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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
In RAN#110 [1], the following were agreed for discussion on coverage enhancement for NR NTN.
	Agreement
For NR-NTN coverage enhancement, RAN1 concludes that coverage enhancements specifically for GEO and MEO are de-prioritized in Rel-18.
· Potential enhancements for LEO can also apply to GEO and MEO

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


In RAN#97, new WID for coverage enhancement for NR NTN was approved [2] as given in Appendix A. The main objectives of coverage enhancement are PUCCH enhancements for Msg4 HARQ-ACK and DMRS bundling for PUSCH.
In this contribution, we will continue discuss on the physical channel of PUSCH for VoIP and PUCCH for Msg.4 under set-1 LEO-1200 LOS evaluation scenario. 
PUCCH for Msg4 HARQ-ACK
In RAN1 #110, link level simulation for different PUCCH formats were thoroughly evaluated and the coverage gap for different scenarios were summarized. The corresponding conclusion was that only the PUCCH format-1 for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 operating at LOS should be enhanced, due to the observed 1.8 to 6 dB performance gap (assuming -5dBi UE antenna gain) [3]. Later in RAN #97, the UE antenna gain for NTN UL coverage enhancement is changed to be -5.5dBi [2]. And, as in the WID objective, further enhancement methods (e.g. repetition) can be proposed and evaluated to cover the coverage gap of PUCCH of Msg4 HARQ-ACK. 
In NR, procedures for determining the PUCCH resources for UEs to transmit HARQ-ACK bits and other UCI payloads are specified in TS38.213. There are basically two kinds of PUCCH resources, namely, the cell-specific common PUCCH resources that broadcasted in SIB, and the UE-dedicated PUCCH resource indicated during RRC setup or reconfiguration. For PUCCH format-1 for Msg4 HARQ-ACK, only the cell-specific common PUCCH resources can be used, which doesn’t support repetition according to the current NR procedures. If repetition can be applied, the SNR gap observed at RAN1 #110 would be eliminated. The following Figure 1  and Figure 2 illustrate the simulation results on the 1% ACK missed detection probability performance under 1% false alarm rate (i.e. 1% rate to detect DTX to ACK) for PUCCH format-1 (1bit) carrying Msg4 HARQ-ACK/NACK, for both the baseline (i.e. 1 repetition with/without intra-slot frequency hopping) and the potential enhancements methods (i.e. 2~12 repetitions with/without inter-slot frequency hopping). In the figures, the curves with legends of “FH” correspond to the performance with inter-slot frequency hopping, otherwise there is no inter-slot frequency hopping.
[image: ]
[bookmark: _Ref114754081]Figure 1 Repetition performance of PF-1 for Msg4 HARQ-ACK in TDL-C-30o.
[image: ]
[bookmark: _Ref114754083]Figure 2 Frequency hopping performance of PF-1 for Msg4 HARQ-ACK in TDL-C-30o 
Table 1 summarizes the simulation results and coverage gaps  from  Figure 1 and Figure 2, in which the CNR is -8.04dB based on the link budget analysis provided in Appendix D. The coverage gap is defined as
,
where required SNR is the required SNR to achieve the target BLER, and the CNR is the corresponding link budget calculation result. A positive value of coverage gap means the coverage requirement is not fulfilled, and a negative value of coverage gap means the channel can meet the coverage requirement with a corresponding margin for the coverage performance. 
[bookmark: _Ref114754065]Table 1 ACK missed detection performance gap (PUCCH Format-1 with 1bit Msg4 ACK/NACK)
	PUCCH format-1 (1bit) for Msg4 HARQ-ACK/NACK
in LEO-1200-30o with satellite parameter-set1, with CNR= - 8.04 dB
	Final results

	Number of repetitions
	Required SNR (dB)
(by rep  only)
	Gap (dB)
(by rep only)
	Maximum FH gain (dB)
	Required SNR (dB)
(by rep + FH)
	Gap (dB)
(by rep + FH)

