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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#97-e meeting, 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]

Coverage enhancement for voice and low-data rate services over commercial smart phones was included in the scope of the Rel-18 work item for NTN [1]. In the RAN1#110-e meeting, companies provided link budget and simulation evaluation results, and discussed whether to conduct enhancements based on these results. In this contribution, we present the simulation results for the PUSCH for VoIP and Msg4 PUCCH, and provide some solutions for coverage enhancements.

Discussion 
Performance Evaluation
In the last RAN1 meeting, the companies discussed and reached the following consensus:
	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



For NR NTN coverage enhancement, we evaluated the following channels/signals:
· PUSCH for VoIP
· PUCCH for Msg.4 HARQ-ACK

[bookmark: OLE_LINK16][bookmark: OLE_LINK17]It provided the fast fading channel model parameters for different scenario in the TR38.811, according to which we can obtain the NTN-CDL-C (LOS) channel models coefficients for different scenario, and then we obtain the NTN-TDL-C (LOS) channel models coefficients for different scenario through spatial filter. In S band, minimum coherence bandwidth is 200kHz for LEO satellite.The maximum delay spread is 100ns in satellite scenarios.For the sake of simplification, we use the channel models in Table 6.9.2-3 of TR38.811 with delay spread of 100ns. The common assumptions for evaluation are shown in Table 1.

[bookmark: _Ref110523667][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Table 1: Evaluation assumptions for all channels/signals
	Conditions
	Value

	Channel model
	NTN-TDL-C (LOS)

	Delay spread
	100ns

	Channel estimation
	Realistic estimation: MMSE1D1D

	SCS
	15kHz

	UE speed
	3km/hr

	Frequency drift:
	Not assumed

	Frequency offset:
	0.1ppm

	UE Antenna type and configuration
	1 TX / 2RX with omni-directional antenna element




PUSCH for VoIP
For VoIP, AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data, and allocated in 2/4/6PRB with QPSK. For coverage evaluation of PUSCH in NR NTN, the following table is assumed for LLS. 
Table 2: PUSCH parameters assumption for VoIP and low data rate service
	Parameter
	Value

	Frequency hopping 
	w/o frequency hopping

	BLER
	For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1 

	DMRS configuration 
	Type I DMRS configuration
Position: #OS3 and#OS11

	Waveform
	DFT-s-OFDM

	PUSCH duration        
	14 OS

	Repetitions 
	type A repetition
The actual number of repetitions: 1/2/4/8/16/20
Same RVs

	HARQ configuration 
	NO HARQ 

	PRBs/MCS for VoIP
	2PRB/MCS=4/TBS size: 184bit
4PRB/MCS=2/TBS size: 184bit
6PRB/MCS=0/TBS size: 184bit
QPSK for VoIP



Simulation results PUSCH for VoIP without hopping and without HARQ for different PRBs are shown in Figure 1 to Figure 3. Based on NTN-TDL-C, PUSCH for VoIP allocated in 2PRB requires about SNR -8.2dB to achieve a BLER 10-2, PUSCH for VoIP allocated in 4PRB requires about SNR -10.5dB to achieve a BLER 10-2, and PUSCH for VoIP allocated in 6PRB requires about SNR -12.6dB to achieve a BLER 10-2. All simulation results can not meet requirements of link budgets by 20 repetitions in LEO-1200 set-1.
[image: E:\空天地融合技术任务组\近期工作\2022年9月\20220930 3GPP覆盖增强文稿\仿真结果\VOIP 2PRB.PNG]
[bookmark: _Ref109639816][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Figure 1 simulation results PUSCH for VoIP（2PRB）
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Figure 2 simulation results PUSCH for VoIP（4PRB）
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[bookmark: _Ref114477233]Figure 3 simulation results PUSCH for VoIP（6PRB）
The gaps for different allocated PRBs between the simulation results by 20 repetitions and requirements of link budgets in LEO-1200 set-1 are shown in Table 3. The simulation results by 20 repetitions cannot meet the requirements, and the gaps are about 3dB, regardless of the number of allocated PRBs.
Table 3: The gaps between the simulation results and requirements in LEO-1200 set-1
	No. of PRBs
	SNR [dB] (10-2)
	CNR [dB]
	GAP [dB]

	2
	-8.2
	-10.6
	2.4

	4
	-10.5
	-13.6
	3.1

	6
	-12.6
	-15.4
	2.8



Observation 1: PUSCH for VoIP can not meet requirements of link budgets in LEO-1200 set-1 by existing reptition solution based on NTN-TDL-C. 
Observation 2: The number of allocated PRBs has no noticeable effect on performance of PUSCH for VoIP.

