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In RAN#94e, coverage enhancement is identified as one objective of Rel-18 NTN. The general principles of NTN coverage enhancement are focused on the applicability of NR coverage enhancement techniques, and identifying potential issues and enhancements if necessary. 
In this contribution, the UL coverage gap in different NTN targeted scenarios was identified firstly. Then, study and evaluation on the potential technologies to improve the NTN UL coverage performance are conducted. Meanwhile, analysis and consideration on the NTN DL coverage are also proposed.
Evaluation on NTN UL coverage performance
For NR over NTN, link budget results for different satellite types have been listed but only two cases with elevation angle equaling to 45 and 90 degree are considered in [1]. In order to ensure direct access by smart phones for VoNR and low-data rate services, the link budget results in other cases with more elevation angles should be evaluated to identify the coverage performance for different NTN scenarios.
Meanwhile, for link budget analysis, the actual antenna gain of -X dBi for smart phones is assumed to be -5dBi. And similar to the simulation assumption in NR coverage enhancement, a packet size of 320 bits with 20ms data arriving interval for VoIP service is assumed [2]. More detailed simulation assumptions are summarized in Appendix with the corresponding results of UL coverage performance for targeted scenarios provided in Table 1.
[bookmark: _Ref101251454]Table 1 Performance results of UL coverage for targeted scenarios
	Elevation angle (degree)
	10
	30
	50
	70
	90

	Required SNR(dB) @2% BLER
	-7.0
	-7.0
	-7.0
	-7.0
	-7.0

	
Set-1
	CNR (dB) @LEO-600km
	-10.4
	-5.3
	-2.3
	-0.7
	-0.2

	
	CNR (dB) @LEO-1200km
	-14.6
	-10.7
	-8.1
	-6.7
	-6.2

	
	CNR (dB) @GEO
	-19.0
	-18.6
	-18.2
	-18.0
	-17.9

	
Set-2
	CNR (dB) @LEO-600km
	-16.4
	-11.3
	-8.3
	-6.7
	-6.2

	
	CNR (dB) @LEO-1200km
	-20.5
	-16.6
	-14.1
	-12.7
	-12.2

	
	CNR (dB) @GEO
	-24.0
	-23.6
	-23.2
	-23.0
	-22.9


It can be found that the coverage gap is larger for LEO-1200 and GEO with the maximum coverage gap as 17 dB in case that 10 degree elevation angle in Set-2 GEO satellite is assumed. In contrast, the voice service can be satisfied when the elevation angle varies from 30 to 90 degree for Set-1 LEO-600km satellite. Clear dependency on the selection of target deployment scenarios can be observed for the UL coverage performance. Then, the determination of scenarios including the selection of satellite types, satellite parameters and the range of elevation angle should be conducted firstly.
Observation 1: The small antenna gain in smart phone will lead to huge coverage gap for NTN scenarios.
Proposal 1: For the study of UL coverage, identification on the target deployment scenarios and satellite parameters should be concluded firstly.
Moreover, as the results shown in Figure 1, it can be found that for LEO-1200 and LEO-600 scenarios, the coverage gap at different elevation angles changes dramatically since the distance between UE and satellite varies rapidly. However, in GEO scenarios, the coverage gap is basically the same at different elevation angles because of small CNR variation caused by high orbit altitude. 
Then, the reasonable setting of the minimum elevation angle for service can be considered as one implementation based method to guarantee the UL performance for some scenario (except for GEO), e.g., 21 degree and 62 degree for Set-1 LEO-600 and Set-1 LEO-1200 scenarios, respectively. 
Meanwhile, worse performance for GEO in Set-2 can be expected compared to the results with Set-1, it’s reasonable to preclude the case with Set-2 for GEO in the evaluation.
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[bookmark: _Ref28963]Figure 1 Performance results at different elevation angles
Proposal 2: Appropriate setting of minimum elevation angle should be supported for target scenarios, e.g., more than 30 degree for all cases.
Proposal 3: The satellite parameter Set-2 should not be considered for the GEO case. 
Potential techniques based on NR coverage enhancement
For NR PUSCH coverage enhancement, the following techniques are summarized in [2].
	Enhancements on PUSCH repetition type A is beneficial for PUSCH coverage enhancements for TDD. It is recommended to support enhancements on PUSCH repetition type A in Rel-17, including the following two options (potential down-selection during the WI phase):
-	Option 1: Increasing the maximum number of repetitions, e.g., up to 32.
-	Option 2: The number of repetitions counted on the basis of available UL slots.
TB processing over multi-slot PUSCH is beneficial for PUSCH coverage enhancements. It is recommended to support TB processing over multi-slot PUSCH in Rel-17, including:
-	TBS determined based on multiple slots and transmitted over multiple integer slots.
Joint channel estimation is beneficial for PUSCH coverage enhancements. It is recommended to support joint channel estimation or DM-RS bundling for PUSCH in Rel-17, including:
-	Joint channel estimation over consecutive PUSCH transmissions
-  Inter-slot frequency hopping with inter-slot bundling


