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1. [bookmark: _Toc120549591]Introduction
[bookmark: _Hlk521259925]During the RAN1#116bis meeting, some agreements and conclusions about downlink coverage enhancements for NR NTN were obtained as following [1],
	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
	8

	Payload
	40 bits

	CORESET size
	2 symbols, 24 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


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 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.
24 PRBs for SIB1 and SIB19

	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.2
	72 bits

	Payload size for PDSCH of SIB1
	FFS

	Payload size for PDSCH of Msg.4
	1040 bits

	Payload size for PDSCH of SIB19
	FFS

	Other parameters
	Reported by companies.


Agreement
Antenna gain reduction due to steering loss is not considered in the link level evaluation.
Note: This is aligned with the assumptions made in Rel-18 UL coverage enhancement
Observation
The CNRs for the satellite payload parameters Set 1-1, Set 1-2 and Set 1-3 are equal to -1.9 dB, -1.9 dB and -9.9 dB respectively.
Agreement
Confirm the Satellite phased-array antenna parameters for LEO 600km in FR1 defined in RAN1#116.
	 Satellite phased array antenna Characteristics
	

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	Table7.3-1 in TR 38.901

	Horizontal/vertical 3 dB beam width of single element (degree)
	65 for H
65 for V

	Antenna element spacing
	0.667 lambda

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	400 elements (20 x 20)

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi

	Steering loss at 30° elevation angle 
	4 dB


Al least the above model is considered for SLS to ease the alignment between evaluation results. The model below can be optionally considered:
	Satellite phased array antenna Characteristics
	

	Orbit
	LEO-600km

	Frequency range/band
	FR1/S-Band

	Antenna element pattern
	TR38.820 section 7.2.4	

	Horizontal/vertical 3 dB beam width of single element (degree)
	90 for H
90 for V

	[bookmark: _Hlk164266843]Antenna element spacing
	0.5 lambda

	Antenna polarization
	Circular (RHCP or LHCP)

	Number of antenna elements 
	676 elements (26 x 26)

	Equivalent satellite antenna aperture
	2m

	Element maximum gain
	4 dBi

	Antenna maximum gain
	30 dBi (Note 1)

	Steering loss at 30° elevation angle 
	2.5 dB


Note 1: The maximum antenna gain is determined by considering an overall array efficiency [of 50%.] 


