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1	Introduction
The Rel-19 WID entitled “Non-Terrestrial Networks (NTN) for NR Phase 3” includes the following objective touching upon RAN1 [1]:
	
1. [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 provide our initial views on this Rel-19 objective, including a coverage analysis related to the “identification of physical channels/signals” that may “need enhancements and the corresponding needed improvements”, a view on the “evaluation methodology,” “KPIs,” and our interpretation of “allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size”, as well as our initial view on accounting for “Rel-18 network energy saving techniques”.
2	Coverage of DL PHY-channels & signals, evaluation methodology, and KPIs
In our view, the starting point for this Rel-19 objective is related to the “identification of physical channels/signals” that may “need enhancements and the corresponding needed improvements”, the “evaluation methodology,” and “KPIs”, just as described in the following sub-bullet of this objective [1]:
	· 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.



Moreover, the Rel-19 objective includes the following guidelines to be considered:
	· 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



[bookmark: _Hlk157079011]In our view, it is important first to determine which of the physical channels and signals that will be within the scope of the study by means of link budget analysis, and link-level evaluations. Specifically, performing a link budget evaluation of the Synchronization Signal and Physical Broadcast Channel (SS/PBCH or SSB) is fundamental since detecting it is essential for initial access. Therefore, the link budget of SSB can serve as a reference point for other physical channels and signals that are subsequently transmitted in the DL. To do this, we use the link margin, which is obtained as the difference between the target CNR and SNR, i.e., SNR-target CNR, where SNR is obtained through link-level simulations corresponding to the specified BLER target while the target CNR is obtained via link budget analysis that follows.
[bookmark: _Toc159248069]Performing a link budget evaluation of SSB is fundamental since detecting SSB is essential for initial access and therefore it can serve as a reference point for other physical channels and signals that are subsequently transmitted in the DL.
2.1	Assumptions for link budget calculation
Throughout the paper, we consider the prioritized case of NGSO: LEO Set-1 @ 600 km, unless otherwise stated. The assumptions used for link budget evaluations are summarized in Table 4 and Table 5 of Annex A. Though there was a discussion about the ITU regulatory limitations on power flux density (PFD) in the study on coverage enhancements for NR NTN During the Rel-18 of NTN enhancements, RAN1 did not agree to apply additional PFD limitations as described in [6] and [7]. Therefore, we consider applying the EIRP values as is in TR 38.821 [3]. The corresponding target CNR is found to be -1.88 dB (cf. Table 1) when the elevation angle is set to 30 deg (and 3.22 dB when the elevation angle is 90 deg).
[bookmark: _Ref159115515]Table 1. Link budget summary for the case of NGSO: LEO Set-1 @ 600 km in S-band.
	Satellite Type/Orbit
	LEO-600

	Band
	S-band

	Set 1 or Set 2
	Set 1

	Terminal Type
	Handheld

	Elevation Angle
	30 deg

	Direction
	DL

	TX: EIRP/spot/Bandwidth [dBm]
	64.0
	78.8

	EIRP/spot/Bandwidth [dBW]
	34.0
	48.8

	Bandwidth [MHz]
	1
	30

	RX: G/T [dB/K]
	-37.12

	Boltzmann constant k [dBW/K/Hz]
	-228.6

	Free space path loss (PL) [dB]
	159.1

	Atmospheric loss (LA)
	0.0660

	Shadow fading margin (SF) [dB]
	3

	Scintillation loss (SL) [dB]
	2.2

	Polarization loss [dB]
	3

	Additional losses (AD) [dB]
	0

	Target CNR [dB]
	-1.88




2.2	Assumptions for link level simulations
The settings for link level evaluations applicable to all physical channels/signals are summarized in Table 6 of Annex B. Parameters specific to the respective channels are explicitly listed in subsections (cf. Tables 7 - 11) that follow in Annex B. 
2.3	Link margins for downlink channels
To determine the “Link Margin” of SSB, the link-level simulations are conducted based on settings summarized in Table 7. The link budget evaluations of SSB resulted in a “Link Margin” of +7.22 dB. Thereafter, using the simulation setup in Annex B we performed a link budget evaluation for PDCCH in CORESET0, PDSCH for Msg2, PDSCH for Msg4, and PDSCH for a “low data rate service”. Table 2 provides an overview of the obtained results from the link-budget analysis including the link margins of SSB, PDCCH, Msg2 PDSCH, Msg4 PDSCH, and “low data rate service” PDSCH, including how those margins are with respect to SSB. We have not considered the paging channel in the link budget analysis yet as it was not part of the Realease-18 coverage enhancement discussions.  
Figure 1 displays the results of the link budget evaluation comparing the “Downlink Margins” of the above-mentioned DL physical channels.
[bookmark: _Ref159115637]Table 2. Link-budget evaluations and “Link Margins” comparison of SSB, PDCCH in CORESET0, Msg2 PDSCH, Msg4 PDSCH, and PDSCH (Low data rate service).
	NGSO: LEO Set-1 @ 600 km, TDL-C
	
