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1 Introduction
In RAN#95e [1], the revised WID on NR NTN enhancements has been endorsed. In the WID, it is proposed to define further enhancements for NR NTN for coverage enhancement in order to offer optimized performance especially when addressing handset terminals (including smartphones with more realistic assumptions on antenna gains instead of 0 dBi antenna gain with the specific realistic antenna gain assumption to be determined at the working group level) considering the NTN characteristics such as large propagation delay and satellite movement.
The work item aims at specifying enhancements for NG-RAN based NTN (non-terrestrial networks) according to the following assumptions with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios:

· [bookmark: _Hlk86389477]GSO and NGSO (LEO and MEO) with transparent payload.
· Earth fixed tracking area. Earth fixed & Earth moving cells for NGSO
· FDD mode
· UEs with GNSS capabilities
· Both “VSAT” devices with directive antenna (including fixed and moving platform mounted devices and commercial handset terminals (e.g. Power class 3) are supported in FR1
· Only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands.

Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). The work Item scope covers the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should take into account any related regulatory requirements, e.g., ITU limitation of power flux density. 
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 1-TU 6-month study phase (to derive clear & limited scope) focusing on evaluating the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals

[bookmark: _Hlk90207880]The following items were shown as examples of areas to consider in the next step of the study in the WID. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above.

· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels
· NTN-specific techniques for improved diversity and/or reduced polarization loss
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.

This contribution aims to discuss aspects related to coverage enhancements for NR NTN.

2 Discussion on NR NTN Coverage Enhancements
2.1 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.

2.2 Rel-16 NR NTN Link Budget Cases
[bookmark: _Hlk99993621][bookmark: _Hlk99993900]Rel-16 NR NTN link budget cases were studied and captured in TR 38.821 Table 6.1.1.1-9: List of calibration study cases and Table 6.1.3.3-1: Link budgets results shown below.
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Table 1: Rel-16 NR NTN Link Budget Cases (Source: TR 38.821 Table 6.1.1.1-9)
We divide the cases according to Set-1 and Set-2 parameters, where the latter set has more conservative assumption for the satellite parameters (i.e. EIRP for DL, and G/T and antenna aperture for UL)

	Cases 1-15 (Set 1)
	Cases 16-30 (Set 2)

	Handheld: 4,5,9,10,14,15
VSAT: 1,2,3,6,7,8,11,12,13 
	Handheld: 19,20,24,25,29,30
VSAT: 16,17,18,21,22,23,26,27,28



An illustration of the achievable CNR for DL and UL at lowest elevation angle and at nadir based on TR 38.821 Table 6.1.3.3-1 is given in Figure 1 below. No repetition on UL or slot aggregation in DL was used. With Rel-17 NR coverage enhancements with up to 32 repetitions on UL and 8 slot aggregation, it is expected that the UL link budget and DL link budget can be closed with some margins for most UL and DL link budget cases in TR 38.821.
[image: ]

Figure 1: CNR DL and UL for Rel-16 NR NTN link budget cases

Observation 1: There is only one very low UL CNR of -15.7 dB for Set-2 GEO, and UL CNR=-10.9 dB for Set-1 GEO in S band assuming handheld UE without TX/RX antenna gain loss.
· For UL: 
· Set-1 Lowest SNR = -10.9 dB (Cases 4, 5, S band, GEO); second lowest SNR = -2.6 dB (Cases 14, 15, S band, LEO-1200); 
· Set-2 Lowest SNR = -15.7 dB (Cases 19, 20, S band, GEO); second lowest SNR = -8.6 dB (Cases 29, 30, S band, LEO-1200);   
· For DL: 
· Set-1 Lowest SNR = 0.0 dB (Cases 4, 5, S band, GEO); second lowest SNR = 6.6 dB (Cases 14, 15, S band, LEO-600); 
· Set-2 Lowest SNR = -5.2 dB (Cases 19, 20, S band, GEO); second lowest SNR =0.5 dB (Cases 21-23, S band, LEO-600);  

Observation 2: With Rel-17 NR coverage enhancements with up to 32 repetitions on UL and 8 slot aggregations on DL, it is expected that most UL and DL link budget cases in TR 38.821 can be closed with some margins.

