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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#116bis, there are agreements related to system level and link level evaluation assumptions for DL coverage enhancement as captured in annex part, and there are FL proposals on system level and link level enhancements as following:
[bookmark: _Hlk166071407]Proposal 1-2-v0:
At least the following potential DL coverage enhancements at system level are for further study/evaluation:
· Extending the default SSB periodicity
· Using Release 18 network energy saving techniques (e.g., cell DTX/DRX, etc.) with modifications to fit NR NTN (e.g., beam-based operations):
· Support the configuration of more than one cell DTX patterns to a UE.
· Support dynamic group-common signaling for the change of cell DTX patterns.
[bookmark: _Hlk166071392]Proposed working assumption 2-10-v0:
RAN1 to consider link-level enhancement for at least the following channels:
· PDCCH
· PDSCH with Msg 4 
· PDSCH with SIB 1/SIB19.
The following potential link-level enhancements are for further study/evaluation:
· To enhance the coverage of PDSCH Msg 4 and PDSCH carrying SIB1, consider introducing PDSCH repetition, with the maximum number of repetitions being at least X (X to be defined).
· To enhance the coverage of PDCCH, consider the following solutions:
· Increase CORESET symbol number and aggregation level. 
· Enhance PDCCH repetition (e.g., for PDCCH scheduling system information)
· Reduce DCI size (e.g., 2-stage DCI)
In this contribution, we provide our views on the techniques for system level and link level enhancement to improve DL coverage.
2 Discussion
2.1 System level enhancement
There are proposals regarding whether to improve default SSB periodicity. The motivation is that with active beam ratio=1.5%, if each satellite beam is associated with multiple NR SSBs(e.g. 4 in FR1), it is difficult for a satellite beam to resume SSB transmission with 20ms periodicity. With active beam ratio=1.5%, and each SSB of a satellite beam occupy 5ms, the revisit time is 5/1.5%=320ms. If we consider that each satellite beam is associated with a single SSB index, then the revisit time is 320ms/4=80ms, which is still larger than 20ms. If we can further associate one SSB index with 4 satellite beams, the revisit time can be 20ms. The associated 4 satellite beams can be located at different geographical areas to avoid false detection. Considering that there will be large latency impact to improve default SSB periodicity, and it is possible to assign satellite beams far away from each other with a same SSB index, we prefer the default SSB periodicity is not changed.
Proposal 1: Default SSB periodicity is kept to be 20ms for NR NTN.
There are also some discussions on reuse NES techniques for beam hopping. In the WID, it is proposed to support dynamic/flexible beam adaptation. It may contain beam width change, beam on/off, and beam power change. In NES techniques, spatial domain and power domain adaptation is specified in R18, and it mainly relies on configuration of CSI-RS resource, CSI-RS resource set, power ratio between CSI-RS and PDSCH. However, the association between RS and beam in legacy NR network and in NTN may be different, as there is no necessity for multiple NR beams in a satellite beam, so the principle of spatial domain and power domain adaptation can be reused, while detailed schemes may be different, e.g. beam index and explicit power value indication may be necessary for NR NTN.
Proposal 2: Consider beam index and power value indication for spatial/power domain beam adaptation in NR NTN.
There are also discussions related to time domain adaptation. In R18, NES, cell DTX/DRX is indicated by group common DCI. From our perspective, at least satellite beam level DTX/DRX is necessary for NR NTN as different satellite beams may be associated with same cell id and they may apply different on-off patterns.
Proposal 3: Consider satellite beam level DTX/DRX.
There are some principles considering whether some channel/RS can be non-active during the off-duration of cell DTX/DRX, and there are also some exceptions. There are agreements regarding N1, N2, N3 in RAN1#116 which is also captured in annex. N1 corresponding to number of satellite beams off, N2 corresponds to number of satellite beams with common message only, and N3 corresponds to number of satellite beams with active traffic. We think there should be discussions on whether N2 should be 0 in NR NTN. The active beam ratio can be calculated as (N2+N3)/(N1+N2+N3). If the ratio is very small, e.g. 1.5%, and some of the on satellite beam will transmit common message only, we think this is a bit of resource waste. We prefer N2 set to 0.
Proposal 4: In NR NTN, there are only two types of satellites, on or off, and there is no satellite beam with common message only.
If there is no satellite beams with common message only, then there will be some differences between NR NTN and TN. Some channel/RS can be transmitted in TN as anyway there is power in TN, and the harm is power is not saved. However in NR NTN, due to power and feeder link bandwidth restriction, the active beam ratio is limited, and the satellite beam with on status is also limited. And if a satellite beam is in off status, it can’t transmit anything. So some exception cases should be reconsidered.
Proposal 5: RAN1 to define UE behaviors in off status of a satellite beam.
There is large propagation delay in NTN network, it may be not suitable to discard any possible transmission/reception at the off-period and rely on a new scheduling. Large delay will be introduced if purely relying on legacy methods. Additionally, there may be DL Tx power change in R19 NTN, which may be indicated in addition to the on-off pattern.
[bookmark: _Hlk158106673]Proposal 6: Consider the impact of large propagation delay and dynamic DL Tx power change in addition to on-off pattern indication in R19 NR NTN.
There are also some discussions on adaptation of NES techniques studied in R18 and specified or to be specified in R19 to NR NTN, such as, adaptation of common channel periodicity, on-demand SSB, on-demand SIB1. Our view is that these techniques are still under discussion and they are more related to CA case rather than a single Pcell case, so we prefer that related techniques are to be discussed only when they are stable in other agendas and applicability to NR NTN should be careful studied.
Proposal 7: To consider other NES techniques only after stable discussion in AI 9.5.
2.2 Link level enhancement
There will be power sharing among multiple beams of a satellite, so the DL Tx power is reduced compared to previous release. Coverage enhancement for DL channel may be necessary depending on the link level simulation result. Coverage gap for PDCCH/PDSCH can be determined based on corresponding results. To improve DL coverage, at least repetition of PDCCH/PDSCH can be considered. There are also some discussions regarding scaling factor to improve TB size, TBoMS for PDSCH to improve TB size, DMRS bundling to improve channel estimation accuracy, increase of CORSET symbols for larger aggregation level. We think all these schemes can be considered as anyway they improve the Res for a limited number of information bits. There are also discussions on reduction of DCI size or two-stage DCI, we think there may be larger spec impact and not prefer such mechanism.
Proposal 8: Consider repetition of PDCCH/PDSCH, TBoMS/DMRS bundling for PDCSH, larger aggregation level/number of CORESET symbols for PDCCH for DL coverage enhancement.
3 Conclusion
In this contribution, we discussed the issues related to power sharing and DL coverage enhancement for NR NTN, and our proposals are as following:
Proposal 1: Default SSB periodicity is kept to be 20ms for NR NTN.
Proposal 2: Consider beam index and power value indication for spatial/power domain beam adaptation in NR NTN.
Proposal 3: Consider satellite beam level DTX/DRX.
Proposal 4: In NR NTN, there are only two types of satellites, on or off, and there is no satellite beam with common message only.
Proposal 5: RAN1 to define UE behaviors in off status of a satellite beam.
Proposal 6: Consider the impact of large propagation delay and dynamic DL Tx power change in addition to on-off pattern indication in R19 NR NTN.
Proposal 7: To consider other NES techniques only after stable discussion in AI 9.5.
Proposal 8: Consider repetition of PDCCH/PDSCH, TBoMS/DMRS bundling for PDCSH, larger aggregation level/number of CORESET symbols for PDCCH for DL coverage enhancement.
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5 Annex
5.1 RAN1#116 meeting agreement