	

	Physical Channel/signal
	Target CNR (dB)
	SNR (dB)
	Downlink Margin (dB)
	Delta (dB) with respect SSB 

	SSB
(BLER Target 1%)
	-1.88
	-9.1

	+7.22
	ΔSSB-PDCCH
	

+2.56
	ΔSSB-PDSCH_Msg2
	


Outperforms SSB by 1.7dB.
	ΔSSB-PDSCH_Msg4

	





+2.2
	ΔSSB-PDSCH_Low_data_rate

	






+2.1

	PDCCH
(BLER Target 1%) 
	-1.88
	-6.54

	+4.66
	
	
	
	
	
	
	
	

	PDSCH (Msg2)
(BLER Target 10%)
	-1.88
	-10.8

	+8.92
	
	
	
	
	
	
	

	PDSCH (Msg4)
(BLER Target 10%)
	-1.88
	-6.9

	+5.02
	
	
	
	
	
	

	PDSCH (Low data rate service)
(BLER Target 10%)
	-1.88
	-7

	+5.12
	
	
	
	
	
	




Figure 1: Link margins comparison of SSB, PDCCH in CORESET0, Msg2 PDSCH, Msg4 PDSCH, and “low data rate service” PDSCH, including “deltas” (see dotted lines) with respect SSB.
From the link budget evaluations, we can observe that the link margin  difference between SSB and PDCCH in CORESET0 is ΔSSB-PDCCH ~ +2.56 dB, whereas the link margin difference between SSB and Msg2 PDSCH is ΔSSB-PDSCH ~ -1.7 dB (meaning Msg2 PDSCH outperforms SSB), while for Msg4 PDSCH and for “low data services” PDSCH the resulting link margin differences are ΔSSB-PDSCH_Msg4 ~ +2.2 dB and ΔSSB-PDSCH_low_data_rate ~ + 2.1 dB. Thus, from the above evaluations the largest the link margin difference was found between SSB and PDCCH in CORESET0 (ΔSSB-PDCCH ~ +2.56 dB). Thus, PDCCH in CORESET0 would require to be enhanced by ~ +2.56 dB to match the link margin of SSB, however other DL physical channels will require an enhancement of ~ +2 dB to be on-par of the link margin of SSB. One important aspect to highlight is that overall DL is not a bottle neck since typically there is a significant coverage margin between SSB and the uplink physical channels (e.g., PUSCH), thus the coverage enhancement target in dB can be moderate aiming at enhancing the DL channels or the most imbalanced DL channel with respect to SSB (Otherwise, DL and UL might become even more imbalanced).
[bookmark: _Toc159248070]From preliminary link budget evaluations on DL physical channels, the link margin of SSB (which is a DL physical channel that shall be detected during initial access) was used as reference, and then link margin difference between SSB and other DL physical channels was estimated as follows: ΔSSB-PDCCH ~ +2.56 dB , ΔSSB-PDSCH ~ -1.7 dB (meaning Msg2 PDSCH outperforms SSB), ΔSSB-PDSCH_Msg4 ~ +2.2 dB, and ΔSSB-PDSCH_low_data_rate ~ +2.1 dB.
[bookmark: _Toc159248071]Overall DL is not a bottleneck since typically there is a large coverage margin between SSB and the UL physical channels (e.g., PUSCH), thus the coverage enhancement target in dB can be moderate aiming at enhancing the DL channels or the most imbalanced DL channel with respect SSB (otherwise DL and UL might become even more imbalanced).
[bookmark: _Toc159248077][bookmark: _Hlk157094141]RAN1 to determine which of the physical channels and signals that will be within the scope of the study based on the results from link budget analysis, and link-level evaluations. SSB, PDCCH in CORESET0, Msg2 PDSCH, Msg4 PDSCH, “low data rate” PDSCH, and possibly paging channel are proposed to be considered.
[bookmark: _Toc159248078]RAN1 to define link-level simulation assumptions towards performing link-budget evaluations of the DL physical channels within the scope of DL coverage enhancements.
3	Downlink coverage enhancement
The Rel-19 objective on downlink coverage enhancements states the following:
	· 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.



