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1	Introduction
[bookmark: _Hlk94878371]A work item (WI) for enhancements of NR NTN was approved at RAN#94-e. The latest WID can be found in [1]. One objective of the WI is NTN-specific coverage enhancements. As a first step, a 6-month study phase has been pursued, focusing on evaluating the coverage performance and identifying the candidate physical radio channels that have coverage issues specific to NTN. Based on the outcome, RAN#97 agreed to study and specify support for some UL enhancements. In this contribution, we evaluate the performance of PUCCH repetitions for Msg4 HARQ-ACK and segmented DMRS bundling for PUSCH.
[bookmark: _Ref178064866]2	Discussion
2.1	Summary of RAN#97-e
At RAN#97-e, the NTN enhancements WID [1] was updated with the following detailed objectives for UL coverage enhancements:
· 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]


Further, a reference scenario was agreed for evaluation of UL coverage enhancements:
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.


RAN#97-e also decided to postpone the discussion of PRACH enhancements, DL channel enhancements and High power UE for NTN FDD FR1 bands until RAN#99:
conclusion:
To be discussed at RAN#99,
- whether the Rel-18 PRACH enhancements (defined as part of Rel-18 NR coverage enhancements WI) are sufficient to address the coverage gaps with respect to NTN specifics (i.e. agreed at RAN1#109-e/RAN1#110, under NR_NTN_enh WI) and whether additional PRACH enhancements need to be specified;
- DL channel enhancements for NTN coverage (including the need) ;
- Decision to specify High power UE (e.g. 26 dBm Tx power) for NTN FDD FR1 band(s), i.e. Rx/Tx requirements (This includes the study of relevant coexistence scenarios) [RAN4].

Regarding the PFD limitation issue, it was stated in the WID that no work on this topic will take place in the WGs before RAN#99:
The following sentence will be revisited in RAN#99 as part of the DL enhancements discussion:
“The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.” No work on this topic will take place in RAN WGs before the discussion on DL enhancements in RAN#99.


2.2	Uplink
2.2.1	Link budget calculations
A link budget analysis for the reference scenario agreed by RAN#97-e is shown in Table 1. The assumptions are the same as in [6] except that the UE antenna gain is assumed to be -5.5 dB, following RAN4 recommendations [7].
[bookmark: _Ref115269545]Table 1: Link budget analysis for LEO1200 uplink with Set-1 parameters and 30° elevation angle.
	TX EIRP [dBm]
	17.5

	RX G/T [dB/K]
	1.1

	Free space path loss [dB]
	164.5

	Atmospheric loss
	0.066

	Shadow fading margin [dB]
	3

	Scintillation loss [dB]
	2.2

	Polarization loss [dB]
	3

	Additional losses [dB]
	0

	Target SNR [dB]
	1 PRB
	-8.1

	
	2 PRBs
	-11.1


2.2.2	PUCCH for Msg4 HARQ-ACK
At RAN1#110bis-e, it was agreed to add support for 2, 4 and 8 repetitions of PUCCH for Msg4 HARQ-ACK, while higher number of repetitions are for further study.
2.2.2.1	Performance
Simulations of PUCCH for Msg4 HARQ-ACK repetitions have been performed. Simulation assumptions are according to agreements from RAN1#109-e. Specific simulation assumptions are listed in Table 2.

[bookmark: _Ref111049458]Table 2: Assumptions for PUCCH simulations.
	Parameter
	Value

	Antenna configuration
	1T1R, 1T2R

	Modulation
	BPSK

	Channel model
	NTN-TDL-C Rural

	Elevation Angle
	30°

	Frequency hopping / FH offset
	Inter-slot FH / 50 PRBs 

	Channel bandwidth
	1 PRB

	PUCCH format
	format 1

	Payload
	1 bit

	PUCCH duration
	14 OS

	Repetitions
	No/2/4/8 repetitions 

	Performance metric
	1% ACK missed and 0.1% NACK to ACK at 1% DTX to ACK rate



Simulation results are summarized in Table 3. Detailed results can be found in Appendix B. It can be seen that already with two repetitions, the performance target is met assuming two RX antennas at the satellite. With one RX antenna at the satellite, the performance target is met with 4 repetitions.

