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1. Introduction
At the RAN1#112bis-e meeting [1], there was discussion on coverage enhancement for NR NTN and there were a lot of agreements/working assumptions/conclusions. In this contribution, we share our further views on coverage enhancement for NR NTN.

2. Discussions
2.1. PUCCH repetition for Msg4 HARQ-ACK
2.1.1. Details of “repetition request or capability report”
	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.

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


At the last meeting, it was agreed from RAN1 perspective that higher layer signaling is used to transmit UE information report. RAN2 LS is necessary, but companies do not have common understanding of the exact information for “repetition request or capability report”. In this meeting, RAN1 should have a clear agreement for the details of the information contents and then send an LS to RAN2 as early as possible. 
Our understanding is that signaling should be the same between repetition request and capability report. The only difference is whether RSRP threshold is used to decide whether to transmit or not. That is, information itself is independent to the WA including RSRP threshold above.
It was argued that repetition factor indication should be supported, but such a mechanism is unnecessary as in R17 Msg3 repetition; benefit seems to be minor compared to overhead impact.
Proposal 1:
· RAN1 concluded for repetition request or capability report as follows and send an LS to RAN2 with both the working assumption of Option B support at RAN1#112bis-e and this agreement.
· Either repetition request or capability report is transmitted from UE and one bit information is assumed for the repetition request or capability report. More than one bit information is not supported.


2.1.2. Trigger of information 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


Regarding the above working assumption in previous meeting, although RAN1 tried to agree Alt B for RSRP threshold, small number of companies raised their concern on this entire working assumption and blocked to agree the down-selection.
We believe that this working assumption should not be dropped. At least one motivation was clarified at RAN1#112bis-e; this RSRP threshold is beneficial at least when only a single factor is configured. Without dynamic indication, repetition is skipped by UE with sufficient RSRP level, which improves resource efficiency. One important note is that reverting/dropping WA is possible ONLY if critical issue is found. So far, any critical issue has not been pointed out.
Proposal 2:
· Confirm the working assumption agreed at the RAN1#112 meeting with respect to trigger of UE information report for PUCCH repetition for Msg4 HARQ-ACK.

Then, we can discuss Alt A vs Alt B. Regarding Alt A vs Alt B of RSRP threshold, we believe that different threshold would be better in consideration of different required performance between Msg3 PUSCH and Msg4 HARQ-ACK. Then for the value range, our view is that ‘RSRP-range’ can be applied. For rsrp-ThresholdMsg3-r17, which is the RSRP threshold parameter for Msg3 PUSCH repetition, RSRP-Range = INTEGER(0..127) is applied as other configurable threshold defined so far. Just the same parameter can be reused for Msg4 HARQ-ACK repetition.
Proposal 3:
· For RSRP threshold to trigger UE information report, support Alt B
· The value range is defined by RSRP-range, i.e., X = 127


2.1.3. Dynamic indication details
	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


At the last meeting, Alt 1-1 was agreed for dynamic indication and further details are to be discussed. We believe that Alt 1-1c/1-1d are better than Alt 1-1a/1-1b/1-1e as analyzed below:
· Alt 1-1a: It was argued that PDSCH MCS may be higher since DL performance level may be better than UL due to gNB/satellite capabilities, which is different from Msg3 repetition case. This argument would be valid, and thus degradation of MCS flexibility is not preferred from system perspective.
· Alt 1-1b: Resource flexibility of common PUCCH is quite poor as discussed in subsequent section below. Alt 1-1b will make this aspect worse further. Alt 1-1b is not preferred from system perspective.
· Alt 1-1c: When only common PUCCH is available, more than 2 bits cannot be multiplexed on a PUCCH. In addition, each PUCCH is repeated over multiple slots, where any other PUCCH/PUSCH cannot be overlapped. This is illustrated below. In this situation, we do not think 16 HARQ processes are necessary for PDSCH even if DL performance level is better than UL. For the limited time duration, 4 HARQ processes are sufficient per UE. No issue is found from system perspective.
· Alt 1-1d: This 2-bits field is reserved and thus available without any disadvantage.
· Alt 1-1e: Resource flexibility of common PUCCH is quite poor as discussed in subsequent section below, so slot indication flexibility should not be degraded. Alt 1-1e is not preferred from system perspective.
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Fig.1: Full PDSCH/PUCCH allocation for a single UE – 16 HARQ processes are unnecessary.
Observation 1:
· When PUCCH repetition is applied before dedicated PUCCH config is provided, it is impossible for a single UE to transmit a lot of HARQ-ACK bits in short time duration. Therefore, only small number of DL HARQ processes are used in typical cases.