3.1	Techniques for DL coverage enhancement
[bookmark: _Hlk157090072]Our interpretation of “allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size” in the above encompasses the following techniques and variants of them towards enhancing the DL coverage.
· Beam time-division multiplexing (a.k.a. beam hopping), where multiple beams across the satellite footprint are time-multiplexed to provide coverage in the corresponding cells on the earth, which is illustrated in Figure 2-a. In our understanding the “beam hopping technique” resembles a scheme that turns ON-and-OFF beams strategically within the satellite footprint, i.e., at a specific time, beams in one beam hopping pattern are active whereas the beams associated with other beam hopping patterns are inactive. There can be different “beam hopping” variants/strategies: 
· In one variant of this technique, time is equally allocated for each beam hopping pattern agnostic e.g., to the traffic demands.
· In another variant of this technique, time is nonuniformly allocated across beam hopping patterns, subject e.g., to the traffic demands. A beam hopping pattern corresponding to the larger traffic demands gets more active time.
By considering the same beamwidth over all the beams illuminated from a satellite, the power sharing across beams can be optimized to enhance the downlink coverage, subject to the total power budget at the satellite payload.
· Satellite beamwidth can be varied under the premise of equal power allocation across the beams of satellite footprint, subject to the total power budget at the satellite payload. Currently in TR 38.858 hexagonal cell radius (and beam size) is coupled with 3dB beamwidth. In such case, if the beamwidth reduces, then the number of beams to cover a region of interest increases and hence the share of power per beam decreases. On the other hand, wider the beamwidth, lower the number of beams to cover a region of interest and hence the share of power per beam increases. Alternative to this, one can optimize the beam size separately by decoupling it with the cell radius that is fixed in the region of interest (i.e., considering a beamwidth ≠ 3dB), with the goal of enhancing the downlink coverage.
Additionally, there exist a frequency reuse technique (cf. Figure 2-b) widely used in practice for interference management, which can serve as a baseline technique while assessing the system-level performance of the above techniques. Specifically, the frequency reuse technique relies on the cell deployment strategy where the total carrier bandwidth is partitioned across cells such that neighbouring cells do not interfere each other. For instance, each cell gets 1/3 of the total carrier bandwidth when the frequency reuse factor = 3, while each cell gets the total carrier bandwidth when frequency reuse factor = 1. 
Nonetheless, any “beam hopping ON-and-OFF pattern” or “frequency reuse technique” must be subject to system-level evaluations as to determine the potential gains as a function of the identified KPIs. We also note that beam hopping technique, if supported, it is necessary to meet the signalling time constraints associated with each of the physical channel/signal.

[bookmark: _Toc159114643][bookmark: _Toc159248072]In our understanding “allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size” encompasses for example techniques such as “beam hopping”, “frequency reuse” and variants of them towards enhancing the DL coverage.
[bookmark: _Toc159248073]In our understanding, the “beam hopping technique” resembles a scheme that turns ON-and-OFF beams strategically within a geographical region.
[bookmark: _Toc159248074]There can be different “beam hopping” strategies (e.g., ON-and-OFF of beams evenly or unevenly distributed in time). 
[bookmark: _Toc159248075]In our understanding, a “frequency re-use technique” relies on cell deployment strategy designed for having more than one frequency in such a way that adjacent cells do not interfere with each other. That is, when the more than one frequency is properly distributed, frequencies can be re-used across cells.
[bookmark: _Toc159248079]Any “beam hopping ON-and-OFF pattern” or “frequency reuse technique” or any technique in line with the WID must be subject to system-level evaluations as to determine the potential gains as a function of the identified KPIs.
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Figure 2: 2-a) Example of a “beam hopping technique” and 2-c) Example of a “frequency reuse technique”.

Table 3. Preliminary one-on-one comparison between potential candidate techniques.
	Technique
	Brief description
	Pros
	Cons

	Beam Hopping: Equally distributed ON-OFF
	All groups of beams stay ON-and-OFF during an equal amount of time.

