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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]Introduction
In RAN#110 bis-e [1], the following were agreed for discussion on coverage enhancement for NR NTN.
	Agreement
For PUCCH for Msg4 HARQ-ACK,
· Support PUCCH repetition
· Further discuss the specification impact for at least the following
· Procedure and signaling (e.g., cell-specific configuration, request to gNB and dynamic indication from gNB, UE capability indication before Msg4, etc.)
· Repetition factor
· Repetition slot counting for FDD
· Further study whether to enhance or support the following
· Frequency hopping
· DMRS bundling

Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4

Agreement
For NTN-specific PUSCH DMRS bundling,
· Discuss further the need of enhancement in consideration of at least the following:
· Phase difference due to timing drift and/or doppler shift.
· e.g., whether/how long a UE can meet phase continuity requirement specified as Table 6.4.2.5-1 in 38.101-1 in consideration of frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-5 and timing error specified in Table 7.1C.2-1 of 38.133, whether RAN1 should introduce enhancement to meet the requirement and/or recommend RAN4 to update the requirement or UE should pre-compensate phase difference by UE implementation, etc.
· An event which causes power consistency and phase continuity not to be maintained.
· e.g., whether the new event is necessary to determine actual TDW(s) from each nominal TDW or the existing specification can work without any specification change or whether such event may not occur depending on implementations, etc.
· Note: baseline performance for legacy UEs can include antenna switching

[bookmark: _Hlk117153843]Agreement
For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
· FFS: whether/how single PUCCH transmission can be configured and/or indicated


In this contribution, we will continue discuss on the physical channel of PUSCH for VoIP and PUCCH for Msg4 under set-1 LEO-1200 LOS evaluation scenario. 
PUCCH for Msg4 HARQ-ACK
RAN1#110bis made an agreement on the support of PUCCH repetition transmission for PUCCH of Msg4 HARQ-ACK, and the supported number of repetitions are 1, 2, 4 and 8. In this section, we provide further simulation and analysis on enhancements for PUCCH transmission for Msg4 HARQ-ACK based on the agreement such as performance of inter-slot/intra-slot frequency hopping, and DMRS bundling as well as repetition request/indication.
Frequency hopping
According to the description in 9.2.1 in TS38.213, with cell-specific PUCCH resource, UE should transmit PUCCH using frequency hopping if not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon. Therefore, intra-slot frequency hopping during RACH procedure is supported by the current specification. With the newly supported PUCCH repetition [1] when UE does not have dedicated PUCCH resources, the necessity of inter-slot frequency hopping for PUCCH of Msg4 HARQ-ACK should be evaluated for further conclusion.
[image: ]
[bookmark: _Ref118115186]Figure 1 Frequency hopping performance. 
Figure 1 depicts the baseline performance of PUCCH for Msg4 HARQ-ACK (i.e., 1 repetition with intra-slot FH enabled/disabled) is depicted. Besides, inter-slot frequency hopping is evaluated for repetition of 2, 4 and 8 slots. 
It is observed from Figure 1 that the baseline performance of PUCCH for Msg4 HARQ-ACK is -4.0dB, which results in a SNR gap of 4dB considering the CNR threshold of -8.04 dB [2] in TDL-C with satellite parameter set-1 for LEO1200 and elevation angle of 30o. Besides, the simulation shows that a repetition number of 4 is enough to eliminate the coverage gap. Note that the gap for baseline is smaller than what we provided in our former contribution in RAN1#110bis [2], due to the optimized receiver algorithms. 
Observation 1: The SNR gap is 4dB for PUCCH of Msg4 HARQ-ACK, which can be covered by 4 repetitions without frequency hopping. 
While, inter-slot frequency hopping gain offered by the frequency selective characteristic in NTN TDL-C channels is very limited, i.e., less than 0.5dB with a 10MHz FH interval as observed in Figure 1. Such gain provided by inter-slot frequency hopping does not change the conclusion on the required repetition number in order to meet the CNR requirement. 
Observation 2: The performance gain of enabling inter-slot frequency hopping during PUCCH repetitions is less than 0.5dB, in TDL-C channels.
Considering that inter-slot frequency hopping only provides fractional performance gain, we think it should not be supported for PUCCH of Msg4 HARQ-ACK. Unlike the intra-slot frequency hopping, inter-slot frequency hopping is not supported in the current specifications for UEs without dedicated PUCCH resources. Thus, there will be additional specification change to support such behaviour during the initial access. Additionally, the support of inter-slot frequency hopping may induce other specification change such as the configuration of frequency hopping intervals. 
Proposal 1: Do not support inter-slot frequency hopping for PUCCH of Msg4 HARQ-ACK. 
To summarize, Table 1 lists the performance gap considering the -8.04 dB CNR margin, with frequency hopping enabled/disabled. It can be observed that repetition 8, which has been agreed, can already cover the coverage gap. There is no need for any other enhancement.
[bookmark: _Ref118115231]Table 1 Performance gap with frequency hopping
	PUCCH Format-1 with 1bit Msg4 ACK/NACK, CNR= - 8.04 dB, CFO 200Hz

