[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #110	R1-2207140
Toulouse, France, 22 – 26 August, 2022

Agenda item:		9.12.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Evaluation of coverage enhancements for NR over NTN
Document for:		Discussion and Decision
Introduction
In RAN#94e a new work item on NR NTN (Non-Terrestrial Networks) enhancements was approved [1]. Among the objectives of the work item, there is to specify enhancing features to Rel-15, 16 & 17’s NR radio interface & NG-RAN and, in particular for coverage enhancements, the objective description is as follows:
	4.1.1 Coverage enhancement 
 
The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). The work needs to cover the use case of voice and low-data rate services using commercial smartphones with more realistic assumptions on antenna gains instead of 0dBi currently assumed for link budget analysis for non-terrestrial networks. The specific realistic antenna gain assumption will be determined at the working group level. The evaluation should also take into account any related regulatory 
requirements, e.g., ITU limitation of power flux density. 
 
Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope): 
 
· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4] 
· VoIP and low-data rate services for commercial handset terminals 
 
The following items are shown as examples of areas to consider in the next step of the study. The actual items for study will be based on the evaluation of coverage issues specific to NTN identified above. 
 
· NTN-specific repetitions enhancements beyond techniques covered in Rel-17 CovEnh WI for the relevant channels 
· NTN-specific techniques for improved diversity and/or reduced polarization loss 
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR 
· NOTE: Intent is not to introduce a new codec. 
 
RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be updated. 



RAN1 should hence focus on discussing the applicability of the solutions developed by general NR coverage enhancements to NTN and on identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Based on this guidance, this contribution provides a preliminary analysis of the physical channel performance in NTN.
Discussion
In RAN1 #109-e a set of agreements were concluded to align companies’ assumptions for performance evaluations of different physical channels under NTN channel conditions. In particular, the following agreement establish the methodology to follow to evaluate the coverage performance in NR NTN:
	Agreement
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 TR38.821
· For polarization loss,
· 3 dB polarization loss is assumed as baseline, and companies are encouraged to report the value and corresponding justification if other value is used
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared



Coverage performance is hence evaluated by comparison of link budget and link level simulation results. The channels and target services with a required SNR higher than the one provided by the link budget analysis are finally to be targeted for enhancements.

Link budget calculation
The parameters agreed for link budget calculation in RAN1 #109-e are well aligned with the parameters already used for link budget calculation in TR 38.821 in study item phase. The main difference with those parameters is the values of UE antenna gain and polarization loss, both agreed in RAN1 #109-e to be -5dBi and 3dB, respectively. For this reason, in this contribution we stem from the link budget calculation results in TR 38.821 and add the agreed additional losses to those values. 
The analysed cases and related results in study item phase can be found in [3], and reported in Table 1 and Table 2 of this contribution for the sake of completeness. In particular, the green rows in Table 1 refer to the most relevant scenarios agreed in RAN1 #109-e to be further analysed for coverage enhancements evaluations. Table 2 instead reports the link budget results for such relevant scenarios. 
[bookmark: _Ref107935986]Table 1. List of study cases
	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