Then regarding Alt 1-1c vs Alt 1-1e, we believe that this topic is highly related to the next section’s discussion. If common PUCCH after Msg4 HARQ-ACK TX is not considered for this repetition discussion, naturally we can take Alt 1-1d. Meanwhile, if common PUCCH after Msg4 HARQ-ACK TX is also considered, Alt 1-1d is invalid since this field is not reserved after contention resolution. As a result, Alt 1-1c should be taken instead. It seems that whether common PUCCH after Msg4 HARQ-ACK TX is also considered or not should be concluded first.
For a combination of some fields, which was raised around the end of the last meeting, we do not find any motivation to do that. A single field is sufficient.
Proposal 4:
· For dynamic indication, 
· If repetition is also applicable to common PUCCH transmission after Msg4 HARQ-ACK TX, support Alt 1-1c for both DCI format 1_0 with CRC scrambled by TC-RNTI and DCI format 1_0 with CRC scrambled with C-RNTI
· If repetition is not applicable to common PUCCH transmission after Msg4 HARQ-ACK TX, support Alt 1-1d


2.1.4. Design target
	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.


At the last meeting, there was long discussion on design target of this repetition mechanism, but no consensus was made unfortunately. As argued, PUCCH-related UE capability will not be received before Msg4 scheduling. Dedicated PUCCH config will be provided Msg4 HARQ-ACK reception. Thus, common PUCCH transmission after Msg4 HARQ-ACK TX is also definitely bottleneck channel. It should be noted that although WID does not cover this, rapporteur’s announcement is RAN1 can have discussion on this issue.
In addition, we noticed that PUSCH transmission after contention resolution has the same issue. Basically, after contention resolution, UE capability is transmitted via PUSCH and then dedicated PUCCH/PUSCH config is provided via PDSCH. After the corresponding HARQ-ACK, the dedicated config becomes valid. However, this PUSCH TX as well as the PUCCH TX are preformed without repetition in current specification. This PUSCH rep was discussed in R18 TEI, but there is no consensus so far. 
These issues are illustrated together in the following figure. For handheld UE support in NTN, we believe that these issues are so critical. Although we are now closing to the end of R18, having discussion on them is better.
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Fig.2: PUCCH/PUSCH TX after contention resolution and before having valid dedicated config.
Observation 2:
· After contention resolution, at least one PUSCH TX for UE capability report and one PUCCH TX for dedicated configuration RX are necessary. These common PUCCH and PUSCH TXs are performed without repetition in the current spec.
Proposal 5:
· R18 NR NTN PUCCH repetition is applied to PUCCH TX when dedicated PUCCH configuration is not provided.
· Discuss whether PUSCH transmission after Msg3 PUSCH and before dedicated configuration RX has coverage issue in NTN or not.


2.1.5. The remaining FFSs
	[bookmark: _Hlk134622670]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

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.


FFS: UE behavior when repetition factor is not configured via SIB
No configuration of repetition factor means that repetition is not performed as in conventional NW. Another rule is NBC. One possibility is that repetition may be still possible when no repetition factor is configured but any other parameter(s) related to this PUCCH repetition is configured. However, we do not see any necessity/advantage of this mechanism compared to configuring {1, 2, 4, 8}. RAN1 should not spend time for such a meaningless feature.
Proposal 6:
· RAN1 concludes for PUCCH repetition for Msg4 HARQ-ACK that:
· When repetition factor is not configured via SIB, repetition is not performed. No spec change is needed.
· The case where repetition factor is not configured via SIB but one or more repetition-related parameters are configured is not feasible.