	Number of repetitions
	Coverage Gap (dB)
(w/o FH)
	Coverage Gap (dB)
(w/ intra-slot FH, 10Mhz)
	Coverage Gap (dB)
(w/ intra-slot FH, 20Mhz)
	Coverage Gap (dB)
(w/ inter-slot FH, 10Mhz)
	Coverage Gap (dB)
(w/ inter-slot FH, 20Mhz)

	1 rep
	4.0
	4.5
	4.8
	--
	--

	2 rep
	1.5
	2.0
	2.4
	1.2
	1.4

	4 rep
	-0.8
	0.2
	0.4
	-1.2
	-0.7

	8 rep
	-2.9
	-1.7
	-1.7
	-3.1
	-2.8


DMRS bundling
DMRS bundling was also evaluated for PUCCH of Msg4 HARQ-ACK. Figure 2 demonstrates the performance of DMRS bundling based on repetition number of 2, 4, and 8, respectively, with various TDW configurations. Besides, the constraint on maximum allowable phase difference for DMRS bundling in clause 6.4.2.5 in TS38.101-1[5] are kept for all the simulations in Figure 2. 
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[bookmark: _Ref117596167]Figure 2 DMRS bundling performance of PUCCH for Msg4-ACK
The simulation results show that the BER (1% ACK missed detection probability) performance are exactly the same within each case of repetition numbers, among various TDW length configurations. Specifically, the decoding SNR for repetition number of 2, 4, and 8 are -7.2dB, -9.3dB, and -11.5dB, respectively, no matter what the TDW length is. Therefore, DMRS bundling offers no performance gain on top of repetition transmission for PUCCH of Msg4 HARQ-ACK.
Observation 3: DMRS bundling offers no performance gain on top of repetition transmission for PUCCH of Msg4 HARQ-ACK.
On one hand, DMRS bundling is an additional UE feature which demands certain requirements of the user equipment, such as the ability to maintain phase continuity and power consistence during UL transmissions. However, UE capability report happens after RRC connection, thus it will require additional signalling for early capability report to support DMRS bundling in PUCCH for Msg4 HARQ-ACK. 
On the other hand, the TDW related parameters for PUCCH are configured in IE dmrs-BundlingPUCCH-Config-r17, which belongs to the UE-specific RRC parameter PUCCH-config, in the current specification. Thus, when transmitting PUCCH for Msg4 HARQ-ACK, UE does not have dedicated RRC configuration. So there will be additional specification change related to the TDW configuration if DMRS bundling were to be supported.
Considering that no performance gain is observed through the simulation results, the standard effort to introduce DMRS bundling is not needed in R18 NTN coverage enhancement for PUCCH of Msg4-ACK. 
Proposal 2: Do not support DMRS bundling in PUCCH for Msg4 HARQ-ACK.
To summarize, Table 2 lists the performance gap considering the -8.04dB CNR margin, with DMRS bundling of different TDWs.
[bookmark: _Ref118465550][bookmark: _Ref118465528]Table 2 Performance gap with DMRS bundling
	PUCCH Format-1 with 1bit Msg4 ACK/NACK, CNR= - 8.04 dB, CFO 35Hz

