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Introduction
[bookmark: _Hlk510705081]In RAN#102, new work item description (WID) is approved for NR NTN [1]. One of the main objectives of the new WID is related to downlink (DL) coverage enhancement, as outlined here:
	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




As one can see, both potential system level and link level enhancements are within the scope of DL coverage, and hence both are discussed in this contribution in section 2 and section 3, respectively.   
[bookmark: _Ref162962290]Discussion on System Level Aspects
During RAN WG1 #116 downlink coverage enhancements were discussed and system level assumptions were dealt with for both FR1 and FR2. As coverage limitations in FR2 can be addressed by antenna design we focus on FR1.
Proposal 1: RAN1 to prioritize FR1 in the downlink coverage enhancements studies for Rel-19.
In [2] the following 3 subsets are introduced for 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, different beam size 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, different beam size 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, different beam size maybe evaluated and reported by companies



These three sets correspond to different coverage levels and will lead to different user experienced throughputs, as depicted in Figure 1. In the Figure Avg-throughput is an approximation of the average experienced user throughput and AI_Throughput is the air interface throughput of subset 1. For the different subcases the following is assumed to be valid:
· Subset 1: The beam activity pattern is 10% so the average user experienced throughput can be approximated by 1/10 of the air interface throughput.
· Subset 2: The beam activity pattern is 1.5% so the average user experienced throughput can be approximated by 1/67 of the air interface throughput.
· Subset 3: The beam activity pattern is 10%, while the power per beam is reduced by 8 dB compared to subset 1 and 2, so the average user experienced throughput can be approximated by 1/75 of the air interface throughput.

Subset 3 has the worst coverage, and may furthermore experience more coverage holes compared to the other two sets as the power per beam is lower.

Observation 1: The different subsets leads to significant differences in user experienced throughput.
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[bookmark: _Ref162248681]Figure 1 Illustration of the the three different subcases and throughputs. AI_Throughput=air interface throughput, while avg-throughput is an approximation of the average user throughput.
In [2] the following model for analytical study was introduced:
For system level study based on analytical evaluation:
-	N1 beam footprints are in state “off”
o  These beam footprints are not served by any signal (no satellite service in this area)
-	N2 beam footprints are in state “common messages only”
o	These beam footprints do not have any active user traffic, and are served the necessary information for cell discovery and initial access.
-	N3 beam footprints are in state “active traffic” 
o	These beam footprints have X active VoNR users each.
o	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.

Cells in the state of N1 ”off” will not provide any service. If the areas defined by those cells are not covered by other beams (N2 or N3), then those areas will be considered without coverage. One way of avoiding areas without coverage is to ensure overlapping cells for instance by a larger umbrella cell.
Observation 2: Areas covered by N1 cells without being covered by other cells will be considered without coverage.
Proposal 2: RAN1 to discuss what is the maximum amount of area which can be out of coverage.
A state diagram for the different state and state changes can be seen below in Figure 2.
The following state changes can be seen:
· P32: An active cell moves to common messages only. This can simple be accomplished by the network not scheduling users.
· P23: A common messages only cell moves to be fully active. Can be accomplished by the network starting to schedule users. 
· P21: A common messages only cell moves to be fully asleep. Can be accomplished by the network switching of the cell. This may lead to UEs in the area starting a cell search. 
· P12: A asleep cell switches on the common messages. 
· P31: A fully active cell switches off completely. 

The last theoretical state from fully asleep cell to fully active cell does not exist in practice as the UE need the common signalling to be able to synchronize, so this is always done through N2.
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[bookmark: _Ref162251392]Figure 2 State diagram of different cell states.
Now the most critical point in these state changes seems to be the move to N1 as UE will lose coverage and may start a cell search. If the intention is to switch on the cell shortly after (through N2), this can be informed to the UEs, such they can optimize their behavior, like power savings and/or cell reselection and handovers. For this for instance this may be done by informing the UEs that the cell will be shut down at time t and comes back at time t+x.
Proposal 3: RAN1 to adopt the above state diagram for studying the state changes and evaluate different solutions for evaluating coverage.
Proposal 4: RAN1 to study the mechanisms to inform UEs that a cell is to be switched off and coming back (cell state switches).
[bookmark: _Ref162962352]Discussion on Link Level Aspects
For link level aspects, we first provide our link-budget analysis. Subsequently, this is followed by link level simulations and link margin calculations, based on the agreement achieved in RAN1#116. 
	Agreement
For link-level study, downlink coverage performance in NR NTN is evaluated according to the following steps.
Step 1: CNR is calculated as defined in 6.1.3.1 of TR 38.821
Step 2: Required SNR of target service is evaluated by LLS
Step 3: The CNR and the required SNR are compared



Link-Budget Analysis
It was agreed in RAN1#116 to perform link-budget analysis based on “additional satellite payload parameters”.
	Agreement
DL coverage is evaluated at link level with the following considerations:
· NGSO at LEO-600 operating in FR1 is considered in priority
· Additional satellite payload parameters defined for system level evaluation are used
· FFS: Antenna gain reduction due to steering loss can be considered 



