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Introduction
The work item description (WID) for NR NTN enhancements was revised at the RAN#98-e meeting [1]. The revised WID include the following objectives and assumptions for coverage enhancements for NR NTN.
	The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarisation loss (per antenna port). 
Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.
The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.

The detailed objectives are for 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 express our views on coverage enhancements for NR NTN including PUCCH enhancements for Msg4 HARQ-ACK and enhancements for PUSCH DMRS bundling. 
Discussion
PUCCH enhancements for Msg4 HARQ-ACK
As it is stated in the WID [1], coverage enhancements for PUCCH are considered only for transmission of HARQ-ACK in response to Msg4. In the specification this case can be referred as PUCCH resource indicated by a DCI format 1_0 with CRC scrambled by TC-RNTI. PUCCH transmission when dedicated PUCCH resource configuration is not provided may correspond to HARQ-ACK for another PDSCH (not Msg4) for a UE in RRC connected mode, which may not be related to Msg4 transmission. Considering the above, separate discussion is needed to decide if enhancements are needed for transmission when dedicated PUCCH resource configuration is not provided. Thus, we propose to discuss coverage enhancements for PUCCH resource indicated by a DCI format 1_0 with CRC scrambled by TC-RNTI first. The need for PUCCH coverage enhancements when dedicated PUCCH resource configuration is not provided can be discussed further, if needed.


Proposal 1: 
· RAN1 to discuss PUCCH for Msg4 HARQ-ACK which corresponds to PUCCH resource indicated by a DCI format 1_0 with CRC scrambled by TC-RNTI
· The need of PUCCH enhancements for other cases shall be discussed separately
Considering that the PUCCH repetition for Msg4 HARQ-ACK should cover a broad range of NTN deployments with different satellite orbits and given that signal received from different UEs may have different SNR values, a mechanism for cell-specific and/or UE-specific configuration/indication of repetition factor is required. At the last RAN1 meeting (RAN1#111) the following working assumption was agreed on the procedure and signaling for repetition factor determination. 
	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


As it can be seen from the above working assumption, both cell-specific configuration and UE-specific indication are supported for repetition factor determination for PUCCH repetition in response to Msg4 HARQ-ACK. 
For the cell-specific configuration of the repetition factor, there is no need to support configuration of repetition factor equal to 1 since PUCCH repetition in response to Msg4 HARQ-ACK feature can be enabled or disabled by the gNB. The PUCCH repetition can be considered as disabled if the corresponding information element is not indicated in the SI.
For the UE-specific indication of the repetition factor, multiple repetition factors from {1, 2, 4, 8} are configured via SIB. At the same time, there is no benefit for configuring a subset of values for repetition factors (i.e. 3 values or 2 values). Thus, we propose to support configuration of 4 values for repetition factor {1, 2, 4, 8}.
Proposal 2: 
· For PUCCH repetition for Msg4 HARQ-ACK, one or multiple repetition factors may be configured via SIB
· For configuration of one repetition factor, the candidate values are {2, 4, 8}
· For configuration of multiple repetition factors, four repetition factors {1, 2, 4, 8} are configured for dynamic indication
· gNB can enable or disable the repetition feature via SIB


To determine if UE supports PUCCH repetition in response to Msg4 HARQ-ACK feature, reporting of UE capability from the UE is required. On top of this, a UE can request repetition depending on the received signal quality (e.g., RSRP, SNR, etc.), in this case, if signal quality is good enough, indication of UE capability for PUCCH repetition in response to Msg4 HARQ-ACK support is not necessary. At the RAN1#110b-e the following agreement was made for procedure to perform repetitions. 
	Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4


For the Msg3 PUSCH repetition, the procedure to perform repetition is initiated by UE request. For a UE which supports the Msg3 repetition, the UE request can be performed if RSRP is lower than configured RSRP threshold. Similar mechanism can be considered for PUCCH repetition for Msg4 HARQ-ACK. In this case it is better to support configuration of different RSRP threshold separately from the threshold for Msg3 PUSCH. Due to difference coverage performance of PUSCH and PUCCH.
At the same time, since gNB receives PRACH and Msg3 PUSCH prior to PUCCH for Msg4 HARQ-ACK, gNB can measure received signal quality (e.g., SNR). So, it may be beneficial for the gNB to disable RSRP threshold and rely only on the UE capability. Considering that the signal quality can be measured at the gNB, there is no need to support reporting of recommended number of PUCCH repetitions from the UE to assist selection of repetition factor in case of UE-specific indication. 
Proposal 3:
· If UE request for PUCCH in response to Msg4 HARQ-ACK repetition is supported, re-use RSRP threshold-based mechanism supported for Msg 3 PUSCH repetition
· New RSRP threshold is introduced (i.e., the RSRP value is separately configured from the RSRP value for Msg 3 PUSCH repetition)
· It is up to gNB whether to enable UE request or rely on UE capability only
· Reporting of required number of repetitions from the UE is not supported
For Msg3 PUSCH initial transmission and retransmission, the number of repetitions is indicated by repurposing MCS in the RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI, respectively. For the UE-specific indication of the repetition factor for PUCCH in response to Msg4 HARQ-ACK, the number of repetitions can be indicated via DCI format 1_0 with CRC scrambled by TC-RNTI. Since the repetition factor indication requires only 2 bits repurposing of DCI bits can be considered. For example, DAI field (reserved) can be repurposed for the repetition factor indication.


