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1. Introduction
At the RAN1#111 meeting [1], there was discussion on coverage enhancement for NR NTN. In this contribution, we share our further views on coverage enhancement for NR NTN.

2. Discussions
2.1. PUCCH repetition for Msg4 HARQ-ACK
	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


At the last meeting, the above two branches were agreed as a working assumption. We believe that this WA can be confirmed on the top of the following observations A) and B). A) the first branch has an advantage of no dynamic signaling and the corresponding scenario is feasible. For example, if each NTN-cell covers only limited area (e.g., each satellite beam corresponds to a cell), performance level is almost the same among UEs in each NTN-cell and thus the same factor would be the best commonly. B) The second branch achieves good scheduling flexibility and the corresponding scenario is feasible as each NTN-cell can cover wide area and thus performance level in each NTN-cell is different among UEs.
Proposal 1:
· Confirm the working assumption agreed at the RAN1#111 meeting for PUCCH repetition for Msg4 HARQ-ACK.

In our view, most parts can/should be discussed commonly between one factor configuration and multiple factors configuration.

2.1.1. Reported information
Regarding information report, at least some information report is required for NW scheduling. Without report from UE, whether or not each UE can perform repetition, or whether or not each UE’s channel quality is poor as repetition is necessary, is unknown at gNB side. In this case, gNB shall perform scheduling in the assumption that all UEs apply the repetition. Such an inefficient scheduling should be avoided. This is common between the agreed two branches (one factor vs multiple factors).
Then, there are two possible options as follows.
· Option 1: UE requests repetition based on UE measurement
· 1-1: Indicates ‘Necessary’ or ‘Unnecessary’ (Same as R17 Msg3 rep.)
· 1-2: Indicates how many repetitions are necessary
· Option 2: UE indicates repetition capability
In our view, Option 2 is beneficial if gNB measurement based on Msg3 RX is more reliable, and Option 1 is beneficial if this is not the case. That is, which option is more desirable is up to NW implementation. For better flexibility of NW implementation, configurability of either Option 1 or Option 2 would be the best way.
From UE perspective, UE supporting Msg4 PUCCH repetition would support Msg3 PUSCH repetition and thus Option 1-like behavior would be already supported. Option 2 seems to be easier behavior than Option 1. Therefore, such a configurability should not lead to unreasonable UE burden.
For details of Option 1, we believe that Option 1-1 is sufficient. Option 1-1 is the same as R17 Msg3 rep. Why such an excessive way as Option 1-2 is necessary is unclear. Besides, we do not agree the mechanism of repetition factor to be determined by UE since final scheduling decision should be up to NW side as usual.
Proposal 2:
· Regardless of the number of configured repetition factors, either of A or B is configured via SIB.
· A: UE requests repetition based on UE measurement as R17 Msg3 repetition
· B: UE indicates repetition capability
· Note: regardless of applied option, gNB decides repetition factor and indicates a factor dynamically if multiple factors are configured.

2.1.2. Signaling for information report
Regardless of outcome of discussion in the last section, signaling for the information report is necessary. The following options can be raised:
· Option A: via PRACH preamble and/or occasion
· Option B: via Msg3 PUSCH (e.g., LCID codepoint (note: 37-42 and 47 are reserved in R17))
It is noted that Msg3 contents = MAC subheader 8 bits (R, R, 6-bit LCID) + CCCH 48 bits (rrcSetupRequest). MAC subheader 8 bits would be considerable as the signaling.
In our view, Option B is much better than Option A. It seems that Option A leads to further fragmentation of PRACH resources or inefficient resource usage. Although ‘FeatureCombination-r17’ for PRACH resource segmentation can further include additional feature and/or ‘additionalRACH-ConfigList-r17’ for additional PRACH resources can be configured, basically each of PRACH resource fragmentation and PRACH overhead increase is not desirable from NW perspective. Information transmission via PRACH should be used ONLY when the other mechanism is unavailable. Furthermore, PRACH repetition which would be introduced in R18 coverage enhancement WI will consume more resources. This fact makes the above argument more persuasive.
Proposal 3:
· Information report from UE for PUCCH repetition for Msg4 HARQ-ACK is transmitted via Msg3 PUSCH.
· LCID codepoint is used. FFS details.