The performance evaluations on the applicability of the above solutions in NR coverage enhancement to NTN are discussed separately below. 
1.1 Enhancement on repetitions 
The time-domain diversity gain can be achieved by increasing the repetition number for better coverage performance, especially useful for low-date rate service. When a smart phone is directly connected to satellite, more repetitions should be considered since the realistic antenna gain of -5 dBi is assumed. However, the increased maximum number of repetitions should be limited to 20 to satisfy the requirement of 20ms data arriving interval for VoIP. With the simulation assumption of increased maximum number of repetitions from 2 to 20, the link-level simulation results are illustrated in Figure 2. 
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[bookmark: _Ref29084]Figure 2 Simulation results for VoIP with increased number of repetitions
As shown in Figure 2, doubling the maximum number of repetitions from 1 to 16 can provide about 2 dB gain at 2% BLER while increasing the repetitions from 16 to 20 only provides 0.5 dB gain for VoIP service. This is especially beneficial for FDD frame structure when more repetitions is enabled. However, the maximum number of repetitions is restricted by the limitation of the 20ms data arriving interval for VoIP. By following the strict delay requirement of VoIP service, increasing the maximum number of repetitions to 20 should be adopted.
Observation 2: For VoIP service, increasing the maximum number of repetitions from 16 to 20 can provide 0.5 dB gain. 
Proposal 4: Increasing the maximum number of repetitions, i.e., up to 20, should be supported.
1.2 Interleaving Transport Blocks
The single TB scheduled over multiple slots is beneficial to lower the coding rate. However, this mechanism will increase the transmission delay and reduce the date rate for VoIP. Since greater processing delay may be caused by interleaved TBs, the trade-off between coverage gain and processing delay needs to be considered. 
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[bookmark: _Ref29159]Figure 3 Simulation results for interleaved multiple TBs
As can be observed in Figure 3, interleaved TBs transmitting over multiple slots can provide about 0.8 dB gain at 2% BLER. However, the date rate can be significantly decreased since the whole transmission time is increased by the 8 segmented TBs. In this example, the date rate of interleaved TBs may not meet the requirement for voice service since the TBS of 320 bits will be transmitted within 160 ms. In the meanwhile, the timing offset may exceed the CP duration within the long transmission time for LEO satellite scenario. As a consequence, voice service will not be supported even if the coverage performance can be enhanced by multiple TBs interleaving. 
Observation 3: For VoIP service, interleaved multiple TBs can provide about 0.8 dB gain. 
Proposal 5: Interleaved multiple TBs should not be supported with consideration on date rate and delay for VoIP.
1.3 Joint channel estimation
Compared with traditional channel estimation in NR, the joint channel estimation can utilize multiple adjacent reference signals to achieve more accurate channel estimation. For uplink service in NTN, multiple uplink reference signals, i.e., DMRS can be joint used among multiple slots or transmission for better channel estimation. As we can observe in Figure 4, when the TB of 320 bits is transmitted with 8 and 16 repetitions, joint channel estimation among multiple repetitions can provide both 2dB gain at 2% BLER. 
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[bookmark: _Ref29224]Figure 4 Simulation results for joint channel estimation
Observation 4: For VoIP service, joint channel estimation can provide about 2 dB gain. 
Proposal 6: Joint channel estimation among multiple slots or repetitions should be supported.
Specific technologies for NTN scenarios
In addition to apply above technologies in NR coverage enhancement to NTN scenarios, some potential solutions should be further provided in NTN scenarios for reducing huge coverage gap. 
1.4  Enhancement on polarization mode 
In NR over NTN, the issue on polarization mode signaling and configuration is raised since the mismatch between satellite and UE polarization modes can lead to 3dB polarization loss. If UE can be capable of RHCP or LHCP with the circularly polarized antennas or achieve the transmission/reception with proper polarization by applying certain transmission/reception mechanism, better coverage performance can be obtained by the enhancement on polarization configuration. For smart phones, the polarization loss can be compensated if the circular polarization is synthesized by two orthogonal linear polarization. In addition, the polarization information between smart phones and the satellite also needs to be indicated through signaling, or smart phones can adjust the polarization mode according to the design of precoding. Thus, the match of polarization characteristic between smart phones and satellite can improve coverage performance when smart phone is equipped with different polarization modes.
Proposal 7: Solutions to achieve the transmission/reception via the circular polarization should be supported for smart phones.
1.5 Higher transmission power 
As same with the FR1 band in NR, UL coverage can be guaranteed if UEs can be supported with power class 2. When smart phones have the capability of different power classes, UL coverage can be enhanced by the higher maximum output power. For LEO-1200 scenario with Set-2 satellite parameter, the coverage performance can be satisfied if the power class 2 of 26dBm is supported. Furthermore, the coverage gap can be significantly reduced if higher transmission power of 31dBm is adopted in GEO scenario. Hence, increasing the transmission power of UE in power domain can be considered for UL coverage enhancement. 
[bookmark: _Ref29851]Table 2 UL coverage performance with coordinated solutions for LEO-1200
	Elevation angle (degree)
	30
	50
	70
	90

