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[bookmark: _Ref513464071]Introduction
In RAN #102 meeting, the WI for R19 NR NTN for Phase 3 [1] is approved, and revised in RAN # 103 meeting as [2]. For DL coverage enhancement, NR NTN phase 3 has the following objective to improve the DL coverage through link level and system level enhancements: 

	1. 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 RAN1 #116Bis [3] meeting, following agreements were reached for NR NTN DL coverage enhancement:
	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%.] 

Agreement
For coverage evaluation of PDSCH in NR NTN, the following payload sizes for PDSCH are assumed:

	Payload
	value

	Payload size for PDSCH of SIB1
	Option 1: 800 bits 
Option 2: 1280 bits

	Payload size for PDSCH of SIB19
	616 bits



Note: At least the above values are simulated and reported. Other values can be considered.
Note: the values above are not the TBS.

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)



Agreement
For coverage performance evaluation of DL channels/signals before the SIB19 acquisition, the maximum Doppler frequency drift is assumed to be equal to 0.27 ppm/s based on TR 38.821.



In this contribution, we discuss some aspects of link and system level enhancements for DL coverage enhancements for NR NTN operation. 
System Level Enhancements for NTN
During the Rel-19 scoping for NR NTN WID [1], many satellite operators brought the transmission power constraints issue for the satellites and the need to do dynamic power adaptation in a flexible manner. The power adaptation can be fractional or binary (ON/OFF). Similarly, the WID notes the possibility to change the spatial footprint of the satellite beams. 
3GPP specified a number of network energy saving techniques in Rel-18 NES [4] work. It was noted that in NTN Rel-19 WID that energy saving mechanisms standardized in Rel-18 NES WID [4] may be considered as baseline. These mechanisms may be considered as candidates for power sharing among satellite beams and to save energy at the satellite payloads. In this section, we study their potential use for NTN networks, both for power sharing among satellite beams and for energy saving purpose.
Dynamic Turning On/OFF Beams for Satellites
The beams transmitted by the satellite may be turned on/off in a dynamic manner. This may follow a periodic pattern. Cell DTx and cell DRx mechanisms standardized in Rel-18 NES [4] are applicable at cell level. Cell DTx/DRx may enable very flexible mechanism to perform power sharing among satellite beams and also to activate and de-activate a sub-set of beams in a periodic manner.
[bookmark: _Hlk158999072]Observation 1: NES Cell DTx and cell DRx mechanisms may provide a suitable baseline for NTN scenarios to perform power sharing among satellite beams and to periodically activate and de-activate a subset of satellite beams. 
Cell DTx and cell DRx mechanisms standardized in Rel-18 NES use RRC based activation. In addition, a group common DCI can be used for activation purpose if the RRC configurations have been provided. For this reason, they can be easily used for NTN beams periodic activation/de-activation.
Proposal 1: The network uses NES cell DTx and cell DRx mechanisms to activate and de-activate satellite beams in a periodic manner.
A single DTx/DRx pattern may not be suitable for all the UEs/devices present in the large coverage area of a satellite beam as different devices may have different activity levels and different transmit/receive patterns. 
Observation 2: A single DTx/DRx pattern may not be suitable for NTN due to wide coverage of satellite beams supporting UEs with different activity levels. 
To allow additional control on activation de-activation intervals, the network can configure and activate simultaneous multiple cell DTx and cell DRx patterns.
Proposal 2: Configuration and simultaneous activation of multiple cell DTx and cell DRx patterns are supported for NTN operation. 

