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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
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
Procedures and signaling
Issue #1:  Repetition request or capability report from UE for PUCCH repetition for Msg4 HARQ-ACK
	Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following options as container of the [repetition request or capability report] indicated by UE.
· Option A: PRACH preamble and/or occasion
· FFS: whether PRACH resource partitioning is needed for indication of [repetition request  or capability report]
· FFS: whether or not indication of repetition factor is assumed 
· Note: the relation with R18 NR coverage enhancements for PRACH may need to be considered in future meetings
· Option B: Higher layer signaling in Msg3 PUSCH
· FFS: which signaling is used
· Note: if higher layer signaling is preferred in RAN1, the feasibility will be asked to RAN2.
· Option C: Physical layer signaling in Msg3 PUSCH
· FFS: which signaling is used, e.g. DMRS ports


Based on above working assumption made in RAN1#112 meeting as summarized in [1], three options were discussed on indication of repetition request or capability report of PUCCH repetition for Msg4 HARQ-ACK. 
For option A, UE uses separate PRACH preamble and/or occasion similar to Msg3 repetition request supported in Rel-17, which would require excessive PRACH resources partitioning. However, some rules can be introduced to alleviate this excessive partitioning. For example, a UE requesting msg3 repetition could also be considered as a UE requesting PUCCH repetition for Msg4 HARQ-ACK. 
[bookmark: OLE_LINK2]For option B, UE requests or reports the capability of PUCCH repetition for Msg4 HARQ-ACK via higher layer signaling in Msg3 PUSCH. The detailed signaling in Msg3 or a reserved LCID value for such indication should be further discussed and confirmed in RAN2. 
For option C, UE requests PUCCH repetition or reports the PUCCH repetition capability for Msg4 HARQ-ACK via physical layer resources of Msg3 PUSCH. However, using DMRS port to carry the information may require Msg 3 blind detection and cause significant increasing on NW complexity. 
[bookmark: OLE_LINK3]According to above, it is proposed to confirm the working assumption and down-select between option A and option B for indication of Msg 4 PUCCH repetition request or capability report. 
Proposal 1: Confirm the working assumption on options of indicating Msg 4 PUCCH repetition request or capability report and down-select from option A and option B. 
[bookmark: _Hlk131695010]Issue #2: dynamic indication of repetition factor from gNB
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following alternatives for dynamic indication of repetition factor from gNB.
· 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
· Alt 1-2: New field with one or two bits
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a pre-defined/configured relationship between PUCCH repetition factor and Msg3 repetition factor
· Note: it is assumed that there is impact on DCI design
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· One or two CRC bits other than bits scrambled by TC-RNTI is used for the dynamic indication, etc.
· Alt 4: Implicit mapping between Msg4 HARQ ACK repetition factor and indication of Msg3 PUSCH repetition with no re-interpreted field / new field (i.e. no change to DCI design)


As for dynamic indication of repetition factor for PUCCH repetition for Msg4 HARQ-ACK, several alternatives have been agreed to be further discussed in this meeting according to above agreement. The straightforward way is to utilize the DCI scheduling the Msg4 PDSCH, i.e. Alt 1. Both introducing new field and reinterpreting the existing field could work. However, introducing new field for fallback DCI would be too expensive since the indication aims to PUCCH repetition for Msg4 HARQ-ACK. Thus, repurposing the existing field in DCI scheduling the Msg4 PDSCH is preferred. 
Furthermore, 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 should 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, some fields unchanged or unused in this situation could be considered to be reinterpreted. For example, one or two MSB(s) of MCS field could be reinterpreted 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. 
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 #3: 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


In practical deployment, some UEs are capable of while some UE are incapable of performing PUCCH repetition for Msg4 HARQ-ACK. If the repetition request or capability report is not indicated from UE, the gNB would not know whether a dynamic repetition factor should be signaled to the UE. Therefore, it is necessary to indicate the repetition request or capability report before UE is scheduled to perform PUCCH repetition via a dynamically signaled repetition factor. With the knowledge of UE repetition capability, gNB will only indicate PUCCH repetition to UEs capable of PUCCH repetition for Msg4 HARQ-ACK. 
Proposal 3: Whether UE is capable of PUCCH repetition for Msg4 HARQ-ACK should be indicated to network before dynamic indication of repetition factor. 
Similar to the mechanism of msg3 repetition request, a RSRP threshold could be configured 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 different UE features in different releases should be supported independently, the RSRP threshold should be independent from the RSRP threshold of Msg3 repetition. Thus, we propose to introduce a new RSRP threshold of PUCCH repetition for Msg4 HARQ-ACK. 
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.
According to above, we have following proposal.
Proposal 4: A new RSRP threshold is supported for requesting 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.
Therefore, 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: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report