Proposal 1: Limited by the maximum number of 20 repetitions, simply relying on repetition cannot meet the VOIP requirements of link budgets in LEO-1200 set-1, other coverage enhancement techniques need to be used in combination to bridge existing gap.

PUCCH for Msg.4 HARQ-ACK
For coverage evaluation of PUCCH for Msg.4 HARQ-ACK in NR NTN, the following table is assumed.
Table 4: PUCCH for Msg.4 HARQ-ACK parameters assumption
	Parameter
	Value

	PUCCH format 
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Format 1, 1bits UCI.

	Frequency hopping
	w/o frequency hopping

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

	Number of UE transmit chains
	1 

	DMRS configuration 
	Reported by companies

	Repetitions
	w/ repetition.
The maximum number of repetitions is 8.

	PUCCH duration        
	4/10/14 OS

	Number of PRBs
	1 PRB

	Other parameters
	NONE


As specified in 38.213, when PUCCH is not allocated with dedicated resources configuration, the resource sets are shown in the Table 5.
Table 5: PUCCH resource sets before dedicated PUCCH resource configuration (Table 9.2.1-1 in TS 38.213)
	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 above table, the duration of PUCCH is 4 symbols, 10 symbols and 14 symbols respectively. Therefore, we performed relative simulation evaluations based on these three configurations.
4 Symbols
The PUCCH with 4 symbols for Msg.4 HARQ-ACK can be enhanced by repetition technology, and the simulation results without hopping are shown in Figure 6. Based on NTN-TDL-C, PUCCH with 4 symbols for Msg.4 HARQ-ACK requires SNR about -12.5dB to achieve a BLER 10-2 and can meet requirements of link budgets by 4 reptitions，and requires SNR about -15.5dB to achieve a BLER 10-2 by 8 reptitions in LEO-1200 set-1. The gaps for different repetitions between the simulation results and requirements of link budgets in LEO-1200 set-1 are shown in Table 6.
[image: E:\空天地融合技术任务组\近期工作\2022年9月\20220930 3GPP覆盖增强文稿\仿真结果\PUCCH format1 4sym.PNG]
Figure 4 simulation results of PUCCH with 4 for Msg.4 HARQ-ACK
Table 6: The gaps between the simulation results and requirements in LEO-1200 set-1
	No. of reptitions
	SNR [dB] (10-2)
	CNR [dB]
	GAP [dB]

	1
	-5.4
	-10.6
	5.2

	2
	-9.0
	-10.6
	1.6

	4
	-12.5
	-10.6
	-1.9

	8
	-15.5
	-10.6
	-4.9



Observation 3: PUCCH with 4 symbols for Msg.4 HARQ-ACK requires SNR about -12.5dB to achieve a BLER 10-2 and can meet requirements of link budget by 4 reptitions.
10 Symbols
The PUCCH with 10 symbols for Msg.4 HARQ-ACK can be enhanced by repetition technology, and the simulation results without hopping are shown in Figure 5. Based on NTN-TDL-C, PUCCH with 10 symbols for Msg.4 HARQ-ACK requires SNR about -11.9dB to achieve a BLER 10-2 and can meet requirements of link budgets by 2 reptitions，and requires SNR about -18.4dB to achieve a BLER 10-2 by 8 reptitions in LEO-1200 set-1. The gaps for different repetitions between the simulation results and requirements of link budgets in LEO-1200 set-1 are shown in Table 7.
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[bookmark: _Ref114823625]Figure 5 simulation results of PUCCH with 10 symbols for Msg.4 HARQ-ACK
Table 7: The gaps between the simulation results and requirements in LEO-1200 set-1
	No. of reptitions
	SNR [dB] (10-2)
	CNR [dB]
	GAP [dB]

	1
	-8.0
	-10.6
	2.6

	2
	-11.9
	-10.6
	-1.3

	4
	-15.1
	-10.6
	-4.5

	8
	-18.4
	-10.6
	-7.8



Observation 4: PUCCH with 10 symbols for Msg.4 HARQ-ACK requires SNR about -11.9dB to achieve a BLER 10-2 and can meet requirements of link budget by 2 reptitions.

