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Introduction
In the new WID on coverage enhancement for NR NTN [1] agreed in RAN#97e, the following are described.
	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]


In RAN1#110b-e, PUCCH enhancement and the necessity of enhancement related to DMRS bundling for PUSCH were discussed. The agreements are copied in Annex B. In this document, we discuss issues on PUCCH enhancement for Msg.4 HARQ-ACK and PUSCH DMRS bundling for NR-NTN coverage enahncement. 
PUCCH enhancement for Msg.4 HARQ-ACK
Enhancement on frequency hopping and DMRS bundling
In RAN1#110b-e, support of repetition up to 8 repetitions were agreed. In addition, enhancement on frequency hopping and DMRS bundling were listed as FFS. 
In Rel.17 PUCCH repetition, intra-slot hopping and inter-slot frequency hopping can be UE-specifically configured by intraSlotFrequencyHopping and interslotFrequencyHopping in PUCCH-config. Because PUCCH for Msg4 HARQ-ACK is transmitted before UE specific RRC configuration, it is transmitted with intra-slot frequency hopping as the default behaviour. On the other hand, inter-slot frequency hopping and DMRS bundling allows a better channel estimation accuracy. 
We evaluated the performance of intra-slot frequency hopping, inter-slot frequency hopping with/without DMRS bundling (i.e. joint channel estimation: JCE). Simulation assumptions are shown in Table 4 in Annex A. ACK miss detection curve and NACK-to-ACK error rate curve are shown in Figure 2 and Figure 3 in Annex A, respectively. SNR at 1% of miss detection rate and SNR at 0.1% of NACK-to-ACK error are listed in Table 1 (1T1R) and Table 2 (1T2R) below. In the tables, the higher SNR between miss-detection and NACK-to-ACK error is chosen as the required SNR. 
As seen in Table 1 and Table 2, large gain of inter-slot FH and JCE are seen in NACK-to-ACK (N-to-A) error performance thanks to the better channel estimation accuracy. On the other hand, only marginal gain is obtained from inter-slot FH and JCE for ACK miss-detection performance because channel estimation accuracy does not much contribute to the ACK detection performance. For 4 or less repetitions, because miss-detection rate is more critical (i.e. required SNR of miss-detection rate is higher than that of NACK-to-ACK error rate), benefit of inter-slot FH and JCE is small. For 8 repetitions, NACK-to-ACK error is more critical in case of intra-slot FH due to poor channel estimation under low SNR region. Then, inter-slot FH and JCE can reduce the required SNR by around 1 dB. Because miss-detection rate becomes more critical when inter-slot FH is used, additional gain of JCE is not obtained although gain of JCE is seen in NACK-to-ACK error rate. Therefore, inter-slot FH would be sufficient. 
Proposal 1: Support inter-slot frequency hopping together with repetitions of PUCCH for Msg.4 HARQ-ACK. 
Proposal 2: Do not support DMRS bundling of PUCCH for Msg.4 HARQ-ACK. 

[bookmark: _Ref117612913]Table 1 required SNR and gain of inter-slot FH and joint channel estimation (1T1R)
[image: ]
[bookmark: _Ref117612947]Table 2 required SNR and gain of inter-slot FH and joint channel estimation (1T2R)
[image: ]

[bookmark: _Hlk115354721]Procedure and signaling of PUCCH repetition for Msg.4 HARQ-ACK
Because PUCCH for Msg.4 HARQ-ACK is transmitted by UE before RRC reconfiguration takes effect, procedure and signaling of PUCCH repetition for Msg.4 HARQ-ACK needs to be enhanced. We discuss based on the following options listed in RAN1#110b-e (copied below). 
	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



Option 1: UE always performs repetition if configured in cell-specific manner 
In this option, PUCCH repetition for Msg4 including repetition factor is indicated via SIB, e.g. SIB1 or SIB19 (NTN specific SIB). This may be a simple solution, but a drawback is the same configuration of the repetition is applied to all UEs in a cell. The SNR difference is 4.4 dB between UEs with elevation angle 30 degree and UE with elevation agnle 90 degree in LEO 1200km according to the link budget calculation. In addition, around 3dB larger difference may be seen considering the difference of the beam gain which is not taken into account in the link budget calculation (i.e. 3dB difference between beam edge and beam center). Therefore, required number of repetitions is different for different UE locations. To apply the same number of PUCCH repetitions for all UEs is inefficient.
In order to support backward compatibility, indication of repetition capability of PUCCH for Msg.4 or indication of requesting PUCCH for Msg.4 is necessary before Msg.4 transmission. Similar to Msg.3 PUSCH repetition, PRACH resource selection can be used for the indication of the capability. If the UE supports and requests the PUCCH repetition for Msg.4 based on UE measurement, e.g. RSRP or location, a specific group of PRACH resources, e.g. RO, preamble sequence, that is configured by SIB are used. Then, UE incapable with PUCCH repetition (or capable but not requesting PUCCH repetition) transmits PUCCH without repetition, and UE capable with PUCCH repetition (or capable and requesting PUCCH repetition) transmits PUCCH with repetition as configured by SIB.