For example:

Firstly, Group A is ON, while Groups B and C are OFF.

Secondly, Group B is ON, while Groups A and C are OFF.

Thirdly, Group C is ON, while Groups A and B are OFF.

And then the cycle starts over.


	· Power/frequency/time resources more efficiently used (leading to e.g., Coverage enhancements)

· Potential UE battery savings during OFF periods.
	· ON-OFF Time-units need to be determined.

· RRC Signaling may be required for UE battery savings (e.g., information about OFF periods).

	Beam Hopping: Unequally distributed ON-OFF
	Not all groups of beams stay ON-and-OFF during an equal amount of time.

For example:

Firstly, Group A is ON during X time-units, while Groups B and C are OFF during X time-units.

Secondly, Group B is ON during Y time-units, while Groups A and C are OFF during Y time-units.

Thirdly, Group C is ON during Z time-units, while Groups A and B are OFF during Z time-units.

And then the cycle starts over.

	· Power/frequency/time resources more efficiently used (leading to e.g., Coverage enhancements)

· Potential UE battery savings during OFF periods.

· More accurate service, ON-OFF durations as a function of e.g., traffic characteristics.



	· ON-OFF Time-units need to be determined.

· Weighting ON-OFF factors.


· RRC Signaling may be required for UE battery savings (e.g., information about OFF periods).

	Frequency Reuse
	All groups of beams can in principle stay ON under the premise that the cell planning is designed for having more than one frequency in such a way that adjacent cells do not interfere with each other.
	· Power/frequency resources more efficiently used (leading to e.g., Coverage enhancements).

· No specification impact is foreseen (i.e., the “frequency reuse technique” is cell-planning dependent).

	· Cell planning dependent technique.




The description of the Rel-19 WID objective also mentions “Rel-18 network energy saving techniques should be considered as baseline in the system level study”. Thus, there is a need of investigating which “Rel-18 network energy saving techniques” can be relevant or meaningful for this Rel-19 objective, or if for example a “beam hopping ON-and-OFF pattern” will be inherently compliant with it.
[bookmark: _Toc159248076]In relation with “Rel-18 network energy saving techniques should be considered as baseline in the system level study”, there is a need of investigating which “Rel-18 network energy saving techniques” can be relevant or meaningful for this Rel-19 objective, or if for example a “beam hopping ON-and-OFF pattern” will be inherently compliant with it.
In our view, RAN1 should conduct system-level simulations to evaluate candidate “beam hopping ON-and-OFF patterns”, including “frequency reuse”, or any other technique in line with the objectives of the WID. Moreover, the assumptions must account for a maximum or common number of beams being assumed, total power budget available at the satellite payload, maximum power to be distributed among the beams, beam switch time (i.e., transition time between ON-and-OFF when applicable), any timing-relation dependency between DL and UL, including the assumptions related to UL beam (e.g., if UL beams can be assumed to be independent of the DL beams or not), and KPIs.
[bookmark: _Toc159248080]RAN1 to define system-level simulation assumptions towards performing evaluations of candidate “beam hopping ON-and-OFF patterns”, “Frequency Re-use” or any other technique in line with this Rel-19 objective. The assumptions must include and account for: a maximum or common number of beams being assumed, maximum power to be distributed among the beams, beam switch time (when applicable), signalling time constraints associated with each of the physical channel/signal, any timing-relation dependency between DL and UL, including the assumptions related to UL beam (e.g., if UL beams can be assumed to be independent of the DL beams or not), and KPIs.
Please note that some of those assumptions (e.g., beam switch time, maximum power) require the involvement of RAN4.
3.2	Evaluation methodology
We outline here a general methodology to conduct the system-level evaluations to assess the benefits of different techniques discussed in previous section. First, to collect statistics of performance measure(s) for each technique, a certain region of interest on the earth that is covered by one satellite footprint with a maximum or common number of beams is considered to obtain the statistics of performance measure(s) for each technique. Currently, all the satellite parameters used in system-level simulations are specified per beam, including the EIRP density value, e.g., in Table 6.1.1.1-1: Set-1 satellite parameters for system level simulator calibration in TR 38.821 [3]. However, to characterize the benefits of the beam hopping method and for the sake of optimization of power sharing across beams within the satellite footprint, it is essential to define the total power budget that is available for sharing across the beams at the satellite payload.  
[bookmark: _Toc159248081]RAN1 to define the region of interest that is covered by one satellite footprint with a maximum or common number of beams for system-level evaluations.
[bookmark: _Toc159248082]RAN1 to define the total power budget at the satellite payload, which can be shared across the beams illuminated from the satellite at a time.  
According to Table 6.1.1.1-4: Beam layout definition for single satellite simulation in TR 38.821 [3], the beam diameter and beam spacing values are to be computed directly from the 3 dB beamwidth assumptions. If each hexagonal cell on the earth is illuminated by one beam, then hexagonal cell radius is coupled to 3 dB beamwidth. However, to characterize the benefits of a method that is optimizing the beam size with the goal of enhancing the downlink coverage, it may be fair to consider an approach, where different cell radius can be set for deployment in the region of interest and decouple the cell radius from the 3 dB beamwidth.
[bookmark: _Toc159248083]RAN1 to consider an approach, where different cell radius deployment can be set in the region of interest by decoupling it from the 3dB beamwidth in order to optimize the beam size for enhanced downlink coverage.
Also, traffic demands across the cells are time varying and non-uniform in practice. Thus, it may not be effective to consider the full-buffer traffic model, which yields all groups of beams to stay ON-and-OFF during an equal amount of time. For instance, FTP Model 3 with packet size = 0.5 Mbyte as in Table 6.1.1.1-7 of TR 38.821.
[bookmark: _Toc159248084]RAN1 to consider the appropriate traffic model such as non-full buffer traffic model for system-level simulations, e.g., FTP model 3 with packet size = 0.5 Mbyte as in Table 6.1.1.1-7 of TR 38.821.