[bookmark: _Ref115374081]Table 3: Summary of performance for PUCCH for Msg4 HARQ-ACK.
	Antenna configuration
	Target CNR [dB]
	LLS results ACK missed [dB]

	
	
	8 repetitions
	4 repetitions
	2 repetitions
	no repetitions

	1T1R
	-8.1
	-12.1
	-8.6
	-5.4
	-2.3

	1T2R
	-8.1
	-12.1
	-10.3
	-8.3
	-6.7



[bookmark: _Toc118725731]With one RX antenna at the satellite, the CNR target of PUCCH for Msg4 HARQ-ACK can be reached with 4 repetitions.
[bookmark: _Toc118725732]With two RX antennas at the satellite, the CNR target of PUCCH for Msg4 HARQ-ACK can be reached with 2 repetitions.
[bookmark: _Toc118725738]Specify support for up to 8 repetitions of PUCCH for Msg4 HARQ-ACK. There is no need to consider larger number of repetitions than 8.
2.2.2.2	Signalling
At RAN1#110bis-e, the following was agreed:
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


Regarding Option 1, our view is that configuration on cell level (in SIB) of a repetition factor is not sufficient. The SNR can differ between different UEs depending on location in cell, antenna type, UE power class, etc. The SNR can also vary with time – especially for a pseudo-earth-fixed cell – and adapting the broadcast repetition factor to these variations may be too slow.
[bookmark: _Toc118725739]Support dynamic UE-specific configuration of repetitions for PUCCH Msg4 HARQ-ACK.
For this purpose, the NW may command the UE to use repetitions in the DCI scheduling Msg4. To avoid increasing the size of DCI format 1_0, one or more bits could be repurposed to indicate the number of PUCCH repetitions.
[bookmark: _Toc118725740]Investigate the possibility to indicate the number of repetitions for PUCCH Msg4 HARQ-ACK using repurposed bits in DCI scheduling Msg4.
To reduce the need for signaling bits in DCI, broadcast of predefined repetition configurations in SI should be considered.
[bookmark: _Toc118725741]Consider broadcasting one or more predefined repetition configurations for PUCCH Msg4 HARQ-ACK, among which the network can select one using indication in DCI.
Regarding Option 2 in the agreement, our interpretation is that it means that a PUCCH repetition capable UE indicates its need for repetitions (e.g., based on that its RSRP is low), and possibly a preferred number of repetitions, while the network finally determines the number of repetitions. Option 3 means that the UE only indicates repetition capability and leaves to the NW to determine the number of repetitions. For Option 2, UE determination of preferred number of repetitions can be based on SSB RSRP. For Option 3, NW determination can be based on UL measurements on Msg3. UL measurements are more reliable when determining the need for repetitions of Msg.4 HARQ-ACK. Further, if indicating a preferred number of repetitions, Option 2 requires more bits for the UE to indicate preferred number of repetitions while Option 3 only requires a single capability bit. Therefore, Option 3 is preferred.
[bookmark: _Toc118725742]The UE indicates its capability of repetitions for PUCCH Msg4 HARQ-ACK but does not indicate need for repetitions or preferred number of repetitions.
The UE capability can be indicated either by using a partition of PRACH resources (e.g. preambles) or in Msg3. Since PRACH resources are scarce, it may be better to use a bit in Msg3.
[bookmark: _Toc118725743]UE capability of repetitions of PUCCH Msg4 HARQ-ACK is indicated in Msg3.
2.2.3	PUSCH for VoIP
RAN#97-e agreed that DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) should be studied. When DMRS bundling is used, the UE needs to transmit coherently across bundled UL slots. This means that uncoordinated updates of the TA should be avoided between the slots. However, TA updates due to open-loop pre-compensation are necessary to maintain accurate timing of the received signal at gNB.