	1
	-1.35
	6.69
	
	-1.35
	6.69

	2
	-3.30
	4.74
	
	-3.30
	4.74

	4
	-5.32
	2.72
	
	-5.32
	2.72

	8
	-7.36
	0.68
	0.29 (inter, 10MHz)
	-7.65
	0.39

	10
	-7.99
	0.05
	0.16 (inter, 10MHz)
	-8.15
	-0.11

	12
	-8.47
	-0.43
	0.26 (inter, 10MHz)
	-8.73
	-0.69


From Table 1, it is observed that the decoding SNR with NR legacy PUCCH resource allocation (baseline, 1 repetition) is -1.35 dB, which results in a 6.69 dB coverage gap. Besides, enabling intra-slot frequency hopping in one slot for PUCCH format-1 under TDL-C channel condition has no performance gain since the channel estimation is separated into two hops thus has a negative impact on the estimation accuracy. 
Observation 1: PUCCH format-1 for Msg4 HARQ-ACK has 6.69dB coverage gap with the legacy NR PUCCH resource allocation. 
On the other hand, it is observed from  Figure 1 and Table 1 that enabling repetition transmission of Msg4 HARQ-ACK by 2, 4, 8, 10 and 12 times improves the LLS decoding performance by 1.95, 3.97, 6.01, 6.64, and 7.12dB, respectively, compared to the baseline with 1 repetition. Additionally, based on the summarized SNR gaps (by rep. only) in Table 1, at least 12 repetitions are required in order to eliminate the SNR gap of 6.69dB.
Observation 2: At least 12 repetitions are needed to satisfy the coverage requirements for PUCCH format-1 for Msg4 PUCCH, with satellite parameter set-1 in TDL-C-30o, assuming -5.5dBi UE antenna gain.
Furthermore, as shown in Figure 2, inter-slot frequency hopping is enabled during the multiple slots of PUCCH transmission in order to boost the diversity gain among repetitions. Nevertheless, the observed frequency hopping gain in TDL-C channels is very limited. For example, it only offers a maximum of 0.29 dB gain with a 10MHz frequency hopping interval when the repetition number is 8. Therefore, with both repetition and inter-slot frequency hopping enabled, it can be concluded from that 10 PUCCH repetitions is required to eliminate the SNR gap.
Observation 3: With repetition and inter-slot frequency, at least 10 repetitions are needed to satisfy the coverage requirements for PUCCH format-1 for Msg4 PUCCH, with satellite parameter set-1 in TDL-C-30o, assuming -5.5dBi UE antenna gain.
Based on the fact that frequency hopping only provides marginal gain in NTN-TDL-C channel conditions, the repetition number of 12 should be supported to eliminate the coverage gap. In conclusion, RAN1 should consider enabling PUCCH repetition transmission for Msg4 HARQ-ACK in NR NTN for coverage enhancement.
Proposal 1：Support repetition transmission for PUCCH format-1 for Msg4 HARQ-ACK in NR NTN with maximum repetition number of 12.

PUSCH for VoIP
Baseline performance of PUSCH of VoIP without DMRS bundling
Following the agreed simulation parameters in Table 6 in Appendix C, the PUSCH BLER performance for VoIP are illustrated in Figure 3, considering the existing coverage enhancement supported by Rel-17 including TBoMS and repetitions.
The main motivation of coverage enhancement in NR NTN is to enable eMBB UE, i.e. the smart phone, to support the access of satellite. Currently, eMBB UE at least supports the widely deployed band, N41, N77, N78. Based on the requirement in TS 38.101 as below, the UE supporting N41, N77 and N78 shall support the minimum Rx chains of 4. 
	The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n48, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.


[bookmark: _Ref111104513]Observation 4: For eMBB UEs, at least 4 receiver antennas are usually equipped to support the commercialized NR band including N41, N77 and N78.
Thus, 1 Tx transmission of PUSCH by utilizing antenna switching among the four antennas on the smart phone is considered in the evaluation, and the curves with legends of “AS” correspond to the performance with antenna switching.
 [image: ]
[bookmark: _Ref114221203][bookmark: _Ref114221184]Figure 3 PUSCH performance for VoIP under rural NTN-TDL-C (Rel-17 NR NTN)
The required SNRs at rBLER 2% for VoIP are summarized in Table 2 and compared with the CNR value from link budget, where Coverage 
[bookmark: _Ref109222712]Table 2 Coverage analysis for PUSCH VoIP
	PUSCH VoIP
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Required SNR@rBLER2% (dB)
	Coverage Gap (dB)

	
	
	
	
	
	

