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Introduction
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.  
[bookmark: _Hlk510705081]Discussion
The rest of this contribution is divided into two main sections, i.e., system-level aspects and link-level aspects of DL coverage enhancement. 
System Level Aspects of DL Coverage Enhancements 
In the WID the following objective is related to the system-level aspects.
· 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.

The number of beams per satellite and the available power on the satellite will impact the performance of the system in terms of capacity and efficiency. The efficiency is for instance impacted by the common channel overhead. This is shown in Figure 1 as a function of the number of beams per satellite for different power limitations. The power limitations are modelled as the number of simultaneous beams a satellite can broadcast. As common channel overhead the evaluations have only considered the BCH, SIB and SIB19, while other SIBs are left out of the calculations. It is assumed that these considered common channels are broadcasted in all beams every 20 ms, i.e. so also in inactive beams. We find that such assumption is necessary in order for any UE within the general coverage area of the satellite would need to be able to discover cell coverage (if needed). Further, the SSB transmissions are needed to ensure that mobility measurements can be performed.
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[bookmark: _Ref158796135]Figure 1 Common channel overhead vs number of potential beams per satellite for different power limitations (number of simultaneous active beams) for a 5 MHz system
The common channel overhead is considered to be 10% at least for a 5 MHz system and this overhead grows when the number of potential beams gets larger than the power limitation allows to have simultaneously active since also the inactive beams (the potential beams) still need to broadcast the common control channels. Correspondingly, Figure 2 shows the available capacity as a function of the number of potential beams per satellite for different power limitations. In general, it can be seen that having a satellite with a large number of potential beams will require the capability, i.e. transmission power a large part of them being active, if one wants to have an efficient system, while providing full coverage.
Observation 1: having satellites with a very large number of potential beams, while not having the power to utilize many of them simultaneously leads to poor efficiency if the goal is to provide full coverage. This effect is caused by the need to allow for cell (beam) discovery and neighbor cell measurements.
Proposal 1: RAN1 to discuss what are reasonable assumptions on the number of potential beams on a satellite, the number of simultaneous active beams due to power restrictions and the planned coverage level.
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[bookmark: _Ref158806387]Figure 2 Available capacity (as percentage of the full capacity) for user data (including dedicated signaling overhead) vs number of candidate beams per satellite for different power limitations (number of simultaneous beams) for a 5 MHz system.
Obviously, the frequency of the SIBs plays a role in the above numbers (note only SIB1 and SIB19 are included/considered in Figure 1 and Figure 2) and one solution could be to lower the common overhead by considering a lower broadcast frequency of some of the system information. Figure 3 shows the effect on the available capacity for user plane data when the SIB19 frequency is set down to once every 1280 ms instead of every 20 ms (SIB1 and BCH still being broadcasted every 20 ms as required by TS 38.213). As can be seen the efficiency increases, but this will come at the price of the UE need to predict the satellite position during longer time and the initial access will take longer time as the UE needs to wait for SIB19 to be able to obtain correct information for UE autonomous timing adjustments for initial access (and wait for a valid RACH Occasion).
Observation 2: Lowering the broadcast frequency of SIB19 increases the system efficiency, but increases the initial access latency for UEs coming from cold start.
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[bookmark: _Ref158807799]Figure 3 Available capacity (as percentage of the full capacity) for user data (including dedicated signaling overhead) vs number of candidate beams per satellite for different power limitations (number of simultaneous active beams) for a 5 MHz system. Solid lines with SIB19 being transmitted every 20 ms and dotted lines with SIB19 being transmitted every 1280 ms.

Link Level Aspects of DL Coverage Enhancements
In this section, we discuss link level aspects of DL coverage enhancements. In particular, the section is organized as follows. We first discuss the simulation assumptions and simulation methodology for link level enhancements. Subsequently, we provide our initial simulation results. 
Simulation Assumptions 
Before discussing any potential solutions for link level enhancements for the candidate DL channels in NTN, companies should agree on a set of simulation assumptions. This step is crucial for proper selection of candidate DL channels in need of coverage enhancement, and to set the scope for potential solutions needed for link level enhancement. However, such an exercise was already performed in the beginning of NTN Rel-18 discussions for setting the scope of coverage enhancement in Rel-18. Therefore, we propose to exploit the already discussed simulation assumption in the beginning. In particular, in RAN1#109 several agreements were reached in this regard [2]. 
Proposal 2: RAN1 to consider simulation assumptions agreed in RAN1#109 for assessment and selection of DL channels required coverage enhancement in NTN. 
Our proposals for the simulation assumptions of different DL channels are listed below. For SSB/PBCH, the following assumptions are considered. Please note that no enhancement for the SSB/PBCH channel is targeted here to adhere to the provisions from the work item description. Instead, SSB channel is considered to establish as a baseline for comparison to other DL channels.   
Table 1 - 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 2 - 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 @ 1% BLER



