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1 Introduction
In RAN#96e [1], the revised WID on NR NTN enhancements was endorsed. The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. A short summary of Rel-17 NR coverage enhancements is given in Appendix.  
RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated.
A summary of the key agreements in RAN1#109-e for the NR NTN coverage evaluation is given below:
· RAN1#109e agreed a 3 dB polarization loss for coverage performance evaluation in LLS as baseline. 
· An LS was sent to RAN4 to ask whether UE antenna gain of X=- 5dBi is valid and if invalid, appropriate value. 1 TX, 2TX (optional) / 2 RX with omni-directional antenna element with linear polarization were agreed in UE antenna type and configuration with Noise figure 7 dB and transmit power 23 dBm. UE VSAT are not considered in coverage performance evaluation [3].  
· For VoIP, AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval is used in the evaluations. Two packets can be combined into a single packet with 40 ms at TX side. HARQ may be used in the evaluation. 
· For VoIP, a maximum 20 PUSCH repetitions if SCS = 15 kHz and packet combining/HARQ are not applied; otherwise, a maximum 32 PUSCH repetitions with consideration of the impact on E2E latency. 
· For low-data rate service, a maximum of 32 PUSCH repetitions was agreed.  For DL, 3 kbps if satellite EIRP density lower than values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, or values in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band due to ITU regulatory limitations on power flux density is considered; otherwise, 1 Mbps. For UL, 3 kbps and 100 kbps and it is FFS: which data rate applies for GEO/MEO/LEO.
· A maximum of 16 Msg.3 PUSCH repetitions was agreed.
· TBoMS and joint channel estimation (DMRS bundling) can be applied in coverage evaluation of NR NTN.
· Evaluations assuming relevant ITU regulatory limitations on power flux density can be reported in the study phase. Companies should report which value of EIRP density is used and corresponding justification.
· For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
· For VoIP, 2% rBLER.
· Elevation angles 30 deg for LEO, 12.5 deg for GEO-Set 1, 20 deg for GEO-Set 2; 30 deg for MEO are assumed.  Other elevation angles can be evaluated as optional. These values are elevation angles at the edge of the edge beam.

The following cases are for evaluation for NR NTN:
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Terminal
	Frequency band
	Service type

	1
	GEO
	1
	12.5
	Handset
	S-band
	Low-data rate service

	2
	GEO
	2
	20
	Handset
	S-band
	Low-data rate service

	3 (Optional)
	LEO-1200
	1
	30
	Handset
	S-band
	VoIP

	4
	LEO-1200
	2
	30
	Handset
	S-band
	VoIP

	5 
	LEO-1200
	2
	30
	Handset
	S-band
	Low-data rate service

	6 (Optional)
	LEO-600
	1
	30
	Handset
	S-band
	VoIP

	7 
	LEO-600
	2
	30
	Handset
	S-band
	VoIP

	8 (Optional)
	LEO-600
	2
	30
	Handset
	S-band
	Low-data rate service

	9 (Optional, with higher priority than case 10)
	MEO
	1
	30
	Handset
	S-band
	Low-data rate service

	10 (Optional)
	MEO
	2
	30
	Handset
	S-band
	Low-data rate service



Table parameters for the NR NTN coverage performance evaluation were agreed for PUSCH, PUCCH, PRACH, PUSCH, SSB, PDSCH, and PDCCH [4, Section 2].

2 Discussion on NR NTN Coverage Enhancements
2.1 Link Budget for NTN Coverage Enhancement
[bookmark: _Hlk99993621]Rel-16 NR NTN link budget cases were studied and captured in TR 38.821 Table 6.1.1.1-9. The DL CNR and UL CNR for the agreed cases for NTN coverage enhancements are shown in Figure 1.  A 5 dBi antenna loss at UE and a 3 dB polarization loss were included. No repetition on UL or slot aggregation in DL was used. We make the following observation:
Observation 1: DL CNR and UL CNR for Rel-18 NTN coverage enhancements cases without UL repetition or DL slot aggregation: 
· GEO cases 1 (set 1) and  2 (set 2) have the lowest CNR values for DL and UL – i.e. DL CNR -8 dB and -13.2 dB, and UL CNR -18.9 dB and -23.7 dB respectively. 
· LEO-1200 cases 3 (set 1) has DL CNR -0.8 dB and UL CNR -10.6 dB; LEO-1200 cases 4, 5 (set 2) has DL CNR -6.8 dB and UL CNR -16.6 dB 
· LEO-600 cases 6 (set 1) has DL CNR -1.4 dB and UL CNR -5.2 dB; LEO-1200 cases 7, 8 (set 2) has DL CNR -7.4 dB and UL CNR -11.2 dB. 
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Figure 1: CNR DL and UL for Rel-16 NR NTN link budget cases