	LEO-1200
	1
	30
	-11.1
	-9.1
	2.0


[bookmark: _Hlk111188530]
The results from Figure 3 and Table 2 show that the antenna switching could provide significant performance gain by exploiting the spatial diversity. However, there is still around 2.0 dB coverage gap for the set1 LEO-1200 case.
Observation 5: About 2.3dB gain is observed by utilizing antenna switching for PUSCH of VoIP without DMRS bundling.
[bookmark: _Hlk115187626]NTN specific consideration for DMRS bundling of PUSCH
Legacy DMRS bundling mechanism in Rel-17 can be applied as it could improve the channel estimation performance, especially under low SNR regime. With large time and frequency drift, the performance of DMRS bundling will degrade and therefore the size of TDW (time domain window) should be reconsidered in NTN by taking the maximum timing error requirement defined by RAN4 into consideration. This is why RAN plenary concluded that “To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures” in the WID.
Figure 4 illustrates the maximum time duration without timing adjustment, during which if timing adjustment is not performed the timing error is within the requirement of 29 based on RAN4 specification[4], for different elevation angles of LEO-1200 satellite. It can be observed that the maximum continuous transmission time is about 13ms when elevation angel is 30 degree, which is less than the maximum DMRS bundling window of 32 slots supported by the current specification. Therefore, with elevation angle of 30 degree, the maximum DMRS bundling window should be less than 13ms.
[image: ]
[bookmark: _Ref114756701]Figure 4 Max time during without timing adjustment for different elevations
Observation 6: To comply with the 29Ts RAN4 timing error requirement, the maximum configured TDW should be within 13 slots for the LEO-1200 satellite with an elevation angle of 30 degrees in NR NTN.
Proposal 2: For NR NTN, the configured TDW should be less than the maximum time duration, in which timing adjustment is not performed while satisfying the timing error requirement from RAN4.
According to the simulation for PUSCH in Figure 3, antenna switching is an efficient way for coverage enhancement of NTN, which provides about 2.3dB gains when DMRS bundling is not used for PUSCH. Therefore, DMRS bundling is performed for the case when antenna switching is disabled and enabled, respectively, to investigate the best performance that can be provided. The simulation results are shown in Figure 5.
DMRS bundling performance when antenna switching is not disabled
From the results, it can be observed that when only using the DMRS bundling scheme and antenna switching is not utilized, the required SNR@2% rBLER decreases with the increment of configured TDW (CTDW) when CTDW is not larger than 10. For the case when CTDW size is 12, there cannot be two 12ms-TDW transmissions considering the total budget of a single VoIP packet is 20ms. Therefore, in our simulation for the curve with CTDW = 12, the two actually used TDW sizes of the JCE are 12 and 8, respectively for the first and second DMRS bundles. Thus, the CTDW = 12 performance is no better than that of CTDW = 10 in Figure 5.  
Observation 7: For PUSCH VoIP, setting configured TDW larger than 10 could not achieve additional DMRS bundling gain considering the time budget of 20ms for a single PUSCH VoIP packet.
Observation 8: For PUSCH VoIP, DMRS bundling could provide a maximum 1.3 dB gain for the case when antenna switching is disabled.
DMRS bundling performance when antenna switching is enabled
When DMRS bundling is used, the phase continuity or power consistency during the TDW of DMRS bundling shall restrict the possibility of antenna switching. The antenna switching could be only performed at the boundary of DMRS bundles. Therefore, the performance of DMRS bundling with antenna switching should be jointly investigated. 
Observation 9: Antenna switching cannot be executed within a DMRS bundle; otherwise the phase continuity and power consistency cannot be guaranteed within the DMRS bundle.
In the simulation, for the DMRS bundling with antenna switching enabled, the configured TDW is set as 2, 4, 8, 10 and 12 and for each actual TDW, the phase continuity complies with clause 6.4.2.5 in TS 38.101-1. Therefore, the antenna switching could be only executed at the boundary of DMRS bundles, i.e. the antenna switching and DMRS bundles are switched jointly. The antenna switching interval (ASInter) is the same as the CTDW size. The BLER vs. SNR performances in Figure 5 are summarized in Table 3. Notably, the antenna switching should be considered as an event that violate power consistency and phase continuity to maintain a proper actual TDW to maximize the joint performance for DMRS bundling and antenna switching.
[image: ]
[bookmark: _Ref115170224]Figure 5 PUSCH performance for VoIP under rural NTN-TDL-C with DMRS bundling
[bookmark: _Ref115170375]Table 3 Coverage analysis for PUSCH VoIP with DMRS bundling
	PUSCH VoIP
	DMRS bundling Setting
	Rural NTN-TDL-C

