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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#112bis-e meeting, the following agreements and working assumptions were made for the coverage enhancement for NR NTN [1]:
	[bookmark: _Hlk83924038]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
Final LS is endorsed in R1-2304094 with the following revision to the action:
ACTION: RAN1 respectfully asks RAN4 to take the above RAN1 observations and agreement working assumption into account.
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
Send an LS to RAN2 at RAN1#113 to provide details of “repetition request or capability report”, to ask the feasibility of Option B, and if feasible, to specify the details of Option B.
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
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
· [bookmark: _Hlk134528048]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 share our views on coverage enhancement for NR NTN.
Discussions
Msg4 HARQ-ACK repetition
Repetition request and capability report via higher layer signaling via Msg3 PUSCH
In the last RAN1 meeting, RAN1 agreed that the repetition request or capability report is indicated via higher layer signaling in Msg3 PUSCH as following Working assumption.
	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
Send an LS to RAN2 at RAN1#113 to provide details of “repetition request or capability report”, to ask the feasibility of Option B, and if feasible, to specify the details of Option B


As the discussion in the last meeting, some companies concerned that whether 2-state information (one-bit information) or 4-state information (two-bits information) is used for repetition request or capability report is unclear. 
If 4-state information is used for repetition request, it would be possible to indicate repetition factor with repetition request from UE. To indicate repetition factor from UE to gNB, UE need to determine the repetition factor and request to the network based on the multiple RSRP threshold. For the repetition factor determination at UE side (i.e. RSRP threshold based repetition factor determination), the repetition factor is determined based on only downlink pathloss, not affected by PCMAX of UE. Meanwhile, for the repetition factor determination at network side (i.e. Msg1 measurement based repetition factor determination), the repetition factor determination at the gNB side enables to reflect not only pathloss but also the PCMAX of the UE in the determined repetition factor, repetition factor can be determined more accurately than determination at UE side. Moreover, the network that wants UEs to perform the Msg4 HARQ-ACK repetition is likely to also need the Msg3 repetition. Therefore, the network capable of Msg4 HARQ-ACK repetition should have the function of Msg1 measurement which is used for the Msg3 repetition. Therefore, since the repetition factor can be determined more accurately at gNB side than repetition factor determined at the UE side, the UE does not need to indicate the repetition factor with repetition request using 4-state information in the Msg3.
Observation 1: Repetition factor determination based on RSRP threshold at the UE side is not affected by PCMAX of UE.
[bookmark: _Hlk134725732]Observation 2: The repetition factor determination by using Msg1 based measurement at the gNB side enables to reflect not only pathloss but also the PCMAX of the UE in the determined repetition factor.
Observation 3: The network that wants UEs to perform the Msg4 HARQ-ACK repetition is likely to also need the Msg3 repetition. Therefore, the network capable of Msg4 HARQ-ACK repetition should have the function of Msg1 measurement which is used for the Msg3 repetition.
Observation 4: The repetition factor may be determined more accurately at gNB side than repetition factor determined at the UE side.
Proposal 1: The 4-state repetition factor indication via Msg3 is not considered.
If 4-state information is used for capability report, it would be possible to consider that UE can support part of the repetition factors (e.g. UE can support repetition factors only [1,2]) if allowed. However, the UE that capable of PUCCH repetition for Msg4 HARQ-ACK should support all of the repetition factors, because the repetition factor may be determined depending on satellite location (altitude and elevation angle) as shown in Figure 1. If UE does not support part of the repetition factors, the UE may not be guaranteed for continuous connections or access to high-altitude satellites. Therefore, since the UE capable of Msg4 HARQ-ACK repetition has to support all the repetition factors, i.e. 2, 4 and 8, the UE does not need to report repetition factor capability using 4-state information.
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Figure 1: Relation between satellite elevation angle and repetition factor
Observation 5: The UE capable of Msg4 HARQ-ACK repetition should support all the repetition factors, i.e. 2, 4 and 8.
Proposal 2: The 4-state capability report via Msg3 is not considered.
Considering the Proposal 1 and 2, 4-state information (2-bits information) may bring no benefit and 2-state information (1-bit information) would be enough for Msg4 HARQ-ACK repetition request or capability report. Therefore, RAN1 should ask RAN2 whether 2-state information (1-bit information) is feasible to use for repetition request or capability report for Msg4 HARQ-ACK repetition on higher layer signaling in Msg3 PUSCH. 
Observation 6: The 2-state information (1-bit information) would be enough for Msg4 HARQ-ACK repetition request or capability report.
Proposal 3: Ask RAN2 whether 2-state information (1-bit information) for repetition request or capability report for Msg4 HARQ-ACK repetition via higher layer signaling in Msg3 PUSCH is feasible or not.
Dynamic indication
In the last RAN1 meeting, the following agreement is made.
	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