	1
	GEO
	Set 1
	12.5 deg
	VSAT
	Ka-band
	Option 1

	2
	GEO
	Set 1
	12.5 deg
	VSAT
	Ka-band
	Option 2

	3*
	GEO
	Set 1
	12.5 deg
	VSAT
	Ka-band
	Option 3

	4*
	GEO
	Set 1
	12.5 deg
	Handheld
	S-band
	Option 1

	5*
	GEO
	Set 1
	12.5 deg
	Handheld
	S-band
	Option 2

	6
	LEO-600
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 1

	7
	LEO-600
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 2

	8*
	LEO-600
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 3

	9
	LEO-600
	Set 1
	30 deg
	Handheld
	S-band
	Option 1

	10
	LEO-600
	Set 1
	30 deg
	Handheld
	S-band
	Option 2

	11*
	LEO-1200
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 1

	12*
	LEO-1200
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 2

	13*
	LEO-1200
	Set 1
	30 deg
	VSAT
	Ka-band
	Option 3

	14
	LEO-1200
	Set 1
	30 deg
	Handheld
	S-band
	Option 1

	15
	LEO-1200
	Set 1
	30 deg
	Handheld
	S-band
	Option 2

	16**
	GEO
	Set 2
	20 deg
	VSAT
	Ka-band
	Option 1

	17**
	GEO
	Set 2
	20 deg
	VSAT
	Ka-band
	Option 2

	18**
	GEO
	Set 2
	20 deg
	VSAT
	Ka-band
	Option 3

	19**
	GEO
	Set 2
	20 deg
	Handheld
	S-band
	Option 1

	20**
	GEO
	Set 2
	20 deg
	Handheld
	S-band
	Option 2

	21**
	LEO-600
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 1

	22**
	LEO-600
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 2

	23**
	LEO-600
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 3

	24**
	LEO-600
	Set 2
	30 deg
	Handheld
	S-band
	Option 1

	25**
	LEO-600
	Set 2
	30 deg
	Handheld
	S-band
	Option 2

	26**
	LEO-1200
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 1

	27**
	LEO-1200
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 2

	28**
	LEO-1200
	Set 2
	30 deg
	VSAT
	Ka-band
	Option 3

	29**
	LEO-1200
	Set 2
	30 deg
	Handheld
	S-band
	Option 1

	30**
	LEO-1200
	Set 2
	30 deg
	Handheld
	S-band
	Option 2

	Note 1 : * second priority scenario, ** third priority scenario 




[bookmark: _Ref107936049]Table 2. Results for the study cases of interest
	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	SC4 (GEO Set 1)
	DL
	2.0
	103.8
	-31.6
	30.0
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	0.0

	
	UL
	2.0
	23.0
	19.0
	0.4
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	-10.9

	SC19 (GEO Set 2)
	DL
	2.0
	98.3
	-31.6
	30.0
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-5.2

	
	UL
	2.0
	23.0
	14.0
	0.4
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-15.7

	SC24 (LEO 600)
	DL
	2.0
	72.8
	-31.6
	30.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	0.6

	
	UL
	2.0
	23.0
	-4.9
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	-3.2

	SC29 (LEO 1200)
	DL
	2.0
	78.8
	-31.6
	30.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	1.2

	
	UL
	2.0
	23.0
	-4.9
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-8.6

	NOTE:	The link budget calculations including CIR and CINR results contributed by the companies are available in [24].



As expected, uplink channels will in general offer a much lower CNR than DL channels, due to the limited power available at the handheld UEs. The absolute values of the CNR in Table 2 are however with ideal antenna gain at the UE (0 dBi) and without polarization losses. Based on the agreements in RAN1 #109-e, the UE antenna gain needs to be assumed equal to -5dBi, bringing the EIRP of the transmitter down to 18dBm from the typical value of 23dBm. In addition, 3dB polarization loss needs to be included in the link budget, further lowering the required CNR for the different scenarios.
The corresponding updated CNR values for an UL bandwidth of 0.4MHz (roughly 2 PRBs at 15kHz SCS) and a DL bandwidth of 30 MHz are reported in Table 3, and will be used for comparison with the LLS results to determine the performance of the corresponding channels.

Table 3. Updated results of study cases considering -5dBi UE antenna gain 
and 3dB polarization loss
	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	SC4 (GEO Set 1)
	DL
	2.0
	103.8
	-36.6
	30.0
	190.6
	0.2
	3.0
	2.2
	3.0
	0.0
	-8.0

	
	UL
	2.0
	18
	19.0
	0.4
	190.6
	0.2
	3.0
	2.2
	3.0
	0.0
	-18.9

	SC19 (GEO Set 2)
	DL
	2.0
	98.3
	-36.6
	30.0
	190.4
	0.1
	3.0
	2.2
	3.0
	0.0
	-13.2

	
	UL
	2.0
	18
	14.0
	0.4
	190.4
	0.1
	3.0
	2.2
	3.0
	0.0
	-23.7

	SC24 (LEO 600)
	DL
	2.0
	72.8
	-36.6
	30.0
	159.1
	0.1
	3.0
	2.2
	3.0
	0.0
	-7.4

	
	UL
	2.0
	18
	-4.9
	0.4
	159.1
	0.1
	3.0
	2.2
	3.0
	0.0
	-11.2

	SC29 (LEO 1200)
	DL
	2.0
	78.8
	-36.6
	30.0
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-6.8

	
	UL
	2.0
	18
	-4.9
	0.4
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-16.6

	NOTE:	The link budget calculations including CIR and CINR results contributed by the companies are available in [24].