	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	CNR (dB)
	Antenna switching on/off
	Configured TDW
	Required SNR@rBLER2%  （dB）
	Coverage Gap (dB)

	
	
	
	
	
	
	
	

	LEO-1200
	1
	30
	-11
	off
	2
	-7.6
	3.4

	
	
	
	
	On(AS interval=2)
	2
	-10.2
	0.8

	
	
	
	
	off
	4
	7.9
	18.9

	
	
	
	
	On(AS interval=4)
	4
	-10.6
	0.4

	
	
	
	
	off
	8
	-8.0
	3

	
	
	
	
	On(AS interval=8)
	8
	-10.4
	0.6

	
	
	
	
	off
	10
	-8.2
	2.8

	
	
	
	
	On(AS interval=10)
	10
	-9.9
	1.1

	
	
	
	
	off
	12
	-8.1
	2.9

	
	
	
	
	On(AS interval=12)
	12
	-9.8
	1.2



Smaller antenna switching interval could exploit more spatial diversity within the 20ms VoIP transmission time budget, while larger TDW could provide more channel estimation gain. Therefore, when jointly using DMRS bundling with antenna switching, the required SNR is not monotone decreasing with the increase of TDW size, which is the same as the interval for antenna switching. When CTDW and ASInter are equal to 4, the coverage performance could achieve the best trade-off. Thus, the actual TDW should be jointly decided by the configured TDW and antenna switching interval, which achieves the best trade-off between phase continuity requirement for better channel estimation and larger diversity gain by antenna switching. 
Observation 10: The optimized DMRS bundling size with the best performance should be decided based on the trade-off between the antenna switching diversity gain and the joint channel estimation gain, considering the antenna switching cannot be applied within a DMRS bundling.
Observation 11: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.4 dB compared to 2.8 dB minimum coverage gap that can be provided by only using DMRS bundling.
Observation 12: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.4 dB compared to the 2.0 dB minimum coverage gap that can be provided by using antenna switching.
Proposal 3: Introduce antenna switching as an event that triggers the “actual TDW determination” for DMRS bundling to minimize the coverage gaps of PUSCH VoIP by jointly utilization of antenna switching and DMRS bundling.
For the coverage gap, we could observe 0.4dB simulated gap in our simulations. Regarding this marginal gap, we think it could be handled by algorithm improvement or high power UE etc.
Conclusions
In summary, we discuss on the coverage enhancement for NR NTN. The following observations and proposals are made: 
Observation 1: PUCCH format-1 for Msg4 HARQ-ACK has 6.69dB coverage gap with the legacy NR PUCCH resource allocation. 
Observation 2: At least 12 repetitions are needed to satisfy the coverage requirements for PUCCH format-1 for Msg4 PUCCH, with satellite parameter set-1 in TDL-C-30o, assuming -5.5dBi UE antenna gain.
Observation 3: With repetition and inter-slot frequency, at least 10 repetitions are needed to satisfy the coverage requirements for PUCCH format-1 for Msg4 PUCCH, with satellite parameter set-1 in TDL-C-30o, assuming -5.5dBi UE antenna gain.
Observation 4: For eMBB UEs, at least 4 receiver antennas are usually equipped to support the commercialized NR band including N41, N77 and N78.
Observation 5: About 2.3dB gain is observed by utilizing antenna switching for PUSCH of VoIP without DMRS bundling.
Observation 6: To comply with the 29Ts RAN4 timing error requirement, the maximum configured TDW should be within 13 slots for the LEO-1200 satellite with an elevation angle of 30 degrees in NR NTN.
Observation 7: For PUSCH VoIP, setting configured TDW larger than 10 could not achieve additional DMRS bundling gain considering the time budget of 20ms for a single PUSCH VoIP packet.
Observation 8: For PUSCH VoIP, DMRS bundling could provide a maximum 1.3 dB gain for the case when antenna switching is disabled.
[bookmark: _GoBack]Observation 9: Antenna switching cannot be executed within a DMRS bundle; otherwise the phase continuity and power consistency cannot be guaranteed within the DMRS bundle.
Observation 10: The optimized DMRS bundling size with the best performance should be decided based on the trade-off between the antenna switching diversity gain and the joint channel estimation gain, considering the antenna switching cannot be applied within a DMRS bundling.
Observation 11: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.4 dB compared to 2.8 dB minimum coverage gap that can be provided by only using DMRS bundling.
Observation 12: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.4 dB compared to the 2.0 dB minimum coverage gap that can be provided by using antenna switching.