	Number of repetitions
	Gap (dB)
(JCE off)
	Gap (dB)
(JCE on, 
TDW=2 slots)
	Gap (dB)
(JCE on, 
TDW=4 slots)
	Gap (dB)
(JCE on, 
TDW=8 slots)

	2 rep
	0.8
	0.8
	--
	--

	4 rep
	-1.3
	-1.3
	-1.3
	--

	8 rep
	-3.5
	-3.5
	-3.5
	-3.5



Repetition indication 
During the last meeting, an agreement was made to further study three options on the procedures to perform PUCCH repetition for PUCCH of Msg4-ACK. 
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4


Among the three options, it is preferred not to introduce the change on DCI format 1_0. As to option 2 and option 3, several companies suggest UE-specific dynamic repetition indication, where the repetition number is indicated to UE by changing the existing format of some DCI, or RAR UL grant. Besides, for option 3, the capability report is after RRC connection which is after the contention resolution. Therefore, UE early capability reports are expected to be introduced which triggers additional specification change. As to the DCI, there are two DCI formats that can be utilized to inform the indication of repetitions of PUCCH for Msg4 HARQ-ACK, namely, the DCI 0_0 scrambled by TC-RNTI and DCI 1_0 scrambled by TC-RNTI. However, DCI 0_0 is used for scheduling of Msg3 retransmission, which is clearly not appropriate for the use. Therefore, only the RAR UL grant for scheduling initial transmission of Msg3 PUSCH, and the DCI 1_0 scrambled by TC-RNTI for scheduling of Msg4 PDSCH could be the candidate dynamic signalling. 
For explicit indication, both RAR UL grant, and DCI 1_0 scrambled by TC-RNTI in FR-1 has 0 reserved bits remaining according to Table 8.2-1 in TS38.213, and clause 7.3.1.2.1 in TS38.212, respectively. The DCI size change of DCI format 1_0 is not acceptable considering the considerable specification change and the impact of incompatibility of legacy UE. For implicitly indication, some existing fields in RAR UL grant and DCI 1_0 needs redefinition, which has an impact on the flexibility of the existing fields.
Observation 4: Dynamic repetition indication induces considerable specification change, and has an impact on the existing fields in RAR UL grant or DCI 1_0. 
Actually, for the utilization of resource overhead, it would be sufficient to allow the UE to request the repetition of PUCCH if necessary. There is no need to further distinguish the different repetition numbers among UEs need to use repetition to recover the coverage.
Therefore, Option 1 is preferred, i.e. cell-specific indication is preferred by us and meanwhile not all UEs in the cell need to perform repetition transmission for PUCCH of Msg4 HARQ-ACK. Upon receiving the cell-specific repetition indication, UE should be able to decide whether to perform PUCCH repetition based on reference signal measurement such as SSB RSRP, and send repetition request to the network, e.g., with similar mechanism as Msg3 repetition request. 
As the details of the cell specific configuration, the configuration can include a PRACH resource/PRACH preambles that shall be sent by UEs who needs PUCCH repetitions, the UE can use this configured PRACH resource to initiate the RACH procedure in which the PUCCH repetition transmission is always used. If the UE selects a legacy PRACH resource other than the cell-specific configured PUCCH-repetition enabled PRACH resource, the PUCCH repetition shall not be used for the UE. 
Proposal 3: Support option 1 with the following details of cell-specific configurations:
· A PRACH resource is configured in cell-specific manner, in which if a PRACH preamble is sent by UE, the PUCCH repetition is always applied on Msg4-ACK for the UE in the RACH procedure;
· For a UE being incapable of repetition, the PRACH preambles in legacy PRACH resource other than the cell-specifically configured shall be sent;
Furthermore, a measurement threshold different from the Msg3 repetition request should be defined due to the better link budget for PUCCH. As illustrated in Figure 3, two thresholds are configured for UE to decide whether to request Msg3 repetition or both Msg3 and PUCCH repetition. When the measured SSB RSRP is lower than Threshold 2, UE use one of the configured N preambles from the total M preambles configured for Msg3 repetition to request both the repetition of Msg3 and PUCCH simultaneously.
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[bookmark: _Ref118099506]Figure 3 UE choose different preambles to request PUCCH repetition based on SSB RSRP
Proposal 4: A measurement threshold different from the Msg3 repetition request should be defined due to the better link budget of PUCCH.
As a further detail of proposal 3, the mechanism of Msg3 repetition request could be reused:
Proposal 5: Mechanism of Msg3 repetition request (i. e. differentiated by preamble selection) can be applied for PUCCH repetition request for Msg4 HARQ-ACK, and some preamble configuration for Msg3 repetition request can be used to request both the repetition of Msg3 and PUCCH simultaneously.
To further improve the resource allocation efficiency, the indicated repetition number of each beam (e.g. beam with different SSB indexes) can be different according to the elevation. Specifically, satellites may possess many beams due to the large coverage area, among which the required number of PUCCH repetition per beam for sending Msg4 HARQ-ACK will be different, i.e., beams with smaller elevation angle may require larger number of repetition due to larger path loss. Therefore, as a part of the FFS bullets for details of cell-specific configurations, it should be further studied that whether the configured repetition numbers in Option 1 are configured per beam.
Proposal 6: In option 1, the cell-specifically configuration supports different repetition number of PUCCH of Msg4 HARQ-ACK for different beams.