	Set-1
	Repetitions(e.g. 20)
	√
	√
	
	

	
	Joint channel estimation
	√
	√
	
	

	
	Polarization enhancement
	√
	
	
	

	
	CNR (dB)
	-7.7
	-8.1
	-6.7
	-6.2

	
	Required SNR(dB) @2% BLER
	-9.5
	-9.5
	-7.0
	-7.0

	Set-2
	Repetitions(e.g. 20)
	√
	√
	√
	√

	
	Joint channel estimation
	√
	√
	√
	√

	
	Polarization enhancement
	√
	√
	√
	√

	
	Higher Tx power(26dBm)
	√
	√
	√
	

	
	CNR (dB)
	-10.6
	-8.1
	-6.7
	-9.2

	
	Required SNR(dB) @2% BLER
	-9.5
	-9.5
	-9.5
	-9.5


As can be observed in Table 2, except for the case of 30 degree elevation angle and Set-2 satellite parameter, the uplink coverage for LEO scenarios can be guaranteed through the coordinated solutions, including increased repetitions, joint channel estimation, increased minimum elevation angle, polarization enhancement and higher transmission power. Furthermore, applying the greater the minimum elevation angle to, e.g., 50 degree can completely eliminate the coverage gap for Set-2 LEO-1200 satellite. Hence, the UL coverage can be achieved by joint enhancement methods for LEO-1200 scenarios.
[bookmark: _Ref29956]Table 3 UL coverage performance with coordinated solutions for GEO satellite
	Elevation angle (degree)
	10
	30
	50
	70
	90

	
Set-1
	Repetitions(e.g. 20)
	√
	√
	√
	√
	√

	
	Joint channel estimation
	√
	√
	√
	√
	√

	
	Polarization enhancement
	√
	√
	√
	√
	√

	
	Higher Tx power(31dBm)
	√
	√
	√
	√
	√

	
	CNR (dB)
	-8.0
	-7.6
	-7.2
	-7.0
	-6.9

	
	Required SNR(dB) @2% BLER
	-9.5
	-9.5
	-9.5
	-9.5
	-9.5


In GEO scenario, higher transmission power is required to compensate huge coverage gap. As can be observed in Table 3, the coverage enhancement can be achieved by higher maximum output power of 31dBm for Set-1 satellite parameter even when the minimum elevation angle is 10 degree. Therefore, higher transmission power should be supported for GEO and LEO-1200 scenarios with greater minimum elevation angle.
Proposal 8: For VoIP service, higher transmission power should be supported for GEO and LEO-1200 scenarios with greater minimum elevation angle.
DL coverage enhancement
For the analysis of DL coverage performance, more practical actual antenna gain in smart phones and radio regulations restriction should also be taken into account. If the actual antenna gain in smart phones is assumed with -5dBi, lower CNR cannot satisfy SNR requirement for DL physical channels. Moreover, worsen coverage performance will occur when power flux limit is considered. Specifically, according to ITU limitation of power flux density in [3], the analysis of DL power flux density limitation on S-band of 2025MHz-2300MHz and 2500MHz-2690MHz are provided. 
As can be found in Figure 5, the calculated DL power flux density exceeds the ITU regulation restriction with the maximum gap of 32dB. For the case of Set-1 LEO-600km satellite, the DL CNR will be severely reduced with PFD gap of 32 dB if corresponding DL EIRP complied with PFD limit. Thus, the DL coverage performance will be severely restricted when the PFD limit is followed in NTN scenarios.

