]
· Specify UE RF Tx requirements for PC2 (+26dBm) and PC1 (+31dBm). [RAN4]
· Specify Reference Sensitivity Degradation from PC3 to (PC2 or PC1) if needed; [RAN4]
· Specify transmission enhancement with flexible UL scheduling for UL link/system level coverage/capacity enhancement. [RAN1]
· NOTE: Both 1Tx and 2Tx are assumed for PC2. PC1 is not targeted for smartphone form factor in RAN4.


Regenerative payload
Regenerative payload can reduce the delay of Uu transmission and requires less gateways compared with transparent payload. It is therefore beneficial to support regenerative payload on satellites. One straightforward and also future proof way to support regenerative payload is to have full gNB on board. 
For RAN1 and RAN2, the design of Uu interface is generally common for transparent payload and regenerative payload. One potential difference between transparent payload and regenerative payload may be the handling of delay for the Uu interface, in the sense that regenerative payload does not include the delay from the feeder link. In Rel-17/Rel-18, the reference point at which uplink time synchronization has to be achieved is configured by the network. The UE needs to know the delay (i.e. common TA) between the reference point and gNB. In the regenerative case, the network can configure the reference point as the point of satellite with both common TA and Kmac equal to 0. In this case, the regenerative payload has no impact on RAN1’s and RAN2’s stage 3 specification. 
For RAN3, in Rel-16 NR NTN SI [5], the feeder link switch has been studied for the gNB on board architecture. The agreed solutions are as following:
· The existing NG procedure without modification can support the feeder link switch over when the satellite remains in the coverage area of current AMF. 
· For the case that the satellite moves into a coverage of a new AMF, the current specification has supported that the satellite/gNB setup the NG with the new AMF, while still keep the NG with the old AMF. 
In summary, all the existing stage 3 procedures can already support regenerative payload, without any critical aspects missing. On the other hand, as the current stage 2 specifications only indicate support of transparent payload, it is worth updating the stage 2 specifications to explicitly indicate the support of regenerative payload for NTN. 
Proposal 5: Support only full gNB on board for regenerative payload in NTN, for which only a stage 2 modification is needed for TS38.300. 

Mobility enhancement
In Rel-17 and Rel-18, a bunch of mobility enhancements have been specified for both idle mode and connected mode. Various mechanisms have been discussed and enhanced, including conventional L3 handover procedures, CHO enhancements, RACH-less enhancements, soft switch with PCI unchanged etc. 
When discussing further potential enhancements in this area, it is important to consider whether there are real deployment issues. It is important to remember that, although multiple mobility mechanisms have been specified since Rel-15 for TN scenarios, quite a few of the mobility features have not been implemented and tested and many have not been put into real commercialization. Therefore whether to introduce features specified from TN into NTN needs a careful justification, according to real deployment requirement and the technical applicability of each feature.
Observation 1: Gains and feasibility of enhancements for mobility features need to be justified case by case and not many TN features are useful for NTN.
From our analysis, some enhancements to further reduce reconfiguration/handover command signaling for NTN-NTN connected mobility may be considered. The scenario considered is for the quasi-fixed cell, the UE may move to the coverage of a neighbour cell and the network may use CHO to improve the performance. In the existing mechanism, the network sends the radio resources and ephemeris information of the candidate cells to the UE. In the unchanged PCI scenarios, the neighbor cell/satellite could use the same PCI even though the neighbor satellite switches. In this case, the network has to reconfigure the conditional configuration (even though the radio resource configuration of candidate cell remains unchanged) to update the ephemeris information. This operation will introduce unnecessary signaling overhead.
Proposal 6: Specify CHO enhancement to reduce the RRC reconfiguration signaling overhead in case of candidate cells with PCI unchanged. 

Redcap for NTN
In the last meeting, the data rate for Redcap UE if deployed in NTN is analyzed [1], in which the achievable DL data rate is 347.2 kbps and achievable UL data rate is199.0 kbps. There is still a large gap between the required data rate for the three typical use cases defined for Redcap UEs and what can be achieved by Redcap in NTN scenario. Moreover, the large RTT in NTN would also be a challenge for the latency requirement of some specific use cases for Redcap. If Redcap for NTN is to be supported, it is suggested to first clarify what is the service requirement and complexity target for such a device. Besides, which use case is considered for Redcap for NTN is also unclear. Due to the limited time, we should focus on the more essential enhancements for normal UEs and not pursue this direction in Rel-19 NTN. 
Proposal 7: NR-based IoT NTN (i.e., Redcap for NTN) is not pursued in Rel-19 and can be considered for later releases, once service requirements and targeting complexity are defined. 

Uplink capacity / throughput enhancement
For UL capacity/throughput enhancement, increasing the Tx power is also a candidate solution considering the resource efficiency is higher by using HPUEs and more resource could be allocated for other UEs with no coverage issue. The corresponding analysis is provided in the section 2.1. 

Conclusions
In the contribution, NR NTN enhancement in Rel-19 is discussed. We have the following observations and proposals:
Observation 1: Gains and feasibility of enhancements for mobility features need to be justified case by case and not many TN features are useful for NTN.
Proposal 1: Deprioritize the link-level DL coverage enhancement in Rel-19 NTN.
Proposal 2: Study and specify mechanisms to support beam hopping for system coverage extension, including non-uniform initial access beam hopping/scheduling based on the density of potential users or access demand for better coverage and access capacity.
Proposal 3: Deprioritize the link-level UL coverage enhancement by increasing the repetition number in Rel-19.
Proposal 4: Support PC2 (+26dBm) and PC1 (+31dBm) for NTN exemplary bands n256, n255 and n254
· Study the adjacent channel co-existence with terrestrial network [RAN4]
· Specify UE RF Tx requirements for PC2 (+26dBm) and PC1 (+31dBm). [RAN4]
· Specify Reference Sensitivity Degradation from PC3 to (PC2 or PC1) if needed; [RAN4]
· Specify transmission enhancement with flexible UL scheduling for UL link/system level coverage/capacity enhancement. [RAN1]
· NOTE: Both 1Tx and 2Tx are assumed for PC2. PC1 is not targeted for smartphone form factor in RAN4.

Proposal 5: Support only full gNB on board for regenerative payload in NTN, for which only a stage 2 modification is needed for TS38.300. 
Proposal 6: Specify CHO enhancement to reduce the RRC reconfiguration signaling overhead in case of candidate cells with PCI unchanged. 
Proposal 7: NR-based IoT NTN (i.e., Redcap for NTN) is not pursued in Rel-19 and can be considered for later releases, once service requirements and targeting complexity are defined. 
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