Dynamic Flexible Power Sharing among the Satellite Beams
Cell DTx/DRx mechanisms provide a solid baseline for turning on and turning off the satellite beams. Nevertheless, the satellites may not always turn off certain beams in a periodic manner. As satellite beams may be covering a large zone, turning off the beams may result in delayed initial access for the users in the relevant zone of the beam. In addition, depending upon cell DTx or DRx, the satellite may not be able to transmit control/data or receive from the beam turned off. This may result in QoS degradation for the UE in the coverage of that beam. 
[bookmark: _Hlk158999087]Observation 3: Turning on and off the satellite beams in binary fashion may result in QoS degradations.
Depending upon the coverage, nature of the devices and the cell DTx/DRx parametrization, turning on/off beams may not be suitable option for the satellite beams and the satellite need to do fractional power sharing among the beams to keep a balance between QoS for the UEs and local power constraints.
Observation 4: Satellite payloads need to perform flexible power sharing among the beams to keep a balance between the QoS provisioning and satellite power constraints.
To avoid turning the beams OFF completely and risking QoS degradation, the satellite beams may resort to fractional power control. Different patterns or periodicities can be employed where the beams may use a fraction of the nominal/typical transmission power. Rel-18 NES studied the power domain adaptation. This study is limited to UE specific PDSCH and is based upon the UE feedback. Given that a satellite beam may have a large number of devices in its coverage due to large footprint, getting the feedback from all those devices may not be feasible. Thus, RAN1 needs to investigate and design fractional power sharing among the satellite beams with minimal feedback.
Proposal 3: Fractional power sharing among the satellite beams is supported.
Dynamic Footprint Update for Satellite Beams
Another possibility for the satellite could be to adapt the beam footprint, e.g., wide vs narrow footprint. Spatial footprint adaptation may enable control on how many beams are required to serve a given coverage area, and eventually help handling the power constraints at the satellite. Adaptation of spatial beam footprint may have some relevance to spatial domain adaptations standardized in Rel-18 NES. The basic framework for spatial domain adaptations hinges upon the network getting per UE CSI reports for a number of sub-configurations and then adapting the UE dedicated transmissions either for Type 1 spatial adaptation (antenna port muting) or Type 2 spatial adaptations (same number of ports but port spatial footprint update) based upon the feedback received from the UE. 
From this perspective, spatial domain adaptations as standardized in NES may have very large operating overhead as it will require multiple CSI sub-configurations reported to the network from each UE. Given the fact that typically NTN UEs have medium to small data rate requirements, the feedback overhead may largely exceed the potential benefit if any.
[bookmark: _Hlk158816848]Observation 5: Spatial domain adaptation techniques standardized in Rel-18 NES work may have very large overhead for NTN scenarios and use cases to adapt the beam footprint.
The satellite beams may be transmitted applying spatial adaptations to the antennas and antenna elements to choose wider or narrower footprint to suit the coverage requirements and active traffic with minimal feedback from the UEs. The simpler spatial domain adaptation without any dynamic feedback from the UEs will be the key given the large number of UEs in the satellite coverage areas.
[bookmark: _Hlk158999122]Proposal 4: Satellite beams may adapt spatial footprint based upon coverage requirements and active traffic without UE feedback.
Link Level Enhancements for NTN
After discussing some system level enhancements to save energy and improve DL coverage, this section focuses on link level enhancements to improve DL coverage. The link level coverage enhancements are needed to compensate the coverage loss resulting from power sharing among the beams. The power sharing among the satellite beams may be binary (ON/OFF) or flexible as discussed in the previous section. In Rel-19 NTN WID, SSB enhancements are not considered. So the link level enhancements should be applied to other DL channels, e.g., PDCCH and PDSCH. The link level enhancements are discussed for PDCCH and PDSCH in the following sub-sections.
Link Level Enhancements for PDCCH
When the satellite beams are undergoing cell DTx mechanism, there may be no PDCCH transmission during the inactive period. If the UEs are informed about the DTx period or the absence of PDCCH transmission, they can avoid doing the blind decodes on the PDCCH occasions, and thus save their power as well.
When the power sharing is performed over the satellite beams, the PDCCH may be being transmitted with reduced power compared to non-power sharing case. The network can use higher aggregation factor for PDCCH transmission to compensate the PDCCH coverage loss resulting from the beam power sharing. 
[bookmark: _Hlk158816933]Proposal 5: The network uses higher aggregation factor for PDCCH transmission while the satellite beams are in power sharing mode.
Another method can be to do the PDCCH repetition. A single PDCCH can be repeated in a single occasion or across multiple occasion, providing the additional energy to allow the UEs decode their relevant PDCCH. This needs to be designed carefully to keep the blind decode efforts within reasonable limits.
Proposal 6: PDCCH can be repeated multiple times to compensate the PDCCH coverage loss due to power sharing among the satellite beams.