Option 2: UE requests repetition and is dynamically indicated to perform repetition 
This optoin is similar to the method used for Msg3 repetition. UE requests the repetition of PUCCH for Msg.4 based on UE measurement. PRACH resource selection could be used for the request as mentioned above. 
[bookmark: _Hlk117845888]For dynamic indication of PUCCH reeptition for Msg.4, DCI 1_0 used for scheduling Msg.4 PDSCH can be used. In order to keep the size of DCI 1_0 same as Rel.17, existing field should be reused for the indication of PUCCH repetition. For example, PUCCH resource indicator field (3 bits) is used to indicate the number of repetitions for PUCCH before UE specific RRC reconfiguration is given. The other fields, e.g. PDSCH-to-HARQ timing indicator (3 bits), TPC for PUCCH (2 bits), can also be used. These fields are used as indication of PUCCH repetition only for UEs which request the PUCCH repetition for Msg.4. The number of PUCCH repetitions which can be indicated is 1, 2, 4 and 8. To include “1”(i.e. no repetition) would be necessary in case that UE request the repetition but gNB judges the repetition is not needed for some reason. This DCI indication is only applied to UEs which is capable of PUCCH repetition for Msg4 and requested it via PRACH. 
Drawback of this option would be less flexibility of the original usage (i.e. PUCCH resource indication, PUCCH timing indication and power control) for Msg.4 HARQ-ACK. But, this would not be a critical issue because this is applied to only Msg.4 HARQ-ACK transmission during initial access. In addition, the flexibility of these function would not be very important considering the NTN characteristic, e.g. FDD, transmit with almost full power.

Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
The difference between option 2 and option 3 is whether UE indicate just repetition capability or UE indicates it is capable of the PUCCH repetition and requesting it. Because information on the necessity of repetitions based on UE measurement is useful for gNB to determine the PUCCH repetition, option 2 would be more preferable than option 3.
Considering the flexibility of selecting the number of PUCCH repetitions at both UE and gNB, we propose to adopt Option 2.  
As discussed above, indication of repetition capability of PUCCH for Msg.4 or indication of requesting PUCCH for Msg.4 is necessary for all options. Because PRACH resource selection could be used for Msg.3 PUSCH repetition, PRACH repetition and Msg.4 PUCCH repetition, PRACH resource partitioning (e.g. RSRP threshould setting) should take into account the repetition of these three channels.

Proposal 3: PUCCH repetition for Msg.4 HARQ-ACK should be indicated by DCI for scheducling Msg.4 PDSCH. 
Proposal 4: PRACH resource selection (RO, preamble) based on UE measurement to request of PUCCH repetition should be used. 
Proposal 5: PRACH resource selection should take into account the repetition of Msg.3 PUSCH, PRACH and Msg.4 PUCCH. 

DMRS bundling for PUSCH with VoIP
In NTN, the propagation delay and the Doppler shift are dependent on satellite location and velocity. Timing advance (TA) and transmission frequency are autonomously adjusted by UE using satellite ephemeris and common TA parameters broadcasted via SIB19 and GNSS location information obtained by UE. Time and frequency accuracy requirements and maximum allowable phase difference for DMRS bundling need to be satisfied. Below, we give a consideration on whether these requirements can be satisfifed. 

Time and frequency accuracy requirements
The accuracy requirement of the timing specified in TS38.133 is shown in Table 3. Note that Tc is 0.509ns according to TS38.211. 
[bookmark: _Ref114645347]Table 3 Timing Error Limit Te_NTN (Table 7.1C.2-1 in TS38.133)
	 Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N/A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N/A

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


The frequency accuracy requirement is defined in TS38.101-5 as follows
	[bookmark: _Toc97562294][bookmark: _Toc104122521][bookmark: _Toc104205472][bookmark: _Toc104206679][bookmark: _Toc104503639][bookmark: _Toc106127570]6.4.1	Frequency error
The NTN satellite UE basic measurement interval of modulated carrier frequency is 1 UL slot. The NTN satellite UE pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift according to 3GPP TS 38.300 [9] clause 16.14.2. The mean value of basic measurements of NTN UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to ideally pre-compensated reference uplink carrier frequency. 
[NOTE: The ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency signalled to the UE by SAN and UL pre-compensated Doppler frequency shift. For the test case, the location of the UE is explicitly provided to the UE from the test equipment.]
Requirement will be verified for at least two cases of which one has zero Doppler conditions.