PUSCH for VoIP
The necessity of further enhancement to enable DMRS bundling for NTN 
Following the agreed simulation parameters in Table 6 in Appendix B, the PUSCH BLER performance for VoIP is illustrated in Figure 4, considering the existing coverage enhancement supported by Rel-17, which includes TBoMS. For the low SNR range, the channel estimation performance is the bottleneck of the BLER performance. To investigate the performance bound of the DMRS bundling, the ideal channel estimation (ICE) results are illustrated along with the realistic channel estimation (RCE) results without DMRS bundling. Here, the ICE with the perfect channel estimation represents the best achievable DMRS bundling performance. 
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[bookmark: _Ref117946179]Figure 4 PUSCH performance for VoIP under rural NTN-TDL-C (Rel-17 NR NTN without antenna switching)
Figure 4 shows the upper bound (best achievable performance) of DMRS bundling only, i.e. the ideal channel estimation performance, requires an SNR of -8.81 dB for rBLER 2%, which is still 2.24 dB higher than the achievable CNR (-11.05 dB) from the link budget analysis. Thus, it does not make sense to consider DMRS bundling only considering the coverage of set-1 LEO 1200 PUSCH for VOIP cannot be met.
Observation 5: The upper bound performance of utilizing DMRS bundling only, i.e. the SNR @2%rBLER with the ideal channel estimation performance, is still 2.4dB worse than the achievable CNR for the Set-1 LEO 1200 PUSCH and elevation of 30 degree for VoIP.
Furthermore, based on the simulation results in Figure 4, if only antenna switching is applied, the SNR working point @2%rBLER is -9.88 dB, which is even about 1 dB better than the upper bound performance of DMRS bundling only (-8.81 dB).
Observation 6: Utilizing antenna switching can achieve 1 dB better performance than that of the upper bound performance of utilizing DMRS bundling only, i.e. the ideal channel estimation performance.
Therefore, there is no need to discuss the solutions to enable the use of DMRS bundling, if antenna switching is not jointly considered.
Proposal 7: There is no need to discuss any solution to enable the use of DMRS bundling for NTN, if antenna switching is not jointly considered based on the upper bound performance of utilizing DMRS bundling.
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[3].
With the UL frequency pre-compensation agreed in Rel-17, the residual CFO can reduce to 0.1 ppm, i.e. 200 Hz. The Doppler rate is about 50 Hz/s under the elevation of 30 degree, thus the Doppler shift is about 1Hz within 20 ms. This value is negligible, and a UE does not have to compensate it as it is quite small compared with 200Hz. Phase rotation due to the 200 Hz CFO can be computed by , although the value would be as large as  within 20 ms, a gNB can estimate the CFO and post-compensate the phase rotation by proper algorithm to make sure the phase continuous consistent with that of the RAN4 requirement.
Observation 7: The residual CFO of 0.1 ppm can be post-compensated by gNB to meet the phase continuity requirements for DMRS bundling.
