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1. [bookmark: _Ref18181]Introduction
In RAN1#112bis-e[1], UL coverage enhancements on PUSCH and PUCCH channels have been discussed to identify whether potential enhancements are needed with corresponding conclusion and agreements.
In this contribution, the details of potential enhancement solutions for PUSCH and PUCCH are both elaborated. 
2. UL coverage evaluation 
2.1. [bookmark: _Ref8412]PUSCH for VoIP
As shown below, the agreement on gNB-centric TDW determination was reached but details of gNB configuration/indication and UE report need to be further studied.
	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 existing DMRS bundling TDW determination for TN, the nominal TDW is configured by gNB, while the actual TDW is determined based on configured nominal TDW and specified events which may cause phase discontinuity and power inconsistency. In NTN, TA pre-compensation is applied for UL synchronization, which is different from TN. TA pre-compensation update can cause phase discontinuity similar as the event of receiving MAC CE TA command in legacy actual TDW determination mechanism for TN. Hence, TA pre-compensation should also be considered during the actual TDW determination. Meanwhile, to ensure the up-synchronization for reception, the UE and gNB should achieve consensus on the time instant when the TA pre-compensation is updated to obtain same actual TDW. 
Since gNB-centric TDW determination mechanism is agreed as shown above, where actual TDW is determined based on gNB configuration/indication, gNB should be responsible to determine when the TA pre-compensation update is performed. In Rel-17 IoT-NTN, mechanism of segment pre-compensation has already been specified, where gNB will indicate segment length to UE and UE will not update the TA pre-compensation value within a pre-compensation segment. This mechanism can be reused in NR-NTN. That is, gNB will indicate segment length for pre-compensation to UE. UE and gNB can then achieve consensus on when TA pre-compensation will update and determine the actual TDW accordingly. With such mechanism, actual TDW will be determined based on gNB indication of segment length in addition to the configured nominal TDW.
Moreover, in RAN1#112be, following working assumption is made for UE capability. 
	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


From the working assumption, it can be observed that UE may be able to perform pre-compensation, e.g., phase pre-compensation, to keep phase rotation due to timing drift within the phase different limit. Since the phase discontinuity caused by TA pre-compensation update comprises phase rotation due to timing drift, UE with advanced capability may able to keep phase discontinuity caused by TA pre-compensation update between segments within phase different limit. In this case, maintaining DMRS bundling across segments, i.e., determine an actual TDW across segments, is possible. However, as the subbullet illustrates, UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit, which means that there also exists UEs without the capability to maintain DMRS bundling across pre-compensation segments. Obviously, for UE without capability to maintain DMRS bundling across segments, the actual TDW is restricted by segment length. While for UE with the capability, segment length may not be a restriction. Since UEs with different capabilities will have different mechanisms of actual TDW determination, UE should report the capability on whether to support actual TDW across pre-compensation segments to achieve consensus with gNB.
Based on above consideration, for gNB-centric TDW determination, UE should report capability on whether to support actual TDW across pre-compensation segments. gNB should configure nominal TDW size and indicate segment length of pre-compensation. The actual TDW will be determined based on configured nominal TDW and indicated segment length from gNB. And for UE without capability to support actual TDW to be longer than segment length, actual TDW is determined based on pre-compensation segment, e.g., by introducing a new event of pre-compensation update. For UE with capability to support actual TDW to be longer than segment length, actual TDW may be determined without consideration of segment length.
Proposal 1: UE capability on whether to support actual TDW across pre-compensation segments should be reported to achieve consensus with gNB on how to determine actual TDW.
Proposal 2: For the gNB centric TDW determination, at least the following details should be considered.
