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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]According to the following objective in WID of Rel-18 NR NTN, RAN1 is required to evaluate the existing NR coverage performance, considering Rel-17 coverage enhancement, and identify physical radio channels that have coverage issues.
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

Based on discussion in RAN1#109e and RAN1#110, RAN1 has completed the study and identified/concluded the physical layer channels with coverage issues based on the RAN1 observations made according to simulation results submitted by companies to RAN1.
Discussion on coverage enhancement for NTN
Summary of RAN1 observations and conclusions
Based on the simulation results, the coverage performance of physical layer channels has significant coverage gap for GEO and MEO satellite. It would be quite challenging to specify solutions in Rel-18 to overcome the observed coverage gaps in limited TUs. Therefore, RAN1 concluded that coverage enhancements specifically for GEO and MEO are de-prioritized in Rel-18. 
For LEO satellite, it was agreed that the link budget of parameter set-1 for LEO-1200 operating at LOS is considered as the target to evaluate whether each channel/signal with the existing specification needs to be enhanced or not, and the considered services are VoIP using AMR 4.75 kbps and low data rate of 3 kbps.
Based on the evaluation results from companies, some observations were made in RAN1#110. Based on that, it was concluded that enhancement is unnecessary for PUCCH format 1 (excluding PUCCH for ACK of Msg4), PUCCH format 3, PUSCH for low data rate of 3 kbps and Msg3 PUSCH, assuming parameter set-1 for LEO-1200 operating at LOS, and -5dBi UE antenna gain. 
It was concluded that PUCCH for Msg4 HARQ-ACK, for which 1.8 to 6 dB gap is observed, should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain. 
For PUSCH with VoIP, it was concluded that enhancement for PUSCH for VoIP may be needed considering companies have relatively diverged simulation results. 
For PRACH, an observation was made and a majority of companies think the PRACH format 2 does not need enhancement for NTN. The controversial part is whether PRACH format B4 needs to be used by NTN, for which the observations show coverage gap of 1.2 to 11.9dB. 
For downlink part, companies have very different views on whether power transmission reduction due to power flux density (PFD) limitation should be considered in Rel-18. Some companies think the transmission power shall be reduced due to the ITU regulation on PFD. However, some other companies explained that the regulation is a triggering threshold of negotiation between satellite and terrestrial communications. Therefore, the ITU regulation does not mandate the transmission power reduction on satellite considering negotiation can be done and avoidance of intra-band interference would be also possible. Therefore, no observation or conclusion was achieved for the downlink part of NTN coverage.
Table 1 gives the summary of RAN1 observations and conclusions 
[bookmark: _Ref113201143]Table 1 summary of RAN1 conclusion/observations on coverage enhancement for NTN
	Physical layer channels/signals
	RAN1 conclusion
	Notes

	PUCCH format 1 (excluding PUCCH for ACK of Msg4)
	Enhancement is not necessary
	

	PUCCH format 3 
	Enhancement is not necessary
	

	PUSCH for low data rate of 3 kbps 
	Enhancement is not necessary
	

	Msg3 PUSCH
	Enhancement is not necessary
	

	PUCCH for Msg4 HARQ-ACK
	Should be enhanced 
	1.8 to 6 dB gap is observed

	PUSCH with VoIP
	Enhancement may be needed
	

	PRACH
	No conclusion
	PRACH format 2 does not need enhancement for NTN.
The controversial part is whether PRACH format B4 needs to be used by NTN. (1.2 to 7.4 dB coverage gap is observed for PRACH format B4 according to moderator summary).