Without pre-compensation, timing error accumulate in long time transmission with large repetition number, which would cause the phase rotation between different DMRS symbols within one sub-carrier. Figure 5 illustrates the maximum time duration, which could meet the RAN4 specification required 29 timing error [7] with no timing adjustment, against varies 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, under 30-degree elevation angle, the maximum DMRS bundling window should be less than 13ms without timing drift pre-compensation. 
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[bookmark: _Ref118106128]Figure 5 Max time during without timing adjustment for different elevations
Observation 8: To comply with the 29Ts RAN4 timing error requirement, the maximum nominal TDW should be within 13 slots for the LEO-1200 satellite with an elevation angle of 30 degrees in NR NTN, if pre-compensation is not performed.
Proposal 8: For NR NTN, the nominal TDW should be less than the maximum time duration, in which timing adjustment is not performed while satisfying the timing error requirement from RAN4.
DMRS bundling performance of PUSCH for VOIP 
According to the simulation of PUSCH in [4], antenna switching is an efficient way for coverage enhancement of NTN. 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 plotted in Figure 6.
DMRS bundling performance when antenna switching is not enabled
For the case when the NTDW 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 NTDW = 12, the two actually used TDW sizes of the JCE are 12 and 8, respectively for the first and second DMRS bundles. Thus, the NTDW = 12 performance is no better than that of NTDW = 10 in Figure 6.  
Observation 9: For PUSCH VoIP, setting nominal TDW larger than 10 could not achieve additional DMRS bundling gain considering the time budget of 20ms for a single PUSCH VoIP packet.
Observation 10: For PUSCH VoIP, DMRS bundling could provide a maximum 1.58 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 will 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 11: 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 nominal TDW is set as 1, 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 BLER vs. SNR performances in Figure 6 are summarized in Table 3.
Here, the NTDW=1 case represents the performance without DMRS bundling and the ICE case represents the best performance of jointly using DMRS bundling, antenna switching, repetitions and TBoMS. Notably, the antenna switching should be considered as an event that violates power consistency and phase continuity to maintain a proper actual TDW to maximize the joint performance for DMRS bundling and antenna switching.
Figure 4 shows the upper bound (best achievable performance) of DMRS bundling only, i.e. the ideal channel estimation performance, requires a SNR of -8.81 dB for rBLER 2%, which is still 2.24 dB higher than the achievable CNR (-11.05 dB) from the link budget analysis. Thus, it does not make sense to consider DMRS bundling only considering the coverage of set-1 LEO 1200 PUSCH for VOIP cannot be met.
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[bookmark: _Ref118105992]Figure 6 PUSCH performance for VoIP under rural NTN-TDL-C with DMRS bundling
[bookmark: _Ref118106898]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
	Nominal TDW
	Required SNR@rBLER2% (dB)
	Coverage Gap (dB)