Figure 1 shows time and frequency change rate for LEO 600 km. It is assumed that the satellite orbit is along with the equator and UE is located on latitude 0 degree. Curves with various gateway latitude (0-15 degrees) are shown in the figures. The maximum timing change rate is around 42 us/s and the maximum Doppler frequency change rate is 0.57ppm/s (i.e. 0.57 x 10-6 x 2 GHz / s). It means that propagation delay is changed at most 42 ns per slot for SCS 15kHz and the Doppler frequency is changed at most 0.57 x 10-3 ppm per slot. 
According to our simulation ersults for PUSCH VoIP shown in Annex A, DMRS bundling with 10 slots (10 ms for 15kHz SCS) for DMRS bundling has sufficient gain. Timing change over 10 slots is 420 ns and Doppler frequency change over 10 slots is 0.0057 ppm. These are lower than the timing error requirement of 945 ns (=29 x 64 x Tc for 15kHz SCS) and frequency accuracy requirement of 0.1 ppm, respectively. Therefore, time and frequency accuracy requirement can be satisfied without adjusting them during the TDW. 
Observation 1: DMRS bundling with 10 slots is sufficient for PUSCH VoIP. 
Observation 2: Time and frequency accuracy requirement can be satisfied without adjusting them during the TDW. 
[image: グラフ
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[bookmark: _Ref115357572]Figure 1 time (left figure) and frequency (right figure) change rate for LEO 600km

Maximum allowable phase difference for DMRS bundling
The requirement of the maximum allowable phase difference for DMRS bundling is specified in Table 6.4.2.5-1 of TS 38.101-1 (copied below). 
[image: ]
Time and frequency drift of 42 us/s and 0.57 ppm/s causes the following phase rotation over slot (1ms).
Phase rotation due to timing drift (2RB case): 
Phase rotation due to frequency drift: 
In total, phase rotation of 5.8 degree per slot is observed as NTN specific factor. During 10 slots TDW of DMRS bundling, roughly 60 degrees phase rotation is observed in addition to the phase rotation experienced in TN (terrestrial network). Considering other (non-NTN specific) factors of phase error, updating especially time pre-compensation during TDW might be necessary to satisfy the requirement of maximum allowable phase difference. 
UE implementation of timing adjustment without abrupt phase change should be considered as mentioned in [3][4], e.g. Time/frequency shift constantly changed on every symbol without abrupt phase changes, segmented pre-compensation without carrier phase jump. LS to RAN4 to ask the feasibility would be helpful.
Observation 3: update of time pre-compensation during TDW might be necessary to keep the phase rotation within the maximum allowable phase difference for DMRS bundling defined in Table 6.4.2.5-1 of TS 38.101-1. 
Proposal 6: Send LS to RAN4 to ask the feasibility of updating time pre-compensation with keeping the phase different within the maximum allowable phase difference.  

In Rel.17, nominal TDW and actual TDW are defined. Nominal TDW is UE specifically configured by gNB e.g. based on reported UE capability. A nominal TDW consists of one or multiple actual TDWs. Events, which cause power consistency and phase continuity not to be maintained within the nominal TDW, are defined, e.g. frequency hopping, timing adjustment in response to TA command. An actual TDW is terminated in case the event occurs. A new actual TDW is created in response to semi-static events not triggered by DCI or MAC-CE. Whether a new actual TDW is created in response to dynamic events triggered by DCI other than frequency hopping or MAC-CE is subject to UE capability.
In RAN1#110b-e, handling of time and frequency pre-comensation due to satellite movement in NTN related to TDW was discussed, especially whether time and frequency pre-compensation for NTN should be added as an event which causes power consistency and phase continuity not to be maintained. Because such event terminates the actual TDW, its timing should be predictable by gNB to allow for an appropriate joint channel estimation. On the other hand, when to update the time and frequency pre-compensation due to satellite movement is up to UE implemenation and is not known to gNB. Therefore, it would not be appropriate to add the time and frequency pre-compensation as an event which causes power consistency and phase continuity not to be maintained. 
Proposal 7: Time and frequency pre-comensation due to satellite movement in NTN should not be added as a event which terminates the actual TDW because the timing is not known to gNB. 
As discussed in RAN1#110b-e, to introduce “segment” during which the same pre-compensation is applied may allow gNB to predict UE pre-compensation timing, but it would be simpler that UE reports as capability and/or gNB configures a nominal TDW which corresponds to the size of the “segment” rather than introducing new mechanism for NR-NTN. It is not required to introduce “segment” because TDW can work as “segment”. 
Proposal 8: It is not required to introduce “segment” because TDW can work as “segment”. 