Proposal 4: 
· Support dynamic indication via DCI for repetition factor of PUCCH in response to Msg4 HARQ-ACK
· Re-purposing of two DCI bits is considered for the repetition factor (e.g., DAI field (reserved) can be repurposed for the repetition factor indication)
The following conclusion was agreed at the RAN#110b-e meeting on the repetition slot counting for the PUCCH in response to Msg4 HARQ-ACK. 
	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.


Whether to support specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is for further study according to the above conclusion. As section 9.2.6 of TS 38.213 is for PUCCH repetition in RRC connected mode, both tdd-UL-DL-ConfigurationDedicated and tdd-UL-DL-ConfigurationCommon are used to determine the available slot in that case. However, for PUCCH in response to Msg4, only tdd-UL-DL-ConfigurationCommon can be used to determine the available slot. Thus, we propose to consider specification update to support available slot counting for PUCCH repetition for Msg4 HARQ-ACK.
Observation 1:
· Section 9.2.6 of TS 38.213 is for PUCCH repetition in RRC connected mode, both tdd-UL-DL-ConfigurationDedicated and tdd-UL-DL-ConfigurationCommon are used to determine the available slot in that case
Proposal 5: 
· Specification update needs to be considered to support available slot counting based on existing principles (as in section 9.2.6 of TS 38.213) for the repetition of PUCCH in response to Msg4 HARQ-ACK 
One of the features which may further improve the coverage performance for PUCCH repetition is DMRS bundling and inter-slot frequency hopping. DMRS bundling is specified for PUSCH as an optional UE feature with the corresponding UE capability signalling. Since PUCCH repetition for Msg4 HARQ-ACK corresponds to initial access, support of feature which may not be supported for all the UEs and requires additional UE capability report is not preferred. Thus, DMRS bundling for PUCCH repetition should not be supported for HARQ-ACK in response to Msg4 PDSCH. 
For inter-slot frequency hopping, in our understanding it may not require additional specification effort as it is already supported for PUCCH repetition with dedicated configuration. Thus, inter-slot frequency hopping can be considered to further improve the coverage performance for PUCCH for Msg4 HARQ-ACK.
Proposal 6: 
· Do not support DMRS bundling for PUCCH repetition with HARQ-ACK in response to Msg4 PDSCH
· Inter-slot frequency hopping is supported for PUCCH repetition with HARQ-ACK in response to Msg4 PDSCH
Assumption applied for spatial domain filter at the UE for PUCCH transmission with HARQ-ACK in response to Msg4 PDSCH is specified in section 9.2.1 of TS38.213. According to the specification, the UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by a RAR UL grant. In order to allow coherent combining at gNB receiver, same Tx beam should be applied for all the repetitions of PUCCH transmission carrying HARQ-ACK in response to Msg4 PDSCH. Also, there is no need to change the mechanism of PUCCH resource determination for HARQ-ACK in response to Msg4. Thus, we propose to support same Tx beam and same PUCCH resource (determined by PRI in the DCI and starting CCE) for all PUCCH repetitions.
Proposal 7: 
· Same Tx beam and same PUCCH resource is applied for all the repetitions of PUCCH transmission with HARQ-ACK in response to Msg4 PDSCH
DMRS bundling for PUSCH
The following agreement and conclusions were made at the previous RAN1 meetings on PUSCH DMRS bundling support for NR NTN.
	Agreement
For NTN-specific PUSCH DMRS bundling,
· Discuss further the need of enhancement in consideration of at least the following:
· Phase difference due to timing drift and/or doppler shift.
· e.g., whether/how long a UE can meet phase continuity requirement specified as Table 6.4.2.5-1 in 38.101-1 in consideration of frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-5 and timing error specified in Table 7.1C.2-1 of 38.133, whether RAN1 should introduce enhancement to meet the requirement and/or recommend RAN4 to update the requirement or UE should pre-compensate phase difference by UE implementation, etc.
· An event which causes power consistency and phase continuity not to be maintained.
· e.g., whether the new event is necessary to determine actual TDW(s) from each nominal TDW or the existing specification can work without any specification change or whether such event may not occur depending on implementations, etc.
· Note: baseline performance for legacy UEs can include antenna switching

Conclusion
For the study of NTN-specific PUSCH DMRS bundling, RAN1’s understanding is that Phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement for two adjacent slots specified as Table 6.4.2.5-1 in 38.101-1, according to annex F.9 and F.4 of 38.101-1.