3.3	Relevant KPIs
To compare the system-level performance of different coverage enhancement techniques described in Section 3.1, it is necessary to consider relevant KPIs. As in any coverage analysis study, we propose to consider the following KPIs for discussion:
· CDF of the received SINR corresponding to the user distributed in the region of interest.
· CDF of the cell throughput, where the cell throughput is defined as the aggregate of the throughputs corresponding to the users scheduled in a cell simultaneously over a particular time, e.g., NR slot. 
Additionally, based on the traffic model under consideration, we also believe that it is essential to characterize the user traffic satisfaction rate, which is defined as the ratio of the offered data rate to the demanded data rate.
Furthermore, continuous coverage (service continuity) is also another relevant KPI that represents the percentage of time a specific area is provided with NTN coverage, where the notion of coverage is associated with two requirements: i) the area is within an NTN cell with a service beam that allows the users to connect to the NTN network and ii) a minimum service level is provided to the connected users, e.g. received SINR meets certain threshold.

[bookmark: _Toc159248085]In the context of performance evaluation of different downlink coverage enhancement techniques, RAN1 to consider at least the following KPIs for discussion. 
· [bookmark: _Toc159248086]CDF of the received SINR
· [bookmark: _Toc159248087]CDF of the cell throughput
· [bookmark: _Toc159248088]Traffic satisfaction rate (i.e., ratio of the offered data rate to the demanded data rate)
· [bookmark: _Toc159248089]Continuous coverage or service continuity (i.e., the percentage of time a specific area is provided with NTN coverage

4	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	Performing a link budget evaluation of SSB is fundamental since detecting SSB is essential for initial access and therefore it can serve as a reference point for other physical channels and signals that are subsequently transmitted in the DL.
Observation 2	From preliminary link budget evaluations on DL physical channels, the link margin of SSB (which is a DL physical channel that shall be detected during initial access) was used as reference, and then link margin difference between SSB and other DL physical channels was estimated as follows: ΔSSB-PDCCH ~ +2.56 dB , ΔSSB-PDSCH ~ -1.7 dB (meaning Msg2 PDSCH outperforms SSB), ΔSSB-PDSCH_Msg4 ~ +2.2 dB, and ΔSSB-PDSCH_low_data_rate ~ +2.1 dB.
Observation 3	Overall DL is not a bottleneck since typically there is a large coverage margin between SSB and the UL physical channels (e.g., PUSCH), thus the coverage enhancement target in dB can be moderate aiming at enhancing the DL channels or the most imbalanced DL channel with respect SSB (otherwise DL and UL might become even more imbalanced).
Observation 4	In our understanding “allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size” encompasses for example techniques such as “beam hopping”, “frequency reuse” and variants of them towards enhancing the DL coverage.
Observation 5	In our understanding, the “beam hopping technique” resembles a scheme that turns ON-and-OFF beams strategically within a geographical region.
Observation 6	There can be different “beam hopping” strategies (e.g., ON-and-OFF of beams evenly or unevenly distributed in time).
Observation 7	In our understanding, a “frequency re-use technique” relies on cell deployment strategy designed for having more than one frequency in such a way that adjacent cells do not interfere with each other. That is, when the more than one frequency is properly distributed, frequencies can be re-used across cells.
Observation 8	In relation with “Rel-18 network energy saving techniques should be considered as baseline in the system level study”, there is a need of investigating which “Rel-18 network energy saving techniques” can be relevant or meaningful for this Rel-19 objective, or if for example a “beam hopping ON-and-OFF pattern” will be inherently compliant with it.
			