As discussed in the previous section, three additional sets (Set1-1 FR1, Set1-2 FR1, and Set1-3 FR1) are considered for FR1. The satellite EIRP density per beam is 34 (dBW/MHz) for Set1-1 FR1 and Set1-2 FR1, and 26 (dBW/MHz) for Set1-3 FR1. In the following, we also consider 0 dB antenna gain reduction due to steering loss. Furthermore, for link-budget calculation, we consider the set of assumptions based on the agreements achieved in RAN1#116. The agreements are captured in Appendix A. The results are summarized in the table below. 
Table 1 - CNR values for different FR1 sets.
	LEO 600 km FR1 Sets (i.e., S-band)
	1-1
	1-2
	1-3

	CNR in [dB]
	-1.88
	-1.88
	-9.88



Note: Calculation of CNR values above is done based on the “nominal” channel bandwidth of 1 MHz. A change in the actual channel bandwidth, based on configuration, does not affect the reported CNR values, since both the transmit power and noise power are proportional to the bandwidth. 
Observation 3: From the link-budget analysis, as was expected, Set1-3 FR1 leads to a smaller CNR value.  
Link Level Evaluation
In previous RAN1#116 meeting it was agreed to consider the following DL channels for link level evaluations. 
	Agreement
For link-level study, for NR NTN DL coverage enhancement, the following channels/signals can be considered for evaluations:
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2
· PDSCH Msg.4
· PDSCH carry SIB, e.g., SIB1, SIB 19
· PDSCH for paging
· PDCCH
· Broadcast PDCCH (e.g. PDCCH of Msg.2, paging)
· SSB
Note: RAN1 will aim to identify necessary link-level enhancements for these channels in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential link-level enhancements will be specified within Rel-19 framework.



In this section, we provide our initial simulation results. In particular, the focus is given to the DL channels in the initial access as they are crucial for accessing an NTN cell. The simulation results for PDSCH, PDCCH, and SSB are presented in Figure 3, with their corresponding simulation assumptions summarized in Appendix B. 
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[bookmark: _Ref162980587]Figure 3 - Link-level performance of SIB1 and SSB/PBCH. 

Moreover, the link level performance of PDSCH carrying Msg2 and Msg4 are presented in Figure 4 below. 
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[bookmark: _Ref163035759]Figure 4 - Link-level performance of Msg2 and Msg4.
Link Margin Calculation
In this section, we calculate the link margins of the selected DL channels considered in the previous section. The results for Set1-1 FR1 and Set1-2 FR1 are presented in Table 2, and for Set1-3 FR1 in Table 3.  
Table 2 - Link margin for Set1-1 FR1 and Set1-2 FR1.
	Physical Channel / Signal
	CNR [dB] set 1-1 and 1-2
	SNR [dB] link level
	Link margin 
	Difference of link margins to SSB 

	SSB 
(1% BLER)
	-1.88
	-10.87
	  
	

	PDCCH AL=8 
(1% BLER)
	-1.88
	-5.28
	
	 

	PDCCH AL=16
(1% BLER)
	-1.88
	-7.79
	
	 

	PDSCH SIB1 
(10% BLER)
	-1.88
	-4.9
	
	 

	PDSCH Msg4
(10% BLER)
	-1.88
	-4.95
	
	 

	PDSCH Msg2
(10% BLER)
	-1.88
	-13.41
	
	 



Table 3 - Link margin for Set1-3 FR1.
	Physical Channel / Signal
	CNR [dB] set 1-3
	SNR [dB] link level
	Link margin 
	Difference of link margins to SSB 

	SSB 
(1% BLER)
	-9.88
	-10.87
	  
	

	PDCCH AL=8 
(1% BLER)
	-9.88
	-5.28
	
	 

	PDCCH AL=16
(1% BLER)
	-9.88
	-7.79
	
	 

	PDSCH SIB1 
(10% BLER)
	-9.88
	-4.9
	
	 

	PDSCH Msg4
(10% BLER)
	-9.88
	-4.95
	
	 

	PDSCH Msg2
(10% BLER)
	-9.88
	-13.41
	
	 



In the two tables above, in addition to the link margin calculations, we also calculated the difference between link margins taking SSB link margin as a reference. This metric has the advantage of taking SSB channel as a reference, and since the WID explicitly states that no enhancements for SSB are in scope, this channel should act as a reference for any further considerations. Additionally, since the SSB is crucial for any UE to connect to a cell, this will set the lower boundary for any channel’s performance, and any improvements under consideration should be evaluated relative to the performance of the SSB.
Observation 4: SSB is out of scope for the DL coverage enhancements, but should establish the baseline for evaluation of channels in potential need for DL coverage enhancements.
Observation 5: The channels that may need DL coverage enhancements are PDCCH AL8, PDSCH carrying SIB1 and PDSCH carrying Msg4.
Proposal 5: RAN1 to focus on PDSCH carrying SIB1 for DL coverage enhancements.
Proposal 6: RAN1 to focus on PDSCH carrying Msg4 for DL coverage enhancements.
Proposal 7: RAN1 to evaluate different approaches for improving DL coverage for PDSCH for initial access.
Proposal 8: RAN 1 to focus on PDCCH for common channels (PDCCH Type 0/1) for DL coverage enhancements.