2.2. NTN coverage analysis
2.2.1 DL Coverage 
Segmented repetition with DL PDSCH slot aggregation factor 1,2,4,8 without joint channel estimation was simulated for TDL-A (NLOS) and TDL-C (LOS) with the following settings:
· Carrier frequency: 2GHz
· SCS: 15kHz
· Synchronization with SSB: period 20ms
· MCS: 0 (Target code Rate: 120/1024)
· MIMO: 1 TXU, 2 RXU
· TBS = 184 bits (not including 16 bit CRC) for VoIP
· BW = 5 RB, 10 RB, 20 RB, 40 RB for Aggregation level 1, 2, 4, 8 respectively 

The DL SNR achieved at BLER 2 % is compatible with closing DL link budget smart phone including 5 dBi antenna gain loss and 3 dB polarization loss with all cases for VoIP (cases 3,4, 6,7).  DL SNR of -10 dB in TDL-C (LOS) and of -5 dB in TDL-A (NLOS) can be achieved with DL PDSCH slot aggregation factor 8 at 2% BLER with TBS=184 bits (not including 16 bit CRC) and BW = 5 RB. 
Observation 2: VoIP cases 3,4,6,7 can be supported with DL aggregation level of up to 8. 

Segmented repetition with DL PDSCH slot aggregation factor 1,2,4,8,16 without joint channel estimation was simulated for TDL-C (LOS) and TDL-A (NLOS) with the following settings:
· Carrier frequency: 2GHz
· SCS: 15kHz
· Synchronization with SSB: period 20ms
· MCS: 0 (Target code Rate: 120/1024)
· MIMO: 1 TXU, 2 RXU
· BW=10 MHz
All low-data-rate service cases can be achieved with DL PDSCH slot aggregation factor 8 respectively at 10% BLER with BW=10 MHz, except GEO Set 2 at minimum elevation angle 20 degree (it can be achieved at higher elevation angle or re-transmitting the DL packet or using DL Aggregation factor 16).  DL SNR of -10 dB in TDL-C (LOS) can be achieved with DL PDSCH slot aggregation factor 8 at 10% BLER.
Observation 3: For low data rate service cases with EIRP density values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band with bandwidth 10 MHz, up to 500 kbps can be achieved for LEO cases 5, 8, and GEO case 1. 
Proposal 1: Re-use Rel-15 DL slot aggregation level up to 8 for Rel-18 NR NTN coverage enhancement. 

2.2.2 UL Coverage
TDL-C (LOS) channel and TDL-A (NLOS) at MCS=0 (target code rate R * 1024 = 120, SE=0.3770), BW=10 MHz, QPSK) was simulated with 20 repetitions for VoIP as shown in Figure 2. UL SNR of -10 dB in TDL-C (LOS) can be achieved with UL PUSCH repetitions 20 at 2% BLER with TBS=184 bits (not including 16 bit CRC). VoIP case 5 with LEO-1200 Set 2 requires UL SNR = -16.6 dB. For PUSCH Msg3, 16 repetitions with TBS=64 bits (not including 16 bits CRC) showed UL SNR of -11.5 dB in TDL-C (LOS) can be achieved as shown in Figure 3.
Table 1 shows a summary of margins to meet UL SNR requirements. For example, a negative value of -3.8 dB for PUSCH for VoIP with TDL-C means there is margin of 3.8 dB. A positive value 5.2 dB for TDL-A means there is no margin to meet required UL SNR  and 5.2 dB enhancement is needed.
Further additional gain may be possible with channel estimation using DMRS bundling or with a lower effective code rate with a single TB using a resource allocated over multiple slots for PUSCH. 





