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1. [bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
[bookmark: OLE_LINK1]In RAN#94, a new work item on NR NTN (Non-Terrestrial Networks) enhancements was approved [1]. One of the objectives related to RAN1 is coverage enhancement as follows:
	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. 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 needs to cover 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 also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.

Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):

· Evaluate 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

The following items are shown as examples of areas to consider in the next step of the study. 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.


In our companion paper [2], simulation results are given based on the repetition method supported by the existing specification, which is introduced for TN coverage enchantment. In this paper, we further discuss some other considerations on NTN coverage enhancement, which are the time-based solutions of transport block processing on multiple slots (TBoMS) and DM-RS solution for PUSCH coverage enhancement based on simulation results.  

1 DM-RS Enhancements
DM-RS enhancements for PUSCH coverage enhancements has been discussed in [3] for terrestrial network. Obviously, joint DM-RS channel estimation can be applied in NTN for more accurate channel estimation. Considering the enhancement related to DM-RS density, sparse DM-RS can be considered for NTN due to the LOS dominated channel property. With lower DM-RS density in the frequency domain, power boosting can be introduced to improve the coverage of DM-RS. Figure 1 illustrates the scheme of full and half DM-RS density in the frequency domain. Without data transmission for half of the REs for DMRS, the power of the remained DM-RS can be boosted with 3 dB. All the LLS parameters agree with that in [2], except the satellite receiver only adopts one RX branch (single polarization) to processing the receiving signal. The BLER performance against SNR are presented in Figure 2 and Figure 3, in which the baseline curve uses the normal DRMS density and “Sparse DRMS density” means DMRS is reduced by half with 3dB power boosting.
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[bookmark: _Ref100760723]Figure 1 Half DMRS density in frequency domain
[image: ]

[bookmark: _Ref100760869]Figure 2 DMRS power boost (MCS = 0)
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[bookmark: _Ref100760872]Figure 3 DMRS power boost (MCS = 2)
For both MCS =0 and MCS=2 cases in Figure 2 and Figure 3, more accurate channel estimation results within the DMRS REs could enhance the PUSCH decoding performance with 0.5 dB.
Observation 1: Half DM-RS frequency density with 3 dB power boosting on DM-RS could improve the PUSCH performance @10% iBLER target by about 0.5 dB for NR NTN.
Proposal 1: Study lower DM-RS density in frequency domain with power boosting for PUSCH coverage enhancement.
2 Time-domain based Solutions
Transport block processing on multiple slots (TBoMS) has also been discussed for PUSCH coverage enhancements in [3] for terrestrial network. Here we simulated TBoMS scheme with slots aggregation as described in [4] for NR NTN PUSCH simulation case 1 UL GEO-SET1-nadir mentioned in [2]. All the LLS parameters agree with that in [2]. The BLER performance against SNR with MCS before TBoMS operation of MCS = 8 and MCS = 12 are presented in Figure 4 and Figure 5, respectively. The legend baseline, scheme 1 and scheme 2 present transmission without repetition, 2-time repetition and 2-slot TBoMS, respectively.
Based on the results in Figure 4 and Figure 5, TBoMS scheme provides more performance gain compared with the repetition. Comparing Figure 5 with Figure 4, the performance gain is more obvious (0.72 dB in Figure 5 and 0.002 dB in Figure 4 @ 1% BLER), if the PUSCH transmission before TBoMS operation has higher MCS (MCS =12 in Figure 5 and MCS = 8 in Figure 4 ).
[bookmark: _Ref100678359]In Figure 4 of [2], the smallest gap between decoding SNR and the CNR of the link budget is around 2.5 dB (under 0 dBi smartphone antenna assumption). However, the performance gain of the TBoMS to repetition is around 0.72 dB, which could not fill that gap.
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[bookmark: _Ref100762108]Figure 4 TBoMS for initial PUSCH transmission of MCS = 8
 [image: ]
[bookmark: _Ref100762115]Figure 5 TBoMS for initial PUSCH transmission of MCS = 15

Observation 2: Compared to repetition solution, TBoMS scheme can provide larger coverage improvement by utilizing the same time domain resource, especially for PUSCH transmission with higher MCS.
Observation 3: The TBoMS schemes discussed in the Rel-17 specification cannot provide UL voice service for commercial smartphones under the GEO scenario even with 0 dBi antenna gain assumption.

3 Conclusions
In summary, we discuss time-based solutions and DM-RS enhancements for PUSCH coverage enhancement with numerical evaluation results. The following proposals are made: 
Observation 1: Half DM-RS frequency density with 3 dB power boosting on DM-RS could improve the PUSCH performance @10% iBLER target by about 0.5 dB for NR NTN.
Observation 2: Compared to repetition solution, TBoMS scheme can provide larger coverage improvement by utilizing the same time domain resource, especially for PUSCH transmission with higher MCS.
Observation 3: The TBoMS schemes discussed in the Rel-17 specification cannot provide UL voice service for commercial smartphones under the GEO scenario even with 0 dBi antenna gain assumption.

Proposal 1: Study lower DM-RS density in frequency domain with power boosting for PUSCH coverage enhancement.
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