A potential solution is to use segmented DMRS bundling, i.e., avoid updating TA within the TDW (time domain window) defined for DMRS bundling. Only between the segments, the UE may update its TA. This enables DMRS bundling within each TDW while slots from different TDWs can use regular non-bundled repetitions.
If the UE is synchronized to the DL signal, Doppler shifts in both DL and UL will contribute to timing drift in the signal gNB receives. The maximum Doppler shift due to satellite movement is 21 ppm for a LEO1200 satellite [5]. This applies for both the service link and the feeder link and in both UL and DL. Therefore, the total timing drift can be up to 84 ppm.
[bookmark: _Toc118725733]In case of LEO1200, the timing drift can be up to 84 ppm.
The timing accuracy requirement for NTN UE is 29Ts (assuming 15 kHz SCS) (see clause 7.1c.2 of TS 38.133 [2]). Not all of this timing error budget can be used for managing the timing drift due to paused updating of the open-loop TA, since there are also other sources of timing error (e.g., UE position inaccuracy, satellite ephemeris/propagation inaccuracy, TAC granularity, TA adjustment inaccuracy, DL synchronization inaccuracy and other UE-internal sources of error). In other words, there is likely a timing error already at the start of a transmission of DMRS bundled slots.
[bookmark: _Toc118725734]The timing accuracy requirement for NTN UE is 29Ts (assuming 15 kHz SCS) but not all of this timing error budget can be used for managing the timing drift due to paused updating of the open-loop TA during DMRS bundling.
[bookmark: _Toc118725744]RAN1 to discuss how to model the timing drift during DMRS bundling in terms of initial timing error at the start of the TDW and maximum timing drift within the TDW.
For VoIP in LEO1200, the regular UL transmissions and the moderate RTT would likely make closed-loop TAC efficient. Therefore, it can be assumed that at least part of the timing error can be cancelled by TAC, so that the timing error at the start of a transmission of DMRS bundled slots is mainly due to TAC granularity and UE TA adjustment inaccuracy. For 15 kHz SCS, the granularity of TAC is 8Ts (see clause 4.3 of TS 38.213 [3]), which means that the timing error could ideally be cancelled to within ±4 Ts. The tolerance of TA updates is 4Ts (see clause 7.3C.2.2 of TS 38.133 [2]). Therefore, (29-4-4)Ts = 0.684 µs can be assumed to be available to handle the timing drift. With a timing drift of 84 ppm, the timing error will exceed 0.684 µs in 0.684/84 s = 8.1 ms. This means that DMRS bundling can be performed only within segments of 8.1 ms, or 8 slots in case of 15 kHz SCS. Considering suboptimal closed-loop TA control, shorter DMRS bundling segments may be needed.
[bookmark: _Toc118725735]With a timing drift of 84 ppm and an optimistic assumption on the efficiency of closed-loop TA control, the UE has to update its autonomous TA pre-compensation every 8 slots to avoid excessive timing offset. With a less optimistic assumption on the efficiency of closed-loop TA control, more frequent TA updates are needed.
Simulations of segmented DMRS bundling have been performed. Simulation assumptions are according to agreements from RAN1#109-e. Specific simulation assumptions are listed in Table 4. Time drift is modeled in the simulation as described above.
[bookmark: _Ref111048748]Table 4: Assumptions for PUSCH simulations of VoIP.
	Parameter
	Value