Conclusion 
We discussed issues on coverage enhancement for NR-NTN. The following observations and proposals on PUCCH for Msg.4 HARQ-ACK and on DMRS bundling for PUSCH are made. 
PUCCH for Msg.4 HARQ-ACK
Proposal 1: Support inter-slot frequency hopping together with repetitions of PUCCH for Msg.4 HARQ-ACK. 
Proposal 2: Do not support DMRS bundling of PUCCH for Msg.4 HARQ-ACK. 
Proposal 3: PUCCH repetition for Msg.4 HARQ-ACK should be indicated by DCI for scheducling Msg.4 PDSCH. 
Proposal 4: PRACH resource selection (RO, preamble) based on UE measurement to request of PUCCH repetition should be used. 
Proposal 5: PRACH resource selection should take into account the repetition of Msg.3 PUSCH, PRACH and Msg.4 PUCCH. 

DMRS bundling for PUSCH
Observation 1: DMRS bundling with 10 slots is sufficient for PUSCH VoIP. 
Observation 2: Time and frequency accuracy requirement can be satisfied without adjusting them during the TDW. 
Observation 3: update of time pre-compensation during TDW might be necessary to keep the phase rotation within the maximum allowable phase difference for DMRS bundling defined in Table 6.4.2.5-1 of TS 38.101-1. 
Proposal 6: Send LS to RAN4 to ask the feasibility of updating time pre-compensation with keeping the phase different within the maximum allowable phase difference.  
Proposal 7: Time and frequency pre-comensation due to satellite movement in NTN should not be added as a event which terminates the actual TDW because the timing is not known to gNB. 
Proposal 8: It is not required to introduce “segment” because TDW can work as “segment”. 
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Annex A: LLS assumptions and results
Performance of PUCCH repetition and DMRS bundling for Msg.4
[bookmark: _Ref115346128][bookmark: _Ref117597821]Table 4 evaluation assumptions for PUCCH format 1
	Parameter
	Value

	PUCCH format 
	Format 1, 1 bit UCI

	Frequency hopping
	w/ frequency hopping

	BLER
	For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.

	Antenna configuration
	1T1R, 1T2R

	Repetitions
	1, 2, 4, 8

	PUCCH duration
	14 OS

	Number of PRBs
	1 PRB



     [image: ]    [image: ]
           (a) ACK miss detection probability                            (b) NACK to ACK error probability
[bookmark: _Ref117612709]Figure 2 Simulation results for PUCCH format 1 repetition (1T1R)
[image: ]       [image: ]
          (a) ACK miss detection probability                            (b) NACK to ACK error probability
[bookmark: _Ref117612735]Figure 3 evaluation results for PUCCH format 1 repetition (1T2R)

Perfomance of PUSCH DMRS bundling

[bookmark: _Ref115428320]Table 5 evaluation assumptions for PUSCH VoIP
	Parameter
	Value

	Carrier frequency 
	2 GHz

	UE speed
	3 km/h

	Subcarrier spacing 
	15 kHz

	Waveform
	DFT-s-OFDM

	PUSCH duration
	14 OS

	Frequency hopping 
	w/ inter-slot frequency hopping (hopping BW 20MHz) 

	Antenna configuration 
	1T1R, 1T2R 

	DMRS 
	Type I, 2 DMRS symbol, no multiplexing with data.
DMRS bundling window: 1, 2, 5, 10 

	HARQ 
	HARQ is not modelled

	MCS, PRBs, repetitions
	MCS9, 1PRB, 20 repetitions 



Figure 4 shows BLER performance for PUSCH VoIP using DMRS bundling with various TDW length (denoted by n) for 1T1R and 1T2R. The agreed scenario and parameters are assumed, i.e. LEO1200, parameter set 1, NTN TDL-C (NLOS) with evevation angle 30 degrees. 20 repetitions with inter-slot frequency hopping period of 10 slots is assumed. In this case, DMRS bundling up to 10 slots are possible. TDW length (denoted by n) 1, 2, 5 and 10 slots are evaluated. Other simulation assumptions are aligned with the agreement in RAN1#109e as listed in Table 5. 
According to the simulation results, for both 1T1R and 1T2R, difference between n=5 and 10 is already merginal. Therefore, TDW length of larger than 10 slots would not be needed. 
   [image: グラフ
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[bookmark: _Ref115360423]Figure 4 LLS results for joint channel estimation (DMRS bundling) of PUSCH VoIP

