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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RANP#102, a WID on enhancement to NR NTN is approved. The part related to DL coverage enhancement for NR NTN is agreed as following:
· [bookmark: _Hlk153196886]Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
· Notes for this objective:
· SSB channel enhancement is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study
In this contribution, we mainly discuss the issue related to simulation assumptions for power sharing among satellite beams, different beam pattern/size and potential techniques to improve DL coverage.
2 Discussion
2.1 Simulation assumption
There is already system level and link level simulation assumptions discussed in R17 as captured in TR 38.811 and TR 38.821. In R18, link-level evaluations are performed for hand held UE with 1 TxRx antenna and -5.5dBi antenna gain. In RAN1#109e meeting, link-level evaluations for both DL and UL are agreed, and due to limit of time, uplink performance is focused in R18. Now in R19 we start to consider the impact of downlink power sharing and different beam pattern/size among different footprints, and link-level simulation assumptions for DL agreed in RAN1#109 can be reused as much as possible, which is also listed as following:
Agreement
For coverage evaluation of PDSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.4
	1040 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PDCCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies



From our perspective, the main difference between R19 and R18 discussion is the impact of power sharing and different beam pattern/size. The reason is due to restriction of satellite transmission power and feeder link delay. 
For example, if we consider TR 38.821 LEO S-band set1 @600 km, the nominal EIRP density per beam is 34 dBW/MHz, corresponding to a nominal EIRP 41 dBW per beam with 5 MHz allocated bandwidth. 
Given this satellite altitude, the entire satellite footprint diameter is about 1500 km, assuming the target minimum elevation of 30°. In a first approximation, to cover this footprint area with regular beam size (about 50 km diameter from TR 38.821), the total number of satellite beams to be generated is approximately 1200.
In order to generate all these beams, the hypothetical aggregate power should be: 41 dBW + 10log10(1200) = 72 dBW. This RF power is very high and demanding in terms of on board complexity. In addition, this is leading to 1200 x 5 MHz = 6 GHz of required feeder link spectrum, which is another strong challenge in terms of on-board processing bandwidth.
Actually due to satellite power restriction, the power value 72dbW need to be reduced based on factor P_reduction, and due to restriction of feeder link bandwidth restriction, the number of active beams 1200 need to be reduced based on factor Ratio. Factor ratio is the ratio of active beams, and 5MHz *Ratio *1200 should not be larger than the feeder link bandwidth. Then the formula will be:
72dbW – 10log10(P_reduction) = (41dBW- X_gap) + 10log10(1200*Ratio)
There is an additional X_gap, which means the needed coverage enhancement level. The motivation is to make active beams simultaneously as many as possible. As SSB is not to be enhanced based on WID objective, the possible X_gap should be less than the SSB margin, e.g. 3dB, 6dB.
With this formula, Ratio can also be used to determine the beam hopping pattern. E.g. if service time for each group of beams which can be set active is D, then the total periodicity is D/Ratio.
From simulation perspective, the main issue is to determine suitable values of X_gap and Ratio, so that to identify the bottle neck channel based on X_gap and to evaluate the system level throughput based on both X_gap and Ratio.
Proposal 1: RAN1 to determine the necessary coverage gap and ratio of active beams.
In R18 UL coverage enhancement, the SNR gap is determined by two values. The first one is the CNR based on link budget calculation and the second one is the required SNR for each channel, e.g. PUCCH/PUSCH. We can adopt similar way for DL channel, such as PDCCH/PDSCH. The difference is that we need to consider the actual DL Tx power due to power sharing among different beams and beam pattern/size, i.e. coverage gap X_gap discussed above, and then to get the CNR. Possible values for X_gap can be 3dB, 6dB, etc. If the DL Tx power is 41dBW, and X_gap is 3dB, then the actual DL Tx power is 38dBW, which is used to get the actual gap.
Proposal 2: For link level simulation, coverage gap X_gap is used to calculate the DL Tx power and then to get the actual gap between CNR and achievable SNR.
For system level simulation, the key point for simulation is the on-off pattern due to limited number of footprints which can be served simultaneously, and the DL Tx power will also impact the throughput performance. Simulation is useful to determine the suitable value for beam width, DL Tx power and number of simultaneously active beams.
Proposal 3: For system level simulation, on-off pattern due to number of simultaneously active beams, beam width and DL Tx power will impact the throughput.
2.2 Potential technique
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. In legacy release, repetition for PDCCH/PDSCH can already be configured. However, there may be some restriction for some DL channel during the RACH procedure, or there may be some NTN specific feature due to large propagation delay and satellite movement. All these factors can be considered based on the necessary coverage enhancement based on link level simulations.
Proposal 4: Consider repetition of PDCCH/PDSCH for DL coverage enhancement.
Due to beam sweeping among different footprints of a satellite, there will be on-off in a specific footprint. Cell DTX/DRX is introduced in R18 NES. A group common DCI is introduced in R18 to indicate whether a cell is in active period and non-active period. During the non-active period, some behaviors are not expected, such as PDCCH monitoring, CSI measurement/reporting. There are also some behaviors are not impacted by the cell non-active period, such as SRS for positioning. 
There are some differences between the on-off in NTN and in legacy networks. During the off duration in NTN network, the satellite needs to serve other footprints, so there can’t be any transmission/reception during the off-duration. Meanwhile, 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 5: Consider the impact of large propagation delay and dynamic DL Tx power change in addition to on-off pattern indication in R19 NR NTN.
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: RAN1 to determine the necessary coverage gap and ratio of active beams.
Proposal 2: For link level simulation, coverage gap X_gap is used to calculate the DL Tx power and then to get the actual gap between CNR and achievable SNR.
Proposal 3: For system level simulation, on-off pattern due to number of simultaneously active beams, beam width and DL Tx power will impact the throughput.
Proposal 4: Consider repetition of PDCCH/PDSCH for DL coverage enhancement.
Proposal 5: Consider the impact of large propagation delay and dynamic DL Tx power change in addition to on-off pattern indication in R19 NR NTN.
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