	Antenna configuration
	1T1R, 1T2R

	Modulation order
	QPSK

	Channel Model
	NTN-TDL-C Rural

	Elevation Angle
	30°

	Frequency hopping 
	No

	Channel bandwidth
	1 PRB, 2 PRBs

	DMRS configuration 
	Type I, 1 or 2 DMRS symbols, no multiplexing with data.

	PUSCH duration
	14 OS

	Repetitions
	20 slots w/ type A repetition


	DMRS bundling segments 
	1x20 (no DMRS bundling)
2x10
4x5
5x4
7+7+6
8+8+4
10x2
20x1 (full DMRS bundling)

	HARQ configuration 
	No

	TBS/MCS
	MCSs from Table 6.1.4.1-1 of 38.214 [4] are used.
The MCS depends on the number of PRBs and DMRS symbols:
1 PRB, 1 DMRS symbol: MCS=9 (TBS=208)
1 PRB, 2 DMRS symbols: MCS=9 (TBS=184)
2 PRBs, 1 DMRS symbol: MCS-4 (TBS=184)
2 PRBs, 2 DMRS symbols: MCS=5 (TBS=208)

	Timing drift model
	8Ts initial timing error at start of TDW, 84 ppm (2.58Ts/slot) timing drift during TDW.

	Performance metric
	2% BLER



Simulation results are summarized in Table 5. Detailed results can be found in Appendix B. It can be seen that with 1 RX antenna, it is not possible to meet the CNR target. With 2 RX antennas, it is possible to meet the target CNR when the segment length for DMRS bundling is limited to 10 slots, but this may violate the timing accuracy requirement for NTN UE.
[bookmark: _Ref111048828]Table 5: PUSCH BLER performance for VoIP (AMR 4.75) with segmented DMRS bundling.
	Antennas
	PRBs
	DMRS
	Target CNR [dB]
	Simulated SNR at 2% BLER for different DMRS bundling configurations

	
	
	
	
	20x1 (full bundling)
	10x2
	8+8+4
	7+7+6
	5x4
	4x5
	2x10
	1x20

	1T1R
	1
	1
	-8.1
	-2.4
	-2.3
	-1.9
	-2.0
	-1.7
	-1.5
	0.1
	4.2

	1T1R
	1
	2
	-8.1
	-3.6
	-3.5
	-3.2
	-3.2
	-2.9
	-2.8
	-1.8
	-0.8

	1T1R
	2
	1
	-11.1
	-5.6
	-4.9
	-4.6
	-4.6
	-4.4
	-4.2
	-3.1
	-1.5

	1T1R
	2
	2
	-11.1
	-6.3
	-5.6
	-5.3
	-5.3
	-5.0
	-5.0
	-4.3
	-3.6

	1T2R
	1
	1
	-8.1
	-6.8
	-6.7
	-6.5
	-6.5
	-6.2
	-6.0
	-4.2
	1.8

	1T2R
	1
	2
	-8.1
	-8.5
	-8.2
	-7.9
	-8.0
	-7.7
	-7.5
	-6.5
	-5.2

	1T2R
	2
	1
	-11.1
	-9.7
	-9.2
	-9.0
	-9.0
	-8.8
	-8.6
	-7.7
	-4.6

	1T2R
	2
	2
	-11.1
	-11.0
	-10.4
	-10.0
	-10.0
	-9.8
	-9.6
	-8.8
	-8.2




[bookmark: _Toc118725736]With one RX antenna at the satellite, it is not possible to meet the target CNR for PUSCH VoIP with DMRS bundling.
[bookmark: _Toc118725737]With two RX antennas at the satellite, it is possible to meet the target CNR for PUSCH VoIP with segmented DMRS bundling when the TDW is limited to 10 slots. However, this may violate the timing accuracy requirement for NTN UE.
[bookmark: _Toc118725745]Specify support for segmented DMRS bundling for PUSCH.
2.3	Downlink
Since RAN#97-e concluded that no work on PFD limitation will take place in the WGs before RAN#99, and the simulation results from RAN1#110 show that DL performance is sufficient without PFD limitation, there is no need to discuss DL enhancements in RAN1 until after RAN#99.
[bookmark: _Toc118725746]Postpone RAN1 discussions of DL enhancements until after RAN#99.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	With one RX antenna at the satellite, the CNR target of PUCCH for Msg4 HARQ-ACK can be reached with 4 repetitions.
Observation 2	With two RX antennas at the satellite, the CNR target of PUCCH for Msg4 HARQ-ACK can be reached with 2 repetitions.
Observation 3	In case of LEO1200, the timing drift can be up to 84 ppm.
Observation 4	The timing accuracy requirement for NTN UE is 29Ts (assuming 15 kHz SCS) but not all of this timing error budget can be used for managing the timing drift due to paused updating of the open-loop TA during DMRS bundling.
Observation 5	With a timing drift of 84 ppm and an optimistic assumption on the efficiency of closed-loop TA control, the UE has to update its autonomous TA pre-compensation every 8 slots to avoid excessive timing offset. With a less optimistic assumption on the efficiency of closed-loop TA control, more frequent TA updates are needed.
Observation 6	With one RX antenna at the satellite, it is not possible to meet the target CNR for PUSCH VoIP with DMRS bundling.
Observation 7	With two RX antennas at the satellite, it is possible to meet the target CNR for PUSCH VoIP with segmented DMRS bundling when the TDW is limited to 10 slots. However, this may violate the timing accuracy requirement for NTN UE.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Specify support for up to 8 repetitions of PUCCH for Msg4 HARQ-ACK. There is no need to consider larger number of repetitions than 8.
Proposal 2	Support dynamic UE-specific configuration of repetitions for PUCCH Msg4 HARQ-ACK.
Proposal 3	Investigate the possibility to indicate the number of repetitions for PUCCH Msg4 HARQ-ACK using repurposed bits in DCI scheduling Msg4.
Proposal 4	Consider broadcasting one or more predefined repetition configurations for PUCCH Msg4 HARQ-ACK, among which the network can select one using indication in DCI.
Proposal 5	The UE indicates its capability of repetitions for PUCCH Msg4 HARQ-ACK but does not indicate need for repetitions or preferred number of repetitions.
Proposal 6	UE capability of repetitions of PUCCH Msg4 HARQ-ACK is indicated in Msg3.
Proposal 7	RAN1 to discuss how to model the timing drift during DMRS bundling in terms of initial timing error at the start of the TDW and maximum timing drift within the TDW.
Proposal 8	Specify support for segmented DMRS bundling for PUSCH.
Proposal 9	Postpone RAN1 discussions of DL enhancements until after RAN#99.
[bookmark: _In-sequence_SDU_delivery]
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[bookmark: _Hlk114150650]Appendix A	Agreements from previous meetings
A.1	RAN1#109-e

