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1 Introduction
In RAN#97 [1], the revised WID on NR NTN enhancements was endorsed.  The detailed objectives for NTN are:
· 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

RRC configuration for MSG4 HARQ Ack repetition:

For PUCCH for Msg4 HARQ-ACK, RAN1#111 made the following Working Assumption
Working assumption (RAN1#111)
For PUCCH repetition for Msg4 HARQ-ACK,
One or more repetition factors may be configured via SIB
If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
FFS: whether UE requests repetition or indicates repetition capability
If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
FFS: whether UE requests repetition or indicates repetition capability
FFS: whether repetition factor is indicated by UE
FFS: UE behavior when repetition factor is not configured via SIB
FFS: whether one or more UE capabilities are needed for the above is for further discussion


Our understanding of [repetition request or capability report] is that the UE will indicate its capability for MSG4 HARQ Ack repetitions based on a RSRP threshold. This is not per say a repetition request, but rather a condition for the UE to report its capability in a similar fashion for a Release 17 UE reporting a capability for MSG3 repetitions based on a RSRP threshold. We think a similar way could be proposed for MSG4 HARQ Ack repetitions.

[bookmark: _Hlk134731503]The UE cannot know the level of PUCCH repetitions needed for gNB reception from DL RSRP measurement threshold, as the gNB reception may depend on a number of factors – i.e. difference in path loss in DL and UL, interference from other UE transmissions, scheduled MSC. Hence, we do not believe the UE can indicate the repetition factor for MSG4 HARQ Ack.  It is reasonable assumption that UE may indicate repetition capability based on DL RSRP measurement threshold. 

[bookmark: _Hlk134796526]Observation 1: For MSG4 HARQ Ack repetition, UE request repetition means is an indication by the UE of its capability to support PUCCH repetition based on a DL RSRP measurement threshold.

Observation 2: The UE cannot indicate the repetition factor for MSG4 HARQ Ack as the gNB reception may depend on a number of factors – i.e. difference in path loss in DL and UL, interference from other UE transmissions, scheduled MSC.

MSG4 HARQ Ack repetitions could be optional in the network if it is not necessary. In this case, the simplest way is that the legacy specifications apply with single PUCCH transmission.

Proposal 1: When repetition factor for MSG4 HARQ ACK is not configured via SIB, single PUCCH transmission is performed.

Based on the above, we think the working assumption in RAN1#111 can be made confirmed as an agreement without the FFS.

Proposal 2: Confirm RAN1#111 Working Assumption
For PUCCH repetition for Msg4 HARQ-ACK, One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 


DCI design for MSG4 HARQ Ack repetition:

RAN1#112 made agreement on DCI design for Msg4 HARQ Ack repetitions on PUCCH. 
[bookmark: _Hlk128590381]Agreement (RAN1#112bis-e)
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field




In case multiple factors are configured via SIB, alternatives for Alt 1 “field in DCI scheduling the Msg4 PDSCH” with re-interpret existing field in fallback DCI format 1_0 with CRC scrambled by TC-RNTI are for further discussion:
· Alt 1-1a MCS field seems reasonable since if MSG HARQ-ACK requires repetitions the highest MCS will not be used in that scenario. 
· Alt 1-1d with DAI field as satellite spectrum is very scarce and large number of DL resource blocks will not be expected to be scheduled to a single UE. 
· Alternatives 1-1b PUCCH resource indicator field, Alt-1c HARQ process number filed, Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field restrict gNB scheduler flexibility un-necessarily.
  
We have preference for Alt. 1-1d with DAI field as it has the least impact on NTN system overall.

Proposal 3: For PUCCH repetition for Msg4 HARQ-ACK, support field in DCI scheduling the Msg4 PDSCH with Alt 1-1d: DAI field.

RSRP threshold for indication of UE capability:

RAN1#112 made the following working assumption for a RSRP threshold that can be configured via SIB at least when the number of repetitions is configured by SIB (WA was capture in Chair notes and R18 Status Report for NR_NTN_enh WI RP-230119).  

