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1 Introduction
In RAN#97 [1], the revised WID on NR NTN enhancements was endorsed. 
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.

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]
· [bookmark: _Hlk114941392]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, UL coverage enhancements are discussed.

2 Link Budget for NTN Coverage Enhancement
The UL SNR target for LEO-1200 km with Set 1 parameters is -10.6 dB. We discuss below potential UL coverage enhancements for PUCCH enhancements for Msg4 HARQ-ACK, and also discuss DMRS bundling for PUSCH. 

2.1 PUCCH enhancements for Msg4 HARQ-ACK
For PUCCH for Msg4 HARQ-ACK, some observations and conclusion have been made:
	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.



Based on the contributing companies analysis summarized in FL summary in RAN1#110 [4], performance gaps ranging from 2.8 dB to 9.2 dB to achieve target BLER = 1% for PUCCH for Msg4 HARQ-ACK at UL SNR of -10.6 dB were observed. According to TR38.830 for Rel-17 NR coverage enhancements Work Item [5], PUCCH repetition carrying HARQ-ACK for Msg4 with 2 or 4 repetitions can provide 3 dB and 6 dB gain respectively at 2 GHz in rural scenario. Repetition of PUCCH for Msg4 HARQ-ACK seems a reasonable enhancement and can be considered in RAN1. The required level of repetitions to achieve the target for UL SN gain is for further evaluation. 

Proposal 1: Support X repetitions for PUCCH for Msg4 HARQ-ACK in NR NTN.
· FFS  Value of X

2.2 DMRS bundling for PUSCH
TDL-C (LOS) channel and TDL-A (NLOS) at MCS=0 (target code rate R * 1024 = 120, SE=0.3770), BW=10 MHz, QPSK) was simulated with 20 repetitions for VoIP as shown in Figure 2. UL SNR of -10 dB in TDL-C (LOS) can be achieved with UL PUSCH repetitions 20 at 2% BLER with TBS=184 bits (not including 16 bit CRC). VoIP case 5 with LEO-1200 Set 2 requires UL SNR = -16.6 dB. 
Table 2 shows a summary of margins to meet UL SNR requirements. For example, a negative value of -3.8 dB for PUSCH for VoIP with TDL-C means there is margin of 3.8 dB. A positive value 5.2 dB for TDL-A means there is no margin to meet required UL SNR  and 5.2 dB enhancement is needed.
Study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation)should consider the following:
· Potential gains of DM RS bundling
· Evaluate impact of time-frequency pre-compensation with DM RS bundling

Summary of DM RS bundling:
In Rel-17 NR_cov_enh-Core Work Item, DMRS bundling to enable improved channel estimation was introduced for PUSCH/PUCCH as summarized below [2]:
· DM RS bundling used for PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, for PUSCH repetition Type A with configured grant, for PUSCH repetition Type B, for TB processing over multiple slots PUSCH and for PUCCH repetitions of PUCCH formats 1, 3, and 4. 
· A UE can report the maximum duration, in number of consecutives slots, during which the UE is able to maintain power consistency and phase continuity under certain tolerance level. 
· With the duration of the nominal TDWs (Time Domain Windows), not longer than the maximum duration, configured by gNB, one or multiple nominal TDWs can be determined for PUSCH transmissions or PUCCH repetitions. 
· A nominal TDW consists of one or multiple actual TDWs. Events, which cause power consistency and phase continuity not to be maintained across PUSCH transmissions or PUCCH repetitions within the nominal TDW, are defined. 
· An actual TDW is terminated in case an 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 is subject to UE capability. 
· Frequency hopping and UL beam switching for multi-TRP operation are regarded as semi-static events. 
· The UE shall maintain power consistency and phase continuity within an actual TDW across PUSCH transmissions or PUCCH repetitions.
· Inter-slot frequency hopping with DMRS bundling to enable improved channel estimation within the same frequency hop is introduced for PUSCH repetition Type A, PUSCH repetition Type B, TBoMS and PUCCH repetitions. With the frequency hopping interval, N consecutive slots, configured by gNB, the UE performs inter-slot frequency hopping every N consecutive slots for PUSCH transmissions or PUCCH repetitions.

DM RS bundling window size restriction due to delay drift:
The maximum 2-way Delay drift service link and feeder link  for NR NTN is shown in Table 2.  A maximum of 100 us/s delay drift is assumed based on TR 38.821. The UL transmission time is upper bounded by the Rel-17 NR NTN timing error requirement of 29.Ts ≈ 0.928 us, with 8 ms, 16 ms and 32 ms for LEO, MEO, and GEO respectively as highlighted in “green text” in Table1. The corresponding fraction of Cyclic Prefix are also shown in Table2. 
Observation 1: A Time Domain Window (TDW) for DM RS bundling of 2 ms, 4ms, and 8 ms can provide an approximate DM RS MSE combining gain in the order of 9 dB, 12 dB, and 15 dB    
Proposal 2: Re-use DM RS bundling enhancement in Rel-17 NR coverage enhancement for NR NTN with maximum DM RS bundling window length to 8 ms, 16 ms, and 32 ms for LEO, MEO, and GEO respectively.