Agreement
For NR NTN coverage enhancement, evaluate only handset terminals as UE type.
· i.e., VSAT is not considered.

Agreement
Coverage performance in NR NTN is evaluated according to the following steps.
· Step 1: CNR is calculated as defined in 6.1.3.1 of TR38.821
· For polarization loss,
· 3 dB polarization loss is assumed as baseline, and companies are encouraged to report the value and corresponding justification if other value is used
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared

Agreement
Coverage performance in NR NTN is evaluated for GEO/LEO-1200/LEO-600 scenarios.
· Note: Service type for each scenario is discussed separately
· Note: Parameter set (Set-1/2) is discussed separately
· Note: MEO can be evaluated optionally

Agreement
For evaluation of coverage performance in NR NTN,
· It is assumed that carrier bandwidth is sufficiently large to transmit each channel.
· Companies are encouraged to report BWP bandwidth, when necessary (e.g. for frequency hopping).
· Note: each channel bandwidth is discussed separately.

Agreement
For VoIP, AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval is used in the evaluations.
· Each packet is transmitted within 20 ms, if packet combining is not used.
· Companies are encouraged to evaluate at least packet transmission without combining
· Companies are encouraged to report how to apply packet combining, if used.
· Note: in packet combining, two packets can be combined into a single packet at TX side 
· Companies should report the impact on E2E latency
· VoIP is evaluated only in LEO scenario.
· Note 1: PRB/MCS/TBS determinations are discussed separately
· Note 2: companies should report if HARQ is used in the evaluations, and if evaluations depart from the assumption that each packet is transmitted within 20 ms

Agreement
Reuse Set-1/2 satellite parameters as in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, and as in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band.
· In addition, evaluations assuming relevant ITU regulatory limitations on power flux density can be reported in the study phase.
· Companies should report which value of EIRP density is used and corresponding justification.

Agreement
For link budget calculation, parameters in the following table is assumed.
	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band)

	Channel bandwidth
	FFS

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km

	Target elevation angle
	[30° (LEO), 12.5° (GEO-Set 1) , 20° (GEO –Set 2), 30° (MEO)]

	Atmospheric loss
	Equation (6.6-8) in [2]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [2]
Ionospheric loss: = 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [2]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

	Free space path loss
	Equation (6.6-2) in [2]

	Terminal RF parameters
	FFS

	Satellite RF parameters
	FFS

	Polarization loss
	As agreed separately

	Outcome
	CNR

	· NOTE 1:  Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
· NOTE 2: [2] in this table is 3GPP TR 38.811 v15.2.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"