[bookmark: _Hlk166072231]Agreement
For DL coverage study, consider the following additional reference satellite parameters scenarios for LEO600km Set1 in FR1 (i.e., S-band), referred to as Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1:

	 LEO600km Set1-1 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size(Note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	31.24

	Aggregated EIRP (Total) (dBW)
	61.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints***
	1058

	Total number of simultaneously active beams **
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 61.24 dBm for the reference configuration. 
**Assuming 100 % Resource Block utilization within the same beam at max power. Absolute number of simultaneously active beams is up to 212 (due to limitation of RF) 
*** For a constellation design at 600km with low elevation angle with 30° and selected (i.e Set 1 parameters) beam size
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies




	LEO600km Set1-2 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	23

	Aggregated EIRP (Total) (dBW)
	53*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	16

	% simultaneously active beams**
	1.5 %

	*Note: EIRP limit is 53 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 16 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies




	LEO600km Set 1-3 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	26

	Payload Total DL power level (dBW)
	23.24

	Aggregated EIRP (Total) (dBW)
	53.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	33

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 53.24 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 212 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies



Note: RAN1 will aim to identify necessary enhancements for these scenarios in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential enhancements will be specified within Rel-19 framework.

[bookmark: _Hlk166072242]Agreement
For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band):

	LEO600km Set1-1 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	TBD in next meeting

	Satellite EIRP density /beam (dBW/MHz)
	

	Payload Total DL power level (dBW)
	

	Aggregated EIRP (Total) (dBW)
	

	Satellite Tx max Gain
	

	EIRP per Satellite beam (dBW)
	

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	Note 1: A typical deployment scenario in FR2 should consider 800 satellites beams per a single satellite coverage area with an absolute number of simultaneously active beams equal to 16 (due to limitation of RF)






Agreement
RAN1 to consider the following performance metrics for DL Coverage enhancement evaluation at system level:
At least:
· CDF of the received SINR
· The dwell time and revisit time interval for each beam illumination across the coverage
· Periodicity of common control channels (e.g. SSB, CORESET0/SIB1, SIB19) and corresponding coverage ratio

Other metrics may be reported such as
· CDF of the cell throughput
· CDF of user perceived throughput (UPT)
· CDF of Latency
· Ratio of mean served cell throughput and offered cell throughput, denoted by 𝜌 (refer to TR36.889)

[bookmark: _Hlk166072261]For system level study based on analytical evaluation:
· N1 beam footprints are in state “off”
· These beam footprints are not served by any signal (no satellite service in this area)
· N2 beam footprints are in state “common messages only”
· These beam footprints do not have any active user traffic, and are served the necessary information for cell discovery and initial access.
· Optionally, companies may consider user arrival (e.g. RACH access) in this type of cell, and should describe how this is taken into account in the analytical evaluation
· N3 beam footprints are in state “active traffic” 
· These beam footprints have X active (e.g. VoNR) users each.
· These beam footprints are also served the necessary information for cell discovery and initial access
· N1 + N2 + N3 = “Total number of beam footprints “ 
· N1, N2, N3, X are to be reported by companies.
· Resource utilization obtained under the assumptions above is to be reported by companies.
· Other assumptions made in the evaluation are to be reported by companies, e.g. power sharing scheme, beam hopping scheme, etc.

5.2 RAN1#116bis agreement
Agreement
For DL coverage study at system level, it is up to companies to report the following parameters for LEO600km Set1-1 FR2:
	Beam size

	Satellite EIRP density /beam (dBW/MHz)

	Payload Total DL power level (dBW)

	Aggregated EIRP (Total) (dBW)

	Satellite Tx max Gain

	EIRP per Satellite beam (dBW)