Proposal 5: Updates are needed before confirming the working assumption on RSRP threshold for repetition request or capability report of PUCCH repetition for Msg4 HARQ-ACK.
Frequency hopping
In order to verify the performance of inter-slot frequency hopping, link level simulations are performed. The simulation assumptions are provided in table A1 in Appendix A, and the simulation results are depicted in Figure 1, considering a channel model of NTN-TDL-C with 30ns delay spread. 
[image: ]  
Figure 1. Performance of PUCCH repetition for msg4 HARQ-ACK with inter-slot/intra-slot frequency hopping
It can be observed that the performance gain with inter-slot FH and intra-slot FH decreases with the number of repetitions increased, and around 0.2dB and 0.4dB additional gain can be obtained under repetitions with inter-slot FH and intra-slot FH, respectively, compared to repetitions without frequency hopping. 
Observation 1: 
· The performance gain with inter-slot FH and intra-slot FH decreases with the larger repetition number.
· Compared to PUCCH repetitions for msg4 HARQ-ACK without FH, around 0.2dB and 0.4dB additional performance gain from PUCCH repetitions with inter-slot FH and intra-slot FH can be obtained, respectively. 
According the performance gain observed and the flexibility of either configure intra-slot or inter-slot frequency hopping, inter-slot frequency hopping for PUCCH repetition for msg4 HARQ-ACK can also be considered, as intra-slot frequency hopping is already supported. In some scenarios with larger delay spread, the performance gain would be more significant. In msg3 repetition mechanism, inter-slot frequency hopping is supported and the frequency hopping flag information field in UL RAR grant or DCI format 0_0 with CRC scrambled by TC-RNTI is reused. Similarly, the frequency hopping flag information field in UL RAR grant could also be reused to enable/disable inter-slot frequency hopping for PUCCH repetition for msg4 HARQ-ACK when repetition number is configured to be more than 1. On the other hand, repurpose some fields in scheduling DCI corresponding to msg4 PDSCH could also be considered to enable/disable inter-slot frequency hopping for PUCCH repetition for msg4 HARQ-ACK. 
Proposal 6: Support to enable/disable inter-slot frequency hopping for PUCCH repetition for msg4 HARQ-ACK considering the following alternatives
·  Alt 1: reusing the frequency hopping flag information field in UL RAR grant when the repetition number is configured to be more than 1
· Alt 2: repurpose some fields in scheduling DCI corresponding to msg4 PDSCH
0. DMRS bundling of PUSCH
Phase difference due to timing drift
According to the observation in RAN1#112 meeting, timing error limit and frequency error limit can be satisfied, considering RAN4 requirements perspectives for DMRS bundling in NTN scenario. 
	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.
· [bookmark: OLE_LINK1]FFS: impact of phase difference limit


Furthermore, when DMRS bundling is enabled, timing drift after an actual TDW determined by events or a configured TDW defined for terrestrial network should also be considered, although perfect pre-compensation on timing and frequency offset is assumed to be performed before the first symbol of an actual TDW or a configured TDW. 
Furthermore, phase difference with different TDW durations due to timing drift can be calculated based on the following formula, 
.
In link budget analysis, 2 PRBs or 4 PRBs are assumed for PUSCH VoIP and low data rate service, i.e. 360kHz and 720kHz @ 15kHz SCS, respectively. In addition, 70.5 us/s is used under target scenarios, i.e. LEO-1200 at 30 degrees elevation angle. The calculated results of phase difference with different durations are listed in table 1. 
Table 1. Phase difference with different durations
	TDW duration
	1ms
	2ms
	4ms
	8ms
	16ms
	32ms

	Phase difference for LEO-1200 with 2PRBs [degrees]
	4.5684
	9.1368
	18.2736
	36.5472
	73.0944
	146.1888

	Phase difference for LEO-1200 with 4PRBs [degrees]
	9.1368
	18.2736
	36.5472
	73.0944
	146.1888
	292.3776


It can be observed that phase difference both under 8ms duration at LEO-1200 with 2 PRBs scenarios and under 4ms duration at LEO-1200 with 4 PRBs scenarios are larger than the maximum allowable phase difference of 30 degrees for slot “0” and any slot “p” wherein DMRS bundling is applied, which is specified in 6.4.2.5-1 in TS38.101-1. Thus, the maximum duration of DMRS bundling due to phase difference is limited by 4ms for LEO-1200 with 2 PRBs scenarios and 2ms for LEO-1200 with 4 PRBs scenarios. 
Observation 2: 
· For DMRS bundling, the maximum duration due to phase difference is limited by 4ms for LEO-1200 with 2 PRBs scenarios and 2ms for LEO-1200 with 4 PRBs scenarios. 
According to above, when DMRS bundling is enabled, and if UE does not perform pre-compensation on timing and frequency offset within an actual TDW in order to maintain phase continuity and power consistency, the maximum duration of an actual TDW should be limited as 4ms for LEO-1200 with 2 PRBs scenarios and 2ms for LEO-1200 with 4 PRBs scenarios.
Proposal 7: Support the maximum duration of an actual TDW in NTN as 4ms for LEO-1200 with 2 PRBs scenarios and 2ms for LEO-1200 with 4 PRBs scenarios. 
Nominal/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. UE is mandatory to restart an actual TDW after a semi-static event, while whether to restart an actual TDW after a dynamic event subject to UE capability. 
Whether or how to reuse the nominal/actual TDW determination defined in Rel-17 was discussed in RAN1#112 meeting, but no consensus was reached. And the proposal for discussion is as followed below, which is summarized in FL summary from last RAN1 meeting. 
	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.
· [bookmark: _Hlk131775611]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.)