	PDCCH and PDSCH
	No conclusion
	Controversial view on whether transmission power reduction should be considered due to PFD limitation



Proposed update of objectives of NTN coverage enhancement
Based on the RAN1 agreements, the scenarios of Rel-18 coverage enhancement can be updated accordingly.
RAN1 has the common understanding that the PUCCH format 1 for Msg4 ACK should be enhanced. Therefore, the WID should be updated accordingly. 
For PUSCH with VoIP, coverage should be enhanced according to RAN1 observation. On the other hand, as guided by the WID of NTN, only NTN specific mechanisms can be considered in Rel-18 NR NTN WI. Below, we provide our view on the potential NTN-specific enhancements for PUSCH for VoIP.
There were some discussions in RAN1 that Rel-17 coverage enhancement mechanism of DMRS bundling may have issues in NTN scenario considering NTN UE shall compensate timing advance based on UE’s GNSS information and satellite’s ephemeris information, while the compensation of timing advance is unknown to the gNB. This would cause issues on gNB side for joint channel estimation for PUSCH with long repetition, if TA is adjusted on transmitter side during the repetitions of PUSCH. There are some issues caused by NTN-specific aspects, therefore, it should be discussed and specified, if necessary, in Rel-18 NR NTN WI.
Another NTN-specific issue/technique is that the antenna polarization on satellite is different from that on smartphone. Polarization diversity can provide additional coverage improvement based on some evaluation results [2]. Therefore, it is proposed to also include polarization diversity technique as an NTN-specific solution to improve NTN coverage.
Another efficient way to improve uplink coverage is to increase the transmission power on UE side. Support for high power UE has been specified for n1 and n3 FDD bands in Rel-17. Therefore, it is suggested to extend the support of high power UE to S-band to enable the higher transmission power on NTN UE. 
Proposal 1: Update the NTN WID to include the following objectives:
· NTN-specific coverage enhancements to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain:
· Coverage enhancements of PUCCH format 1 for Msg4 HARQ-ACK, e.g. repetition of PUCCH format 1;
· Polarization diversity and NTN-specific DMRS bundling;
· High power UE for NTN;

There is some proposal to consider higher layer optimization to enhance the PUSCH coverage. However, according to the evaluation results provided by companies, most of the companies who observed coverage gap for PUSCH with VoIP have the results of around 3dB gap [3]. By considering the above solutions, we believe the coverage gap of PUSCH with VoIP can be already compensated. Therefore, we don’t think it is needed to have additional higher layer enhancements in Rel-18 NTN WI.
Proposal 2: No need to have higher layer enhancements for NTN coverage as PHY techniques can already provide sufficient coverage for PUSCH.
For PRACH, there is no need to discuss the enhancement of PRACH format 2. There is no common understanding in RAN1 on whether PRACH format B4 should be enhanced. And there was also some discussion regarding the relationship with Rel-18 coverage enhancement.
PRACH enhancement related objective in the WID of Rel-18 coverage enhancement is copied below. According to Note2, Rel-18 coverage enhancement WI targets enhancement of short PRACH formats, i.e. PRACH formats with L=139 [4]. Based on Table 6.3.3.1-2 in TS 38.211, PRACH format B4 should have the best coverage performance among all the short PRACH formats under the same sub-carrier spacing due to the fact that PRACH format B4 has the longest transmission duration, i.e. about 12 OFDM symbols. Therefore, it is rather likely that Rel-18 coverage enhancement work item will at least enhance the coverage of PRACH format B4.
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.



