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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN #94e, a new Rel-18 work item on NR NTN (Non-Terrestrial Networks) enhancements was approved [1] and revised in [2] in RAN#99. The objectives include coverage enhancement for NR NTN.
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To specify if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) [RAN1]
In this contribution, we discuss PUCCH enhancements for Msg4 HARQ-ACK and enhancements on DMRS bundling for PUSCH taking into account NTN-specifics.
PUCCH enhancements for Msg4 HARQ-ACK
Based on the FL summary in [3], following issues need to be addressed for PUCCH enhancements for Msg4 HARQ-ACK.
· Repetition request and/or capability report
· How the UE requests repetition/indicates repetition capability
· Indication of repetition factor by gNB

In RAN1#112, the following working assumption was reached for repetition request and/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
According to the above working assumption, both repetition request and capability report are supported based on the configured RSRP threshold. If the configured RSRP threshold is smaller than a certain value 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. Where X is the maximum configurable value of the RSRP threshold. Similar with Msg3 repetition in Rel-17 coverage enhancements, X can be a special value, e.g., representative of infinity. It was discussed whether a new RSRP threshold is introduced for Msg4 HARQ-ACK or the same RSRP threshold as Rel-17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used. Since the coverage performance of Msg3 and Msg4 HARQ-ACK is different, i.e., the link budget of Msg4 HARQ-ACK is better than Msg3, if the same RSRP threshold is used for both Msg3 and Msg4 HARQ-ACK, there may be a waste of resource. For instance, the UE may only suffer coverage problem for Msg3.
Proposal 1: A new RSRP threshold is introduced for PUCCH repetition for Msg4 HARQ-ACK.

In RAN1#112, the following working assumption was reached on how the UE requests repetition/indicates repetition capability.
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
For Rel-17 coverage enhancements, PRACH resource partitioning, e.g., separate preambles, is used for requesting Msg3 repetition. In addition, PRACH resource partitioning is also used for RedCap, slicing and SDT in Rel-17. Furthermore, for Rel-18 coverage enhancements, it has been agreed as a working assumption that separate preambles can be used to differentiate the multiple PRACH transmissions with single PRACH transmission. There are already many features for PRACH resource partitioning. If PRACH resource partitioning is used for Msg4 HARQ-ACK repetition request, severe problems can be caused for PRACH resource usage, e.g., PRACH capacity, PRACH resource collision. Regarding whether higher layer signalling or physical layer signalling in Msg3 PUSCH should be adopted, considering the complexity of physical layer signalling, we prefer higher layer signalling in Msg3 PUSCH is used for repetition request or capability report for Msg4 HARQ-ACK.
Proposal 2: Higher layer signalling in Msg3 PUSCH is used for repetition request or capability report for PUCCH repetition for Msg4 HARQ-ACK.

In RAN1#111, the following working assumption was reached on indication of repetition factor by gNB.
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
Moreover, in RAN1#112, the following agreement was achieved on indication of repetition factor by 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)
The increase of the length of DCI should be avoided. CRC scrambling of DCI scheduling the Msg4 PDSCH will increase CRC missing detection probability and complexity. As the coverage performance of Msg3 and Msg4 HARQ-ACK is different, it’s not appropriate to indicate PUCCH repetition factor for Msg4 HARQ-ACK and number of Msg3 repetition jointly. In addition, joint indication will increase standardization efforts to design DCI. For Rel-17 coverage enhancements, dynamic PUCCH repetition factor indication can be implemented by configuration of different repetition factor per PUCCH resource; while for Msg3 repetition, the number of repetitions is indicated by the 2 MSBs of the MCS field. Similar mechanism can be adopted for PUCCH repetition for Msg4 HARQ-ACK. One or two bits of the existing field, e.g., MCS field or PUCCH resource indicator field, can be used for dynamic PUCCH repetition factor indication for Msg4 HARQ-ACK.
Proposal 3: One or two bits of the existing field, e.g., MCS field or PUCCH resource indicator field, can be used for dynamic PUCCH repetition factor indication for Msg4 HARQ-ACK.
Enhancements on DMRS bundling for PUSCH
In RAN1#112, the impact of timing error limit, frequency error limit and phase difference limit was discussed. The following observation was made.
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.
· FFS: impact of phase difference limit
For the impact of timing error limit and frequency error limit, the existing nominal/actual TDW determination mechanism in the current specification can be reused and no specification change is necessary. Regarding the impact of phase difference limit, it seems companies think if TA pre-compensation update, phase pre-compensation, and RX phase post-compensation are not assumed, phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots for certain carrier bandwidth e.g., 5 MHz at the edge of the carrier bandwidth. Then the problem is whether TA pre-compensation update and phase pre-compensation can be done within a nominal TDW. Option 1 and option 2-2 were discussed in RAN1#112 in Proposal 2-3_v5 in [3], while option 2-1 is the existing nominal/actual TDW determination mechanism in the current specification.
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.
· 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.)
For option 2-2, pre-compensation timing is indicated by gNB and segmented configuration is provided by gNB. However, the configuration of nominal TDW in the current specification is very flexible. The length of a nominal TDW can be configured from 2 to 32 slots. In this sense, pre-compensation timing and segmented configuration can already be realized by configuration of different length of nominal TDWs. Thus option 2-2 should be excluded. Then if phase difference limit cannot be satisfied for certain scenarios, UE reporting information on the pre-compensation timing can be considered. Otherwise, the existing nominal/actual TDW determination mechanism in the current specification can be reused and no specification change is necessary.
[bookmark: _GoBack]Proposal 4: If phase difference limit cannot be satisfied for certain scenarios, UE reporting information on the pre-compensation timing can be considered. Otherwise, the existing nominal/actual TDW determination mechanism in the current specification can be reused.
Conclusions
In this contribution, we discussed PUCCH enhancements for Msg4 HARQ-ACK and enhancements on DMRS bundling for PUSCH, and have the following proposals:
Proposal 1: A new RSRP threshold is introduced for PUCCH repetition for Msg4 HARQ-ACK.
Proposal 2: Higher layer signalling in Msg3 PUSCH is used for repetition request or capability report for PUCCH repetition for Msg4 HARQ-ACK.
Proposal 3: One or two bits of the existing field, e.g., MCS field or PUCCH resource indicator field, can be used for dynamic PUCCH repetition factor indication for Msg4 HARQ-ACK.
Proposal 4: If phase difference limit cannot be satisfied for certain scenarios, UE reporting information on the pre-compensation timing can be considered. Otherwise, the existing nominal/actual TDW determination mechanism in the current specification can be reused.
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