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In RAN1#110[1], all potential channels/signals at different targeted scenarios have been evaluated to identify whether coverage enhancement is needed or not. Based the corresponding progress, in RAN#97e, the WID of Rel-18 NTN is modified. The reference scenario and objectives are updated as follows [2].
	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 this contribution, link-level simulation results with enhancement techniques are evaluated to the target cases of VoIP on PUSCH and Msg4 HACK-ACK on PUCCH at LEO-1200 with Set-1. Furthermore, to guarantee UL coverage performance at targeted scenario, potential enhancement solutions are also proposed. 
UL coverage evaluation 
1.1 [bookmark: _Ref8412]PUSCH for VoIP
To evaluate the UL coverage performance in NR NTN, link budget results need to be calculated firstly with the parameters of link budget analysis provided in [4]. Especially, with the assumption of the antenna gain of -5.5 dBi agreed in RAN4 and 3 dB polarization loss for commercial smart phone, the CNR at NTN LEO scenarios for uplink bandwidth of 360 kHz is shown in Table 1. 
[bookmark: _Ref774]Table 1 Link budget result for UL coverage with bandwidth of 360 kHz
	Elevation angle (degree)
	30
	40
	50
	60
	70
	80
	90

	Set-1
	CNR (dB) @LEO-1200km(optional)
	-11.12
	-9.66
	-8.53
	-7.68
	-7.10
	-6.76
	-6.65

	
	CNR (dB) @LEO-600km(optional)
	-5.73
	-4.00
	-2.70
	-1.76
	-1.12
	-0.75
	-0.63

	Set-2
	CNR (dB) @LEO-1200km
	-17.12
	-15.66
	-14.53
	-13.68
	-13.10
	-12.76
	-12.65

	
	CNR (dB) @LEO-600km
	-11.73
	-10.00
	-8.70
	-7.76
	-7.12
	-6.75
	-6.63


Since DMRS bundling can improve channel estimation performance by enabling joint cross-slot or repetition channel estimation, the flexibility of this technique is beneficial to PUSCH coverage enhancement in NR NTN. To evaluate the coverage performance for VoIP service on PUSCH, the link-level simulation is conducted with TBS of 184 bits and 20 repetitions, the more detailed simulation parameters including antenna configuration and DMRS type are summarized in Appendix.

[bookmark: _Ref1385]Figure 1 Performance result of VoIP on PUSCH with JCE
As shown in Figure 1, the required SNR at 2% BLER is about -6.5 dB when maximum of 20 repetitions are all used for joint channel estimation. With the increase of the number of DMRS bundling from 2 to 20, about 2 dB gain can be obtained by joint channel estimation. That is, higher performance gain can be achieved with more DMRS sharing in repetitions. By comparing with link budget result, about 4.6 dB coverage gap still needs to be considered for LEO-1200 with Set-1 even if all 20 repetitions are used for DMRS bundling. 
In NTN, the JCE performance may be affected when pre-compensation is applied. In Rel-17 IoT-NTN, segmented pre-compensation was discussed to handle the fast varying TA and Doppler in repetition transmission. And it was observed phase discontinuity will happen when different TA pre-compensation values are applied for different segments [3]. Assuming total delay drift is 100 us/s , then in 1 ms subframe the delay drift is 0.1 us/s. When 2 RB is used for transmission, the maximum phase discontinuity for edge carrier (locates at 180 kHz or 180 kHz) after 20ms transmission is 0.1*20*180*360 = 130degree. As a result, the DMRSs in different segments may have different phase properties and JCE performance will decrease due to bundling or DMRSs without good coherence. Moreover, the performance of joint channel estimation can be restricted by the impact of frequency offset of 200Hz, then enhancement on frequency offset for DMRS bundling should be considered. 
To improve the performance of joint channel estimation, all the bundled DMRS should be transmitted within a single segment. Moreover, to handle the influence of frequency offset, good frequency pre-compensation is assumed within each segment so that the FO can be minimized and assumed to be 0. With above enhancement on segmented pre-compensation and DMRS bundling, the performance of joint channel estimation would depend on the configured repetition number in PUSCH segmentation.

