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1. Introduction
In this contribution, we present our views on the candidate solutions for the coverage enhancements of the Msg4 HARQ-ACK and PUSCH with DMRS bundling.
2. Discussion
2.1 Msg4 HARQ-ACK repetition 
[bookmark: _GoBack]In RAN1#110bis e-Meeting[1], the following agreements were achieved for Msg4 HARQ-ACK repetition. 
	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.
[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


In Rel-16, the number of slots carrying the same PUCCH can be configured by UE-specific PUCCH configuration via RRC signaling, and then, the PUCCH repetition mechanism is further enhanced in Rel-17 by introducing dynamic repetition indication. However, those repetition mechanisms are not applicable to Msg4 HARQ-ACK which is transmitted using common PUCCH resource. To support the repetition of Msg4 HARQ-ACK, three possible options were proposed as follows:
· Option 1: UE always performs repetition if configured in cell-specific manner.
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
Compared to option 1, option 2 and option 3 allows different repetition numbers for different UEs. Assuming the satellite altitude is 1200km, the beam diameter is 90 km (Set 1- S-band) [2]. In case of multi-beams per cell, when the elevation angle between the satellite and different UEs varies from 90 degree to 30 degree, the path loss varies from 160.05dB to 164.49dB respectively. The maximum path loss gap within one cell is around 4.44dB. In case of single beam per cell, the maximum path loss gap within one beam or one cell is around 0.35dB. Different maximum path loss gap can be observed for different deployment scenarios. Option 1 is suitable for single beam per cell case and option 2/3 is suitable for multi-beam per cell case. In our understanding, both option 1 and option 2/3 should be supported for different deployment cases. 
Similar with Msg3 repetition request, a separate PRACH resource can be used for Msg4 HARQ-ACK repetition request. Considering the limited PRACH resource, Msg3 can be used alternatively for carrying the Msg4 HARQ-ACK repetition capability or request. For option 1 with RRC configured repetition number for common PUCCH resource, the UE performs Msg4 HARQ-ACK transmission without repetition if the UE is not capable to perform repetition. For option 2/3, similar with Msg3 repetition indication, the existing field(s) in DCI scheduling Msg4 can be used for indicating the repetition number of Msg4 HARQ-ACK.
Proposal 1: For Msg4 HARQ-ACK repetition, both cell-specific configured and dynamic indicated manner can be supported for different deployment scenarios. 
Proposal 2: The UE performs Msg4 HARQ-ACK transmission without repetition if the UE is not capable to perform repetition when repetition is configured in cell-specific manner.
Proposal 3: The existing field(s) in DCI scheduling Msg4 is used for indicating the repetition number of Msg4 HARQ-ACK when repetition number is dynamically indicated in UE-specific manner.
2.2 PUSCH DMRS bundling
In order to improve the channel estimation accuracy, the DMRS bundling is introduced to perform the joint UL channel estimation in Rel-17. The UE is expected to maintain the power consistency and phase continuity during a configured time domain window. For NTN-specific PUSCH DMRS bundling, the following agreements were achieved:
	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


Based on the agreements, the UE needs to meet the phase continuity requirement specified as Table 6.4.2.5-1 in 38.101-1 as following. To maintain the phase consistency, the UE is not expected to perform frequency and/or time pre-compensation during the actual TDW.
	For bands that UE indicates the support of DMRS bundling, the maximum allowable difference between the measured phase value in any slot p-1 and slot p, or slot 0 and any slot p for each antenna connector shall satisfy the requirements as listed in Table 6.4.2.5-1 for the measurement conditions defined in Table 6.4.2.5-2, within a measurement time window limited by the UE capability of maximum duration for DMRS bundling [maxDMRS-BundlingDuration], and defined for each frequency band separately. The phase value for each slot is measured as shown in Annex F.9. These requirements apply to PUCCH and PUSCH transmissions with DFT-s-OFDM and CP-OFDM waveforms.
Table 6.4.2.5-1: Maximum allowable phase difference for DMRS bundling
	UL channel
	Modulation order
	Phase difference between any slot p-1 and slot p 
(NOTE 2)
	Phase difference between slot 0 and any slot p
(NOTE 3)

	PUSCH
	Pi/2 BPSK, QPSK
	[25] degrees
	[30] degrees

	PUCCH
	Pi/2 BPSK, BPSK, QPSK
	
	

	NOTE 1: 	The UE capability of the length of maximum duration refers to the maximum time duration during which UE is able to meet the phase continuity requirements, assuming no phase consistency violating events defined in TS 38.214 in between.
NOTE 2: 	This requirement applies for FDD and TDD bands, for supported DMRS bundling configurations ≤ 8 slots.
NOTE 3: 	This requirement applies only for FDD bands, for supported DMRS bundling configurations of 16 slots.
The above requirements are applicable when all the following conditions are met within the measurement time window:
-	RB allocation in terms of length and frequency position does not change, and intra-slot and inter-slot frequency hopping is not activated.
-	Modulation order does not change.
-	No network commanded TA takes effect.
-	The TPMI precoder does not change.
-	There is no change in UE transmission power level, and no change in the level of P-MPR applied by the UE.
-	UE is not scheduled with uplink transmission of other physical channel/signal in-between the PUSCH or PUCCH transmissions.
-	For TDD, no downlink slot(s) or downlink symbol(s) or flexible symbol(s) with/without DL monitoring occasion configured in-between the PUSCH or PUCCH transmissions.