PRACH simulation results
In RAN1 #109-e, the following simulation assumptions for coverage evaluation of PRACH in NR NTN were agreed:
	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

	SCS
	Reported by companies.

	Performance metric
	1% missed detection at 0.1% false alarm probability
10% missed detection: reported by companies if this value is used

	Number of UE transmit chains
	1, 2 (optional)

	Other parameters
	Reported by companies.


 
Figure 1 and Figure 2, show simulation results for the agreed PRACH format B4 and PRACH format 2 respectively, assuming 1 UE transmit chain and 1Rx antenna at the satellite. The simulated SCS for PRACH format B4 is 15kHz whereas for format format 2 is 1.25kHz. The simulated channel is an NTN-TDL-C LOS channel, as defined in [4]. PRACH format 0 was not reported in this contribution because it was found to have much worse performance than PRACH format 2 and PRACH format B4.
Before comparison with the link budget results, it is worth noticing that the bandwidth occupied by the different PRACH formats is not the same and depends on the actual PRACH format, generating different link budget results for the different formats. Format B4 with 15kHz SCS occupies 2.16MHz whereas format 2 occupies 1.05MHz. Adapted link budget results can be found in Table 4 and Table 5 for PRACH format B4 and PRACH format 2, respectively.

[bookmark: _Ref109394124]Table 4. Adapted link budget results for PRACH format B4
	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	SC4 (GEO Set 1)
	UL
	2.0
	18
	19.0
	2.16
	190.6
	0.2
	3.0
	2.2
	3.0
	0.0
	-26.2

	SC19 (GEO Set 2)
	UL
	2.0
	18
	14.0
	2.16
	190.4
	0.1
	3.0
	2.2
	3.0
	0.0
	-31.0

	SC24 (LEO 600)
	UL
	2.0
	18
	-4.9
	2.16
	159.1
	0.1
	3.0
	2.2
	3.0
	0.0
	-18.5

	SC29 (LEO 1200)
	UL
	2.0
	18
	-4.9
	2.16
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-23.9



[bookmark: _Ref109394127]Table 5. Adapted link budget results for PRACH 2
	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	SC4 (GEO Set 1)
	UL
	2.0
	18
	19.0
	1.05
	190.6
	0.2
	3.0
	2.2
	3.0
	0.0
	-23.1

	SC19 (GEO Set 2)
	UL
	2.0
	18
	14.0
	1.05
	190.4
	0.1
	3.0
	2.2
	3.0
	0.0
	-27.9

	SC24 (LEO 600)
	UL
	2.0
	18
	-4.9
	1.05
	159.1
	0.1
	3.0
	2.2
	3.0
	0.0
	-15.4

	SC29 (LEO 1200)
	UL
	2.0
	18
	-4.9
	1.05
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-20.8

	NOTE:	The link budget calculations including CIR and CINR results contributed by the companies are available in [24].



Figure 1 shows link level simulation results for PRACH format B4 at 0.1% false alarm rate. The assumed SCS for these simulations is 15kHz. Comparing these results with the link budget analysis for format B4, we can conclude that current PRACH performance are not able to satisfy none of the scenarios of interest. In particular, PRACH performance for a LEO scenario is around 6dB and 12dB worse than what required by the link budget analysis for LEO-600 and LEO-1200, respectively. PRACH performance for GEO-Set1 and GEO-Set2 is around 10dB and 17dB worse than what is required by the link budget analysis, respectively. These considerations are summarized in Table 6 below.
[image: ]
[bookmark: _Ref110508063]Figure 1. Detection probability for PRACH format B4 at 0.1% false alarm rate

