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1 Introduction
During RAN1#112bis-e meeting, the coverage enhancement for NR NTN was discussed. In this contribution, we discuss the signaling for PUCCH repetition for Msg4 HARQ-ACK and TDW determination for PUSCH DMRS bundling.
2 PUCCH repetition for Msg4 HARQ-ACK
Dynamic Indication
During the last meeting, the agreement was made to send the dynamic indication of repetition from gNB via field in DCI scheduling the Msg4 PDSCH and down-select from the following sub-alternatives.
	Agreement
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(s)
· 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



For dynamic indication of repetition factor from gNB, the two-bit field is needed for four possible numbers of 1, 2, 4, and 8. The bit-width of five sub-alternatives is shown in Table 2. Considering the flexibility and spec impact, the DAI field and MCS field in DCI scheduling the Msg4 PDSCH can be considered for dynamic indication of repetition factor from gNB.
DAI field: The 2 bits DAI field is a reserved field without any use. The bit-width of the DAI field is the same as the required bits for dynamic indication of repetition factor. All exiting functions carried by DCI scheduling the Msg4 PDSCH do not need to be reinterpreted. We prefer using DAI field for dynamic indication of repetition factor with less spec impact.
MCS field: Considering the low channel quality and ensuring the Msg4 PDSCH can successfully be received by UE, high modulation order and code rate of Msg4 PDSCH in NR NTN are not needed. Thus, three bits for the reinterpreted MCS field is enough for Msg4 PDSCH in NR NTN. Furthermore, this reinterpreting design aligns with the functionality of Msg3 PUSCH repetition and leads small spec impact.
Proposal 1: For PUCCH repetition for Msg4 HARQ-ACK, support DAI field and MCS field for dynamic indication of repetition factor from gNB.
· Prefer the DAI field for dynamic indication of repetition factor from gNB.

Table 2: The bit-width of 5 sub-alternative fields
	[bookmark: _GoBack]Field
	Bit-width

	Modulation and coding scheme
	5

	HARQ process number
	4

	Downlink assignment index
	2 (Reserved)

	PUCCH resource indicator
	3

	PDSCH-to-HARQ_feedback timing indicator
	3



Repetition factor is not configured via SIB
For PUCCH repetition for Msg4 HARQ-ACK, the following working assumption was made during 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
· 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



Whether or not to enable the feature of PUCCH repetition for Msg4 HARQ-ACK is decided by the network. If PUCCH repetition for Msg4 HARQ-ACK is not enabled, gNB can send SIB without any repetition factor. Thus, if the repetition factor is not configured via SIB in NR NTN, support the legacy UE behavior (no repetition).
Proposal 2: For PUCCH repetition for Msg4 HARQ-ACK, if the repetition factor is not configured via SIB in NR NTN, support the legacy UE behavior.

RSRP Threshold for PUCCH repetition for Msg4 HARQ-ACK
For PUCCH repetition for Msg4 HARQ-ACK, the following working assumption and FL proposal were made during RAN1#112 and RAN1#112bis-e
	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 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 the RSRP threshold is not configured, or if the configured RSRP 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)
· 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

Proposal 1-4_v0 (RAN1#112bis-e)
Support Alt B for RSRP threshold to determine whether UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request or not.
· Alt B: New RSRP threshold is introduced.
· Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
· FFS: how to define new RSRP threshold (e.g., absolute value, relative value to the RSRP threshold for R17 Msg3 repetition)



The payload of Msg3 PUSCH is larger than that of Msg4 HARQ-ACK, leading to different required SNR. The new RSRP threshold for Msg4 HARQ-ACK is needed to cover different required SINRs. Moreover, the link budget gap of Msg4 HARQ-ACK is smaller than Msg3 PUSCH. To save signaling payload, the relative value to the RSRP threshold for Release 17 Msg3 repetition should be supported for indicating the RSRP threshold for Msg4 HARQ-ACK. 
Proposal 3: For PUCCH repetition for Msg4 HARQ-ACK, support new RSRP threshold.
Proposal 4: For PUCCH repetition for Msg4 HARQ-ACK, the RSRP threshold is indicated by the relative value to the RSRP threshold for Release 17 Msg3 repetition.

3 DMRS bundling for PUSCH
During RAN1#112bis-e the following agreement is made for TDW determination
	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 Release 17 PUSCH DMRS bundling, the nominal and actual TDW are determined based on UE capability reporting (maxDurationDMRS-Bundling-r17) and gNB configuration (pusch-TimeDomainWindowLength-r17). The definition of maxDurationDMRS-Bundling-r17 is described in TS 38.306 as follows “Indicates whether the UE supports the maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH/PUCCH.” The effect caused by timing drift can be considered for maxDurationDMRS-Bundling-r17 determination; it is subject to UE capability. Thus, the additional capability/information reporting for actual/nominal TDW determination NTN PUSCH DMRS bundling is unnecessary. Support reuse Release 17 mechanism for actual/nominal TDW determination.
Proposal 5: For NTN PUSCH DMRS bundling, support reuse Release 17 actual/nominal TDW determination.
4 Conclusion
Based on the discussion in the previous sections, the following proposals were made:
Proposal 1: For PUCCH repetition for Msg4 HARQ-ACK, support DAI field and MCS field for dynamic indication of repetition factor from gNB.
· Prefer the DAI field for dynamic indication of repetition factor from gNB.
Proposal 2: For PUCCH repetition for Msg4 HARQ-ACK, if the repetition factor is not configured via SIB in NR NTN, support the legacy UE behavior.
Proposal 3: For PUCCH repetition for Msg4 HARQ-ACK, support new RSRP threshold.
Proposal 4: For PUCCH repetition for Msg4 HARQ-ACK, the RSRP threshold is indicated by the relative value to the RSRP threshold for Release 17 Msg3 repetition.
Proposal 5: For NTN PUSCH DMRS bundling, support reuse Release 17 actual/nominal TDW determination.
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