Table 3 - 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 4 – 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 @ 1% BLER




Table 5 - 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 @ 1% BLER



Evaluation Methodology 
RAN1 should consider an evaluation methodology that facilitates reasonable and practically achievable link-level and/or system-level enhancements. For this to be done, several methodologies may be considered. In particular, one methodology would be to first discuss potential system-level enhancements (e.g., via power sharing techniques) and based on the outcome of system-level enhancements to determine the scope of link-level enhancements. Although this approach may look attractive at first, it has the following shortcomings: a) it may slow-down the progress in RAN1, and b) depending on the output of system-level enhancements, we may have unpractical values for target link-level enhancements beyond what can be done at the physical layer. Therefore, we believe it is more reasonable to first (or at least in parallel with system-level enhancements) study link-level enhancements in isolation, as this can set an upper bound for what can be achieved via link-level enhancements and set the scope for potential system-level enhancements. 
Proposal 3: RAN1 to study link-level enhancements for DL coverage enhancement independent of system-level enhancements.        
Additionally, for evaluation and selection of potential DL channels for coverage improvements, we propose to consider SSB/PBCH as the benchmark/reference channel. In other words, reasonable link margins should be defined for improvement of candidate DL channels with respect to SSB/PBCH channel. Since the SSB/PBCH is not in scope for DL coverage enhancements and the SSB/PBCH is essential for accessing and keeping connection to the system it would not make sense to enhance the link performance of any other channel to become better than what is provided by the limits for the SSB/PBCH (having one channel being 3 dB better than the SSB/PBCH would not bring any gains, as the BLER target would anyway be easily met).
Proposal 4: RAN1 to consider SSB/PBCH channel as the baseline channel for identification of target link margins for the candidate DL channels for potential improvement.
Simulation Results
[bookmark: _Hlk158969282]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 4. Apart from the channel-specific parameters, everything is simulated with the same numerology, transmit/receive chains, channel model, and impairments. The NTN TDL-C channel model was configured with 100ns delay spread, K-factor of 8.05 dB, 1200 km satellite altitude (see the agreement in Appendix 4.2), 30° satellite elevation angle. The PDSCH is allocated 12 OFDM symbols, from which two are reserved for DMRS (1 + 1 additional). Moreover, the PDCCH is simulated with three different aggregation levels (AL), including 4, 8, and 16 (with reference to Table 10.1-1 in TS 38.213 for searchSpaceSIB1). The time domain size of the CORESET is kept at two OFDM symbols, regardless of the AL. The payload is also constant at 40 bits. The SSB, which contains PBCH, PSS and SSS, is transmitted a total of four times before combining at the receiver, while the SSB periodicity is 20 ms.
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[bookmark: _Ref158966988][bookmark: _Ref158966965]Figure 4 - Link-level performance of SIB1 and SSB/PBCH.