14 Symbols
The PUCCH with 14 symbols for Msg.4 HARQ-ACK can be enhanced by repetition technology, and the simulation results without hopping are shown in Figure 6. Based on NTN-TDL-C, PUCCH with 14 symbols for Msg.4 HARQ-ACK requires SNR about -12.7dB to achieve a BLER 10-2 and can meet requirements of link budgets by 2 reptitions，and requires SNR about -19.5dB to achieve a BLER 10-2 by 8 reptitions in LEO-1200 set-1. The gaps for different repetitions between the simulation results and requirements of link budgets in LEO-1200 set-1 are shown in Table 8.
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[bookmark: _Ref110946751]Figure 6 simulation results of PUCCH with 14 symbols for Msg.4 HARQ-ACK
Table 8: The gaps between the simulation results and requirements in LEO-1200 set-1
	No. of reptitions
	SNR [dB] (10-2)
	CNR [dB]
	GAP [dB]

	1
	-8.8
	-10.6
	1.8

	2
	-12.7
	-10.6
	-2.1

	4
	-16.2
	-10.6
	-5.6

	8
	-19.5
	-10.6
	-8.9



Observation 5: PUCCH with 14 symbols for Msg.4 HARQ-ACK requires SNR about -12.7dB to achieve a BLER 10-2 and can meet requirements of link budget by 2 reptitions.
Proposal 2: The PUCCH for Msg.4 HARQ-ACK can be enhanced by repetition and the maximum number of repetitions can be set to 4.

Potential Solutions for Coverage Enhancements
Potential Solutions for VoIP
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: _Hlk111188530]According to the simulation results of 2.1.1 and link budget analysis[4], there are GAP of 2.4dB at least between detection threshod and CNR for VoIP at scenarios of LEO-1200 set-1. For VoIP, as one packet must be transmitted per 20ms, max 20 PUSCH repetitions can be applied if SCS = 15 kHz. Potencial solutions on coverage enhancements for VoIP, there are DMRS bundling or DMRS power boosting, but these methods just have a limit affect on performance improvement, about 1dB. 
With circularly polarized antenna is applied at satellites, the same frequency domain resource can be assigned to the same UE on both LHCP and RHCP dimensions to enhance the link robustness and extend the UL coverage via soft-combining the LHCP and RHCP Rx branches.The required SNR or coverage gap can be reduced by 3dB, theoretically.
Proposal 3: Study polarization diversity to enhance the UL coverage of NR NTN.



[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK100][bookmark: OLE_LINK101]Time-frequency pre-compensation 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: _GoBack]For low-data rate service, max 32 PUSCH repetitions can be applied. When numberOfSlotsTBoMS-r17 is set to 2, 4 or 8 (i.e. TB processing over multi-slot (TBoMS) PUSCH is enabled), it indicates the number of repetitions of a single TBoMS. If a number of repetitions K is configured by numberOfRepetitions or numberOfRepetitionsExt, the network configures numberOfSlots-TBoMS (N) and K such that N*K ≤ 32 (see TS 38.214 [7], clause 6.1.2.1). if SCS = 15 kHz and non-consecutive time-domain resource allocation, the duration of UL repetition transmission for one TB can be over 32ms.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]In terms of NTN specific scenarios, according to the parameters of NTN scenarios from TR38.821[3], as shown Table 11, maximum Doppler is 24ppm. When 2GHz is applied, the maximum Doppler shift is 48KHz. maximum Doppler shift variation is 554Hz/s, the duration of 100ms can cause maximum Doppler shift of 55.4Hz. For LEO-600, maximum timing shift variation is 50us/s, however, the normal CP is 4.68us at 15kHz SCS. If the duration of UL repetition transmission for one TB is over 40ms, maximum timing shift can more than 2us, which can cause performance reduction because of timing shift. According to the analysis above, frequency shift has almost no effect on synchronization and timing shift can cause performance reduction, so segment time-frequency pre-compensation should be applied at UL repetition transmission.
[bookmark: _Ref60927107]Table 9: Parameters of NTN-IoT reference scenarios in 2GHz S-band
	Platforms
	Altitude(km)
	Typical beam footprint size(km)
	Max Doppler shift variation(ppm/s)
	Max Doppler shift variation(Hz/s)
	Max Doppler (ppm)
	Max Doppler(KHz)

	LEO
	600
	100 – 1000 
	0.27
	554
	24
	48

	
	1200
	100 – 1000 
	0.13
	260
	21
	42

	GEO
	35 786
	200 – 3500 
	0.000045
	0.09
	0.93
	1.86



The segment duration of UL transmission is configured by the network. Duration of UL transmission segment for UE pre-compensation for PUSCH transmission is a number of PUSCH repetition units is one subframe.The network configures one of K candidate values for the UL transmission segment duration of PUSCH in a k-bit field. We propose that maximum 2-bit field with a maximum number of K=4 candidate values 2 ms, 4 ms, 8 ms, 16 ms.The UL transmission segment duration is provided by UE-specific RRC signalling or by signalling in SIB.
Proposal 4: Segment time-frequency pre-compensation should be applied at UL repetition transmission.
Proposal 5: The network configures maximum 2-bit field with K=4 candidate values 2 ms, 4 ms, 8 ms, 16 ms for segement duration.