Annex B: Agreement in RAN1#110b-e 
< PUCCH enhancement for Msg4 HARQ-ACK >
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

[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

Conclusion
For PUCCH repetition for Msg4 HARQ-ACK,
· The existing mechanism on repetition slot counting (as in section 9.2.6 of TS 38.213) can be applied.
· FFS: whether specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed.

< NTN-specific PUSCH DMRS bundling >

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
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Table 6.4.2.5 - 1: Maximum allowable phase difference  for DMRS bundling  

UL channel  Modulation order  P hase  d ifference  between  any slot  p - 1   and slot  p     (NOTE 2)  P hase  d ifference  between  slot  0   and   any   slot  p   (NOTE  3 )  

PUSCH  Pi/2 BPSK, QPSK  [25]   degrees  [30] degrees  

PUCCH  Pi/2 BPSK,  BPSK,  QPSK    

NOTE 1:     The UE capability of the length of maximum duration refers to the maximum time duration during which UE is  able to meet the phase continuity requirements,   assuming no phase  consistency violating events   defined in  TS 38.214   in between .   NOTE 2 :     This requirement applies for FDD and TDD bands, for supported DMRS bundling configurations  ≤   8 slots.   NOTE 3 :     This requirement applies only for FDD bands, for supported DMRS bundling configurations  of   16 slots.  

 


image6.png
ACK miss detection prob.

1.0E+0

1.0E-1 -

1.0E-2 -

1.0E-3 -

1.0E-4

- .

PUCCH format 1, 1bit, NTN TDL-C 30deg (1T1R)
I I

—=- Intra-slot FH

= Inter-slot FH

Rep 4
No JCE, JCE 2

Rep 8

No JCE, J

Rep 1(no rep|

-15

-10
SNR [dB]

-5 0




image7.png
1.0E+0

N
o
m

N

NACK to ACK prob.
5 5
m m
& N

1.0E-4

PUCCH format 1, 1bit, NTN TDL-C 30deg (1T1R)

—=- Intra-slot FH

= Inter-slot FH

Rep|2
Rep 4(A) | ‘/i/
“—NoJCEJCE = ——= ‘._ ===
~
Rep 8(®
No JCE |
25 20 -15 -10 -5

SNR [dB]





image8.png
PUCCH format 1, 1bit, NTN TDL-C 30deg (1T2R)

ACK miss detection prob.

1.0E+0 AL :
t ~ - Intra-slot FH
\ \'\- — Inter-slot FH
1.0E-1 \
N N B
'\ Rep1i(ndrep)
\]
1.0E-2 < NEEse== T
Rep4 . o /R/
No JCE, JCE 2 N \
1.0E-3 S e
S \
Rep 8 i S Of L |
10E4 No JCE, ICE 2,4 N\
-25 -20 -15 -10 -5

SNR [dB]




image9.png
1.0E+0

=
m

1.0E-2

NACK to ACK prob.

=
m
A

1.0E-4

PUCCH format 1, 1bit, NTN TDL-C 30deg (1T2R)

Intra-slot FH
Inter-slot FH
Rep 4(A)
s No JCE, JCE 2
T/ Rep 1(no rep)
A S
] Rep 2
RO
5
Bl %
Rep (o) AR S
No JCE, JCE2, 4 NIR]
-25 -20 -15 -10 -5

SNR [dB]





image10.png
BLER

1.0E+0

1.0E-1

1.0E-2

1.0E-3

1PRB, MC59, 20 rep
w/ frequel

NTN TRL-C (30deg), 1T1R

—e-n=1(no JCE)
—o-n=2

—e-n=5 =
—-n=10

1Tx/1Rx

ncy hopping

-15

-10

-5 0

SNR [dB]

5 10




image11.png
BLER

1.0E+0

NTN TDL-C (30deg) 1T2R

-

—8—n=1(no JCE)

——- —@—n=5 H
—8—n=10

1PRB, M
w/ frequel
1TX/2RX

9,20 rep
cy hopping

-5
SNR [dB]