Based on the discussion in the previous sections we propose the following:

Proposal 1	RAN1 to determine which of the physical channels and signals that will be within the scope of the study based on the results from link budget analysis, and link-level evaluations. SSB, PDCCH in CORESET0, Msg2 PDSCH, Msg4 PDSCH, “low data rate” PDSCH, and possibly paging channel are proposed to be considered.
Proposal 2	RAN1 to define link-level simulation assumptions towards performing link-budget evaluations of the DL physical channels within the scope of DL coverage enhancements.
Proposal 3	Any “beam hopping ON-and-OFF pattern” or “frequency reuse technique” or any technique in line with the WID must be subject to system-level evaluations as to determine the potential gains as a function of the identified KPIs.
Proposal 4	RAN1 to define system-level simulation assumptions towards performing evaluations of candidate “beam hopping ON-and-OFF patterns”, “Frequency Re-use” or any other technique in line with this Rel-19 objective. The assumptions must include and account for: a maximum or common number of beams being assumed, maximum power to be distributed among the beams, beam switch time (when applicable), signalling time constraints associated with each of the physical channel/signal, any timing-relation dependency between DL and UL, including the assumptions related to UL beam (e.g., if UL beams can be assumed to be independent of the DL beams or not), and KPIs.
Proposal 5	RAN1 to define the region of interest that is covered by one satellite footprint with a maximum or common number of beams for system-level evaluations.
Proposal 6	RAN1 to define the total power budget at the satellite payload, which can be shared across the beams illuminated from the satellite at a time.
Proposal 7	RAN1 to consider an approach, where different cell radius deployment can be set in the region of interest by decoupling it from the 3dB beamwidth in order to optimize the beam size for enhanced downlink coverage.
Proposal 8	RAN1 to consider the appropriate traffic model such as non-full buffer traffic model for system-level simulations, e.g., FTP model 3 with packet size = 0.5 Mbyte as in Table 6.1.1.1-7 of TR 38.821.
Proposal 9	In the context of performance evaluation of different downlink coverage enhancement techniques, RAN1 to consider at least the following KPIs for discussion.
	CDF of the received SINR
	CDF of the cell throughput
	Traffic satisfaction rate (i.e., ratio of the offered data rate to the demanded data rate)
	Continuous coverage or service continuity (i.e., the percentage of time a specific area is provided with NTN coverage
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Annex A

[bookmark: _Ref159115466]Table 4. Assumptions for link budget calculations.
	Parameter
	Value

	Carrier frequency
	2 GHz for DL and UL (S-band)
20 GHz for DL and 30 GHz for UL (Ka-band)

	System bandwidth
	30 MHz (S-band), 400 MHz (Ka-band)

	Channel bandwidth
	DL: system bandwidth/ frequency reuse factor

	Satellite altitude
	600 km

	Target elevation angle
	30° for LEO

	Atmospheric loss
	Equation (6.6-8) in [4]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [4]
Ionospheric loss: = 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [4]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Frequency reuse factor
	1

	Satellite antenna polarization
	Circular polarization

	Free space path loss
	Equation (6.6-2) in [4] 

	Terminal RF parameters
	See Table 2

	Satellite RF parameters
	Set-1 in Table 6.1.1-1 of [4]

	Polarization loss
	3 dB

	Outcome
	CNR

	NOTE 1:             Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [4] after frequency scaling.




