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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
The following agreements, working assumptions and observations are reached in RAN1#112bis-e as captured in [1] on enhancements of PUCCH repetition for msg4 HARQ-ACK and DMRS bundling for PUSCH.
	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
Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH
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
Agreement
For PUCCH repetition for Msg4 HARQ-ACK, apply frequency hopping mechanism in R15/16/17 defined for PUCCH transmission for Msg4 HARQ-ACK, in every slot.

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, candidate values of only one repetition factor configuration via SIB are {2, 4, 8}.
· i.e., configuration of only ‘1’ is not supported.



In this contribution, we discuss the remaining issues related to following aspects for coverage enhancement in NR NTN:
· PUCCH repetition for Msg4 HARQ-ACK,
· DMRS bundling of PUSCH.
2. Discussions
0. PUCCH repetition for Msg4 HARQ-ACK
Design target for PUCCH repetition for Msg4 HARQ-ACK
The design target for PUCCH repetition discussed in R18 NR NTN coverage enhancement was discussed extensively on reflector in RAN1#112bis e-meeting, and the final FL summary can be found as followed. 
	Proposal 1-1_v5
PUCCH repetition discussed in R18 NR NTN coverage enhancement is supported for:
· PUCCH transmission when dedicated PUCCH resource configuration is not provided.
· Note: the existing agreements and working assumptions for PUCCH for Msg4 HARQ-ACK are applied to any PUCCH transmission by using common PUCCH resource, except that it is FFS how to indicate determine repetition factor for PUCCH transmission scheduled by DCI format 1_0 and with CRC scrambled by C-RNTI, i.e.,
· The same configuration of PUCCH repetition provided via SIB is applied to any PUCCH transmission by using common PUCCH.
· The same signaling of repetition request or capability report from UE is used for any PUCCH transmission by using common PUCCH.
· The same frequency hopping mechanism is applied for any PUCCH transmission by using common PUCCH.
· FFS: how to indicate repetition factor for PUCCH transmission scheduled by DCI format 1_0 and with CRC scrambled by C-RNTI.
· FFS: whether/how to indicate repetition factor for PUCCH transmission scheduled by DCI format 1_1 and with CRC scrambled by C-RNTI.


[bookmark: OLE_LINK3]In our understanding, other PUCCH transmission when dedicated PUCCH resource configuration is not provided suffers from the same coverage problem as PUCCH transmission for Msg4 HARQ-ACK. And given the early PUCCH repetition mechanism (SIB1 configured repetition factors) is already there, extending the scope to any PUCCH transmission when dedicated PUCCH resource configuration is not provided is beneficial. Regarding the overhead, in our view, it’s still under control given the repetition factor is still up to network to configure and can even be dynamically scheduled when multiple repetition factors are configured in SIB1. For simplicity, the same dynamic indication of the repetition factor can be reused in relevant DCI as in DCI scheduling the Msg4 PDSCH.  If there is no dynamic indication of the repetition factor in relevant DCI, the repetition factor used for PUCCH repetition for Msg4 HARQ-ACK can be applied. Thus, we support the proposal 1-1_v5 above and are open to discuss how to determine repetition factor for PUCCH transmission scheduled by DCI format 1_0 and with CRC scrambled by C-RNTI. 
Proposal 1: Apply existing agreements and working assumptions on repetition of PUCCH for Msg4 HARQ-ACK to any PUCCH transmissions on common PUCCH resource. 
Procedures and signaling
[bookmark: _Hlk131695010]Issue #1: dynamic indication of repetition factor from gNB
	Agreement
[bookmark: OLE_LINK2]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