Figure 2 shows link level simulation results for PRACH format 2 at a 0.1% false alarm rate. In this case, the PRACH threshold for a false alarm probability of 0.1% was derived by considering a PRACH slot without transmitted signal, and with only AWGN. The reason for this choice is that long PRACH formats, such as format 2, are strongly affected by a residual frequency offset of 0.1ppm (200Hz at 2GHz) that creates non-negligible harmonics peaks which increase the probability of false alarm if not properly handled. Considering however the possibility for a gNB of configuring a restricted preamble set for such formats, the setting of the threshold should not be driven by the harmonics peaks but only by the noise power at a certain SNR point.
[image: ]
[bookmark: _Ref110508664]Figure 2. Detection probability for PRACH format 2 at 0.1% false alarm rate

Table 6 shows a summary of the comparison between link budget results and link level simulation results, for each of the scenarios of interest. The scenario with the lowest SNR gap is the LEO-600 scenario, whereas the one with the largest gap is the GEO Set 2. Similarly, Table 7 shows the SNR gap summary for PRACH format 2, with the same conclusions as for PRACH format B4. It is however worth noticing, that given its smaller bandwidth and similar link level performance, PRACH format 2 provides better performance than PRACH format B4 with a smaller gap to the required SNR given by the link budget analysis.
[bookmark: _Ref110519403]Table 6. Summary of SNR gap for PRACH format B4
	Scenario
	Link budget SNR 
[dB]
	LLS SNR at 99% P_det [dB]
	SNR gap
[dB]

	GEO-Set 1
	-26.2
	-15.5
	10.7

	GEO-Set 2
	-31.0
	-14
	17

	LEO-600
	-18.5
	-12
	6.5

	LEO-1200
	-23.9
	-12
	11.9



[bookmark: _Ref110519567]Table 7. Summary of SNR gap for PRACH format 2
	Scenario
	Link budget SNR 
[dB]
	LLS SNR at 99% P_det [dB]
	SNR gap
[dB]

	GEO-Set 1
	-23.1
	-16.5
	6.6

	GEO-Set 2
	-27.9
	-14.5
	13.4

	LEO-600
	-15.4
	-12
	3.4

	LEO-1200
	-20.8
	-12
	8.8



Observation 1. PRACH format 2 has better performance than PRACH format B4 and is closer to the required link budget SNR for single UE scenario.
Despite the better single link performance of PRACH format 2 compared to PRACH format B4, PRACH format 2 imposes larger burden to network operation compared to PRACH format B4. On one hand, PRACH format 2 occupies twice the resources compared to PRACH format B4, when considering both time and frequency domain occupancy of the two formats. This impacts the uplink network throughput or capacity, since fewer UL resources are available to other UEs for their UL transmissions (not necessarily PRACH). In addition, as also anticipated above, PRACH format 2 performance is largely affected by the residual frequency offset at the stage of initial access, that creates large harmonic peaks and constrains a gNB to operate with a restricted set of preambles. This in turns requires the network to either offer more RACH occasions for PRACH transmissions, lowering network throughput, or tolerate a larger probability of collisions.
In summary, when also considering other UEs in the cell, format 2 is not anymore a dominant format and can be seen to provide overall the same benefits as format B4.
Observation 2. PRACH format 2 requires larger network overhead compared to PRACH format B4.
Observation 3. PRACH format 2 requires a restricted preamble set to achieve similar performance as PRACH format B4.
Based on the above observations, we conclude that enhancements may be required for both PRACH format B4 and PRACH format 2, to offer a network the possibility to operate both formats reliably in NTN and to configure a specific one based on deployment considerations.
Proposal 1. PRACH enhancements should target both PRACH format 2 and PRACH format B4.
PUSCH simulation results
In RAN1 #109-e, the following simulation assumptions for coverage evaluation of PUSCH in NR NTN were agreed:
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains
	1, 2 (optional)

	DMRS configuration
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM, CP-OFDM (optional)

	PUSCH duration
	14 OS

	Repetitions
	w/ type A repetition, optional for type B repetition.
The actual number of repetitions is reported by companies.