Proposal 1：Support repetition transmission for PUCCH format-1 for Msg4 HARQ-ACK in NR NTN with maximum repetition number of 12.
Proposal 2: For NR NTN, the configured TDW should be less than the maximum time duration, in which timing adjustment is not performed while satisfying the timing error requirement from RAN4.
Proposal 3: Introduce antenna switching as an event that triggers the “actual TDW determination” for DMRS bundling to minimize the coverage gaps of PUSCH VoIP by jointly utilization of antenna switching and DMRS bundling.
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Appendix A: New approved WID for NR NTN coverage enhancement
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 following sentence will be revisited in RAN#99 as part of the DL enhancements discussion:
“The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.” No work on this topic will take place in RAN WGs before the discussion on DL enhancements in RAN#99.

The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarisation loss (per antenna port). 
Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.
The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.


 The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]

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
[bookmark: _Hlk90207880]The following items are shown as examples of areas to consider in the RAN2 study.

· 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.

[bookmark: _Hlk86407239]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 further updated.

Appendix B: Frequency Hopping Gap in Simulation
The NTN satellite bands in FR1 are specified in Table 5.2.2-1 of [5], which is listed as Table 4. 
[bookmark: _Ref110442500]Table 4 NTN satellite bands in FR1 (Table 5.2.2-1 in [5]]
	NTN satellite operating band
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL,low   –  FDL,high 
	Duplex mode

	n256
	1980MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	NOTE: 	NTN satellite bands are numbered in descending order from n256.



And the UE channel bandwidths are specified in Table 5.3.5-1 of [5], which is listed as Table 5. 
[bookmark: _Ref110442667]Table 5 Channel bandwidths for each NTN satellite band (Table 5.3.5-1 in [5])
	NTN satellite band
	SCS
kHz
	UE Channel bandwidth (MHz)

	
	
	5
	10
	15
	20

	
	15
	5
	10
	15
	20

	n256
	30
	
	10
	15
	20

	
	60
	
	10
	15
	20

	
	15
	5
	10
	15
	20

	n255
	30
	
	10
	15
	20

	
	60
	
	10
	15
	20



Therefore, we only consider the frequency hopping gap smaller than 20MHz in the study.

[bookmark: _Ref110253619]Appendix C: link level evaluation assumption
B.1 PUSCH
For the agreed simulation scenario, channel model/delay spread, and NTN system bandwidth, the frequency hopping could not provide attractive performance gain for PUSCH. Thus, the frequency hopping is disabled in the simulation. 
As 2 transmit chains will require more power consumption, which will challenge the power supply and the cost of the UEs, only 1 transmit chain is adopted in our simulation.
To maximize the Link Budget, we consider 2 PRBs for both VoIP and Msg.3 simulation.
As AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) is agreed for VoIP simulation, adopting the MCS 11 in MCS Table 6.1.4.1-2 in [6] or MCS 5 in MCS Table 6.1.4.1-1 [6] could provide a TBS equalling to 208, which is just above 184.
For Msg.3, the agreed TBS is 56, which could adopt MCS 6 in MCS Table 6.1.4.1-2 in [6] or MCS 0 in MCS Table 6.1.4.1-1 [6] with Modulation Order Qm=2 to meet the requirements. 
For low data rate 100kbps, adopting MCS 8 in MCS Table 6.1.4.1-1 in [6].
PUSCH for VoIP
[bookmark: _Ref111126205][bookmark: _Ref110001381][bookmark: _Ref110001375] Table 6 PUSCH VoIP simulation assumption
	[bookmark: _Hlk110968180]Parameter
	Value

	Frequency hopping 
	w/o frequency hopping

	[bookmark: _Hlk110957804]TBoMS
	N= {4}

	BLER
	For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1

	DMRS configuration 
	For 3km/h: Type I, 2 DMRS symbol, no multiplexing with data.
PUSCH mapping Type A, DMRS positions defined in Table 6.4.1.1.3 with ld=14, l0=2 and pos1 in [38.211].