[image: ]








Figure 2: VoIP PUSCH BLER performance  in TDL-A (NLOS) and TDL-C (LOS) with 5 RBs
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Figure 3: PUSCH Msg3 BLER performance  in TDL-A (NLOS) and TDL-C (LOS) with 2 RBs

	
	GEO-Set 1
	LEO-1200-Set 1
	LEO-600-Set 1

	
	TDL-A
	TDL-C
	TDL-A
	TDL-C
	TDL-A
	TDL-C

	PUSCH for VoIP
	N/A
	N/A
	10.6 dB
	1.6 dB
	5.2 dB
	-3.8

	PUSCH for Msg3
	11.7 dB
	7.4 dB
	3.4 dB
	-0.9 dB
	-2 dB
	-6.3 dB


Table 1: Summary of margins to meet DL and UL SNR requirements for Set 1. 

We make the following observation
Observation 4: VoIP cases 3,6,7 can be supported with UL repetition level up to 20.
Proposal 2: De-prioritize NLOS in Rel-18 NTN Coverage enhancement WI. 
Proposal 3: De-prioritize LEO-1200 set 2 and GEO set 1 and set 2. 

For potential PRACH enhancements, it can be first discussed in Rel-18 Further NR coverage enhancements Work Item. Whether NTN-specific enhancements for RACH is needed can be discussed later in Rel-18 NTN enhancements Work Item.
Proposal 4: Postpone discussions on PRACH enhancements in Rel-18 NTN Enhancements Work Item.
 
4 Appendix – Rel-17 NR Coverage enhancements
Rel-17 NR Coverage enhancements specified [2]:
· Up to 32 repetitions for PUSCH repetition Type A scheduled by DCI format 0_1 and DCI format 0_2, as well as PUSCH repetition Type A with Type 1 and Type 2 configured grant.
· Up to 16 repetitions is introduced for a Msg3 PUSCH transmission scheduled by RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI.
· A single Transport Block (TB) using a resource allocated over multiple slots for PUSCH except Msg3. A UE scheduled to perform a TBoMS transmission, via either dynamic or configured grant (Type 2), uses the resource allocated across multiple slots to calculate the transport block size (TBS) for the transmission. RV cycling is used across repetitions of a single TBoMS.
· DMRS bundling to enable improved channel estimation is introduced for PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, for PUSCH repetition Type A with configured grant, for PUSCH repetition Type B, for TB processing over multiple slots PUSCH and for PUCCH repetitions of PUCCH formats 1, 3, and 4.
· Dynamic repetition factor indication is introduced for PUCCH with enhanced RRC configuration to configure different repetition factor per PUCCH resource. The network can use existing PRI (PUCCH resource indicator) in DCI to point to a PUCCH resource with a configured repetition factor that is applied to the PUCCH transmission.
More details can be found in [2].

5 Conclusion
In this contribution, the following proposals were made
Observation 1: DL CNR and UL CNR for Rel-18 NTN coverage enhancements cases without UL repetition or DL slot aggregation: 
· GEO cases 1 (set 1) and  2 (set 2) have the lowest CNR values for DL and UL – i.e. DL CNR -8 dB and -13.2 dB, and UL CNR -18.9 dB and -23.7 dB respectively. 
· LEO-1200 cases 3 (set 1) has DL CNR -0.8 dB and UL CNR -10.6 dB; LEO-1200 cases 4, 5 (set 2) has DL CNR -6.8 dB and UL CNR -16.6 dB 
· LEO-600 cases 6 (set 1) has DL CNR -1.4 dB and UL CNR -5.2 dB; LEO-1200 cases 7, 8 (set 2) has DL CNR -7.4 dB and UL CNR -11.2 dB. 

Observation 2: VoIP cases 3,4,6,7 can be supported with DL aggregation level of up to 8. 
Observation 3: For low data rate service cases with EIRP density values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band with bandwidth 10 MHz, up to 500 kbps can be achieved for LEO cases 5, 8, and GEO case 1. 
Proposal 1: Re-use Rel-15 DL slot aggregation level up to 8 for Rel-18 NR NTN coverage enhancement. 
Observation 4: VoIP cases 3,6,7 can be supported with UL repetition level up to 20.
Proposal 2: De-prioritize TDL-A (NLOS) in Rel-18 NTN Coverage enhancement WI. 
Proposal 3: De-prioritize LEO-1200 set 2 and GEO set 1 and set 2. 
Proposal 4: Postpone discussions on PRACH enhancements in Rel-18 NTN Enhancements Work Item.
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