Conclusion
RAN1 concluded that PUSCH DMRS bundling with sufficient TDW size should be applicable in NTN to meet the performance requirement for VoIP
· FFS: How to determine TDW size, including UE capability.
· Note: The above does not mean the performance requirements will be satisfied with DMRS bundling


For the duration of actual TDW, a UE should maintain phase continuity and power consistency to allow joint channel estimation across multiple slots. For the NTN, the capability to maintain the phase continuity and power consistency also depends on the UE implementation for autonomous TA adjustment and frequency adjustment. Thus, the maximum TDW duration supported by the UE should consider the impact of UE autonomous TA adjustment and frequency adjustment. This aspect should be reflected in the UE capability report for the maximum TDW duration. 
Proposal 8: 
· UE capability related to maximum TDW duration should consider impact of UE autonomous adjustment of TA and frequency for PUSCH transmission
For NB-IoT/eMTC NTN segment size for autonomous UE pre-compensation adjustment is configured by the network. At the RAN1#110 meeting, it was agreed to support UE capability on the gaps for segmented UL transmission for both eMTC and NB-IoT NTN. The gaps may be required to allow low-complexity implementation for adjustment of time/frequency shift for UL transmission at the UE. Considering that NR devices allow higher UE complexity compared to eMTC/NB-IoT devices, there is no need to support additional gaps to adjust the UE pre-compensation values. Moreover, support of symbol-level or slot-level gaps may reduce coverage performance of PUSCH transmission if the limit of 20 ms transmission is considered which is not aligned with the Rel-18 NR NTN work item objectives. 
Proposal 9: 
· Additional gaps to adjust the UE pre-compensation values are not supported for NR NTN
There are some events which have an impact on actual TDW duration for PUSCH DMRS bundling. Different events are supported including PUSCH dropping/cancellation based on collision rules, DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum, gap between two PUSCH/PUCCH transmissions exceeding 13 symbols (normal CP) or 11 symbols for (extended CP), UL beam switching or different sets of power control parameters for multi-TRP operation, UL TA adjustment, frequency hopping. There are some candidates for new events for PUSCH DMRS bundling in NTN. For example, new common TA and satellite ephemeris application and/or update of the epoch time can be considered as new events. Thus, we propose to study whether to introduce new events for PUSCH DMRS bundling in NTN.
Proposal 10: 
· RAN1 to study if new event is needed to consider new common TA and satellite ephemeris application and/or update of the epoch time
Conclusion
In this contribution, we expressed our views on coverage enhancements for NR NTN including PUCCH enhancements for Msg4 HARQ-ACK and enhancements for DMRS bundling for PUSCH. The following proposals and observations were made. 
Proposal 1: 
· RAN1 to discuss PUCCH for Msg4 HARQ-ACK which corresponds to PUCCH resource indicated by a DCI format 1_0 with CRC scrambled by TC-RNTI
· The need of PUCCH enhancements for other cases shall be discussed separately
Proposal 2: 
· For PUCCH repetition for Msg4 HARQ-ACK, one or multiple repetition factors may be configured via SIB
· For configuration of one repetition factor, the candidate values are {2, 4, 8}
· For configuration of multiple repetition factors, four repetition factors {1, 2, 4, 8} are configured for dynamic indication
· gNB can enable or disable the repetition feature via SIB


Proposal 3:
· If UE request for PUCCH in response to Msg4 HARQ-ACK repetition is supported, re-use RSRP threshold-based mechanism supported for Msg 3 PUSCH repetition
· New RSRP threshold is introduced (i.e., the RSRP value is separately configured from the RSRP value for Msg 3 PUSCH repetition)
· It is up to gNB whether to enable UE request or rely on UE capability only
· Reporting of required number of repetitions from the UE is not supported
Proposal 4: 
· Support dynamic indication via DCI for repetition factor of PUCCH in response to Msg4 HARQ-ACK
· Re-purposing of two DCI bits is considered for the repetition factor (e.g., DAI field (reserved) can be repurposed for the repetition factor indication)
Observation 1:
· Section 9.2.6 of TS 38.213 is for PUCCH repetition in RRC connected mode, both tdd-UL-DL-ConfigurationDedicated and tdd-UL-DL-ConfigurationCommon are used to determine the available slot in that case
Proposal 5: 
· Specification changes shall be considered to support repetition slot counting based on existing principles (as in section 9.2.6 of TS 38.213) for the repetition of PUCCH in response to Msg4 HARQ-ACK 
Proposal 6: 
· Do not support DMRS bundling for PUCCH repetition with HARQ-ACK in response to Msg4 PDSCH
· Inter-slot frequency hopping is supported for PUCCH repetition with HARQ-ACK in response to Msg4 PDSCH
Proposal 7: 
· Same Tx beam and same PUCCH resource is applied for all the repetitions of PUCCH transmission with HARQ-ACK in response to Msg4 PDSCH
Proposal 8: 
· UE capability related to maximum TDW duration should consider impact of UE autonomous adjustment of TA and frequency for PUSCH transmission
Proposal 9: 
· Additional gaps to adjust the UE pre-compensation values are not supported for NR NTN
Proposal 10: 
· RAN1 to study if new event is needed to consider new common TA and satellite ephemeris application and/or update of the epoch time
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