FFS: whether one or more UE capabilities are needed for the above is for further discussion
Separate UE capabilities for the two branches should be avoided from NW perspective. One from the two branches, i.e., one factor vs multiple factors, are selected by SIB configuration, which is cell-specific signaling. If some UEs support only the first branch and other UEs support only the second branch, the NW can accommodate only either group with sufficient performance. Such a case would not be preferred also from UE perspective; therefore, only single capability signaling to report support of this PUCCH repetition mechanism should be defined.
Proposal 7:
· Single UE capability is defined to report the support of PUCCH repetition for Msg4 HARQ-ACK.
· i.e., UE reporting the capability supports any repetition factor, and both repetition with dynamic indication and repetition without dynamic indication


2.1.6. Insufficient PUCCH capacity
As referred repeatedly, capacity of common PUCCH is a big problem when repetition is applied. Only 16 resources are available in an NTN-cell, and if e.g., 8 repetition is applied, only 16 resources are available within 8 slots. Our view is that this PUCCH capacity is not sufficient since a lot of users would exist in an NTN cell. It is desirable that more than 16 resources are available so that all users in an NTN cell can be accommodated without any delay due to capacity of Msg4 HARQ-ACK resource. 
On the solution, many options would be considerable, for example additional PRB offset is introduced/indicated, more than one PUCCH resource set are indicated, etc. Further study from companies is preferable.
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Fig. 3: The existing common PUCCH – only 16 resources within PUCCH repetition slots
Proposal 8:
· For PUCCH repetition for Msg4 HARQ-ACK, support more than 16 PUCCH resources in a cell.
· FFS: details, e.g., additional PRB offset is introduced and indicated, more than one PUCCH resource set are indicated, etc.


2.2. PUSCH DMRS bundling
	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
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


At the last meeting, it was concluded that phase rotation due to timing drift is quite large compared to phase difference limit and thus pre-compensation for the issue is performed at UE side. With this assumption, TDW determination is performed at gNB side as in R17 PUSCH DMRS bundling with or without NTN-specific enhancement. Details of nominal/actual TDW determinations by gNB and additionally details of UE information report are to be discussed in this meeting so that this topic is closed on time.
2.2.1. TDW determination
Regarding TDW determination, in our view, R17 TDW determination mechanism is sufficient and NTN-specific TDW determination enhancement is unnecessary. The existing parameter to determine TDW, i.e., pusch-TimeDomainWindowLength-r17 = INTEGER (2..32) has sufficient flexibility compared to e.g., the parameters for IoT-NTN (pusch-TxDuration = ENUMERATED {n2, n4, n8, n16, n32, n64, n128, n256}, npusch-TxDuration-r17 = ENUMERATED {ms2, ms4, ms8, ms16, ms32, ms64, ms128, ms256}). Thus, motivation of enhanced mechanism of TDW determination is unclear.
One point would be that applicable TDW size is changed in time due to satellite movement. Then in current spec, RRC reconfiguration is necessary to update nominal TDW size. If the update occurs much frequently, dynamic mechanism of TDW size update may be newly necessary. We are open to discuss it if the necessity clarified, but at least we do not see the necessity.
Proposal 9:
· Nominal/actual TDW is determined according to Rel-17 mechanism


2.2.2. UE information report
It was agreed that it is assumed that UE can perform pre-compensation to keep phase rotation due to timing drift. This would be basically mandatory for NTN DMRS bundling support so that gNB assumes this UE behavior is common among UEs with DMRS bundling, but a new capability would be necessary since there is no corresponding capability in R17 signaling. It is noted that for TN, the following capabilities relative to PUSCH DMRS bundling (except for repetition type B and TBoMS) can be reported and of course they are independent to the pre-compensation behavior to keep phase rotation due to timing drift.
	30. NR_cov_enh
	30-4
	The maximum duration for DM-RS bundling
	The maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH/PUCCH

	
	Yes
	N/A
	UE does not support DM-RS bundling for PUSCH/PUCCH
	Per band
	N/A
	N/A
	N/A
	Candidate values for the maximum duration for FDD are {4, 8, 16, 32}
Candidate values for the maximum duration for TDD are {2, 4, 8, 16}

NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders for the corresponding physical channels.
	Optional with capability signalling

	 30. NR_cov_enh
	30-4a
	DM-RS bundling for PUSCH repetition type A
	Support DM-RS bundling for PUSCH repetition type A over consecutive symbols
	30-4 and one of {5-14, 5-16, 5-17}
	Yes
	N/A
	UE does not Support DM-RS bundling for PUSCH repetition type A
	Per band and per BC
	N/A
	N/A
	N/A
	(omitted)
	Optional with capability signalling


Proposal 10:
· Define a UE capability to inform whether pre-compensation to keep phase rotation due to timing drift can be performed for PUSCH DMRS bundling in NTN.
· This capability is mandatory to report support of PUSCH DMRS bundling in NTN.