	DM RS bundling window
	2 ms
	4 ms 
	8 ms
	16 ms
	32 ms

	Max Delay drift 
LEO
MEO
GEO
	
0.2 us
0.06 us  0.00744 us 
	
0.4 us
0.12 us
0.015 us 
	
0.8 us
0.24 us
0.03 us 
	
1.6 us     
0.48 us   
0.06 us 
	
3.2 us      
0.96 us 
0.12 us 

	CP[%] - LEO
	4.27%  
	8.55 %
	17.1 %
	34.2 %
	68.3%

	CP[%] - MEO
	1.28%
	2.56 %
	5.13 %
	10.2 %
	20.5%

	CP[%] - GEO
	0.16%
	0.31 %
	0.63 %
	1.27 %
	2.54%

	Approximate MSE combining gain
	3 dB
	6 dB
	9 dB
	12 dB
	15 dB


Table 2: Maximum 2-way Delay drift service link and feeder link  for NR NTN

Phase discontinuity due to timing drift rate:
UE pre-compensation during UL transmission segment depends on Phase discontinuity Δφ which occurs  when UE pre-compensation of satellite delay is applied via sample skip at subframe boundary. The maximum delay drift experience one-way on the service link or the satellite link depends on the elevation angle as illustrated on Figure 1.
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Figure 1: One-way Delay drift in µs/s as a function of the elevation angle in degrees

The maximum phase discontinuity value can be determined as the product of the maximum satellite drift 0.1us/ ms (or 100 us/s) and sampling frequency Fs=Δf/2 as shown in Table 3. 



[bookmark: _Hlk115115608]The UE can determine the 2-way delay drift over the service link from its GNSS location and ephemeris; and further determine the 2-way delay drift between the satellite and the reference point for UL-DL timing alignment. Since the time-frequency UL resource allocation is known to UE by DCI, then the UE can determine and pre-compensate the phase discontinuity before UL transmission. The phase discontinuity due to applying TA after one or several repetitions can be very significant for large UL bandwidth as shown in Table 2. The analysis would suggest that for large UL bandwidth and large TA drift, the phase discontinuity has to be pre-compensated by the UE before applying the TA in case of repetitions. The exact method may be up to UE implementation of transmitted algorithms. 


	Δf
	Δφ(1 ms)
	Δφ(8 ms)
	Δφ(16 ms)
	Δφ(32 ms)

	180 kHz
	3.24 deg
	25.92 deg
	51.84 deg
	103.68 deg

	360 kHz
	6.48 deg
	51.84 deg
	103.68 deg
	207.36 deg

	1080 kHz
	19.44 deg
	155.52 deg
	311.04 deg
	622.08 deg

	10,800 kHz
	194.4 deg
	1555.2 deg
	3110.4 deg
	6220.8 deg


[bookmark: _Hlk115273995]Table 3: Phase discontinuity  for NB-IoT NTN

[bookmark: _Hlk115278548]Once the TA has been applied before the first repetition (this does not require pre-compensation of the phase discontinuity, as there is ) or between repetitions, it is still necessary for the UE to pre-compensate the satellite delay and Doppler shift to maintain power consistency and phase continuity under certain tolerance level. This can be done on a slot basis based on the legacy UE behaviour for the PUSCH and the PUCCH.

Observation 2: For PUSCH and PUCCH with repetitions, the legacy NTN UE behaviour is to apply TA and Doppler shift correction on a slot basis.

Rel-17 NR coverage enhancement Work Item specified events summarized as follows:
· Events, which cause power consistency and phase continuity not to be maintained across PUSCH transmissions or PUCCH repetitions within the nominal TDW, are defined. 
· An actual TDW is terminated in case an 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 is subject to UE capability.

The legacy behaviour in UE specified in Rel-17 NR coverage enhancement work item for a current TWD for DM RS bundling is to start a new TDW if UE applies the TA as illustrated in Figure 2.a. This assumes that applying the TA leads to an event that cause power consistency and phase continuity not to be maintained across PUSCH transmissions or PUCCH repetitions within the nominal TDW.  Applying the TA and Doppler shift correction on a slot basis within the DM RS TDW while maintaining power consistency and phase continuity of DM RS without re-starting the TDW will require a specification change. This is illustrated in Figure 2.b
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Figure 2: Application of TA for DM RS in TDW 

As in Rel-17 NR Coverage Enhancement Work Item, a NTN UE should report the maximum duration, in number of consecutives slots, during which it is able to maintain power consistency and phase continuity under certain tolerance level. This may depend on UE implementation capability.

Proposal 3: For DM RS, UE pre-compensates the TA and the Doppler shift on a slot basis within the DM RS Time Domain Window (TDW) while maintaining power consistency and phase continuity.

Proposal 4: Re-use Rel-17 NR Coverage Enhancement solution for NTN UE – i.e. “A UE can report the maximum duration, in number of consecutives slots, during which the UE is able to maintain power consistency and phase continuity under certain tolerance level”.

5 Conclusion
In this contribution, the following proposals were made
Proposal 1: Support X repetitions for PUCCH for Msg4 HARQ-ACK in NR NTN.
· FFS  Value of X

Observation 1: A Time Domain Window (TDW) for DM RS bundling of 2 ms, 4ms, and 8 ms can provide an approximate DM RS MSE combining gain in the order of 9 dB, 12 dB, and 15 dB    
Proposal 2: Re-use DM RS bundling enhancement in Rel-17 NR coverage enhancement for NR NTN with maximum DM RS bundling window length to 8 ms, 16 ms, and 32 ms for LEO, MEO, and GEO respectively.
Observation 2: For PUSCH and PUCCH with repetitions, the legacy NTN UE behaviour is to apply TA and Doppler shift correction on a slot basis.

Proposal 3: For DM RS, UE pre-compensates the TA and the Doppler shift on a slot basis within the DM RS Time Domain Window (TDW) while maintaining power consistency and phase continuity.


Proposal 4: Re-use Rel-17 NR Coverage Enhancement solution for NTN UE – i.e. “A UE can report the maximum duration, in number of consecutives slots, during which the UE is able to maintain power consistency and phase continuity under certain tolerance level”.
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