[bookmark: _Ref7227]Figure 2 Performance result of VoIP on PUSCH with JCE and segmented pre-compensation
As can be observed in Figure 2, the targeted SNR is about -7.6 dB at 2% BLER when the frequency offset is 0Hz with pre-compensation of frequency offset. When joint channel estimation over repetitions increase from 2 to 20, about 2 dB gain can be obtained. By comparison with the above results in Figure 2, at least 1 dB gain can be obtained from segmented pre-compensation of frequency offset for DMRS bundling. Then, the coverage gap of VoIP on PUSCH can be reduced to 3.5 dB. Therefore, better coverage performance can be achieved by the configured repetition number for DMRS bundling with segmented pre-compensation.   
Observation 1: Coverage gap is about 3.5 dB for LEO-1200 with Set-1.
Proposal 1: JCE with segmented pre-compensation mechanism should be considered for VoIP on PUSCH.
Proposal 2: The segment transmission of for PUSCH carrying VoIP should be supported with single TA is applied and phase discontinuity should be mitigated.
To further improve the coverage performance with beam forming gain, the link level simulation is conducted by antenna configuration of 2T1R. As shown in Figure 3, the required SNR at BLER is about -12.7 dB when antenna number of 2T1R is used in the simulation. By comparison, the coverage gap can be well compensated for all elevation angles at LEO-1200 with Set-1. Therefore, more antenna configuration should be supported for PUSCH to enhance the coverage performance. Meanwhile, once the high-power UE is defined, the link budget can be further improved.

[bookmark: _Ref7361]Figure 3 Performance result of VoIP on PUSCH with beamforming of 2T1R
In addition, the polarization enhancement can be implemented if the polarization loss (e.g., 3dB) can be mitigated by two orthogonal linear polarization. Then, more targeted scenarios, e.g., almost all elevation angle at LEO-1200 with Set-2 can be supported due to about 1.4 dB coverage gap. Thus, polarization matching between UE and gNB should be supported for VoIP to reduce the large coverage gap.
Proposal 3: Other enhancements including 2Tx, high power UE and polarization matching should also be supported to improve the performance for VoIP on PUSCH.
1.2 PUCCH for Msg.4 HARQ-ACK
In this section, we evaluate Msg.4 PUCCH performance with 1 bit payload, detailed simulation assumption is shown in Table 5. Since 1 RB is assumed for PUCCH transmission instead of 2 RBs assumed in clause 2.1, the link budget for target scenario (LEO-1200, set-1) is -11.1+3 = -8.1dB. As shown from the red curve in Figure 4, the initially SNR at 1% BLER is -3.6 dB when no repetition is applied. The coverage gap is about 4.5 dB. 
For ACK for Msg-4, since a UE does not have dedicated PUCCH resource configuration, the corresponding PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 2 in [5] for transmission of HARQ-ACK information on PUCCH, the number of symbols it can occupy is 4, 10, or 14. To improve the coverage performance and eliminate the coverage gap, we can consider supporting repeated transmission of Msg.4 PUCCH to improve coverage performance. 
According to the design principle of PUCCH format 1, a longer symbol can provide better coverage performance, and the link budget requirements of NTN can be satisfied by simple repeated transmission. So, if PUCCH format 1 with less symbol number, e.g., 4 symbols, is assumed as the baseline, a larger number of repetitions is required, which will lead to a larger time delay for the RACH processes. Meanwhile, due to the decreased channel correlation, the performance gain brought by repeated transmission will also be degraded and the bundling will be difficult to be achieved. Then, only the PUCCH format-1 with 14 symbols are used for enhancement.
Proposal 4: The PUCCH format-1 with 14 symbols should be used as the baseline for enhancement.
[bookmark: _Ref9346]Table 2 PUCCH resource sets before dedicated PUCCH resource configuration from TS 38.213 Table 9.2.1-1
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset 
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	
	{0, 3, 6, 9}


As can be seen from the blue curve in Figure 4, the required SNR at 1% BLER is -7.1dB when the number of repetitions is 2. Further improvement can be achieved with FO = 0 Hz.
In addition, as discussed in section 2.1 for PUSCH, significant performance improvement can be achieved by DM-RS bundling by enabling joint cross-slot channel estimation and frequency pre-compensation. Following the analysis, once the DM-RS bundling is also applied for PUCCH, even with lower number repetition, the performance can be further improved to achieve the targeted CNR, e.g., -8.1 dB at 1% BLER. 

