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Introduction
[bookmark: _Hlk146620055]In RAN1#114 meeting, the signaling and procedure to support Msg4 PUCCH repetition and DMRS bundling enhancement in NTN has been extensively discussed, and the following agreements were made:
	Agreement
For NTN-specific PUSCH DMRS bundling,
· As UE capability report,
· UE reports the max TDW size it can support by fulfilling the phase difference limit requirement.
· Note: phase difference limit requirement is assumed to be at gNB receiver from RAN1 perspective.
· Details, e.g., whether FG 30-4 is used without new FG or new FG is introduced, is discussed in UE feature session.
· No consensus on whether to support Option 1d/1e/1f/1g.

Agreement
For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined.

Conclusion
For NTN-specific PUSCH DMRS bundling, 
· For UE assistance information (i.e., report by signaling other than UE capability report),
· No consensus on whether to support Option 2b/2c/2d

Agreement
The working assumption at the RAN1#112 meeting is superseded by the following agreement:
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold.
· If the RSRP threshold is not configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· 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.
· The range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is the same as the range of the RSRP threshold for R17 Msg3 repetition.
· FFS signaling details, e.g. whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
· Note 2: RAN1 considers that there is no difference between “repetition request” and “capability report” in earlier RAN1 agreements



This contribution provides our views on the remaining issues for Msg4 PUCCH repetition and DMRS bundling for PUSCH taking into account NTN-specifics.
Coverage enhancement for NR NTN
PUCCH enhancement for Msg4 HARQ-ACK
RSRP threshold for Msg4 PUCCH repetition
In RAN1#114 meeting, RAN1 agrees to introduce a new RSRP threshold as the decision criterion of whether to perform Msg4 PUCCH repetition, but how to configure the RSRP threshold is left FFS. One option is to define an absolute value by RSRP-Range, and the other is to define a relative value to rsrp-ThresholdMsg3-r17. In our understanding, configuring the RSRP threshold with an absolute value is a clean solution and avoids further discussion on the relative value range. In addition, according to 38.331, rsrp-ThresholdMsg3-r17 is absent when the BWP is only configured with the set of Random Access resources with Msg3 repetition indication. In this case, the RSRP threshold for Msg4 PUCCH repetition cannot be configured if it is defined as a relative value to rsrp-ThresholdMsg3-r17, which should be taken into account. 
Proposal 1: The RSRP threshold for Msg4 PUCCH repetition is signaled as an absolute value.

Dynamic indication
In RAN1#113 meeting, DAI field in DCI 1_0 with CRC scrambled by TC-RNTI is agreed for dynamic indication of repetition factor if multiple factors from {1,2,4,8} are configured via SIB. The current spec captures this agreement as follows:
	Clause 7.3.1.2.1 of TS 38.212 V18.0.0: 
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by TC-RNTI:
-	Identifier for DCI formats – 1 bit
· The value of this bit field is always set to 1, indicating a DL DCI format

-	Frequency domain resource assignment – bits
· 
 is the size of CORESET 0
-	Time domain resource assignment – 4 bits as defined in Clause 5.1.2.1 of [6, TS38.214]
-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5
-	Modulation and coding scheme – 5 bits as defined in Clause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
-	HARQ process number – 4 bits
-	Downlink assignment index – 2 bits
· 2 bits indicating the number of repetitions for PUCCH as defined in clause 9.2.6 of [5, TS38.213], if the higher layer parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList is configured with at least two values;
· otherwise, reserved.



[bookmark: _Hlk146635467]In our understanding, when multiple factors from {1,2,4,8} are configured via SIB, the UE incapable of Msg4 PUCCH repetition cannot read this SIB parameter, so the DAI field should be still reserved. Besides that, the UE capable of Msg4 PUCCH repetition will not indicates its capability if the measured RSRP threshold is higher than the configured RSRP threshold. In this case, we think the DAI field should also be reserved for the UE since Msg4 PUCCH repetition is not performed. Therefore, the reinterpretation of the DAI field in DCI 1_0 with CRC scrambled by TC-RNTI for dynamic indication of Msg4 PUCCH repetition factor only applies to the UE which reports its capability of Msg4 PUCCH repetition.
Proposal 2: If multiple factors from {1, 2, 4, 8} are configured via SIB and the UE which reports its capability of Msg4 PUCCH repetition, DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is used for dynamic indication of repetition factor. 
[bookmark: _Hlk142640723]In addition, for dynamic indication, the bit field mapping is yet to be determined. For simplicity, it can be specified the DAI field in DCI 1_0 with CRC scrambled by TC-RNTI indicates  from the repetition factors configured in SIB, i.e., DAI value 1/2/3/4 maps the 1st/2nd/3rd/4th value of the repetition factors respectively. In this case, the UE does not expect to be indicated a DAI value mapping to a value outside the repetition factors configured via SIB. For example, when three repetition factors are configured in SIB, the UE does not expect to be indicated DAI value 4.
Proposal 3: For Msg4 PUCCH repetition, DAI value 1/2/3/4 in DCI 1_0 with CRC scrambled by TC-RNTI maps the 1st/2nd/3rd/4th value of the repetition factors configured via SIB respectively. 