Assuming that UE is not expected to perform frequency and/or time pre-compensation during the actual TDW. The time duration that the UE can maintain the phase continuity is further analyzed. In NTN, the phase shift is impacted by the Doppler shift and timing drift which is expected to much larger than the one in TN system. The phase shift caused by the Doppler shift can be calculated as follows:

where  is the phase shift,  is the Doppler shift and  is the time duration. 
Assuming the frequency offset is perfectly compensated by UE at the starting symbol of the repetition, the phase shift is mainly cause by frequency drift during the repetition duration. The maximum frequency drift is 0.09 ppm/s for LEO-1200 km satellite altitude based on [2]. Assuming the frequency drift is kept with the maximum value during the whole 20 repetitions, the average frequency shift is , where  is the maximum frequency drift which equals to 0.09 ppm/s. Then after 1ms, phase difference between slot p-1 and slot p equals to 0.0468 degree, while after 20ms, phase difference between slot 0 and any slot p equals to or less than 18.72 degree. Therefore, the frequency shift won’t impact UE to meet the phase continuity requirement defined as Table 6.4.2.5-1 in 38.101-1.
The phase shift caused by the timing drift can be calculated as follows:
where the  equals to half of bandwidth. 
Assuming the maximum timing drift is 0.1us/ms, the SCS is 15KHz, when 1 RB is configured for transmission, then the maximum phase shift after 1ms is around 90Khz*360 degree * 0.1us =3.24 degree, the phase shift becomes to 25.92 degree after 8ms. Considering the bandwidth equals to 6RB when MCS0 is used for VoIP traffic, the maximum phase shift for 540KHz after 20ms transmission is 388.8 degree, which is much larger than the phase continuity requirement defined as Table 6.4.2.5-1 in 38.101-1.However, as the frequency UL resource allocation is known to UE by DCI, then the UE can calculate and pre-compensate the phase discontinuity before the repetition. For the service link, the timing drift can be derived based on UE location and satellite ephemeris, while for the feeder link, the timing drift can be derived based on common TA drift. Assuming the maximum timing drift variation is 0.6 , and the phase offset is perfectly compensated by UE at the starting symbol of the repetition, the time drift becomes to 12 ns/s. Taking 12 ns/ms as the maximum time drift, the phase shift for 540KHz after 20ms transmission is around 0.05 degree which won’t impact UE to meet the phase continuity requirement defined as Table 6.4.2.5-1 in 38.101-1.
Another concern for timing drift is whether or how long the timing accuracy requirement can be met if no TA adjustment performed during the transmission. The timing accuracy requirement for NTN UE is 29Ts defined in Table 7.1C.2-1 of 38.133, which is equal to 944ns. Assuming the maximum timing drift is 0.1us/ms, the maximum slot that the UE can meet timing accuracy requirement is around floor (944/100) = 9 slots. The magnitude of timing drift is largely impacted by the elevation angle between satellite and UE. Taking LEO-1200km as an example, the timing drift of round trip delay is around 83.59 us/s when the satellite moves away from the UE at 10 degree elevation angle assuming the UE is fixed, while the timing drift of round trip delay is around 42.59 us/s when the satellite moves away from the UE at 60 degree elevation angle, and the timing drift becomes to 0.36 us/s when the elevation angle is around 90 degree. The duration of UE can maintain phase continuity increased with the decrease of timing drift correspondingly. In other words, the length of the time window that UE can maintain phase continuity is varying with the elevation angle. Larger repetition factor can be configured with larger elevation angle between UE and satellite. Therefore, multiple DMRS bundling configuration should be reported to the gNB based on the variable elevation angles.
In TN, multiple events were defined which cause power consistency and phase continuity not to be maintained across PUSCH repetitions, such as a downlink slot or downlink reception. In NTN, the UE need to adjust TA at the epoch time of new UL sync assistance information which would break the phase continuity. It is proposed to define a new event as epoch time arrival of new UL sync assistance information for DMRS bundling in NTN. 
In TN, the events are known to gNB, therefore, UE and gNB could have common understanding on the length of actual TDW window. However, the UE need to perform open-loop TA adjustment to meet timing accuracy requirement, which might unknown to the gNB. For example, when UE acquired new UL sync assistance information and the related epoch time might unknown the gNB. The UE is expected to notify gNB whether the nominal TDW is broken by the new events. 
Working assumption: UE is not expected to perform frequency and/or time pre-compensation during the actual TDW in NTN.
Proposal 4: multiple DMRS bundling capability reporting is supported in NTN.
Proposal 5: Define a new event as epoch time arrival of new UL sync assistance information for DMRS bundling in NTN 
Proposal 6: UE notify the gNB whether the nominal TDW is broken by the new events.

3. Conclusions
In this contribution, we present our views on the candidate solutions for the coverage enhancements of the Msg.4 HARQ-ACK and PUSCH with DMRS bundling, we have the following observations and proposals.
Proposal 1: For Msg4 HARQ-ACK repetition, both cell-specific configured and dynamic indicated manner can be supported for different deployment scenarios. 
Proposal 2: The UE performs Msg4 HARQ-ACK transmission without repetition if the UE is not capable to perform repetition when repetition is configured in cell-specific manner.
Proposal 3: The existing field(s) in DCI scheduling Msg4 is used for indicating the repetition number of Msg4 HARQ-ACK when repetition number is dynamically indicated in UE-specific manner.
Working assumption: UE is not expected to perform frequency and/or time pre-compensation during the actual TDW in NTN.
Proposal 4: multiple DMRS bundling capability reporting is supported in NTN.
Proposal 5: Define a new event as epoch time arrival of new UL sync assistance information for DMRS bundling in NTN 
Proposal 6: UE notify the gNB whether the nominal TDW is broken by the new events.
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