	HARQ configuration
	Whether/How HARQ is adopted is 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, pi/2 BPSK (optional)

	Other parameters
	Reported by companies



As mentioned in the table, the number of PRBs and corresponding MCS index were left to be reported by companies and to be calculated based on the transport block size to be transmitted in one slot. Two services were targeted for the PUSCH channel, namely VoIP and low-data rate, each of these characterized by different data rates and hence number of bits to be transmitted in one slot, as elaborated in the next sub-sections. We note that for all the simulation results presented in this section, we assumed that HARQ is disabled. Furthermore, we considered NTN-TDL-C channel model for any PUSCH simulation.
VoIP
For VoIP, the following agreement was made in RAN1 #109-e:
	Agreement
For VoIP, AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval is used in the evaluations.
· Each packet is transmitted within 20 ms, if packet combining is not used.
· Companies are encouraged to evaluate at least packet transmission without combining
· Companies are encouraged to report how to apply packet combining, if used.
· Note: in packet combining, two packets can be combined into a single packet at TX side 
· Companies should report the impact on E2E latency
· VoIP is evaluated only in LEO scenario.
· Note 1: PRB/MCS/TBS determinations are discussed separately
· Note 2: companies should report if HARQ is used in the evaluations, and if evaluations depart from the assumption that each packet is transmitted within 20 ms



Based on the agreement for VoIP, a TBS of 184 bits was considered for deriving the required number of PRBs and corresponding MCS index, considering both link budget and link level performance. Potentially, for TBS of 184 bits, two different configurations can be taken into account. The first configuration adopts MCS index 2, uses 4 PRBs, and provides a code rate of 193/1024 with QPSK modulation, while the second configuration can adopt MCS index 0, uses 6PRBs, and provides a code rate of 120/1024 while applying QPSK modulation.
Figure 3, compares the link level performance of the two above mentioned configurations for a scheduled PUSCH with 20x repetitions. It can be observed from Figure 3 that for 2% BLER, the 6 PRB configuration provides approximately 1 dB SNR gain. However, this gain comes at the cost of approximately 1.67 dB loss in the corresponding link budget. Thus, for performance evaluation of LEO scenario, we adopt the first configuration, i.e., 4 PRB and MCS index 2.
[image: ]
[bookmark: _Ref110956364]Figure 3 - 20x PUSCH repetitions; 4 PRBs (192 bits) vs 6 PRBs (184 bits) Analysis.

Figure 4 shows a comparison of link level performance among a set of PUSCH repetitions, namely 8, 12, 16 and 20 repetitions, for the optimally found configuration characterized by MCS index 2 and 4 PRBs. As expected, the configuration with 20 repetitions outperforms the ones at lower repetitions and hits the target 2% BLER at -5dB. Considering the agreed packet arrival rate of 20ms, a larger number of repetitions (e.g. 32x) was not simulated since 15kHz SCS was assumed for these simulations to optimize the link budget, and the time taken for transmitting e.g. 32 repetitions would exceed the packet arrival rate and not be able to operate properly.
Table 9 presents a summary of the SNR gap required to close the link budget for both LEO-600 and LEO-1200. For LEO-600, the target SNR from the link budget analysis is about -14.2 dB. As a result, an SNR gap of 9.2 dB must be compensated for this scenario. This difference becomes even larger for LEO-1200, for which an SNR gap of 14.6 dB is observed. It is worth noticing that such SNR gaps can hardly be compensated by only physical layer enhancements, especially in consideration of latency and throughput constraints, but rather they need to be compensated also by improvements in the link budget. As an example, if the UE antenna gain was improved to a value equal or larger than 0dBi, that would in turn improve the link budget by more than 5dB, making the observed SNR gaps smaller and reachable with physical layer enhancements. Additionally, the evaluations in this contribution were conducted assuming a worst case assumption in terms of elevation angles for all analyzed scenarios. Therefore a restriction to the range of elevation angles to consider for a specific service application could be necessary for improving the link budget results and finally to enable the physical channel to satisfy the required SNR values in NR over NTN.
Observation 4. It may be difficult to close the reported link budgets for LEO-600 and LEO-1200 scenarios with PHY-only techniques and enhancements. One direction for further investigation would be to consider the improvement of link budget together with PHY coverage enhancement techniques.
Observation 5. Restricting the range of minimum elevation angles supported for different service applications improves the link budget performance and increases the likelihood of closing the corresponding link budget by PHY coverage enhancement techniques.
Proposal 2. RAN1 to consider and discuss options for improving the link budget of UL NR NTN at least for PUSCH, e.g., by increasing UE antenna gain and/or restricting the minimum elevation angles of considered scenarios.
[bookmark: _Ref111059759][bookmark: _Ref111059725]Table 8. Adapted link budget for PUSCH at 2/4 PRBs
	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	SC4 (GEO Set 1)
	UL
	2.0
	18
	19.0
	0.36
	190.6
	0.2
	3.0
	2.2
	3.0
	0.0
	-18.4