· Nominal TDW is determined based on gNB configuration of nominal TDW size
· Actual TDW is determined based on gNB indication of pre-compensation segment length and configuration of nominal TDW size subject to UE reported capability
· For UE without capability to support actual TDW across pre-compensation segments, actual TDW is determined based on pre-compensation segment, e.g., by introducing a new event of pre-compensation update, in addition to nominal TDW
· For UE with capability to support actual TDW across pre-compensation segments, actual TDW is determined based on nominal TDW
2.2. PUCCH for Msg4 HARQ-ACK
2.2.1. Information report from UE
In RAN1 #112[1], the information report from UE was discussed and corresponding working assumption was made. In RAN1 #112bis-e[1], the working assumption was further discussed but no agreement was achieved.
	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 configured as an agreement
Proposal 1-4_v3
Decide at RAN1 #113 whether or not RAN1 confirm 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.
· 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 configured as an agreement



In our understanding, the RSRP threshold to determine whether to perform repetition is not necessary. Firstly, it should be noted that RSRP variation within an NTN cell is small, which is different from TN. Even in higher layer procedures in NTN, where RRM measurements are available and much more accurate than RSRP measurement in physical layer, time and location-based handover solutions are designed in Rel-17 to replace legacy RSRP based handover solution. Hence, RSRP is not a proper parameter to distinguish UEs within an NTN cell, which could have similar RSRP. Secondly, the RSRP threshold configured by network is for DL RSRP measurement, while the PUCCH repetition is a UL transmission, which are mismatched. UE’s RSRP measurement on DL signal cannot accurately reflect the PUCCH decoding performance at gNB. In legacy TN, since RSRP variation can be very large within a cell, DL RSRP measurement can reflect UL performance to some extent even if there is some inaccuracy caused by mismatch. While in NTN, since the RSRP variation is small, the inaccuracy could have significant impact, i.e., the PUCCH repetition cannot be well controlled by DL RSRP measurement. Moreover, it has already been agreed in previous meeting that dynamic indication of repetition factor by network is supported when multiple repetition factors are configured in SIB, which also indicates that gNB can better determine which repetition factor should be used. Thirdly, SIB configuration of repetition factors can already control whether to perform repetition. If the satellite is in a low orbit and high elevation angle, where link budget is high and no need of PUCCH repetition, network can just not configure the repetition factors in SIB. If the elevation angle is low or satellite orbit is high, network can enable the PUCCH repetition by configuring the repetition factor in the SIB. Since UEs within a cell has similar RSRP, such cell specific control mechanism is already enough. Defining an RSRP threshold is completely redundant, which will make the spec more complicated without benefit. Based on above analysis, RSRP threshold should not be introduced, i.e., the working assumption at RAN1 #112 for RSRP threshold should not be confirmed.
Proposal 3: The working assumption on introducing RSRP threshold should not be confirmed, since defining RSRP threshold to configure PUCCH repetition is redundant, which make the specification more complicated without benefits.
Proposal 4: For PUCCH repetition for Msg4 HARQ-ACK, UE capable of PUCCH repetition reports the capability of PUCCH repetition for Msg4 HARQ-ACK regardless of whether the threshold is configured or not.
2.2.2. Dynamic indication
In RAN1 #112bis-e[1], the dynamic indication of repetition number of PUCCH for Msg4 HARQ-ACK was discussed and following agreement was agreed.
	[bookmark: _Hlk128590381]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
· 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



According to the Alt-1-1, before concluding on the bit-field for indication, to enable this feature in DCI, additional criteria or condition should be specified to inform UE whether it is necessary to interpret a specific bit field as a repetition number indication to avoid misunderstandings about the purpose of the specific bit field on the UE side. For example, the indication via DCI may only occur when multiple repetition numbers are indicated. Meanwhile, additional report of capability or request from UE side should also be part of the premise to let the UE to re-interpret a specific bit field in the DCI scheduling Msg4 PDSCH. 