Conclusion
In this contribution we have presented our views on DL coverage enhancements for NR over NTN. Our observations and proposals are as follows:
Observation 1: The different subsets leads to significant differences in user experienced throughput.
Observation 2: Areas covered by N1 cells without being covered by other cells will be considered without coverage.
Observation 3: From the link-budget analysis, as was expected, Set1-3 FR1 leads to a smaller CNR value.  
Observation 4: SSB is out of scope for the DL coverage enhancements, but should establish the baseline for evaluation of channels in potential need for DL coverage enhancements.
Observation 5: The channels that may need DL coverage enhancements are PDCCH AL8, PDSCH carrying SIB1 and PDSCH carrying Msg4.

Proposal 1: RAN1 to prioritize FR1 in the downlink coverage enhancements studies for Rel-19.
Proposal 2: RAN1 to discuss what is the maximum amount of area which can be out of coverage.
Proposal 3: RAN1 to adopt the above state diagram for studying the state changes and evaluate different solutions for evaluating coverage.
Proposal 4: RAN1 to study the mechanisms to inform UEs that a cell is to be switched off and coming back (cell state switches).
Proposal 5: RAN1 to focus on PDSCH carrying SIB1 for DL coverage enhancements.
Proposal 6: RAN1 to focus on PDSCH carrying Msg4 for DL coverage enhancements.
Proposal 7: RAN1 to evaluate different approaches for improving DL coverage for PDSCH for initial access.
Proposal 8: RAN 1 to focus on PDCCH for common channels (PDCCH Type 0/1) for DL coverage enhancements.
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Appendix A 
Agreements relevant for link-budget analysis.
	Agreement
For NR NTN Rel-19 DL coverage evaluation, UE characteristics for handheld terminals in Table 6.1.1.1-3 in TR 38.821 can be reused, with the following:
· -5.5 dBi antenna gain is assumed
· at least 2Rx are considered at the UE
· 4Rx can be optionally considered and reported 
Note: Redcap device is not considered in the scope of DL coverage study
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[bookmark: _Ref162980750]Appendix B 
Simulation assumptions that are adopted for link level evaluations of candidate DL channels. 
Table 4 - Simulation assumptions for SSB/PBCH.
	Parameter
	Value

	Number of UE receive chains
	2 for 2 GHz

	Channel model
	NTN-TDL-C

	Periodicity
	20 ms

	Performance metric
	Combination of 4 SSB beams in 80 ms 



Table 5 - Simulation assumptions for PDSCH (SIB1)
	Parameter
	Value

	Waveform
	CP-OFDM

	Channel model
	NTN-TDL-C

	Number of UE receive chains
	2

	HARQ configuration
	Disabled

	DMRS configuration
	2 DMRS symbols

	PRBs
	24

	MCS #
	0

	PDSCH duration
	12 OFDM symbols

	Performance metric
	SNR @ 10% BLER



Table 6 - Simulation assumptions for PDCCH
	Parameter
	Value

	Number of UE receive chains
	2

	Channel model
	NTN-TDL-C

	Aggregation level (AL)
	4, 8, 16

	Payload
	40 bits

	CORESET size
	AL4: 2 symbols, 12 PRBs
AL8: 2 symbols, 24 PRBs
AL16: 2 symbols, 48 PRBs

	Performance metric
	SNR @ 1% BLER




Table 7 – Simulation assumptions for Msg2
	Parameter
	Value

	Waveform
	CP-OFDM 

	Channel model
	NTN-TDL-C

	Number of UE receive chains
	2

	HARQ configuration
	Disabled

	DMRS configuration
	3 DMRS symbols

	PRBs
	12

	MCS #, TBS, scaling factor 
	0, 64-bit payload, 0.25

	PDSCH duration
	12 OFDM symbols

	Performance metric
	SNR @ 10% BLER




Table 8 - Simulation assumptions for Msg4
	Parameter
	Value

	Waveform
	CP-OFDM 

	Channel model
	NTN-TDL-C

	Number of UE receive chains
	2

	HARQ configuration
	Disabled

	DMRS configuration
	3 DMRS symbols

	PRBs
	42

	MCS #, Payload, TBS
	0, 1040, 1064

	PDSCH duration
	12 OFDM symbols

	Performance metric
	SNR @ 10% BLER
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For link budget calculation, parameters in the following table are assumed
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