	SC19 (GEO Set 2)
	UL
	2.0
	18
	14.0
	0.36
	190.4
	0.1
	3.0
	2.2
	3.0
	0.0
	-23.2

	SC24 (LEO 600)
	UL
	2.0
	18
	-4.9
	0.72
	159.1
	0.1
	3.0
	2.2
	3.0
	0.0
	-14.2

	SC29 (LEO 1200)
	UL
	2.0
	18
	-4.9
	0.72
	164.5
	0.1
	3.0
	2.2
	3.0
	0.0
	-19.6



[image: ]
[bookmark: _Ref111020020]Figure 4 - LEO; 4 PRBs, MCS index 2.


[bookmark: _Ref111042353]Table 9. Summary of SNR gap for VoIP PUSCH
	[bookmark: _Hlk111060286]Scenario
	Link budget SNR 
[dB]
	LLS SNR at 2% BLER [dB]
	SNR gap
[dB]

	LEO-600
	-14.2
	-5
	9.2

	LEO-1200
	-19.6
	-5
	14.6



Low-data rate
For low-data rate services, the following data rates were agreed for both DL and UL:
	Agreement
For low-data rate service, the following target data rate is assumed.
· For DL, 3 kbps if satellite EIRP density lower than values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, or values in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band due to ITU regulatory limitations on power flux density is considered; otherwise, 1 Mbps
· For UL, 3 kbps and 100 kbps
· FFS: which data rate applies for GEO/MEO/LEO



In this contribution, we will focus on the 3 kpbs data rate, since it allows lower TBS and hence significantly more robust MCS indeces that have better performance than the required MCS indexes for 100 kbps data rate scenario at low SNR conditions. To derive the optimal number of PRBs and corresponding MCS index, we considered a transport block size of 24 bits, 64 bits, and 96 bits for 8, 20, and 32 repetitions, respectively (with 24 bits only being considered for usage in combination with 8x repetitions). Subsequently, taking each TBS into account, the corresponding MC index and PRB number(s) are obtained to support 3kbps.    
[image: ]
[bookmark: _Ref111054006]Figure 5 – PUSCH with 8, 20, 32 repetitions for GEO Set2.

The simulation results for PUSCH repetitions for GEO Set2 is plotted in Figure 5. Here, for 8x repetitions, MCS index 0 and 1 PRB is considered. For 20x repetitions, two configurations are studied, i.e., (a) MCS index 3, using a single PRB, and (b) MCS index 0, using 2 PRBs. Similarly, for 32x repetitions, two configurations are studied. The first configuration is with MCS index 2 and 2 PRBs while the second configuration adopts MCS index 5 and 1 PRB.
As was expected, increasing the number of repetitions improved the performance. Considering fixed number of repetitions, e.g., 20x repetitions, one can observe that approximately 3 dB gain is obtained for configuration corresponding to 2 PRBs. In other words, for 20x repetitions, MCS index 0 and 2 PRB outperforms MCS index 3 and 1 PRB. Same observation can also be made for 32x repetitions. On the other hand, increasing the number of PRBs by a factor of 2 comes at the cost of 3 dB loss in power spectral density. Thus, the 3 dB gain in LLS is equally compensated by 3 dB loss in PSD. Taking the 32x repetitions curve with MCS 2 and 2 PRBs as an example. It can be observed that it hits the 10% BLER at approximately -10.7 dB. Furthermore, the required SNR for GEO Set2 and for 2 PRBs can be obtained from Table 8 as -23.2 dB. Thus, an SNR gap of approximately 12.5 dB needs to be compensated by coverage enhancement methods.  
Similar analysis is investigated for GEO Set1 and the results are demonstrated in Figure 6. It can be observed that PUSCH with 32x repetitions, MCS index 2 and 2 PRBs, hits 10% BLER at approximately -11.5 SNR. Given that the required link budget for GEO Set1 is -18.4 dB, the corresponding SNR gap to close the link budget is 6.9 dB. A summary of the SNR gaps for GEO Set2 and GEO Set1 scenarios is listed in Table 11. It can also be observed that the SNR gap for GEO-Set1 is approximately half of that for GEO-Set2. Thus, GEO-Set1 can be prioritized over GEO-Set2 in subsequent discussions. 
[image: ]
[bookmark: _Ref111106880][bookmark: _Ref111106018]Figure 6. PUSCH with 8, 20, 32 repetitions for GEO Set1.




