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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 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 1: 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 signaling to be able to synchronize, so this is always done through N2.

[image: ]
[bookmark: _Ref162251392]Figure 2 State diagram of different cell states.

Proposal 3: RAN1 to adopt the above state diagram for studying the state changes and consider different solutions for evaluating coverage.
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. It has been suggested that Network Energy Savings (NES) mechanism can be reused. However, when in Cell DTX/DRX mode, which is one of the main mechanisms of NES the SSB, paging and system information still needs to be transmitted while also the PRACH resources need to be available, i.e. the cell is not completely switched off. This corresponds to the N2 state in DL coverage enhancements system level work. 
The requirement set above in the legacy NES is not compliant with the N1 state defined by RAN1, where the cell is switched completely off. Thus, if cells are to be switched completely off for power savings, the existing framework of NES cannot be used and new procedures is required. Such procedure can for example inform the UEs that a cell will completely be switched off for a certain duration of time. Drawback is this is however that this signaling will not be understood by legacy devices, which will assume the cell has disappeared when it is being switched off. This will lead to cell search by these UE, leading to increased UE energy consumption, which is not desirable.
Observation 2: The existing framework of NES cannot be used to which cells completely off and new signalling/procedures are required.
Although the N1 state is not trivial to handle based on legacy procedures, there is another issue with the N2 being the SSB periodicity. Assuming the N2 covering RRC_IDLE/RRC_INACTIVE would be achieved by transmitting the SSBs/SIBs more sparsely, the worst case scenario can be calculated. In RAN1 it is defined that the number of active beams can be just 16, and the number of total beam footprints are 1058, requiring approximately 66 beam hopping steps to cover each footprint at least once. Since a step would be assumed to be at least a single half frame, and the SSB/SIB periodicity must be indicated in the power of 2, at least a SSB periodicity of 640 ms is required.
In 38.213 section 4.1, it states that the UEs in RRC_IDLE/RRC_INACTIVE assumes that half frames with SS/PBCH blocks occur with a periodicity of 2 frames, meaning that if this assumption does not hold, it will initiate initial cell search, which may be quite power consuming. Additionally, a UE may not be able to detect a cell while scanning through the sync raster in search for a valid cell if the baseline assumption of a SSB periodicity of 2 frames does not hold. Furthermore, the network does not know which UEs are camping the cell, and thus cannot signal to these that it will go out of coverage. 
Observation 3: Utilising NTN downlink coverage enhancement suitable NES including turning SSB transmission off or increasing periodicity, will trigger a cell (re)selection procedure in legacy UEs and thus compromising energy consumption.
Observation 4: New signalling/procedures to handle UEs in RRC_IDLE/ RRC_INACTIVE will only work for Rel19 UEs and will not be backwards compatible, leading to potential increased energy consumption.
Proposal 4: It is RAN1s understanding that legacy UEs will not be compatible with any new DL coverage enhancement signalling procedures.

[bookmark: _Ref162962352]Discussion on Link Level Aspects 
This section provides discussion related to link level aspects of DL coverage enhancement. 
Link Level Evaluation
In previous RAN1#116b meeting, the following three major agreements are achieved regarding the simulation assumptions of the targeted DL channels for 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
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.



In the following, we take the above agreements into account and provide our updated link level simulation results. In particular, performance of SIB1, both options, and SIB19 is shown in Figure 3. As was expected, SIB1 with payload size of Option 2 has the worst performance compared with SIB1 option 1 and SIB19. The corresponding link margins of the corresponding channels are summarized in Table 2 and Table 3. 
Note: we highlight that in all link level simulation results presented in this contribution, SSB/PBCH performance is evaluated with the assumption of 4 SSB combining at the receiver.
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[bookmark: _Ref165971006]Figure 3 - Link-level performance of SIB1, SIB19 and SSB/PBCH. 
Moreover, in Figure 4, we show our link level simulations for PDCCH with aggregation levels (ALs) 4,8, and 16. One can also observe the performance gap compared with the SSB channel. Similar to Figure 3, link margin calculations of PDCCH with AL8 and AL16 are summarized in Table 2 and Table 3.  
[image: ]
[bookmark: _Ref162980587]Figure 4 - Link-level performance of PDCCH and SSB/PBCH. 

Finally, the link level performance of PDSCH carrying Msg2 and Msg4 are presented in Figure 4 below. 
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[bookmark: _Ref163035759]Figure 5 - 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.  
[bookmark: _Ref165971236]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 Option1 
(10% BLER)
	-1.88
	-4.25
	
	 

	PDSCH SIB1 Option2 
(10% BLER)
	-1.88
	-2.41
	
	

	PDSCH SIB19 
(10% BLER)
	-1.88
	-5.2
	
	

	PDSCH Msg4
(10% BLER)
	-1.88
	-4.95
	
	 

	PDSCH Msg2
(10% BLER)
	-1.88
	-13.41
	
	 



[bookmark: _Ref165971241]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 
Option 1
(10% BLER)
	-9.88
	-4.25
	
	 

	PDSCH SIB1 
Option 2
(10% BLER) 
	-9.88
	-2.41
	
	

	PDSCH SIB19 
(10% BLER)
	-9.88
	-5.2
	
	