 
Agreement
If corresponding channel (including SCS) is agreed as evaluation target channel, the following features introduced in Rel-17 Coverage enhancement WI can be applied in coverage evaluation of NR NTN.
· For VoIP, max 20 PUSCH repetitions if SCS = 15 kHz and packet combining/HARQ are not applied; otherwise, max 32 PUSCH repetitions with consideration of the impact on E2E latency
· For low-data rate service, max 32 PUSCH repetitions
· TBoMS
· Joint channel estimation (DMRS bundling)
· Companies are encouraged to report how to apply
· Max 16 Msg.3 PUSCH repetitions

Agreement
For low-data rate service, the following target data rate is assumed.
· For DL, 3 kbps if satellite EIRP density lower than values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, or values in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band due to ITU regulatory limitations on power flux density is considered; otherwise, 1 Mbps
· For UL, 3 kbps and 100 kbps
· FFS: which data rate applies for GEO/MEO/LEO

Agreement
For NR NTN coverage enhancement, the following channels/signals can be evaluated.
· PUSCH for VoIP
· PUSCH for low data rate service
· PUCCH format 1 with 2 bits 
· PUCCH format 3 with 11 bits 
· PRACH format 0
· PRACH format 2
· PRACH format B4 
· PUSCH Msg.3
· PUCCH for Msg.4 HARQ-ACK 
· SSB
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2 
· PDSCH Msg.4
· PDCCH
· Broadcast PDCCH (PDCCH of Msg.2) 

Agreement
Evaluate coverage performance for the following UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration.

	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1 TX, 2TX (optional) / 2 RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	[X] dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	[X] dBi per element


· X = -5 as working assumption
· Send an LS to RAN4 to ask whether above antenna gain is valid and if invalid, appropriate value.

Agreement
For coverage performance evaluation, the following elevation angle is assumed.
· 30 deg for LEO, 12.5 deg for GEO-Set 1, 20 deg for GEO-Set 2, as in in Table 6.1.3.2-1 of TR38.821
· Note: For GEO-Set 1, channel parameters for 10 deg is used in LLS.
· 30 deg for MEO
· Other elevation angles can be evaluated as optional
· Note: these values are elevation angles at the edge of the edge beam.

Agreement
For NR NTN coverage enhancement, evaluate the following cases.
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Terminal
	Frequency band
	Service type

	1
	GEO
	1
	12.5
	Handset
	S-band
	Low-data rate service

	2
	GEO
	2
	20
	Handset
	S-band
	Low-data rate service

	3 (Optional)
	LEO-1200
	1
	30
	Handset
	S-band
	VoIP

	4
	LEO-1200
	2
	30
	Handset
	S-band
	VoIP

	5 
	LEO-1200
	2
	30
	Handset
	S-band
	Low-data rate service

	6 (Optional)
	LEO-600
	1
	30
	Handset
	S-band
	VoIP

	7 
	LEO-600
	2
	30
	Handset
	S-band
	VoIP

	8 (Optional)
	LEO-600
	2
	30
	Handset
	S-band
	Low-data rate service

	9 (Optional, with higher priority than case 10)
	MEO
	1
	30
	Handset
	S-band
	Low-data rate service

	10 (Optional)
	MEO
	2
	30
	Handset
	S-band
	Low-data rate service



Agreement
For coverage performance evaluation, the following are assumed for all channels/signals
· Channel model/Delay spread
· Channel model as in Table 6.1.2-4 of TR38.821, assuming NTN-TDL-A (NLOS) and NTN-TDL-C (LOS)
· Evaluation scenario
· Rural (LOS/NLOS)
· Sub-urban (LOS/NLOS) (optional)
· Channel estimation: Realistic estimation
· Companies are encouraged to report channel estimation method.
· SCS
· 15 kHz only
· UE speed: 3 km/h
· Frequency drift: Not assumed
· Frequency offset: 0.1 ppm

Agreement
For coverage evaluation of PUSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM, CP-OFDM (optional)

	PUSCH duration        
	14 OS

	Repetitions 
	w/ type A repetition, optional for type B repetition.
The actual number of repetitions is reported by companies.