[bookmark: _Ref111108979]Table 11. Summary of SNR gap for Low-Data-Rate Service PUSCH 
	Scenario
	Link budget SNR 
[dB]
	LLS SNR at 10% BLER [dB]
	SNR gap
[dB]

	GEO-Set1
	-18.4 (for 2 PRBS, 360 kHz)
	-11.5 (32x Repetitions, MCS 2 and 2 PRBs)
	6.9

	GEO-Set2
	-23.2 (for 2 PRBs, 360 kHz)
	-10.7 (32x Repetitions, MCS 2 and 2 PRBs)
	12.5


 
Observation 6. Link level performance of both GEO Set1 and GEO Set2 reveals that it may be difficult to achieve the required link budget SNRs for 10% BLER. One further investigation direction could be to improve the link budget performance, and consequently, together with PHY enhancement techniques achieve the desired link budget SNRs.
Proposal 3. RAN1 may consider prioritizing GEO-Set1 over GEO-Set2 for PUSCH coverage enhancement.
Observation 7. From the analysis performed in this section, it can be observed that the Rel17 UL coverage enhancement methods and techniques cannot close the target link budget SNRs for NR NTN. Thus, solutions beyond Rel17 UL coverage enhancements are needed.

Conclusion
In this contribution, we presented simulation results for the PRACH and PUSCH channels and compared their link level performance with the required SNR derived from link budget calculations.
Based on the above considerations, we made the following observations and proposals:
Observation 1. PRACH format 2 has better performance than PRACH format B4 and is closer to the required link budget SNR for single UE scenario.
Observation 2. PRACH format 2 requires larger network overhead compared to PRACH format B4.
Observation 3. PRACH format 2 requires a restricted preamble set to achieve similar performance as PRACH format B4.
Observation 4. It may be difficult to close the reported link budgets for LEO-600 and LEO-1200 scenarios with PHY-only techniques and enhancements. One direction for further investigation would be to consider the improvement of link budget together with PHY coverage enhancement techniques.
Observation 5. Restricting the range of minimum elevation angles supported for different service applications improves the link budget performance and increases the likelihood of closing the corresponding link budget by PHY coverage enhancement techniques.
Observation 6. Link level performance of both GEO Set1 and GEO Set2 reveals that it may be difficult to achieve the required link budget SNRs for 10% BLER. One further investigation direction could be to improve the link budget performance, and consequently, together with PHY enhancement techniques achieve the desired link budget SNRs.
Observation 7. From the analysis performed in this section, it can be observed that the Rel17 UL coverage enhancement methods and techniques cannot close the target link budget SNRs for NR NTN. Thus, solutions beyond Rel17 UL coverage enhancements are needed.

Proposal 1. PRACH enhancements should target both PRACH format 2 and PRACH format B4.
Proposal 2. RAN1 to consider and discuss options for improving the link budget of UL NR NTN at least for PUSCH, e.g., by increasing UE antenna gain and/or restricting the minimum elevation angles of considered scenarios.
Proposal 3. RAN1 may consider prioritizing GEO-Set1 over GEO-Set2 for PUSCH coverage enhancement.
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