	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 5: 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 6: 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.
Potential Enhancement Directions 
In this section, we provide high-level directions that may be considered for enhancements of the DL channels that were considered in the previous section. 
SIB1 Enhancement
In terms of enhancement for PDSCH conveying SIB1, PDSCH repetitions is straightforward method and not supported according to current specifications. By repetition we mean “repeating the physical resources to improve the channel coding or SNR”. Such repetition could be applied in either the time domain or the frequency domain. However, as bandwidth is normally limited on the initial BWP, the only feasible domain would be the time domain. 
To enable the repetition scheme, the necessary signaling, e.g., repetition factor, should be indicated or configured. However, at this point, UE is not aware of supported network capabilities and, if the signaling is integrated in the DCI scheduling the PDSCH, there would be ambiguity in the interpretation of the content of the DCI itself. For this reason, mechanisms to resolve this ambiguity, and therefore to determine the time resource for repetitions, should be discussed.
[bookmark: _Hlk166016966]Proposal 9: The methods of signaling for PDSCH conveying SIB1 repetition and time resource determination need further studies.
PDSCH for Msg4 
According to the agreement of RAN1#116b, the TBS of Msg4 is 1040 bits, which implies that when using MCS0, 12 OS  with 3 DMRS, the consumed number of PRB is 42, therefore, there is very little room to extend frequency resources. Therefore, time domain resource expansion is a potential solution for coverage improvement of PDSCH carrying Msg4.
Observation 7: For PDSCH Msg4, there is little room to expand the frequency-domain resources due to large TBS and low code rate.
Furthermore, it is to be noticed that even with the lowest MCS (i.e. MCS0), Msg4 performance is not good enough to close the NTN link budget, meaning that expansion in time domain (as, for example, repetitions) will be necessary to support large payload sizes. However, according to current 3GPP specifications, there is no channel measurements for assistance of scheduling PDSCH conveying Msg4, therefore, a gNB might have trouble selecting a proper expansion of resources in the time domain.  
Based on the above, RAN1 should discuss and introduce solutions for UE reporting of assistant information for aiding gNB scheduling of Msg4 repetition factor.
Proposal 10: RAN1 to discuss solutions for UE to report assistant information for aiding gNB scheduling of Msg4 repetition factor.
Common PDCCH 
For DL coverage improvement of common PDCCH, at first, RAN1 should differentiate between two types of PDCCH namely, Type-0 PDCCH and Type-1 PDCCH. Furthermore, for both Type-0 and Type-1 PDCCH any targeted solution must take the important design criterion of backward compatibility into account. Having said that, one of the solutions that lean itself easily toward backward compatibility is time-domain repetitions. Therefore, we also suggest considering time-domain repetitions as the adopted solution for coverage enhancement of both types of common PDCCH. We should also emphasize that no “blind repetitions” should be considered in the scope of time-domain repetitions, due to the reason that Rel19 NTN UEs that support the feature do not know if network/gNB may apply the repetitions or not. Therefore, UEs supporting the feature must acquire the repetition factor prior to the UE trying to receive any PDCCH which applies time domain repetitions.
Proposal 11: For coverage improvement of common PDCCH (both Type-0 and Type-1), and to take backward compatibility into account, RAN1 considers time-domain repetitions as a potential solution.
In the following, we highlight some additional considerations for coverage enhancement of Type-0 and Type-1 PDCCH. In particular, for Type-0 PDCCH, time-domain repetitions can be applied inter-slot or intra-slot and therefore must be further studied in RAN1. Furthermore, given that Type-0 PDCCH schedules SIB1, it is crucial that the UE obtains the indication that such repetition is configured prior to receiving the Type-0 PDCCH. The only viable way here would be for this to be configured or indicated via MIB.
Observation 8: For configuration or indication of repetition factor of Type-0 PDCCH, transmission prior to SIB1 transmission must be considered such as MIB. 
Proposal 12: Type-0 PDCCH repetitions may be performed inter-slot or intra-slot with repetitions factor configure/indicated via MIB. 
For Type-1 PDCCH with CRC scrambled with RA-RNTI, on the other hand, repetition factor may be configured or indicated via prior transmissions such as SIB1.
Proposal 13: For Type-1 PDCCH with CRC scrambled with RA-RNTI, repetition factor is configured or indicated via SIB1.
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: Areas covered by N1 cells without being covered by other cells will be considered without coverage.
Observation 2: The existing framework of NES cannot be used to which cells completely off and new signalling/procedures are required.
Observation 3: Utilising NTN downlink coverage enhancement suitable NES including turning SSB transmission off or increasing periodicity, will trigger a cell (re)selection procedure in legacy UEs and thus compromising energy consumption.
Observation 4: New signalling/procedures to handle UEs in RRC_IDLE/ RRC_INACTIVE will only work for Rel19 UEs and will not be backwards compatible, leading to potential increased energy consumption.
Observation 5: 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 6: The channels that may need DL coverage enhancements are PDCCH AL8, PDSCH carrying SIB1 and PDSCH carrying Msg4.
Observation 7: For PDSCH Msg4, there is little room to expand the frequency-domain resources due to large TBS and low code rate.
Observation 8: For configuration or indication of repetition factor of Type-0 PDCCH, transmission prior to SIB1 transmission must be considered such as MIB. 

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 consider different solutions for evaluating coverage.
Proposal 4: It is RAN1s understanding that legacy UEs will not be compatible with any new DL coverage enhancement signalling procedures.
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.
Proposal 9: The methods of signaling for PDSCH conveying SIB1 repetition and time resource determination need further studies.
Proposal 10: RAN1 to discuss solutions for UE to report assistant information for aiding gNB scheduling of Msg4 repetition factor.
Proposal 11: For coverage improvement of common PDCCH (both Type-0 and Type-1), and to take backward compatibility into account, RAN1 considers time-domain repetitions as a potential solution.
Proposal 12: Type-0 PDCCH repetitions may be performed inter-slot or intra-slot with repetitions factor configure/indicated via MIB. 
Proposal 13: For Type-1 PDCCH with CRC scrambled with RA-RNTI, repetition factor is configured or indicated via SIB1.
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