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Introduction
In the Rel-18 WID for NR NTN coverage enhancements, an objective to study and specify support of coverage enhancement for NR NTN is provided in [1].
In RAN1 meetings from #110bis-e to #112-bis-e, the following agreements/conclusions/working assumptions/observations were made [2-5]: 

	RAN1 #110bis-e

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.
· [bookmark: _GoBack]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
· 



	RAN1 #111

Conclusion
For the study of NTN-specific PUSCH DMRS bundling, RAN1’s understanding is that Phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement for two adjacent slots specified as Table 6.4.2.5-1 in 38.101-1, according to annex F.9 and F.4 of 38.101-1.

Conclusion
RAN1 concluded that PUSCH DMRS bundling with sufficient TDW size should be applicable in NTN to meet the performance requirement for VoIP
· FFS: How to determine TDW size, including UE capability.
· Note: The above does not mean the performance requirements will be satisfied with DMRS bundling


In RAN1 #112 and #112-bis, the following conclusions and working assumption were made [4,5]:
	RAN1 #112

Observation
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation update is assumed
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· FFS: impact of phase difference limit
Proposed observation
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots for carrier bandwidth 5 MHz at the edge of the carrier bandwidth, if TA pre-compensation update, phase pre-compensation, and RX phase post-compensation are not assumed, and if 70.5 (us/s) timing drift rate is assumed. 
Proposal 2-3_v5
For NTN-specific PUSCH DMRS bundling, further discuss whether nominal/actual TDW determination defined in R17 can be reused for NTN or not, e.g., the following options.
· Option 1: Actual TDW determination based on timing of TA pre-compensation update causing phase discontinuity and power inconsistency. UE determines the timing.
· Nominal TDW is configured by gNB as in the existing spec.
· UE reports information on the timing. FFS details
· Actual TDW is determined by the reported information and events defined in R17.
· New event is defined based on TA pre-compensation update. FFS details
· Option 2: Nominal/actual TDW determination based on gNB configuration and/or indication
· Option 2-1: Determined as in the existing spec. No spec change is assumed.
· Nominal TDW is configured by gNB as in the existing spec.
· Note: Based on gNB implementation, nominal TDW length can be configured to current timing drift, derived from satellite ephemeris, to allow UE to update time/frequency pre-compensation sufficiently often.
· Actual TDW is determined by events defined in R17.
· Note: no new event is defined for the TA pre-compensation update.
· Option 2-2: Determined by new gNB configuration/indication.
· FFS details
· e.g., TA pre-compensation timing is indicated by gNB
· e.g., further segmented configuration is provided by gNB
· FFS: Whether new event is defined based on new gNB configuration/indication.
· FFS: whether to define another new event to decide actual TDW (e.g., antenna switching, update of epoch time, etc.)

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured and the configured RSRP-range threshold is smaller than X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If not configured or If the configured RSRP-range threshold is X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
· FFS: the exact UE behavior if the RSRP threshold is not configured
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report



	RAN1 #112bis-e

Observation
For NTN-specific PUSCH DMRS bundling, 
· In LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5 (us/s) timing drift rate is assumed.
· Note: this does not imply that UE shall be scheduled within 6 PRBs from the DC carrier.

Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4
Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration.
· Actual TDW is determined based on gNB configuration/indication.
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
· FFS: details, including UE capability and assistance information reporting



In this contribution, we discuss DMRS bundling of PUSCH for NR NTN.

Discussion
PUSCH DMRS bundling for NTN
In Rel-17, various schemes were developed for PUSCH DMRS bundling and based on them, RAN1 is supposed to enhance DMRS bundling taking the properties of NTN into consideration. Basically, it is assumed that the satellites have predictable movement with very high speed. This fast movement of satellites causes timing drift and Doppler shift, which lead to reduction of time domain windows (TDW) for DMRS bundling. For DMRS bundling with low elevation angles, timing drift and Doppler shift would be too large to support a sufficient number of DMRS bundling size.
Fundamentally, the variance of timing can be compensated by timing advance control (TAC). Unfortunately, TAC may cause a violation of power consistency and/or phase continuity for DMRS bundling. Thus a restriction seems to be necessary, which is that total TA including common TA and UE-specific TA is not updated. Moreover, it was agreed that UE should not perform TA adjustment in a duration of DMRS bundling at RAN1 #106-e [6], as follows.