	Waveform
	DFT-s-OFDM

	PUSCH duration
	14 OS

	Repetitions 
	w/ type A repetition, M = {4,5}


	MCS for VoIP
	MCS 5 in MCS Table 6.1.4.1-2 in [TS 38.214] 

	Number of PRBs
	2



B.2 PUCCH
The simulation of PUCCH is restrict to PUCCH format-1 (1bit) for Msg4 HARQ-ACK according to [1]. The resource allocation and other simulation assumptions are listed in Table 7.
Intra-slot and inter-slot frequency hopping are applied in the simulation based on the channel bandwidth listed in Table 5.3.5-1 in 38.101-5, where the two-hops of PUCCH occupies the first and the last PRB of the satellite bandwidth, respectively. User multiplexing and inter-cell interference are not considered, therefore group and sequence hopping and cyclic shift hopping are disable in the simulation, for PUCCH format-1.
[bookmark: _Ref110442712]Table 7 PUCCH simulation assumption
	Parameter
	Value

	PUCCH format 
	Format 1, 1bits UCI.

	Frequency hopping
	Inter-slot and intra-slot frequency hopping

	BLER
	-     For PUCCH format 1: 
DTX to ACK probability: 1%;
ACK missed detection probability: 1%

	Number of UE transmit chains
	1 

	DMRS configuration 
	Number of DMRS symbols for PUCCH Format 1: 7

	Repetitions
	w/ repetition number {2,4,8}.

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB



Appendix D: link budget analysis

[bookmark: _Ref109997187]Table 8 Link budget results
	PHY Channel
	SCS (KHz)
	Bandwidth
(Number of PRB)
	Orbit_ParaSet_Elevation
	CNR (dB)

	PUCCH format 1/3
	15
	1
	GEO_SET1_12.5o
	-16.23

	
	
	
	GEO_SET2_20o
	-21.07

	
	
	
	LEO1200_SET1_30o
	-8.04

	
	
	
	LEO1200_SET2_30o
	-14.04

	
	
	
	LEO600_SET1_30o
	-2.65

	
	
	
	LEO600_SET2_30o
	-8.65

	PUSCH for VoIP
	15
	2
	GEO_SET1_12.5o
	-19.24

	
	
	
	GEO_SET2_20o
	-24.08

	
	
	
	LEO1200_SET1_30o
	-11.05

	
	
	
	LEO1200_SET2_30o
	-17.05

	
	
	
	LEO600_SET1_30o
	-5.66

	
	
	
	LEO600_SET2_30o
	-11.66

	[bookmark: _Hlk111036202]
	
	
	LEO600_SET1_30o
	-1.82

	
	
	
	LEO600_SET2_30o
	-7.82
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JCE+AS CTDW=ASInter=8 (-10.4dB @ 2% BLER)

JCE+AS CTDW=ASInter=2 (-10.2dB @ 2% BLER)

JCE+AS CTDW=ASInter=4 (-10.6dB @ 2% BLER)
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PUCCH format-1 (1bit) for Msg4 HARQ-ACK, in TDL-C-30°

Rep12,(-8.47dB@1%ACKMISS)

Rep10,(-7.99dB@1%ACKMISS)

Rep8,(-7.36dB@1%ACKMISS)

Rep4,(-5.32dB@1%ACKMISS)

Rep2,(-3.3dB@1%ACKMISS)

Rep1,(-1.35dB@1%ACKMISS)

Rep1,FH(intra,20MHz),(-1.15dB@1%ACKMISS)
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PUCCH format-1 (1bit) for Msg4 HARQ-ACK, in TDL-C-30°

Rep12,FH(inter,20M),(-8.39dB@1%ACKMISS)

Rep12,FH(inter,15M),(-8.62dB@1%ACKMISS)

Rep12,FH(inter,10M),(-8.73dB@1%ACKMISS)

Rep12,FH(inter,5M),(-8.57dB@1%ACKMISS)

Rep12,(-8.47dB@1%ACKMISS)

Rep10,FH(inter,20M),(-7.92dB@1%ACKMISS)

Rep10,FH(inter,15M),(-8.11dB@1%ACKMISS)

Rep10,FH(inter,10M),(-8.15dB@1%ACKMISS)

Rep10,FH(inter,5M),(-8dB@1%ACKMISS)

Rep10,(-7.99dB@1%ACKMISS)

Rep8,FH(inter,20M),(-7.53dB@1%ACKMISS)

Rep8,FH(inter,15M),(-7.58dB@1%ACKMISS)

Rep8,FH(inter,10M),(-7.65dB@1%ACKMISS)

Rep8,FH(inter,5M),(-7.58dB@1%ACKMISS)

Rep8,(-7.36dB@1%ACKMISS)