	
	
	
	
	
	
	
	

	LEO-1200
	1
	30
	-11.05
	off
	1
	-6.68
	4.37

	
	
	
	
	On (AS interval=1)
	1 (JCE Disable)
	-9.64
	1.41

	
	
	
	
	off
	2
	-7.55
	3.5

	
	
	
	
	On (AS interval=2)
	2
	-10.31
	0.74

	
	
	
	
	On (AS interval=2)
	1 (JCE Disable)
	-9.88
	1.17

	
	
	
	
	off
	4
	-7.93
	3.12

	
	
	
	
	On (AS interval=4)
	4
	-10.79
	0.26

	
	
	
	
	off
	8
	-8.14
	2.91

	
	
	
	
	On (AS interval=8)
	8
	-10.55
	0.5

	
	
	
	
	off
	10
	-8.26
	2.79

	
	
	
	
	On (AS interval=10)
	10
	-10
	1.05

	
	
	
	
	off
	12
	-8.25
	2.8

	
	
	
	
	On (AS interval=12)
	12
	-9.96
	1.09



Considering RCE without DMRS bundling enhancement, the required SNR of jointly using antenna switching, repetitions and TBoMS is -9.88 dB, which is already lower than the best performance bound of only using DMRS bundling, repetitions and TBoMS by 1.07 dB.
Observation 12: Using antenna switching, repetitions and TBoMS without DMRS bundling under real channel estimation could reduce the coverage gap of jointly using DMRS bundling, repetitions and TBoMS without antenna switching under ideal channel estimation by 1.07 dB. 
Observation 13: To meet the set-1 LEO-1200 PUSCH for VoIP, antenna switching should be jointly considered with DMRS bundling. 
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 NTDW and ASInter are equal to 4, the coverage performance could achieve the best trade-off between spatial diversity gain, channel coding gain and joint channel estimation gain. Thus, the actual TDW should be jointly decided by the nominal TDW and antenna switching interval, which achieves the best trade-off between phase continuity requirement for better channel estimation and larger spatial diversity gain by antenna switching. 
Observation 14: 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 bundle.
Observation 15: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.26 dB compared to 2.79 dB minimum coverage gap that can be provided by only using DMRS bundling.
Observation 16: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.26 dB compared to the 1.17 dB minimum coverage gap that can be provided by only using antenna switching.
It is observed from Figure 6 that assuming the ideal channel estimation, the required SNR of jointly using DMRS bundling, antenna switching, repetitions and TBoMS could be as low as -11.63 dB. For the coverage gap under real channel estimation, we could observe a marginal gap of 0.26 dB in our simulations. Considering the above ideal channel estimation performance, it could be handled by receiver algorithm improvement or high-power UE etc.
Proposal 9: Introduce antenna switching as an event that triggers the “actual TDW determination” for DMRS bundling to eliminate the coverage gaps of PUSCH VoIP by jointly utilization of antenna switching and DMRS bundling.
Conclusions
In summary, we discuss on the coverage enhancement for NR NTN. The following observations and proposals are made: 
Observation 1: The SNR gap is 4dB for PUCCH of Msg4 HARQ-ACK, which can be covered by 4 repetitions without frequency hopping. 
Observation 2: The performance gain of enabling inter-slot frequency hopping during PUCCH repetitions is less than 0.5dB, in TDL-C channels.
Observation 3: DMRS bundling offers no performance gain on top of repetition transmission for PUCCH of Msg4 HARQ-ACK.
Observation 4: Dynamic repetition indication induces considerable specification change, and has an impact on the existing fields in RAR UL grant or DCI 1_0. 
Observation 5: The upper bound performance of utilizing DMRS bundling only, i.e. the SNR @2%rBLER with the ideal channel estimation performance, is still 2.4dB worse than the achievable CNR for the Set-1 LEO 1200 PUSCH and elevation of 30 degree for VoIP.
Observation 6: Utilizing antenna switching can achieve 1 dB better performance than that of the upper bound performance of utilizing DMRS bundling only, i.e. the ideal channel estimation performance.
[bookmark: _GoBack] Observation 7: The residual CFO of 0.1ppm can be post-compensated by gNB to meet the phase continuity requirements for DMRS bundling.
Observation 8: To comply with the 29Ts RAN4 timing error requirement, the maximum nominal TDW should be within 13 slots for the LEO-1200 satellite with an elevation angle of 30 degrees in NR NTN, if pre-compensation is not performed.
Observation 9: For PUSCH VoIP, setting nominal TDW larger than 10 could not achieve additional DMRS bundling gain considering the time budget of 20ms for a single PUSCH VoIP packet.
Observation 10: For PUSCH VoIP, DMRS bundling could provide a maximum 1.58 dB gain for the case when antenna switching is disabled.
Observation 11: Antenna switching cannot be executed within a DMRS bundle; otherwise the phase continuity and power consistency cannot be guaranteed within the DMRS bundle.
Observation 12: Using antenna switching, repetitions and TBoMS without DMRS bundling under real channel estimation could reduce the coverage gap of jointly using DMRS bundling, repetitions and TBoMS without antenna switching under ideal channel estimation by 1.07 dB. 
Observation 13: To meet the set-1 LEO-1200 PUSCH for VoIP, antenna switching should be jointly considered with DMRS bundling. 
Observation 14: 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 bundle.
Observation 15: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.26 dB compared to 2.79 dB minimum coverage gap that can be provided by only using DMRS bundling.
Observation 16: For PUSCH VoIP, jointly using DMRS bundling with antenna switching can reduce the coverage gap to 0.26 dB compared to the 1.17 dB minimum coverage gap that can be provided by only using antenna switching.

