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

[bookmark: _Hlk118209963]2 PUCCH enhancements for Msg4 HARQ-ACK
In last meeting, the moderator made recommendations with the values for future evaluations in Table 1. The UL SNR target for LEO-1200 km with Set 1 parameters is -11.1 dB with 2 RBs (and -8.1 dB with 1RB) and BLER target is 1%.  

	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle [degree]
	Frequency [GHz]
	UE antenna gain [dBi]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	No. of PRBs
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]
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Table 1: recommendations with the values for future evaluations from R1-2210346
For PUCCH for Msg4 HARQ-ACK, RAN1#110bis-e made agreements as follows:

	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

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.

For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.
· [bookmark: OLE_LINK40][bookmark: OLE_LINK41]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
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]FFS: whether/how single PUCCH transmission can be configured and/or indicated




2.1 simulation results with repetitions
RAN1#110bis-e has agreed “For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8”. According to Table 1, the UL SNR target is -8.1 dB with 1RB and BLER target is 1%. The following Figure 1 illustrates the miss detection simulation results for different repetition number of PUCCH transmission for Msg4 HARQ-ACK.
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Figure 1: PUCCH transmission for Msg4 HARQ-ACK with repetitions in NTN TDL-C
It can be seen from Figure 1 that 4 repetitions are needed to meet the target SNR under NTN TDL-C channel condition. 
Observation 1: For PUCCH transmission for Msg4 HARQ-ACK, up to 8 repetitions are sufficient to meet the target SNR under NTN TDL-C channel condition.

2.2 procedure to perform w/o repetitions
Three options of procedure to perform repetitions for PUCCH enhancements for Msg4 HARQ-ACK have been discussed in RAN1#110bis-e. 
· [bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK34][bookmark: OLE_LINK35]Option 1 with cell-specific indication of the number for PUCCH repetition has lower impact on specifications. Cell-specific configuration of the number for PUCCH repetition can be configured in PUCCH-ConfigCommon information element.  If PUCCH repetition in PUCCH-ConfigCommon information element is not configured in the cell, single PUCCH transmission is performed as in the existing specification.
· [bookmark: OLE_LINK42][bookmark: OLE_LINK43]Option 2 with UE-specific indication of the number for PUCCH repetition allows more flexibility for UE with different channel conditions. This way implies that the UE sends a request to gNB before it has completed the contention resolution in Random Access procedure since the repetitions are for PUCCH for Msg4 HARQ-ACK. Assuming 4-step RA procedure, the request from UE will need to be made in Msg3. This would have significant impact on the specifications.
· Option 3 with UE capability for PUCCH repetition for Msg4 HARQ-ACK will require that UE has completed contention resolution in Random Access procedure. This way is not suitable since contention resolution is completed after Msg4 is received in UE . 
Cell-specific indication of the number for PUCCH repetition for Msg4 HARQ-ACK can be utilized for all UEs. Assuming LOS is prioritized and considering that the SNR may vary by about 5 dB between Nadir and edge of the beam. This would correspond to a difference in number of repetitions of approximately a factor of 2. For example, assuming the network configures all UEs with 8 repetitions, some UEs could use 4 repetitions only if they have an UL link budget that is up to 5 dBs better. It would make the system more robust to have conservative assumption for the number of repetitions, as failure to receive the Msg4 HARQ-ACK would result in no completion of contention resolution. Cell-specific indication of the number for PUCCH repetition should be sufficient.  
Proposal 1: Support cell-specific indication of the number for PUCCH repetition.
Proposal 2: Cell-specific indication can be indicated in PUCCH-ConfigCommon information element.

3 DMRS bundling for PUSCH
For PUSCH for VoIP, RAN1#110bis-e made agreements as follows:
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


Phase difference due to timing drift and/or doppler shift:
The maximum 2-way Delay drift of service link and feeder link  for NR NTN based on TR 38.821 is shown in Table 2. The max delay drift values for a transmission time without timing correction of 1 ms, 4 ms and 20 ms for LEO, MEO, and GEO respectively consistent with the Rel-17 NR NTN timing error requirement of 29.Ts ≈ 0.928 us are highlighted in “green text” in Table 2. The corresponding fraction of Cyclic Prefix are also shown in Table 2. 




	DM RS bundling window
	1 ms
	4 ms 
	20 ms

	Max Delay drift 
LEO
MEO
GEO
	
0.1 us
0.03 us  0.00372 us 
	
0.4 us
0.12 us
0.015 us 
	
2.0 us     
0.6 us   
0.75 us 

	CP[%] - LEO
	2.13%  
	8.55 %
	42.75 %

	CP[%] - MEO
	0.64%
	2.56 %
	12.8 %

	CP[%] - GEO
	0.08%
	0.31 %
	1.55 %


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

Event which causes power consistency and phase continuity not to be maintained: 
Applying the UE pre-compensation during the TDW may or may not create an event which causes power consistency and phase continuity not to be maintained depending on UE capability. We have preference for DM RS bundling with 4 slots based on UE capability, with up to 20 repetitions applied to meet the required UL SNR. As the UE pre-compensation of delay and Doppler shift is applied at the beginning of the TDW, and a new TDW is started every 4 ms, there is no impact on the phase continuity and power consistency. This is reasonable compromise that still allows MSE gain for channel estimation in the order of 6 dB and can be done without impact on the specifications. 
Proposal 3: Support DM RS bundling enhancement in Rel-17 NR coverage enhancement for NR NTN with DM RS bundling window length of 4 ms and up to 20 repetitions.

Phase discontinuity due to timing drift rate:
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.

UE pre-compensation of satellite delay and Doppler shift during TDW may lead to Phase discontinuity Δφ at subframe boundary. The phase discontinuity value is the product of the maximum satellite drift 0.1us/ ms (or 100 us/s) at lowest elevation angle and sampling frequency Fs=Δf/2 as shown in Table 3. 



[bookmark: _Hlk115115608]The UE can determine the 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 from the common TA parameters. Hence the phase discontinuity is predictable. The UE can determine and pre-compensate the phase discontinuity before UL transmission. 


	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


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 requires 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, an NTN UE should report the maximum duration expressed in number of consecutives slots, during which it is able to maintain power consistency and phase continuity based on UE capability.

Proposal 4: Re-use Rel-17 NR Coverage Enhancement solution for NTN UE where UE reports the maximum duration expressed in consecutives slots during which power consistency and phase continuity can be maintained.



4 Conclusion
In this contribution, the following proposals were made
Observation 1: For PUCCH transmission for Msg4 HARQ-ACK, up to 8 repetitions are sufficient to meet the target SNR under NTN TDL-C channel condition.
Proposal 1: Support cell-specific indication of the number for PUCCH repetition.
Proposal 2: Cell-specific indication can be indicated in PUCCH-ConfigCommon information element.
Proposal 3: Support DM RS bundling enhancement in Rel-17 NR coverage enhancement for NR NTN with DM RS bundling window length of 4 ms and up to 20 repetitions.
Proposal 4: Re-use Rel-17 NR Coverage Enhancement solution for NTN UE where UE reports the maximum duration expressed in consecutives slots during which power consistency and phase continuity can be maintained.

5. Appendix: DM RS bundling in Rel-17 NR Coverage Enhancement WI:

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.
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