[bookmark: _Ref29296]Figure 5 Performance comparison with and without PFD limit
Based on the DL synchronization performance in [4], the DL coverage performance is provided in Table 4. When the downlink PFD limitation is not considered in NR over NTN, the detection of PSS can be successful for Set-1 and Set-3 satellite parameters even if the antenna gain of -5dBi in smart phones is assumed. However, the PSS detection cannot be guaranteed since the huge coverage gap is introduced if PFD limitation is followed. What’s more, all DL physical channels will be seriously affected. In order to resolve such huge coverage gap, potential enhancement on NTN DL coverage should be further studied. For example, planning frequency bans on S-band for NTN to avoid interfering with terrestrial services, and only follow PFD limit in specific services or geographical areas, etc.   
[bookmark: _Ref30067]Table 4 DL synchronization performance with and without PFD limit
	Scenarios for satellite parameters
	Set-1
	Set-2
	Set-3

	SNR @99% detection rate
	-4.9 dB
	-4.9dB
	-4.9 dB

	CNR
	1.0dB
	-5.7 dB
	-4.1 dB

	CNR with PFD limit
	-26.0 dB
	-32.7 dB
	-31.1 dB


Proposal 9: For NTN DL coverage, study with consideration on the PFD limit may be needed.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: The small antenna gain in smart phone will lead to huge coverage gap for NTN scenarios.
Observation 2: For VoIP service, increasing the maximum number of repetitions from 16 to 20 can provide 0.5 dB gain. 
Observation 3: For VoIP service, interleaved multiple TBs can provide about 0.8 dB gain. 
Observation 4: For VoIP service, joint channel estimation can provide about 2 dB gain. 
Observation 5: There is no significant gain by reducing density and power boosting for DM-RS. 
Proposal 1: For the study of UL coverage, identification on the target deployment scenarios and satellite parameters should be concluded firstly.
Proposal 2: Appropriate setting of minimum elevation angle should be support for targeted scenarios, e.g., more than 30 degree for all cases.
Proposal 3: The satellite parameter Set-2 should be not considered for the GEO case.
Proposal 4: Increasing the maximum number of repetitions, i.e., up to 20, should be supported.
Proposal 5: Interleaved multiple TBs should not be supported with consideration on date rate and delay for VoIP.
Proposal 6: Joint channel estimation among multiple slots or repetitions should be supported.
Proposal 7: Solutions to achieve the transmission/reception via the circular polarization should be supported for smart phones.
Proposal 8: For VoIP service, higher transmission power should be supported for GEO and LEO-1200 scenarios with greater minimum elevation angle.
Proposal 9: For NTN DL coverage, study with consideration on the PFD limit may be needed.
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Appendix
Table A-1: Simulation assumption for PUSCH repetitions
	Configuration
	S-band

	Carrier Frequency
	2 GHz

	Sub-carrier Spacing
	15kHz

	Channel Bandwidth
	2PRBs

	Channel Model
	NTN-TDL-D

	TB size
	320 bits

	MCS index
	13

	Modulation
	QPSK

	DMRS overhead
	Type I, 2 DMRS symbol

	Number of repetitions
	1,2,4,8,16,20

	UE Antenna Configuration
	1T1R

	UE speed
	3 km/h

	Max Doppler shift
	24 ppm

	Max Doppler rate
	0.27 ppm/s

	Receiver type 
	MMSE


Table A-2: Link budget assumption for PUSCH
	Parameters
	Notes

	Carrier Frequency
	2 GHz for UL (S-band)

	Sub-carrier Spacing
	15kHz

	Channel Bandwidth
	360 kHz

	Satellite altitude
	600km, 1200km, 35786km

	Target elevation angle
	100, 300, 500, 700, 900

	Free space path loss
	Equation (6.6-2) in TR 38.811

	Atmospheric loss
	Equation (6.6-8) in TR 38.811

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in TR 38.811

	Additional loss
	0 dB

	Polarization loss
	3 dB

	UE antenna gain
	-5dBi
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