As for dynamic indication of repetition factor for PUCCH repetition for Msg4 HARQ-ACK, several alternatives have been agreed to be further down-selected according to above agreement. In principle, which field in DCI scheduling Msg4 PDSCH would be reinterpreted for the indication should be discussed with minimum impact to legacy functionalities. For Alt 1-1b, default common PUCCH resource table would be modified with repetition factor configuration per PUCCH resource, or a new common PUCCH resource table with repetition factor per PUCCH resource has to be introduced, which has less flexibility and more specification impact. For Alt 1-1c, HARQ process number is determined by higher layer and the relevant field would be on duty, which should not be changed, similar to Alt 1-1e. In our understanding, bits in some fields unchanged or unused in this situation could be considered to be used. For example, one or two MSB(s) of MCS field could be used since high modulation order and coding rate is less likely to be used for UEs with bad link quality. Similarly, DAI field could also be considered, which would be unused in this situation. Thus, we prefer to Alt 1-1a and Alt 1-1d. And we are open to discuss which one of the 2 would be down-selected. 
Proposal 2: Support Alt 1-1a or Alt 1-1d for dynamic indication of repetition factor of PUCCH repetition for Msg4 HARQ-ACK. 
[bookmark: OLE_LINK4]Issue #2: conditions of repetition request or capability report
	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 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_v3
Decide at RAN1#113 whether or not RAN1 confirms the working assumption at RAN1#112 including Alt A and Alt B for RSRP threshold to determine whether UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request or not.
· If the working assumption is confirmed as an agreement, Alt B is down-selected.
· 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)
· Note: This update does not imply the working assumption is confirmed as an agreement.
Proposal 1-4_v2
Update the working assumption at RAN1#112 with down-selection of 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)
Note: This update does not imply the working assumption is confirmed as an agreement.


In last RAN1 meeting, this WA was discussed extensively. However, no consensus is reached and latest FL proposals are proposal 1-4_v2 and proposal 1-4_v3. 
In our understanding, if gNB only configures single repetition factor in SIB, all UEs would have to do repetition as long as they have the repetition capability. In this case, RSRP condition would be necessary to prevent some of them from doing repetitions to save both energy and resources. If gNB configures multiple repetition factors, it’s true that gNB can adjust the repetition factors based on the uplink measurement which is normally what a gNB would do. However, it would still be beneficial if some of the UEs are precluded from requesting repetitions in a first step of Msg3 transmission. And the gNB measurement can be applied in a 2nd step to further determine which repetition factors, e.g. 1/2/4/8 repetitions, should be applied for PUCCH repetition after Msg3. Thus, a RSRP threshold can be beneficial. 
Similar to the mechanism of msg3 repetition request, a RSRP threshold could be configured in the same way to trigger UE to perform repetition request or capability report for PUCCH repetition for Msg4 HARQ-ACK. And the RSRP threshold can be configured via SIB. Considering early PUCCH repetition feature doesn’t have to be dependent on Msg3 PUSCH repetition feature, the RSRP threshold should be independent from the RSRP threshold of Msg3 repetition. 
As is known the value range and the field presence condition of the RSRP threshold for Msg3 are defined according to following text excerpted from 38.331.
	rsrp-ThresholdMsg3-r17          RSRP-Range                   OPTIONAL,         -- Need R
rsrp-ThresholdMsg3 
Threshold used by the UE for determining whether to select resources indicating Msg3 repetition in this BWP, as specified in TS 38.321 [3]. The field is mandatory if both set(s) of Random Access resources with MSG3 repetition indication and set(s) of Random Access resources without MSG3 repetition indication are configured in the BWP. It is absent otherwise. 


To minimize the spec. impact, the value range of the RSRP threshold for Msg4 PUCCH repetition can be the similar to that for Msg3 repetition.
It is always up to network to configure the RSRP threshold, the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation. Thus, Alt A can be included into Alt B via gNB implementation. 
On the other hand, if repetition request is only expected to be based on UE capability, network can configure a higher RSRP threshold, which is equal to having no RSRP requirement. 
According to above, we propose to introduce a new RSRP threshold of PUCCH repetition for Msg4 HARQ-ACK, i.e., Alt B, and we have following proposal.
Proposal 3: A new RSRP threshold is supported to trigger UE to perform repetition request or capability report of PUCCH repetition for Msg4 HARQ-ACK, the value range of the new RSRP threshold is the same as that for Msg3 repetition.
One issue in the working assumption is about the UE behavior in case the configured RSRP threshold is X, which needs to be clarified. In our understanding, as long as an RSRP threshold is configured for requesting PUCCH repetition for Msg4 HARQ-ACK, it’s a request of PUCCH repetition for Msg4 HARQ-ACK no matter whether X is a maximum allowed RSRP threshold or not.
Furthermore, considering the notes in proposal 1-4_v2, the working assumption can be updated as following:
	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 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: 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)
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report