Link Level Enhancements for PDSCH
When the satellite beams are undergoing cell DTx mechanism, the network will not schedule any PDSCH. The UEs may though be performing blind decodes on the configured DL transmission occasions. There is no risk of increased UE power consumption if the UEs are informed of the cell DTx periodicities. 
When the satellite beams are being transmitted with fractional power control, e.g., due to power sharing among the satellite beams, the UEs may be receiving PDSCH with reduced power. For beam based power reduction without spatial adaptation, the UEs may not need to know the PDSCH power reduction factor as they may be able to determine that based upon the DRMS REs undergoing the similar power reduction. On the other hand, the network may employ spatial adaptations (e.g., by applying NES spatial adaptation Type 1 or Type 2 etc) in combination with power domain adaptations, then UEs may need to be indicated the spatial adaptation (at least) to apply correct QCL assumptions for PDSCH decoding. 

[bookmark: _Hlk158816961][bookmark: _Hlk158999154]Observation 6: The UEs need to be indicated at least the gNB employed spatial domain adaptation to be able to successfully decode PDSCH when the network is employing spatial adaptations with or without power domain adaptations.

The UE knowledge about the beam power/spatial adaptation used while PDSCH transmission may not be enough to guarantee successfully PDSCH decoding. The network may need to compensate the DL coverage reduction due to satellite beams power sharing. One method can be to perform the PDSCH repetition. A single PDSCH can be repeated multiple times and the UEs can be instructed to combine appropriate improving the PDSCH coverage. One simple design can be to perform a first number of repetitions with full power beam transmission and to perform a second number of repetitions with fractional power beam transmission. The number of repetitions with full/fractional power beams may be configured to the UEs.
[bookmark: _Hlk158816968]Proposal 7: PDSCH can be transmitted with a higher number of repetitions with fractional power transmission from satellite beams. 
Conclusions
In this contribution, the following observations are made:
Observation 1: NES Cell DTx and cell DRx mechanisms may provide a suitable baseline for NTN scenarios to perform power sharing among satellite beams and to periodically activate and de-activate a subset of satellite beams. 
Observation 2: A single DTx/DRx pattern may not be suitable for NTN due to wide coverage of satellite beams supporting UEs with different activity levels. 
Observation 3: Turning on and off the satellite beams in binary fashion may result in QoS degradations.
Observation 4: Satellite payloads need to perform flexible power sharing among the beams to keep a balance between the QoS provisioning and satellite power constraints.
Observation 5: Spatial domain adaptation techniques standardized in Rel-18 NES work may have very large overhead for NTN scenarios and use cases to adapt the beam footprint.
Observation 6: The UEs need to be indicated at least the gNB employed spatial domain adaptation to be able to successfully decode PDSCH when the network is employing spatial adaptations with or without power domain adaptations.
These observations and the discussion have led to the following proposals:
Proposal 1: The network uses NES cell DTx and cell DRx mechanisms to activate and de-activate satellite beams in a periodic manner.
Proposal 2: Configuration and simultaneous activation of multiple cell DTx and cell DRx patterns are supported for NTN operation. 
Proposal 3: Fractional power sharing among the satellite beams is supported.
Proposal 4: Satellite beams may adapt spatial footprint based upon coverage requirements and active traffic without UE feedback.
Proposal 5: The network uses higher aggregation factor for PDCCH transmission while the satellite beams are in power sharing mode.
Proposal 6: PDCCH can be repeated multiple times to compensate the PDCCH coverage loss due to power sharing among the satellite beams.
Proposal 7: PDSCH can be transmitted with a higher number of repetitions with fractional power transmission from satellite beams. 
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