	HARQ configuration 
	Whether/How HARQ is adopted is reported by companies. 

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK, pi/2 BPSK (optional)

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PUCCH in NR NTN, the following table is assumed.
	Parameter
	Value

	PUCCH format 
	Format 1, 2bits UCI.
Format 3, 11 bits 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%.
-     For PUCCH format 3: 
BLER for Ack/Nack, SR: 1%
BLER for CSI: 1%, optional for 10%.

	Number of UE transmit chains
	1 

	DMRS configuration 
	Number of DMRS symbols for PUCCH Format 3: Reported by companies

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

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PRACH in NR NTN, the following table is assumed.
	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

	SCS
	Reported by companies.

	Performance metric
	1% missed detection at 0.1% false alarm probability
10% missed detection: reported by companies if this value is used

	Number of UE transmit chains
	1, 2 (optional)

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of PUSCH Msg.3 in NR NTN, the following table is assumed.
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	Waveform 
	DFT-s-OFDM

	HARQ configuration
	Whether/How is adopted is reported by companies.

	PUSCH duration        
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of SSB in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Periodicity
	20ms

	Performance metric
	Combination of 4 SSBs in 80ms.
Note: UE is not assumed to know the SS/PBCH block index

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of PDSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.4
	1040 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PDCCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies



A.2	RAN1#110
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
Observation
For PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS,
· Five sources observed that the existing specification can meet the performance requirement.
Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.
Observation
For PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement.
· One source observed that the existing specification cannot meet the performance requirement with at least 0.6 dB gap.
Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.
Observation
For PUCCH for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement.
· Three sources observed that the existing specification cannot meet the performance requirement with a gap of 1.8 to 6 dB.
Conclusion
RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.
Observation
For PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement.
Conclusion
RAN1 concluded that enhancement is unnecessary for PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.
Observation
For PRACH format 0 with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Eight sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 5.3 dB
For PRACH format 2 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification can meet the performance requirement
· Two sources observed that the existing specification cannot meet the performance requirement with a gap of 1.9 to 8.8 dB
For PRACH format B4 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification cannot meet the performance requirement with a gap of 1.2 to 11.9 dB
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.
Observation
For PUSCH for VoIP with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement with a margin of 0 to 1.7 dB
· One company simulated by using 20 repetitions without DMRS bundling
· Four companies simulated by using 20 repetitions with DMRS bundling
· One company simulated by using 32 repetitions with DMRS bundling
· Note: this is the only result using frame combining by application layer
· Nine sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 8.6 dB
· Eight companies simulated by using 20 repetitions without DMRS bundling
· Seven companies simulated without frequency hopping
· One company simulated by using 16 repetitions with DMRS bundling
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.
Observation
RAN1 concluded that enhancement for PUSCH for VoIP may be needed to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, when DMRS bundling is not applied.
Observation
For Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with a gap of 1.5 dB.
Conclusion
RAN1 concluded that enhancement is unnecessary for Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.
A.3	RAN1#110bis-e
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

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.

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

Appendix B	Detailed simulation results
C.1	PUCCH for Msg4 HARQ-ACK
[image: Chart, line chart
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Figure 1: PUCCH Msg4 HARQ-ACK performance with 1T1R.
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Figure 2: PUCCH Msg4 HARQ-ACK performance with 1T2R.
C.2	PUSCH for VoIP
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Figure 3: PUSCH BLER with 1T1R, 1 PRB and 1 DMRS symbol.
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Figure 4: PUSCH BLER with 1T1R, 1 PRB and 2 DMRS symbols.
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Figure 5: PUSCH BLER with 1T1R, 2 PRBs and 1 DMRS symbol.
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Figure 6: PUSCH BLER with 1T1R, 2 PRBs and 2 DMRS symbols.
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Figure 7: PUSCH BLER with 1T2R, 1 PRB and 1 DMRS symbol.
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Figure 8: PUSCH BLER with 1T2R, 1 PRB and 2 DMRS symbols.
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Figure 9: PUSCH BLER with 1T2R, 2 PRBs and 1 DMRS symbol.
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Figure 10: PUSCH BLER with 1T2R, 2 PRBs and 2 DMRS symbols.
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