Proposal 4: Updates are needed before confirming the working assumption on RSRP threshold for repetition request or capability report of PUCCH repetition for Msg4 HARQ-ACK.
Available slot counting
In RAN1#110bis e-meeting, the following conclusion was reached. That means, PUCCH repetition for Msg4 HARQ-ACK is counted based on available slot counting in current specification. 
	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.


However, the repetition counting mechanism in section 9.2.6 of TS 38.213 is aimed for PUCCH repetition based on dedicated PUCCH resource configuration. Some counting methods or collision mechanisms may be not applicable for PUCCH repetition for Msg4 HARQ-ACK, which is based on common PUCCH resource configuration. For example, for the determination of   slots for a PUCCH transmission, the indication of first symbol and number of symbols from dedicated RRC signaling is not applicable for PUCCH repetition for Msg4 HARQ-ACK, where startingSymbolIndex and nrofsymbols are carried in higher parameter PUCCH-Config which is used to configure UE specific PUCCH parameters (per BWP) and not available since only common PUCCH resource can be used by UE. Thus, some details need to be checked and further discussed on what available slot determination and collision handling rules can be applied to PUCCH repetition for Msg4 HARQ-ACK. 
	For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a repetition of the PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols
-	a repetition of the PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex if subslotLengthForPUCCH is not provided; otherwise mod(startingSymbolIndex, subslotLengthForPUCCH)
……
If the UE determines that, for a repetition of a PUCCH transmission in a slot, the number of symbols available for the PUCCH transmission is smaller than the value provided by nrofSymbols for the corresponding PUCCH format, the UE does not transmit the PUCCH repetition in the slot. 
……
For unpaired spectrum, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK reporting, or a slot determined as described in clause 9.2.4 for SR reporting or in clause 5.2.1.4 of [6, TS 38.214] for CSI reporting and having
-	an UL symbol, as described in clause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by startingSymbolIndex as a first symbol, and
[bookmark: OLE_LINK1]-	consecutive UL symbols, as described in clause 11.1, or flexible symbols that are not SS/PBCH block symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols


Proposal 5: RAN1 needs to further check and discuss available slot determination and collision handling rules of PUCCH repetition for Msg4 HARQ-ACK.
0. DMRS bundling of PUSCH
Actual TDW determination in NTN
Based on UE procedure for determining TDWs for DMRS bundling in Rel-17 for TN, UE determines one or multiple nominal TDWs within the duration of transmission, where the duration of each nominal TDW except the last nominal TDW is given by TDW length configured in number of consecutive slots. Furthermore, a nominal TDW consists of one or multiple actual TDWs. And the actual TDW is determined by events which cause power consistency and phase continuity not to be maintained across repetitions within a nominal TDW. Thus, when DMRS bundling is enabled, the transmitter shall maintain power consistency and phase continuity within an actual TDW. The events are categorized as dynamic events and semi-static events. It is mandatory for UE to restart an actual TDW after a semi-static event, while whether to restart an actual TDW after a dynamic event would be subject to UE capability. 
According to the discussion on PUSCH DMRS bundling, whether to define new NTN specific events to decide actual TDW could be further discussed. In order to support DMRS bundling in NTN scenarios, some NTN specific events which may cause power consistency and phase continuity not to be maintained should also be discussed and specified. As discussed in Rel-17 coverage enhancement, TA adjustment could cause power consistency and phase continuity not to be maintained. On top of TA itself in TN, in Rel-17 NTN, the calculation of TA applied by NTN UE is one of main enhancements on UL synchronization as described in section 4.3.1 of TS38.211 v17.3.0. 
	
Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-	 given by clause 4.2 of [5, TS 38.213] is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise ;
[bookmark: _Hlk86996296]-	 given by clause 4.2 of [5, TS 38.213] is computed by the UE based on UE position and serving-satellite-ephemeris-related higher-layers parameters if configured, otherwise .


Figure 4.3.1-1: Uplink-downlink timing relation.


As can be seen, when common TA or UE specific TA takes effect, power consistency and phase continuity cannot be maintained, which should be regarded as events. 
Although gNB can try to not allow the common TA to take effect within a nominal TDW by implementation when DMRS bundling is enabled, TACommonDrift and TACommonDriftVariation if configured could still result in the update of common TA. When the common TA is updated, it would be hard to control the repetition transmissions supporting DMRS bundling. In current spec., when and how to the updated common TA is up to UE implementation. In order to keep this UE behavior, it is preferred to regard the update of a common TA as an event. The application time of the updated common TA could be indicated or configured together with TACommonDrift and TACommonDriftVariation, if DMRS bundling is enabled. 
Furthermore, UE specific TA is calculated by the UE based on UE position and serving-satellite-ephemeris-related higher-layers parameters if configured. Such UE specific TA can be reported to gNB, which is described in section 5.4.8 of TS 38.321. As can be seen, UL-SCH resource is needed for time advance report (TAR). Similar to the discussions on common TA, the application of UE specific TA should also be regarded as an event. The application time of the UE specific TA should be known by gNB, which could be further discussed. 
According to above, we have following proposal.
Proposal 6: The application of common TA and UE specific TA should be regarded as events which cause power consistency and phase continuity not to be maintained, when DMRS bundling is enabled.
In Rel-17 NR NTN, a single validity duration for both serving satellite ephemeris and common TA related parameters is defined, which determines the maximum time during which the UE can apply the satellite ephemeris before acquiring new satellite ephemeris. Since serving satellite ephemeris and common TA related parameters are needed to maintain phase continuity and power consistency in NTN, DMRS bundling could be performed within the validity duration. Outside the validity duration, DMRS bundling should be disabled or cannot be performed. 
Observation 1: DMRS bundling can only work within the validity duration.
The validity timer could be started/restarted with configured timer validity duration at the epoch time. That means, the serving satellite ephemeris and common TA related parameters share the same epoch time. If the validity timer is restarted due to the update of epoch time within a TDW, the phase continuity and/or power consistency would not be maintained. Thus, the reception of epoch time or epoch time itself, depending on the understandings of the application time of updating the serving satellite ephemeris and the common TA related parameters as discussed in the LS from RAN2 [3], should be regarded as events. 
Proposal 7: The indication or update of epoch time should be regarded as events which cause power consistency and phase continuity not to be maintained, when DMRS bundling is enabled.
3. Conclusion
In this contribution, we discuss the aspects related to coverage enhancement of NR NTN, and have following  observations and proposals: 
Observation 1: DMRS bundling can only work within the validity duration.
Proposal 1: Apply existing agreements and working assumptions on repetition of PUCCH for Msg4 HARQ-ACK to any PUCCH transmissions on common PUCCH resource.
Proposal 2: Support Alt 1-1a or Alt 1-1d for dynamic indication of repetition factor of PUCCH repetition for Msg4 HARQ-ACK. 
Proposal 3: A new RSRP threshold is supported to trigger UE to perform repetition request or capability report of PUCCH repetition for Msg4 HARQ-ACK, the value range of the new RSRP threshold is the same as that for Msg3 repetition.
Proposal 4: Updates are needed before confirming the working assumption on RSRP threshold for repetition request or capability report of PUCCH repetition for Msg4 HARQ-ACK.
Proposal 5: RAN1 needs to further check and discuss available slot determination and collision handling rules of PUCCH repetition for Msg4 HARQ-ACK.
Proposal 6: The application of common TA and UE specific TA should be regarded as events which cause power consistency and phase continuity not to be maintained, when DMRS bundling is enabled.
Proposal 7: The indication or update of epoch time should be regarded as events which cause power consistency and phase continuity not to be maintained, when DMRS bundling is enabled.
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