It can be seen that PDSCH has the worst performance, with a 1% BLER @ SNR = -2 dB. PDCCH with AL 4 is not too far off from that, performing around 0.4 dB better. Increasing the aggregation level provides a performance gain of around 2.8 dB, and AL 16 reaches a performance of 1% BLER @ SNR = -7.9 dB. This is still around 3 dB worse than SSB with the UE combining 4 transmissions, which achieves 1% BLER @ SNR = -10.9 dB.
Furthermore, one can see from the simulation results above that one of the potential candidate channels in DL for coverage enhancement is the PDSCH carrying SIB1. 
Observation 3: PDSCH carrying SIB1 experiences a significant performance gap with respect to SSB channel. Therefore, it may be considered as one candidate channel in DL for coverage enhancement. 
Proposal 5: RAN1 to consider link-level enhancement of PDSCH carrying SIB1. 
Additionally, one can observe that the PDCCH scheduling SIB1, even with AL16, cannot provide sufficient performance compared to that of SSB channel. Therefore, PDCCH scheduling SIB1, i.e., the search space candidates that are defined by the Type0-PDCCH CSS, can be considered as one potential DL channel for coverage improvement. 
Proposal 6: RAN1 to consider link-level enhancement of search space candidates that are defined by the Type0-PDCCH CSS.
Note: It is worth mentioning that such configuration of PDCCH scheduling SIB1 with AL16 may not be even an attractive default configuration, given that for NTN UEs that access the network for the first time and NTN UEs that switch to IDLE mode, no prior information is available at the network side regarding their corresponding coverage conditions. Furthermore, constant transmission of PDCCH with AL16 increases the UE blocking probability, and therefore may not be chosen as the default option by network.
Given the discussion above, it is more relevant to consider AL8 for determination of link-level margins of the search space candidates that are defined by the Type0-PDCCH CCS as target for enhancements. 
Observation 4: Link-level margins for the coverage enhancement of search space candidates that are defined by Type0-PDCCH CSS should be identified for both AL8 and AL16.
In Figure 5, we show and compare the link-level performance of PDSCH carrying Msg2 and Msg4. Similar to the previous analysis, NTN TDL-C channel model with 100ns delay spread, K-factor of 8.05 dB, 1200 km satellite altitude, and 30° satellite elevation angle is considered. We can observe that, overall, PDSCH carrying Msg2 provides better coverage compared with PDSCH carrying Msg4 with the larger assumed payload size and different PRB allocation for the Msg4 leading to the performance difference.
[image: ]
[bookmark: _Ref158968758]Figure 5 – Link-level performance of Msg2 and Msg4. 
One potential reason could be the support of scaling factor for configuration of Msg2 transmission. Therefore, PDSCH carrying Msg4 can also be considered as one potential channel for DL coverage enhancement. 
Proposal 7: RAN1 to consider coverage improvement of PDSCH carrying Msg4. 
We should highlight that in the simulation results shown in Figure 5, for clarity of presentation, we omit showing the performance of the two PDCCHs, i.e., search space candidates that are defined by Type1-PDCCH CSS, in “RA-SearchSpace” scheduling the corresponding Msg2 and Msg4, respectively, as the performance were similar to the PDCCH results shown in Figure 4. Therefore, similar to the search space candidates defined by Type0-PDCCH CSS, the coverage of search space candidates defined by Type1-PDCCH CSS would potentially require additional coverage improvement. 
Proposal 8: RAN1 to consider link-level enhancement of search space candidates defined by Type1-PDCCH CSS.     
Conclusion
In this contribution we have presented our observations and proposals, which are as follows:
Observation 1: having satellites with a very large number of potential beams, while not having the power to utilize many of them simultaneously leads to poor efficiency if the goal is to provide full coverage. This effect is caused by the need to allow for cell (beam) discovery and neighbor cell measurements.
Observation 2: Lowering the broadcast frequency of SIB19 increases the system efficiency, but increases the initial access latency for UEs coming from cold start.
Observation 3: PDSCH carrying SIB1 experiences a significant performance gap with respect to SSB channel. Therefore, it may be considered as one candidate channel in DL for coverage enhancement. 
Observation 4: Link-level margins for the coverage enhancement of search space candidates that are defined by Type0-PDCCH CSS should be identified for both AL8 and AL16.

Proposal 1: RAN1 to discuss what are reasonable assumptions on the number of potential beams on a satellite, the number of simultaneous active beams due to power restrictions and the planned coverage level.
Proposal 2: RAN1 to consider simulation assumptions agreed in RAN1#109 for assessment and selection of DL channels required coverage enhancement in NTN. 
Proposal 3: RAN1 to study link-level enhancements for DL coverage enhancement independent of system-level enhancements.        
Proposal 4: RAN1 to consider SSB/PBCH channel as the baseline channel for identification of target link margins for the candidate DL channels for potential improvement.
Proposal 5: RAN1 to consider link-level enhancement of PDSCH carrying SIB1. 
Proposal 6: RAN1 to consider link-level enhancement of search space candidates that are defined by the Type0-PDCCH CSS.
Proposal 7: RAN1 to consider coverage improvement of PDSCH carrying Msg4. 
Proposal 8: RAN1 to consider link-level enhancement of search space candidates defined by Type1-PDCCH CSS.     

Appendix 
RAN1#109 agreements [2]: 
Agreement
For coverage evaluation of SSB in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Periodicity
	20ms

	Performance metric
	Combination of 4 SSBs in 80ms.
Note: UE is not assumed to know the SS/PBCH block index

	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 low 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.

	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.4
	1040 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies





RAN1#110 agreements [3] 
Agreement
For NR-NTN coverage enhancement in Rel-18, link budget of parameter set-1 for LEO-1200 operating at LOS is considered as the target to evaluate whether each channel/signal with the existing specification needs to be enhanced or not. The targeted performances are used to evaluate the following services:
· VoIP using AMR 4.75 kbps. 
· Low data rate of 3 kbps. 
· Potential enhancements for deployments with parameter set-1 can also apply for deployments for parameter set-2
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