Proposal 1: Do not support inter-slot frequency hopping for PUCCH of Msg4 HARQ-ACK. 
Proposal 2: Do not support DMRS bundling in PUCCH for Msg4 HARQ-ACK.
Proposal 3: Support option 1 with the following details of cell-specific configurations:
· A PRACH resource is configured in cell-specific manner, in which if a PRACH preamble is sent by UE, the PUCCH repetition is always applied on Msg4-ACK for the UE in the RACH procedure;
· For a UE being incapable of repetition, the PRACH preambles in legacy PRACH resource other than the cell-specifically configured shall be sent;
Proposal 4: A measurement threshold different from the Msg3 repetition request should be defined due to the better link budget of PUCCH.
Proposal 5: Mechanism of Msg3 repetition request (i. e. differentiated by preamble selection) can be applied for PUCCH repetition request for Msg4 HARQ-ACK, and some preamble configuration for Msg3 repetition request can be used to request both the repetition of Msg3 and PUCCH simultaneously.
Proposal 6: In option 1, the cell-specifically configuration supports different repetition number of PUCCH of Msg4 HARQ-ACK for different beams.
Proposal 7: There is no need to discuss any solution to enable the use of DMRS bundling for NTN, if antenna switching is not jointly considered based on the upper bound performance of utilizing DMRS bundling.
Proposal 8: For NR NTN, the nominal 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 9: Introduce antenna switching as an event that triggers the “actual TDW determination” for DMRS bundling to eliminate the coverage gaps of PUSCH VoIP by jointly utilization of antenna switching and DMRS bundling.
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Appendix A: Frequency Hopping Gap in Simulation
The NTN satellite bands in FR1 are specified in Table 5.2.2-1 of [6], which is listed as Table 4. 
[bookmark: _Ref110442500]Table 4 NTN satellite bands in FR1 (Table 5.2.2-1 in [6]
	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 [6], which is listed as Table 5. 
[bookmark: _Ref110442667]Table 5 Channel bandwidths for each NTN satellite band (Table 5.3.5-1 in [6])
	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 B: 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 [7] or MCS 5 in MCS Table 6.1.4.1-1 [7] 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 [7] or MCS 0 in MCS Table 6.1.4.1-1 [7] 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 [7].
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 [4]. 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.

	Repetition
	Enabled/disabled

	Frequency hopping
	Inter/intra-slot frequency hopping enabled/disabled

	DMRS bundling
	Enabled/disabled

	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

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB

	Residual CFO
	200Hz (35Hz) for disabled (enabled) DMRS bundling



Appendix C: 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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