In our understanding, phase continuity and power consistency should be maintained within an actual TDW, not a nominal TDW. The key issue is whether some NTN specific enhancements are needed on the determination of actual TDW, e.g. the definition of new event. The determination of nominal TDW in TN can be reused, that is, nominal TDW is configured by gNB as in the existing spec. According to the definition of actual TDW, it is obvious that UE should maintain the phase continuity and power consistency within an actual TDW. Therefore, TA pre-compensation update is not expected to perform, which violates phase discontinuity and power inconsistency. In order to maintain UL synchronization, UE has to perform TA pre-compensation in some time instance, which may be within an actual TDW determined by Rel-17 specification. Common understanding between gNB and UE should be confirmed on this kind of UE behavior. Thus, when DMRS bundling is enabled, defining the TA pre-compensation update as a new event would be straightforward. Furthermore, the timing of TA pre-compensation update should be discussed. For simplicity, gNB indicating the timing would be more acceptable. 
Proposal 8: Support nominal TDW to be configured by gNB as specified in the current spec. for TN. 
Proposal 9: Define the TA pre-compensation update as a new event, and the timing of the TA pre-compensation update is indicated to UE by gNB. 

Events which cause power consistency and phase continuity not to be maintained
According to the discussion on PUSCH DMRS bundling, whether to define another the new event 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 if needed. 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 has been enhanced which 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 10: 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 without having acquired 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. Out of the validity duration, DMRS bundling should be disabled or cannot be performed. 
Observation 3: 
· 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 11: 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: 
· The performance gain with inter-slot FH and intra-slot FH decreases with the larger repetition number.
· Compared to PUCCH repetitions for msg4 HARQ-ACK without FH, around 0.2dB and 0.4dB additional performance gain from PUCCH repetitions with inter-slot FH and intra-slot FH can be obtained, respectively. 
Observation 2: 
· For DMRS bundling, the maximum duration due to phase difference is limited by 4ms for LEO-1200 with 2 PRBs scenarios and 2ms for LEO-1200 with 4 PRBs scenarios. 
Observation 3: 
· DMRS bundling can only work within the validity duration.

Proposal 1: Confirm the working assumption on options of indicating Msg 4 PUCCH repetition request or capability report and down-select from option A and option B.
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: Whether UE is capable of PUCCH repetition for Msg4 HARQ-ACK should be indicated to network before dynamic indication of repetition factor. 
Proposal 4: A new RSRP threshold is supported for requesting PUCCH repetition for Msg4 HARQ-ACK, the value range of the new RSRP threshold is the same as that for Msg3 repetition.
Proposal 5: 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 6: Support to enable/disable inter-slot frequency hopping for PUCCH repetition for msg4 HARQ-ACK considering the following alternatives
·  Alt 1: reusing the frequency hopping flag information field in UL RAR grant when the repetition number is configured to be more than 1
· Alt 2: repurpose some fields in scheduling DCI corresponding to msg4 PDSCH
Proposal 7: Support the maximum duration of an actual TDW in NTN as 4ms for LEO-1200 with 2 PRBs scenarios and 2ms for LEO-1200 with 4 PRBs scenarios. 
Proposal 8: Support nominal TDW to be configured by gNB as specified in the current spec. for TN. 
Proposal 9: Define the TA pre-compensation update as a new event, and the timing of the TA pre-compensation update is indicated to UE by gNB. 
Proposal 10: 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 11: 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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Appendixes 
Appendix A. Evaluation assumptions for PUCCH repetition
Table A1. Link-level simulation assumptions for PUCCH transmission
	Parameter
	Value

	PUCCH format 
	Format 1, 2bits UCI or 1-bit for HARQ-ACK for Msg4.

	Carrier frequency
	2 GHz

	SCS
	15kHz

	Frequency hopping
	w/ or w/o frequency hopping

	BLER
	For PUCCH format 1: 
DTX to ACK probability: 1%. 
NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.

	Antenna configuration
	1T1R

	Repetitions
	w/ repetition.
The maximum number of repetitions is 8 for 2bits UCI; {1, 2, 4, 8} repetitions for 1-bit Msg4 HARQ-ACK.

	Symbol duration        
	14 OS

	Number of PRBs
	1 PRB
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