PUCCH for Msg.4 HARQ-ACK
According to the simulation results of 2.1.2 and link budget analysis[4], there are GAP of 1.8dB at least between detection threshod and CNR for PUCCH for Msg.4 HARQ-ACK at scenarios of LEO-1200 set-1. We propose repetition transmission on PUCCH for Msg.4 HARQ-ACK. The repetition time may be specified by pre-defination or signaling in SIB1.
Proposal 6: Repetition times on PUCCH for Msg.4 HARQ-ACK can be specified by pre-defination or signaling in SIB1.
1 Conclusion
In this contribution we evaluate the performance of some physical channel for which coverage enhancement schemes were not agreed in the previous meeting. Based on the evaluated results, we have the following proposals:

Proposal 1: Limited by the maximum number of 20 repetitions, simply relying on repetition cannot meet the VOIP requirements of link budgets in LEO-1200 set-1, other coverage enhancement techniques need to be used in combination to bridge existing gap. 
Proposal 2: The PUCCH for Msg.4 HARQ-ACK can be enhanced by repetition and the maximum number of repetitions can be set to 4. 
Proposal 3: Study polarization diversity to enhance the UL coverage of NR NTN.
Proposal 4: Segment time-frequency pre-compensation should be applied at UL repetition transmission.
Proposal 5: The network configures maximum 2-bit field with K=4 candidate values 2 ms, 4 ms, 8 ms, 16 ms for segement duration. 
Proposal 6: Repetition times on PUCCH for Msg.4 HARQ-ACK can be specified by pre-defination or signaling in SIB1.

Meanwhile some observations are listed as follows:

Observation 1: PUSCH for VoIP can not meet requirements of link budgets in LEO-1200 set-1 by existing reptition solution based on NTN-TDL-C.
Observation 2: The number of allocated PRBs has no noticeable effect on performance of PUSCH for VoIP.
Observation 3: PUCCH with 4 symbols for Msg.4 HARQ-ACK requires SNR about -12.5dB to achieve a BLER 10-2 and can meet requirements of link budget by 4 reptitions.
Observation 4: PUCCH with 10 symbols for Msg.4 HARQ-ACK requires SNR about -11.9dB to achieve a BLER 10-2 and can meet requirements of link budget by 2 reptitions.
Observation 5: PUCCH with 14 symbols for Msg.4 HARQ-ACK requires SNR about -12.7dB to achieve a BLER 10-2 and can meet requirements of link budget by 2 reptitions. 
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3 Appendix-1(Tables from TR38.821and RP-220590)
Table 6.1.1.1-1: Set-1 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600
	MEO

	Satellite altitude
	35786 km
	1200 km
	600 km
	10000 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	22 m
	2 m
	2 m
	5 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz
	51 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi
	38.6 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg
	2.1 degrees

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km
	150 km

	Equivalent satellite antenna aperture (Note 1)
	Ka-band
(i.e. 20 GHz for DL)
	5 m
	0.5 m
	0.5 m
	2 m

	Satellite EIRP density
	
	40 dBW/MHz
	10 dBW/MHz
	4 dBW/MHz
	32 dBW/MHz

	Satellite Tx max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi
	50 dBi

	3dB beamwidth
	
	0.1765 deg
	1.7647 deg
	1.7647 deg
	0.53 degrees

	Satellite beam diameter (Note 2)
	
	110 km
	40 km
	20 km
	77 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	22 m
	2 m
	2 m
	5 m

	G/T
	
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1
	13 dB/K

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi
	38.6 dBi

	Equivalent satellite antenna aperture (Note1)
	Ka-band (i.e. 30 GHz for UL)
	3.33 m
	0.33 m
	0.33 m
	1.5 m

	G/T
	
	28 dB K-1
	13 dB K-1
	13 dB K-1
	22.5 dB/K

	Satellite RX max Gain
	
	58.5 dBi
	38.5 dBi
	38.5 dBi
	48.14 dBi

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].
NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.




4 Appendix-2(Channel models from TR38.811)
Table 6.9.2-3. NTN-TDL-C at elevation 
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.394
	LOS path

	
	0
	-10.618
	Rayleigh

	2
	14.8124
	-23.373
	Rayleigh

	NOTE:	The first tap follows a Ricean distribution with a K-factor of K1 = 10.224 dB and a mean power of 0 dB.



Here,  denotes the satellite elevation angle.
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