In this contribution, we discuss the issues about system level and link level coverage enhancements for further consideration as per WID [2].
2. Discussion
2.1 System level coverage enhancement 
As mentioned in [3], since a single beam from a satellite can only cover several hundred or thousand square kilometers on the earth, the service area within a satellite footprint normally consists of up to thousands of beam footprints. While the proportion of the simultaneously active beams out of total beam footprints is as low as 1% around [1][4] due to limited satellite payload capability, such as power consumption, RF/antenna structure and beam forming capability. To improve the downlink coverage performance at the system level, beam hopping is a necessary method to efficiently cover the whole service area with one or multiple simultaneously active beams which may illuminate each beam footprint. 
At least for the transmissions of common signals and channels in NR such as SSB and SIBs, all beam footprints should be covered in a sequential way based on a repetitive hopping pattern to guarantee every user have sustained access to the network in a low latency, and then to provide a fair and quality service to all users within the entire service area. At the same time, some UE relevant signals/channels transmissions, e.g. periodic/semi-static CSI-RS, CG-PUSCH and SPS, have the similar requirements on active beam utilization. 
However, considering the efficient payload power consumption of satellite, the user distribution in different beam footprints and corresponding traffic demands will lead to an unequal beam/dwell time resource allocation or configuration. And the flexible beam hopping and transmitting power sharing among concurrent active beams in a short duration seem to be more feasible to meeting the variant requirements on resources allocation in NTN downlink service, as well as avoiding the overlapping between the resource for common/UE specific signals/channels and the resource for traffic data.
Proposal 1: A comprehensive beam hopping and beam management plan should be considered with respect to both the network accessing for all users in a long term and the traffic demand for certain users in a short term.
As a common signal in legacy NR, SSB has a maximum 160ms transmission periodicity via beam sweeping in a cell. To serve each user which can be located in any beam footprint within a target service area of NTN, all the common signals such as SSB and SIBs, may be equally transmitted in each footprint, irrespective of the user distribution per footprint. Hence, different beam footprints could be served with SSB in a TDM manner to cover all footprints in turn. Given a very limited number of simultaneously active beams compared with the total number of beam footprints, SSB transmission could not be completed in default period for initial access, namely the SSB period would be substantially extended in such case, although SSB enhancement is not included in WID [2]. While the SSB combination also can be performed based on the single SSB detection assumption. Of course, as a result of extended periodicity, the impact of increased initial access latency on specification and compatibility needs to be investigated as well.
Proposal 2: The extended periodicity of common signals/channels such as SSB/SIBs could be considered for downlink coverage enhancement at a system level.
In addition, different from consistent power supply for the gNB in TN, the satellite payload power constraint is always one of the key factors in NTN which needs to be balanced with system performance and complexity. Obviously, based on optimized power management in whole, energy efficient payloads are highly expected for satellite. Hence, as outlined in WID [2], Re-18 network energy saving(NES) techniques should be considered as baseline in the system level study. From the system view, NES techniques in time, frequency, spatial and power domain for either gNB side or UE side should be studied firstly, including the feasibility and benefits to NTN.
Considering the "efficient dynamic and flexible power sharing between beams or different beam pattern/size (i.e., wide or narrow) across the satellite foot print for FR1-NTN and FR2-NTN" [2], at least the NES techniques in time domain could be reused with necessary enhancement, e.g. the adaptation of common signals/channels and UE specific items. For the former, according to prior user distribution per beam footprint, the adaptive SSB/SIB1 transmission through optimized beam illumination plan may achieve a more efficient and targeted coverage in normal or extended period with configurable resources, as well as power saving. And paging, common PDCCH and other SIBs could be treated similarly. At UE side, the adaptation of PRACH also may be performed in time, frequency and spatial domain correspondingly. 
Meanwhile, with restrictions on the reception of certain downlink signals/channels and the transmission of certain uplink signals/channels for UE during certain non-active periods, cell DTX/DRX mechanism of Rel-18 NES in either RRC connected state or idle/inactive state could be suitable for beam based operation in NTN, especially considering the duration of beam serving time and satellite serving time. For example, by periodically activating and de-activating certain beams covering the area with fewer users, energy allocation can be configured/scheduled among beams as a whole. At the same time, modification such as enhancement to DTX/DRX pattern still needs to be studied. 
Proposal 3: To apply Rel-18 network energy saving techniques to system level downlink coverage enhancement, at least the adaptation of signals/channels and cell DTX/DRX mechanism should be considered.
2.2 Link level coverage enhancements  
In general, system level coverage enhancements are strongly associated with the system deployment, scenarios and user distribution. It may determine the optimal system performance achievable through link level enhancements. If certain system level enhancement is not always applicable, link level enhancement may be a more attractive solution aiming to improve the link margin of selected physical channels in order to accommodate the EIRP reduction in FR1-NTN as per the WID. 
Naturally, the link margin improvement for downlink channels PDSCH and PDCCH could be considered. Since the legacy coverage enhancements in Rel-17 and Rel-18 mainly rely on the method of repetitions, multiple repetitions such as maximum 32 PUSCH repetitions, will also reduce the throughput greatly. As agreed in [1], low data rate PDSCH/PDCCH and SSB are considered for evaluation, then enhancements on certain signals/channels may be determined accordingly.
Proposal 4: For PDSCH Msg.2 and Msg.4, the coverage enhancement by PDSCH repetitions could be considered.
3. Conclusions
In this contribution, we provide some simulation results and views on downlink coverage enhancement for NR NTN scenarios. The proposals and observations are summarized as following.
Proposal 1: A comprehensive beam hopping and beam management plan should be considered with respect to both the network accessing for all users in a long term and the traffic demand for certain users in a short term.
Proposal 2: The extended periodicity of common signals/channels such as SSB/SIBs could be considered for downlink coverage enhancement at a system level.
Proposal 3: To apply Rel-18 network energy saving techniques to system level downlink coverage enhancement, at least the adaptation of signals/channels and cell DTX/DRX mechanism should be considered.
Proposal 4: For PDSCH Msg.2 and Msg.4, the coverage enhancement by PDSCH repetitions could be considered.
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