Besides, max TDW length to be applicable would be dependent on a lot of satellite parameters (e.g., UE/GW elevation angles, satellite altitude, channel bandwidth, etc.). Correspondingly, required TA value is changed gradually, and hence applicable max bundling size will not be the same at different timings. In addition, the max TDW length to be applicable would be dependent on also how UE performs the above pre-compensation, where the detailed UE behavior is not specified. Characteristics of the required TA value variation is not common among UEs. However, as abovementioned, only a single value can be reported as a UE capability. Therefore, some additional information report from UE to gNB is necessary to configure an optimal nominal TDW size for each timing.
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Fig. 3: Variation of propagation distance
As the reporting mechanism, the following two options would be possible.
· Option 1: UE reports several capabilities of max TDW size based on satellite parameters
· Option 2: UE reports max TDW size, when needed, based on satellite parameters at the reporting timing
In our current view, Option 2 is better than Option 1. If Option 1 is used, so many reporting signalings need to be defined, which leads to large RAN1 workload and also large overhead. Meanwhile, if Option 2 is adopted, just a single reporting signaling is specified and any other spec change is unnecessary.
Proposal 11:
· UE reports max TDW length, when needed, based on satellite parameters at the reporting timing.


3. Conclusion
In this contribution, we discussed coverage enhancement for NR NTN. Observations/Proposals are summarized as following: 
Proposal 1:
· RAN1 concluded for repetition request or capability report as follows and send an LS to RAN2 with both the working assumption of Option B support at RAN1#112bis-e and this agreement.
· Either repetition request or capability report is transmitted from UE and one bit information is assumed for the repetition request or capability report. More than one bit information is not supported.
Proposal 2:
· Confirm the working assumption agreed at the RAN1#112 meeting with respect to trigger of UE information report for PUCCH repetition for Msg4 HARQ-ACK.
Proposal 3:
· For RSRP threshold to trigger UE information report, support Alt B
· The value range is defined by RSRP-range, i.e., X = 127
Observation 1:
· When PUCCH repetition is applied before dedicated PUCCH config is provided, it is impossible for a single UE to transmit a lot of HARQ-ACK bits in short time duration. Therefore, only small number of DL HARQ processes are used in typical cases.
Proposal 4:
· For dynamic indication, 
· If repetition is also applicable to common PUCCH transmission after Msg4 HARQ-ACK TX, support Alt 1-1c for both DCI format 1_0 with CRC scrambled by TC-RNTI and DCI format 1_0 with CRC scrambled with C-RNTI
· If repetition is not applicable to common PUCCH transmission after Msg4 HARQ-ACK TX, support Alt 1-1d
Observation 2:
· After contention resolution, at least one PUSCH TX for UE capability report and one PUCCH TX for dedicated configuration RX are necessary. These common PUCCH and PUSCH TXs are performed without repetition in the current spec.
Proposal 5:
· R18 NR NTN PUCCH repetition is applied to PUCCH TX when dedicated PUCCH configuration is not provided.
· Discuss whether PUSCH transmission after Msg3 PUSCH and before dedicated configuration RX has coverage issue in NTN or not.
Proposal 6:
· RAN1 concludes for PUCCH repetition for Msg4 HARQ-ACK that:
· When repetition factor is not configured via SIB, repetition is not performed. No spec change is needed.
· The case where repetition factor is not configured via SIB but one or more repetition-related parameters are configured is not feasible.
Proposal 7:
· Single UE capability is defined to report the support of PUCCH repetition for Msg4 HARQ-ACK.
· i.e., UE reporting the capability supports any repetition factor, and both repetition with dynamic indication and repetition without dynamic indication
Proposal 8:
· For PUCCH repetition for Msg4 HARQ-ACK, support more than 16 PUCCH resources in a cell.
· FFS: details, e.g., additional PRB offset is introduced and indicated, more than one PUCCH resource set are indicated, etc.
Proposal 9:
· Nominal/actual TDW is determined according to Rel-17 mechanism
Proposal 10:
· Define a UE capability to inform whether pre-compensation to keep phase rotation due to timing drift can be performed for PUSCH DMRS bundling in NTN.
· This capability is mandatory to report support of PUSCH DMRS bundling in NTN.
Proposal 11:
· UE reports max TDW length, when needed, based on satellite parameters at the reporting timing.
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