Working assumption (RAN1#112):
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






















In Rel-17 NR coverage enhancement, there is implicit indication of capability for MSG3 repetitions where the UE selects a Random Access resource in a random access resource set if it can support MSG3 repetitions and if the RSRP for DL path loss measurement is above a threshold (TS 38.321 Section 5.1.1b “Selection of the set of Random Access resources for the Random Access procedure”). It is reasonable assumption that the path loss experienced by UE for MSG3 transmission is not expected to change change significantly with MSG4 HARQ ACK transmission. Hence, we think that Alt B is correct and can be assumed to be the baseline and we see no need for Alt B with a new threshold at this stage.

Proposal 4: Re-use RSRP threshold in R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) for PUCCH repetition for Msg4 HARQ-ACK.


3 DMRS bundling for PUSCH
For PUSCH for VoIP, RAN1 made the following conclusion, observation, and agreement:
Conclusion (RAN1#111)
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

Observation (RAN1#112)
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

Observation (RAN1#112bis-e)
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.



For PUSCH for VoIP, RAN1 made the following agreement and observation:
Working assumption (RAN1#112bis-e)
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


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 1(a). Release 17 assumption is that 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 is not precluded in Release 18 based on RAN1#112bis-e working assumption. This is illustrated in Figure 1(b).
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Figure 1: Application of TA for DM RS in TDW 

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. The UE can then pre-compensate the TA, timing drift (i.e. Doppler shift), and phase discontinuity depending on its implementation. 
We have preference for DM RS bundling enhancement in Rel-17 NR coverage enhancement for NR NTN with DM RS bundling window length of up to 4 ms. This would allow to support DM RS bundling  with reasonable complexity. A UE capability for the TDW size for DM RS bundling for NTN could be further discussed, as this would be consistent with DM RS bundling feature in Release 17 NR Coverage Enhancement Work Item. 
Proposal 5: Support DM RS bundling enhancement in Rel-17 NR coverage enhancement for NR NTN with DM RS bundling window length of 4 ms.
Proposal 6: Re-use Rel-17 NR Coverage Enhancement solution for NTN UE where UE determine the actual TDW as the maximum duration expressed in consecutives slots during which power consistency and phase continuity can be maintained based on UE capability.

4 Conclusion
In this contribution, the following observations and proposals were made:

PUCCH enhancements for Msg4 HARQ-ACK:
Observation 1: For MSG4 HARQ Ack repetition, UE request repetition means is an indication by the UE of its capability to support PUCCH repetition based on a DL RSRP measurement threshold.

Observation 2: The UE cannot indicate the repetition factor for MSG4 HARQ Ack as the gNB reception may depend on a number of factors – i.e. difference in path loss in DL and UL, interference from other UE transmissions, scheduled MSC.

Proposal 1: When repetition factor for MSG4 HARQ ACK is not configured via SIB, single PUCCH transmission is performed.

Proposal 2: Confirm RAN1#111 Working Assumption
For PUCCH repetition for Msg4 HARQ-ACK, One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 

Proposal 3: For PUCCH repetition for Msg4 HARQ-ACK, support field in DCI scheduling the Msg4 PDSCH with Alt 1-1d: DAI field.

Proposal 4: Re-use RSRP threshold in R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) for PUCCH repetition for Msg4 HARQ-ACK.

DMRS bundling for PUSCH:
Proposal 5: Support DM RS bundling enhancement in Rel-17 NR coverage enhancement for NR NTN with DM RS bundling window length of 4 ms.
Proposal 6: Re-use Rel-17 NR Coverage Enhancement solution for NTN UE where UE determine the actual TDW as the maximum duration expressed in consecutives slots during which power consistency and phase continuity can be maintained based on UE capability.

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, 3]:
· 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. 
· [bookmark: _Hlk126070566]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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