DMRS bundling for PUSCH
DMRS bundling enhancement taking into account NTN-specifics was intensively discussed in the last meeting, and it has been agreed that no additional event is defined in R18 NTN. In R17 NTN, the TA pre-compensation update is transparent for the network and may violate the phase continuity limit for DMRS bundling. Thus, RAN1 has made a working assumption to prohibit the UE from performing TA pre-compensation update within an actual TDW as follows:
	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



However, we find no text in the current spec to reflect this working assumption. Therefore, we propose to add the restriction to the spec as follows:
Proposal 4: Adopt the following TP for TS38.213. 
-------------------- start of TP for 38.213 --------------------
4.2 Transmission timing adjustments
<Unchanged parts are omitted>
Using higher-layer ephemeris parameters for a serving satellite, if provided, a UE pre-compensates, except within an actual TDW if applicable according to clause 6.1.7 of [6, 38.214],  the two-way transmission delay on the service link based on  that the UE determines using the serving satellite position and its own position. To pre-compensate, except within an actual TDW if applicable according to clause 6.1.7 of [6, 38.214], the two-way transmission delay between the uplink time synchronization reference point and the serving satellite, the UE determines [4, TS 38.211] based on one-way propagation delay  that the UE determines as:

where , , and  are respectively provided by ta-Common, ta-CommonDrift, and ta-CommonDriftVariant and  is provided by epochTime which is the epoch time of ta-Common, ta-CommonDrift, and ta-CommonDriftVariant [12, TS 38.331].  provides a distance at time  between the serving satellite and the uplink time synchronization reference point divided by the speed of light. The uplink time synchronization reference point is the point where DL and UL are frame aligned with an offset given by .
-------------------- end of TP ---------------------------------

Conclusion
In this contribution, we present our view on the remaining issues for Msg4 PUCCH repetition and DMRS bundling for PUSCH taking into account NTN-specifics. The following proposals are made:
Proposal 1: The RSRP threshold for Msg4 PUCCH repetition is signaled as an absolute value.
Proposal 2: If multiple factors from {1, 2, 4, 8} are configured via SIB and the UE which reports its capability of Msg4 PUCCH repetition, DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is used for dynamic indication of repetition factor. 
Proposal 3: For Msg4 PUCCH repetition, DAI value 1/2/3/4 in DCI 1_0 with CRC scrambled by TC-RNTI maps the 1st/2nd/3rd/4th value of the repetition factors configured via SIB respectively. 
Proposal 4: Adopt the following TP for TS38.213. 
-------------------- start of TP for 38.213 --------------------
4.2 Transmission timing adjustments
<Unchanged parts are omitted>
Using higher-layer ephemeris parameters for a serving satellite, if provided, a UE pre-compensates, except within an actual TDW if applicable according to clause 6.1.7 of [6, 38.214],  the two-way transmission delay on the service link based on  that the UE determines using the serving satellite position and its own position. To pre-compensate, except within an actual TDW if applicable according to clause 6.1.7 of [6, 38.214], the two-way transmission delay between the uplink time synchronization reference point and the serving satellite, the UE determines [4, TS 38.211] based on one-way propagation delay  that the UE determines as:

where , , and  are respectively provided by ta-Common, ta-CommonDrift, and ta-CommonDriftVariant and  is provided by epochTime which is the epoch time of ta-Common, ta-CommonDrift, and ta-CommonDriftVariant [12, TS 38.331].  provides a distance at time  between the serving satellite and the uplink time synchronization reference point divided by the speed of light. The uplink time synchronization reference point is the point where DL and UL are frame aligned with an offset given by .
-------------------- end of TP ---------------------------------
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