2.3. NTN coverage analysis
2.3.1 DL Coverage 
Segmented repetition with DL PDSCH slot aggregation factor 1,2,4,8,16 without joint channel estimation was simulated as shown in Figure 2 and Figure 3 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
We make the following observations:
Observation 3: DL SNR of -10 dB and -12 dB in TDL-A (NLOS), and DL SNR of -12 dB and -13 dB inTDL-C (LOS) can be achieved with DL PDSCH slot aggregation factor 8 and 16 respectively at 10% BLER. 
Observation 4: Rel-15 DL aggregation factor 8 is sufficient to close the DL link budget in NR NTN in smart phone assuming at least 5 dB margin or larger for RX antenna gain loss in smart phone. 
[image: ]










Figure 2: UTP and BLER performance with DL slot aggregation 1,2,4,8, 16 in TDL-A (NLOS)
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Figure 3: UTP and BLER performance with DL slot aggregation 1,2,4,8, 16 in TDL-C (LOS)

2.3.2 UL Coverage
To enhance UL coverage, 2Tx-2Rx diversity was simulated in static channel and TDL-C (LOS) channel at MCS=2 (target code rate R * 1024 = 193, SE=0.3770), BW=10 MHz, QPSK) with velocity 3 km/h and 30 km/h without repetition as shown in Figure 4. Tx antenna switching and Precoding with 2Tx-2Rx were simulated. Precoding can give 3 dB SNR gain compare to no precoding and 2 dB gain compare to antenna switching with 90% UTP achieved at SNR of -7 dB. We expect that using up to 32 repetitions may provide additional SNR gain possibly exceeding 10 dB. 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. 
 In TR 38.821 one Tx / 1 Rx in satellite was assumed. RAN1 should further discuss the antenna assumption in the satellite. We make the following observation
Observation 5: Precoding with 2Tx-2Rx with precoding can give 3 dB SNR gain compare to no precoding with 90% UTP achieved at SNR of -7 dB without repetitions.
Observation 6: Rel-15 UL repetition of up to 32 is sufficient to close the UL link budget in NR NTN in smart phone assuming at least 5 dB margin or larger for RX antenna gain loss in smart phone. 
Proposal 1: RAN1 can further study 2Tx diversity techniques including assumption for the number of receive antennas in the satellite for at least 
· 2Tx antenna switching
· 2 Tx precoding
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Figure 4: UTP performance with UL Tx diversity with no repetition in TDL-A (NLOS)

3 Conclusion
In this contribution, the following proposals were made
Observation 1: There is only one very low UL CNR of -15.7 dB for Set-2 GEO, and UL CNR=-10.9 dB for Set-1 GEO in S band assuming handheld UE without TX/RX antenna gain loss.
· For UL: 
· Set-1 Lowest SNR = -10.9 dB (Cases 4, 5, S band, GEO); second lowest SNR = -2.6 dB (Cases 14, 15, S band, LEO-1200); 
· Set-2 Lowest SNR = -15.7 dB (Cases 19, 20, S band, GEO); second lowest SNR = -8.6 dB (Cases 29, 30, S band, LEO-1200);   
· For DL: 
· Set-1 Lowest SNR = 0.0 dB (Cases 4, 5, S band, GEO); second lowest SNR = 6.6 dB (Cases 14, 15, S band, LEO-600); 
· Set-2 Lowest SNR = -5.2 dB (Cases 19, 20, S band, GEO); second lowest SNR =0.5 dB (Cases 21-23, S band, LEO-600);  

Observation 2: With Rel-17 NR coverage enhancements with up to 32 repetitions on UL and 8 slot aggregations on DL, it is expected that most UL and DL link budget cases in TR 38.821 can be closed with some margins.
Observation 3: DL SNR of -10 dB and -12 dB in TDL-A (NLOS), and DL SNR of -12 dB and -13 dB inTDL-C (LOS) can be achieved with DL PDSCH slot aggregation factor 8 and 16 respectively at 10% BLER. 
Observation 4: Rel-15 DL aggregation factor 8 is sufficient to close the DL link budget in NR NTN in smart phone assuming at least 5 dB margin or larger for RX antenna gain loss in smart phone. 
Observation 5: Precoding with 2Tx-2Rx with precoding can give 3 dB SNR gain compare to no precoding with 90% UTP achieved at SNR of -7 dB without repetitions.
Observation 6: Rel-15 UL repetition of up to 32 is sufficient to close the UL link budget in NR NTN in smart phone assuming at least 5 dB margin or larger for RX antenna gain loss in smart phone. 
Proposal 1: RAN1 can further study 2Tx diversity techniques including assumption for the number of receive antennas in the satellite for at least 
· 2Tx antenna switching
· 2 Tx precoding
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