[bookmark: _Ref159115479]Table 5. Terminal RF parameters.
	Parameter
	Value

	Terminal type
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1TX/2RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	-5.5 dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	-5.5 dBi per element



Annex B
[bookmark: _Ref159115557]Table 6. Link level simulation parameters common to all simulations.
	Parameter
	Value

	Carrier frequency
	2 GHz (S-band)

	Waveform
	DL: CP-OFDM

	SCS
	15 kHz

	Max channel bandwidth
	30 MHz (as in TR 38.821 [3] )

	Channel model
	NTN-TDL-A (NLOS) and NTN-TDL-C (LOS) (As in Table 6.1.2-4 of TR 38.821 [3] )
Evaluation scenario: Rural
Elevation angle: 30 deg

	Channel estimation
	Realistic

	UE speed
	3 km/h

	Frequency offset/drift 
	0.1 ppm offset, no drift assumed

	UE antenna type and configuration
	DL: 2RX, cross-polarized
linear polarization
omnidirectional antenna elements

	Satellite antenna type and configuration
	DL: 1TX
circular polarization



The link-level simulations assumptions for performing a link-level evaluations of SSB, PDCCH in CORESET0, PDSCH for low data rate service, PDSCH for Msg2, and PDSCH for Msg4 can be found below:
SSB
[bookmark: _Ref159115738]Table 7. Assumptions for SSB simulations.
	Parameter
	Value

	BLER target
	1%

	Channel model
	NTN-TDL-C

	Periodicity
	20 ms

	Allocated RBs
	20 PRBs

	Performance metric
	Combination of 4 SSBs in 80ms.



PDCCH
Table 8. Assumptions for PDCCH simulations.
	Parameter
	Value

	Target BLER
	1%

	Channel model
	NTN-TDL-C

	Payloads of PDCCH
	Dedicated PDCCH: 40 bits
Broadcast PDCCH (PDCCH of Msg2): 39 bits

	CORESET size
	Dedicated PDCCH: 48 PRBs/ 2 OS
Broadcast PDCCH: 48 PRBs/ 2 OS

	Aggregation level
	Dedicated PDCCH: 16
Broadcast PDCCH: 16

	Interleaving
	Non-interleave


PDSCH
Low data rate service
Table 9. Assumptions for PDSCH simulations of low data rate service.
	Parameter
	Value

	BLER target
	10% iBLER

	HARQ configuration
	Enabled for LEO scenarios

	DMRS configuration
	Type I, 2 DMRS symbols, no multiplexing with data.

	PDSCH duration
	12 OS

	PRBs/TBS/MCS
	160 PRBs (30 MHz)
MCS-0 from Table 5.1.3.1-2 and Table 5.1.3.1-3 of 38.214 [2] are used. 

	Aggregation factor
	1,2,3,4,5,6,7,8,16

	Simulation length
	20000 slots



MSG2
Table 10. Assumptions for PDSCH simulations of MSG2 transmission.
	Parameter
	Value

	BLER target
	10 %

	Channel model
	NTN-TDL-A and NTN-TDL-C

	HARQ configuration
	Disabled

	DMRS configuration
	3 DMRS symbols

	PDSCH duration
	12 OS (of which 3 are used for DMRS)

	PRBs/TBS/MCS
	As in TR 38.830 [5]:
12 PRBs
Payload is 8 bytes
MCS-0 from Table 5.1.3.1-1 of 38.214 [2] with TB scale factor 0.25

	Aggregation factor
	1

	Simulation length
	20000 slots


MSG4
Table 11. Assumptions for PDSCH simulations of MSG4 transmission.
	Parameter
	Value

	BLER target
	10%

	Channel model
	NTN-TDL-C

	Payload
	1040 bits

	TBS
	>=1040 bits

	DMRS configuration
	1+2

	PRBs num per slot
	42 PRBs

	OSs num per slot
	12 OSs

	MCS index
	0

	MCS table
	Table 5.1.3.1-2: MCS index table 2 for PDSCH

	Aggregation factor
	1

	HARQ
	No




DL Margin (dB)	SSB	PDCCH	PDSCH (Msg2)	PDSCH (Msg4)	PDSCH (Low data services)	7.22	4.66	8.92	5.0199999999999996	5.12	Invisible Bar	2.56	-1.7	2.2000000000000002	2.1	0	0	0	0	0	0	SSB	PDCCH	PDSCH (Msg2)	PDSCH (Msg4)	PDSCH (Low data services)	4.66	8.92	5.0199999999999996	5.12	0	Delta	[VALUE]
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