For dynamic indication of the repetition factor for Msg4 HARQ-ACK, it takes 2 bits to indicate multiple repetition factor. When part of the existing DCI field is reused for the dynamic indication, it must be considered impacts to the existing field. 
In case of the PUCCH resource indicator field or PDSCH-to-HARQ feedback timing indicator field is used for the dynamic indication for the repetition, these fields have 3bits to indicate resource assignment and using 2 bits for the repetition factor indication would be serious restriction of flexibility of resource assignment for network.
In Rel-17 Msg3 repetition, MCS field in RAR UL grant is used to indicate repetition factor. The reason is that the channel to which the MCS field value in RAR UL grant applies and the channel that the repetition is needed are the same. In this situation, higher MCSs are not necessary for the UE which requested Msg3 repetition, because the Msg 3 repetition request means that the expected Msg3 reception power at the gNB side would not be sufficient. For Msg4 HARQ-ACK repetition, unlike Msg3 repetition, the channel to which the MCS field value applies and the channel that the repetition is needed are different. The MCS field indicates the MCS for Msg4 PDSCH but not PUCCH for Msg4 HARQ-ACK. Even though the quality of PUCCH for Msg4 HARQ-ACK is predicted to be insufficient, that does not necessarily mean only lower MCSs are feasible for Msg4 PDSCH. Rather, that may limit the network scheduling on Msg4 PDSCH.
The HARQ process number field can be used for indication of the repetition factor because the HARQ process number before the dedicated RRC configuration is not provided is not so large.
The downlink assignment indicator field (DAI field) can be also used to indicate the repetition factor because the DAI field in the DCI format 1_0 scrambled by TC-RNTI is reserved. We prefer to use reserved field rather than to use existing field.
Observation 7: The downlink assignment indicator field (DAI field) can be also used to indicate the repetition factor because the DAI field in the DCI format 1_0 scrambled by TC-RNTI is reserved.
Proposal 4: DAI field in DCI format 1_0 scheduling Msg4 PDSCH is used for the dynamic indication of the Msg4 HARQ-ACK repetition factor.
Common PUCCH repetition after Msg4 HARQ-ACK
In the last RAN1 meeting, issue of common PUCCH repetition when dedicated PUCCH resource configuration is not provided after Msg4 HARQ-ACK was discussed and following proposal was made.
	Design target
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.


[bookmark: _Hlk134604778]If coverage between Msg4 PUCCH and common PUCCH is different, the repetition factor should be assigned separately. Meanwhile, since FDD band is used for NTN, payload size of the common PUCCH in FDD band is typically 1 bit, which is the same as Msg4 HARQ-ACK payload size. Therefore, the repetition factor for the Msg4 HARQ-ACK can be applied directly for the repetition factor for the common PUCCH, there is no need additional signalling for the repetition factor for the common PUCCH. In other words, if multiple repetition factors are configured in SIB, repetition factor for the common PUCCH is indicated by existing field in DCI scheduling the Msg4, if single repetition factor is configured in SIB, repetition factor for the common PUCCH is the configured value in SIB.
Observation 8: Since FDD band is used for NTN, payload size of the common PUCCH in FDD band is typically 1 bit, which is the same as Msg4 HARQ-ACK payload size.
Proposal 5: The repetition factor determined for the Msg4 HARQ-ACK is also applied to the common PUCCH.
Conclusion
In this contribution, we have the following proposals and observations:
Observation 1: Repetition factor determination based on RSRP threshold at the UE side is not affected by PCMAX of UE.
Observation 2: The repetition factor determination by using Msg1 based measurement at the gNB side enables to reflect not only pathloss but also the PCMAX of the UE in the determined repetition factor.
Observation 3: The network that wants UEs to perform the Msg4 HARQ-ACK repetition is likely to also need the Msg3 repetition. Therefore, the network capable of Msg4 HARQ-ACK repetition should have the function of Msg1 measurement which is used for the Msg3 repetition.
Observation 4: The repetition factor may be determined more accurately at gNB side than repetition factor determined at the UE side.
Proposal 1: The 4-state repetition factor indication via Msg3 is not considered.
[bookmark: _GoBack]Observation 4: If UE does not support part of the repetition factors, the UE may not be guaranteed for continuous connections or access to high-altitude satellites.
Observation 5: The UE capable of Msg4 HARQ-ACK repetition should support all the repetition factors, i.e. 2, 4 and 8.
Proposal 2: The 4-state capability report via Msg3 is not considered.
Observation 6: The 2-state information (1-bit information) would be enough for Msg4 HARQ-ACK repetition request or capability report.
Proposal 3: Ask RAN2 whether 2-state information (1-bit information) for repetition request or capability report for Msg4 HARQ-ACK repetition via higher layer signaling in Msg3 PUSCH is feasible or not.
Observation 7: The downlink assignment indicator field (DAI field) can be also used to indicate the repetition factor because the DAI field in the DCI format 1_0 scrambled by TC-RNTI is reserved.
Proposal 4: DAI field in DCI format 1_0 scheduling Msg4 PDSCH is used for the dynamic indication of the Msg4 HARQ-ACK repetition factor.
Observation 8: Since FDD band is used for NTN, payload size of the common PUCCH in FDD band is typically 1 bit, which is the same as Msg4 HARQ-ACK payload size.
Proposal 5: The repetition factor determined for the Msg4 HARQ-ACK is also applied to the common PUCCH.
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