Considering Rel-18 coverage enhancement WI will anyway enhance the coverage of PRACH format B4 according to observations above, it is beneficial if Rel-18 coverage enhancement WI can take NTN scenario, i.e. LEO-1200 with parameter Set-1 and UE antenna gain of -5dBi, as one of the target scenarios.
To avoid NTN specific system level evaluations, coverage enhancement WI can just take NTN-TDL-C channel model as one of the channel models for link level simulation, meanwhile set the target SNR as the CNR from link budget analysis in the study of NTN coverage enhancement in RAN1#110 based on the agreed assumptions in RAN1#109. Based on the inputs from companies in RAN1, PRACH format B4 with 15 kHz SCS has -18.4 dB CNR based on the link budget analysis in NTN.[3]
Proposal 3: Update Rel-18 coverage enhancement WID to include parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, as one of the targeting scenarios for PRACH format B4 coverage enhancement:
· Enhance PRACH format B4 of 15kHz SCS to fulfill the coverage requirement with NTN-TDL-C channel model in TR 38.811 and SNR target of -18.4dB;
For downlink channels, i.e. PDCCH and PDSCH, there is no common understanding among companies regarding whether and how much transmission power shall be reduced due to PFD limitation, when negotiation is triggered between NTN and terrestrial communications to avoid intra-band interference. Furthermore, there is no common assumption on the evaluation assumptions in RAN1 to continue the further work in downlink. Considering these aspects, we propose not to consider downlink enhancement in Rel-18 NTN WI.
Proposal 4: No consideration of downlink coverage enhancement in Rel-18 NTN.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
RAN1 completed their study on coverage enhancement and achieved conclusions and observations. This contribution summarized the discussion in RAN1 and proposed updates to the NR NTN WID for coverage enhancement based on RAN1’s conclusion.
Proposal 1: Update the NTN WID to include the following objectives:
· NTN-specific coverage enhancements to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain:
· Coverage enhancements of PUCCH format 1 for Msg4 HARQ-ACK, e.g. repetition of PUCCH format 1;
· Polarization diversity and NTN-specific DMRS bundling;
· High power UE for NTN;
Proposal 2: No need to have higher layer enhancements for NTN coverage as PHY techniques can already provide sufficient coverage for PUSCH.
Proposal 3: Update Rel-18 coverage enhancement WID to include parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, as one of the targeting scenarios for PRACH format B4 coverage enhancement:
· [bookmark: _GoBack]Enhance PRACH format B4 of 15kHz SCS to fulfill the coverage requirement with NTN-TDL-C channel model in TR 38.811 and SNR target of -18.4dB;
Proposal 4: No consideration of downlink coverage enhancement in Rel-18 NTN.
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Appendix: Agreements, observations and conclusions for coverage enhancement in RAN1#110

Agreement
For NR-NTN coverage enhancement, RAN1 concludes that coverage enhancements specifically for GEO and MEO are de-prioritized in Rel-18.
· Potential enhancements for LEO can also apply to GEO and MEO

Agreement
For NR-NTN coverage enhancement in Rel-18, link budget of parameter set-1 for LEO-1200 operating at LOS is considered as the target to evaluate whether each channel/signal with the existing specification needs to be enhanced or not. The targeted performances are used to evaluate the following services:
· VoIP using AMR 4.75 kbps. 
· Low data rate of 3 kbps. 
· Potential enhancements for deployments with parameter set-1 can also apply for deployments for parameter set-2

Observation
For PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS,
· Five sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with at least 0.6 dB gap

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Three sources observed that the existing specification cannot meet the performance requirement with a gap of 1.8 to 6 dB.

Conclusion
RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

R1-2207811	Summary #4 on 9.12.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)

Observation
For PRACH format 0 with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Eight sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 5.3 dB
For PRACH format 2 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification can meet the performance requirement
· Two sources observed that the existing specification cannot meet the performance requirement with a gap of 1.9 to 8.8 dB
For PRACH format B4 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification cannot meet the performance requirement with a gap of 1.2 to 11.9 dB
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
For PUSCH for VoIP with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement with a margin of 0 to 1.7 dB
· One company simulated by using 20 repetitions without DMRS bundling
· Four companies simulated by using 20 repetitions with DMRS bundling
· One company simulated by using 32 repetitions with DMRS bundling
· Note: this is the only result using frame combining by application layer
· Nine sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 8.6 dB
· Eight companies simulated by using 20 repetitions without DMRS bundling
· Seven companies simulated without frequency hopping
· One company simulated by using 16 repetitions with DMRS bundling
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
RAN1 concluded that enhancement for PUSCH for VoIP may be needed to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, when DMRS bundling is not applied.

Observation
For Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with a gap of 1.5 dB.

Conclusion
RAN1 concluded that enhancement is unnecessary for Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

R1-2208268	Summary #5 on 9.12.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)