Regarding the down-selection among different alternatives, considering that DL may have better channel condition, Alt 1-1a may limit the selection of PDSCH MCS, i.e., in some scenarios, higher MCS may be used (e.g. with higher satellite power). Alt 1-1b may impact the scheduling flexibility of PUCCH frequency resource, while introducing a new common PUCCH resource table with repetition factor per PUCCH resource will result in less flexibility and more specification impact. Alt 1-1c may impact the flexibility for HPN configuration and cause stalling if the RTT is large. Alt 1-1e may constrain UL scheduling and affect scheduling flexibility because candidate “K1” values are strictly mapped to each the repetition factor. Therefore, we prefer Alt 1-1d, which has no impact on scheduling flexibility since DAI field is reserved currently. 
Proposal 5: When multiple factors are configured via SIB and the capability indication is sent by a UE, the UE will re-interpret the existing field in the DCI scheduling Msg4 PDSCH as repetition number indication.
Proposal 6: The DAI field in the DCI scheduling Msg4 PDSCH should be specified for the repetition number indication.
2.2.3. Validity of PUCCH repetition
In RAN1 #112bis-e[1], it was discussed how to configure common PUCCH before dedicated PUCCH resource configuration but no agreement was agreed. 
	Proposal 1-1_v3
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.



Timing of when dedicated PUCCH configuration is provided is up to NW implementation though Msg4 PDSCH can include the configuration. That is, whether to configure the dedicated PUCCH resource in the Msg4 PDSCH is determined by NW implementation. So even after the HARQ for Msg-4, there is still case that common PUCCH will be reused, e.g., the HARQ feedback for subsequent PDSCHs after successful random access will be carried by the common PUCCH. To solve this issue, PUCCH repetition should be supported for PUCCH transmission using common PUCCH resource when dedicated PUCCH resource configuration is not provided. Since dedicated PUCCH resources is not expected to be configured far after msg4, the channel condition for common PUCCH should be same as that for PUCCH for Msg4 HARQ-ACK. Therefore, the straightforward way is to directly apply the indicated repetition factor for PUCCH for msg4 HARQ-ACK to other common PUCCH. With this method, there is no need to design additional dynamic indication method for common PUCCH, which reduces spec efforts and complexity of PDCCH monitoring.
Proposal 7: For PUCCH transmission when dedicated PUCCH resource configuration is not provided, the indicated repetition factor for PUCCH for msg4 HARQ-ACK will be extended as repetition factor for other common PUCCH transmission.
3. Conclusions
According to the analysis given above, we have the following observations and proposals:
Proposal 1: UE capability on whether to support actual TDW across pre-compensation segments should be reported to achieve consensus with gNB on how to determine actual TDW.
Proposal 2: For the gNB centric TDW determination, at least the following details should be considered.
· Nominal TDW is determined based on gNB configuration of nominal TDW size
· Actual TDW is determined based on gNB indication of pre-compensation segment length and configuration of nominal TDW size subject to UE reported capability
· For UE without capability to support actual TDW across pre-compensation segments, actual TDW is determined based on pre-compensation segment, e.g., by introducing a new event of pre-compensation update, in addition to nominal TDW
· For UE with capability to support actual TDW across pre-compensation segments, actual TDW is determined based on nominal TDW
Proposal 3: The working assumption on introducing RSRP threshold should not be confirmed, since defining RSRP threshold to configure PUCCH repetition is redundant, which make the specification more complicated without benefits.
Proposal 4: For PUCCH repetition for Msg4 HARQ-ACK, UE capable of PUCCH repetition reports the capability of PUCCH repetition for Msg4 HARQ-ACK regardless of whether the threshold is configured or not.
Proposal 5: When multiple factors are configured via SIB and the capability indication is sent by a UE, the UE will re-interpret the existing field in the DCI scheduling Msg4 PDSCH as repetition number indication.
Proposal 6: The DAI field in the DCI scheduling Msg4 PDSCH should be specified for the repetition number indication.
Proposal 7: For PUCCH transmission when dedicated PUCCH resource configuration is not provided, the indicated repetition factor for PUCCH for msg4 HARQ-ACK will be extended as repetition factor for other common PUCCH transmission.
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