[bookmark: _Ref1680]Figure 4 Performance result of PUCCH for Msg.4 HARQ-ACK without DM-RS bundling 
Observation 2: Coverage gap is 4.5dB for PUCCH Msg.4 HARQ-ACK for LEO-1200 with set-1.
Proposal 5: The coverage gap of PUCCH (i.e., PUCCH format-1 with 14 symbols) for Msg-4 can be mitigated with lower number of repetition, i.e.2.
Proposal 6: The enhancement on DM-RS bundling for PUSCH carrying VoIP should also be applied for PUCCH. 
Proposal 7: The segment transmission of PUCCH for Msg-4 HARQ should be supported with single TA is applied and phase discontinuity should be mitigated.
Based on the analysis above, the simply enhancement to indicate whether the repetition is supported can be considered. For example, with the indication, 2 repetition will be assumed and otherwise, not repetition is considered.
Proposal 8: An indicator can be configured to NTN UE to indicate whether repetition of PUCCH for Msg-4 HARQ is supported, i.e., if supported, repetition number is equaling to 2.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: Coverage gap is about 3.5 dB for LEO-1200 with Set-1.
Proposal 1: JCE with segmented pre-compensation mechanism should be considered for VoIP on PUSCH.
Proposal 2: The segment transmission of for PUSCH carrying VoIP should be supported with single TA is applied and phase discontinuity should be mitigated.
Proposal 3: Other enhancements including 2Tx, high power UE and polarization matching should also be supported to improve the performance for VoIP on PUSCH.
Proposal 4: The PUCCH format-1 with 14 symbols should be used as the baseline for enhancement.
Observation 2: Coverage gap is 4.5dB for PUCCH Msg.4 HARQ-ACK for LEO-1200 with set-1.
Proposal 5: The coverage gap of PUCCH (i.e., PUCCH format-1 with 14 symbols) for Msg-4 can be mitigated with lower number of repetition, i.e.2.
Proposal 6: The enhancement on DM-RS bundling for PUSCH carrying VoIP should also be applied for PUCCH. 
Proposal 7: The segment transmission of PUCCH for Msg-4 HARQ should be supported with single TA is applied and phase discontinuity should be mitigated.
Proposal 8: An indicator can be configured to NTN UE to indicate whether repetition of PUCCH for Msg-4 HARQ is supported, i.e., if supported, repetition number is equaling to 2.
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Table 3 Link budget assumption for UL
	Parameters
	Notes

	Carrier Frequency
	2 GHz for UL (S-band)

	Sub-carrier Spacing
	15kHz

	Channel Bandwidth
	360 kHz

	Satellite altitude
	600km, 1200km

	Target elevation angle
	300~900

	Free space path loss
	Equation (6.6-2) in TR 38.811

	Atmospheric loss
	Equation (6.6-8) in TR 38.811

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in TR 38.811

	Additional loss
	0 dB

	Polarization loss
	3 dB

	UE antenna gain
	-5.5dBi


[bookmark: _Ref7168][bookmark: _Ref8004]Table 4 Simulation assumption for VoIP on PUSCH
	Parameter
	Value

	Carrier Frequency
	2 GHz

	Sub-carrier Spacing
	15kHz

	Channel Bandwidth
	2PRBs

	Channel Model
	NTN-TDL-C Rural 300 elevation angle, -8.46 for lgDS, 8.05 for K

	UE Antenna Configuration
	1T1R, 2T1R

	UE speed
	3 km/h

	Frequency offset
	0 ppm/0.1 ppm

	JCE
	w/ JCE 

	HARQ configuration
	w/o HARQ

	Modulation
	QPSK

	PUSCH duration
	14 OS

	PUSCH for VoIP
	MCS index:2
TBS: 184bits
DMRS configuration: Type I, DMRS symbol
Number of repetitions: 20
BLER: 2% iBLER


[bookmark: _Ref19484]Table 5 Link-level simulation assumptions for PUCCH transmission
	Parameter
	Value

	PUCCH format 
	Format 1, 1-bit for HARQ-ACK for Msg4.

	Carrier frequency
	2 GHz

	SCS
	15kHz

	Channel Bandwidth
	20MHz

	Channel Model
	NTN-TDL-C Rural 300 elevation angle, -8.46 for lgDS, 8.05 for K

	UE Antenna Configuration
	1T1R

	UE speed
	3 km/h

	Modulation
	BPSK

	Frequency offset
	0 Hz, 200 Hz

	Frequency hopping
	w/ 

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

	Repetitions
	w/ repetition.
The number of repetitions is 2.

	PUCCH duration
	14 OS

	JCE
	w/o JCE 

	Number of PRBs
	1 PRB
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