	Agreement
· UE should not perform TA adjustment during the time domain window.
‐   FFS: UE does not expect to receive TA command to indicate TA adjustment during the TDW.
‐   FFS: UE ignores any TA command which indicates TA adjustment during the TDW.
‐   FFS: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.


Proposal #1
· Support a single total TA value per a segment which is a set of PUSCH transmissions across consecutive physical slots for DMRS bundling, which means that no TA adjustment including UE autonomous is applied during an actual TDW

As described above, during repetition of PUSCH across multiple slots, timing drift causes changes of phase timing offset and phase. Then it can be expected that the changes would reduce the gain of joint channel estimation. In RAN1 #112bis-e, there is an observation that phase difference limit cannot be satisfied over multiple slots (for carrier bandwidth 5MHz or larger), if the PRB allocation is not within 6PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5(us/s) timing drift rate is assumed. Meanwhile, it seems that several digital signal processing for pre-compensation at Tx or post-compensation at Rx can be performed without loss of power consistency and phase continuity, and it can mitigate the constraints such as PRB allocation due to the phase difference limit. Especially, applying post-compensation by the gNB, rel-17 UEs that are capable of DMRS bundling without phase pre-compensation as well as rel-18 UEs can have longer actual TDW than applying no post-compensation. 
Proposal #2
· Support post-compensation by gNB to mitigate the impact of timing drift for Rel-17 UEs as well as Rel-18 UEs, under the assumption that the post-compensation is a kind of digital signal processing which shall guarantee power consistency and phase continuity.

Since timing drift is a kind of UE-specific parameters, it may be difficult to post-compensate the timing drift of each UE at gNB due to the complexity issues. Let the timing drift be de-factorized into common-timing-drift and ue-specific-timing-drift. For example, the common-timing-drift can be the timing drift over feeder link or the timing drift over sum of feeder link and service link for a UE at the center of beam/cell. In order to compensate the remaining term of timing drift (ue-specific-timing-drift), we propose to introduce pre-compensation for ue-specific-timing-drift by UE, under the assumption that the pre-compensation shall guarantee power consistency and phase continuity, as well. For the pre-compensation, gNB requires information which provides whether UE supports pre-compensation. 
Proposal #3
· Rel-18 UEs (optionally) support pre-compensation for timing drift, under the assumption that the pre-compensation is a kind of digital signal processing which shall guarantee power consistency and phase continuity.
· Introduce a new UE capability that provides pre-compensation capability for timing drift. 

At the last meeting [5], it is agreed that TDW determination is gNB-centric, so gNB should provide several indication for each TDW. In NTN, the TA adjustment (TA pre-compensation) should performed for compensation of change of uplink transmission timing due to the timing drift. The TA adjustment is a kind of event that determines actual TDW. Therefore, gNB should provide indications on when TA adjustment performs. For example, we can consider starting/last position (slot number or symbol number) of each TDW for indication of TA adjustment timing. If we assume that timing drift is a kind of linear function in terms of time in a short time duration, TA adjustment can be considered to be periodic. Thus we propose that gNB indicates TA adjustment period for indicate TA adjustment timing.
Proposal #4
· For indication of TA adjustment timing, gNB should indicate the period for TA adjustment that is one of events determining actual TDW.

Conclusion
In this contribution, the following conclusions were made:
Proposal #1
· Support a single total TA value per a segment which is a set of PUSCH transmissions across consecutive physical slots for DMRS bundling, which means that no TA adjustment including UE autonomous is applied during an actual TDW
Proposal #2
· Support post-compensation by gNB to mitigate the impact of timing drift for Rel-17 UEs as well as Rel-18 UEs, under the assumption that the post-compensation is a kind of digital signal processing which shall guarantee power consistency and phase continuity.
Proposal #3
· Rel-18 UEs (optionally) support pre-compensation for timing drift, under the assumption that the pre-compensation is a kind of digital signal processing which shall guarantee power consistency and phase continuity.
· Introduce a new UE capability that provides pre-compensation capability for timing drift. 
Proposal #4
· For indication of TA adjustment timing, gNB indicates the period for TA adjustment that is one of events determining actual TDW.
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