2.1.3. Dynamic indication
For the 2nd branch, i.e., the case where multiple repetition factors are configured, how to indicate repetition factor dynamically is one of the key topics. Possible solutions would be only the following two:
· Alt 1: Some of the existing fields in DCI scheduling the Msg4 PDSCH (e.g., some bits of MCS field, HPN field, etc.)
· Alt 2: MCS information field of DCI scheduling Msg3 PUSCH jointly with indication of Msg3 repetition factor
It would be better to indicate repetition via the corresponding signaling, thus Alt 1 is preferred. Alt 2 does not allow gNB implementation to decide repetition factor based on Msg3 RX. As discussed above, NW side may have capability to measure each UE’s channel quality from the Msg3 RX. If dynamic indication is performed via RAR, this measurement mechanism is never applicable, which is undesirable.
Regarding which field is used for the indication, one of MCS field / HPN field / TPC field / DAI field would be available. Meanwhile, we believe that PRI field and K1 field should not be used for this purpose since capacity of common PUCCH would be quite low especially when 8 repetitions are used typically.
Proposal 4:
· If multiple factors are configured via SIB, one or two bits of one of the existing fields in DCI format 1_0 with CRC scrambled with TC-RNTI is used to indicate repetition factor.
· MCS field, HPN field, TPC field, DAI field are the candidates.

2.1.4. Frequency hopping
	9.2.1	PUCCH Resource Sets
…
The UE transmits a PUCCH using frequency hopping if not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon; otherwise, the UE transmits a PUCCH without frequency hopping. 
…



As raised by FL at the last meeting, the existing specification text is unclear on whether intra-slot FH or inter-slot FH is applied to PUCCH repetition. Just ‘using frequency hopping’ did not bring any problem since no repetition is assumed for PUCCH for Msg4 repetition so far. However, once repetition feature is introduced, the clarification of intra-slot FH vs inter-slot FH becomes an essential topic. In short, we believe that intra-slot FH is better than inter-slot FH.
From performance perspective, each has different advantage. Intra-slot FH has an advantage of better user-multiplexing performance in a cell where some UEs perform PUCCH repetition and other UEs do not perform that; e.g., when a resource w/ inter-slot FH (e.g., resource with red square below) is used, two resources become unavailable for intra-slot FH. On the other hand, inter-slot FH has an advantage of better detection performance due to better channel estimation performance.
Here, it would be true that the key point is that only max 16 PUCCH resources are available in an NTN-cell. As referred in the last section, capacity of common PUCCH is low. Degradation of user-multiplexing performance would be a critical problem. Therefore, the following proposal is submitted from our side.
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Fig. 1: Degradation of user-multiplexing performance in inter-slot FH
Proposal 5:
· For PUCCH repetition for Msg4 HARQ-ACK, intra-slot FH is used.

2.1.5. Insufficient PUCCH capacity
As referred repeatedly, capacity of common PUCCH is a big problem when repetition is applied. Only 16 resources are available in a 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 smoothly. 
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. 2: The existing common PUCCH – only 16 resources within PUCCH repetition slots
Proposal 6:
· 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.

2.1.6. The remaining FFSs
{[1], 2, 4, 8} for one factor configuration
Configuring only ‘1’ is the same as R15/16/17 spec from UE behavior perspective. No motivation is found.
Proposal 7:
· Value ‘1’ is removed from the following bullet in the previous working assumption.
· 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: UE behavior when repetition factor is not configured via SIB
No repetition factor configuration means that repetition is not performed as in conventional NW. Another rule is NBC.
Proposal 8:
· When repetition factor is not configured via SIB, repetition is not performed. No spec change is needed.

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. The two branches, i.e., one factor vs multiple factors, are selected by SIB configuration. SIB configuration is cell-specific signaling. If some UEs support only the first branch and other UEs support only the second branch, the NW can accommodate 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 9:
· Single UE capability is defined to report the support of PUCCH repetition for Msg4 HARQ-ACK.


2.2. PUSCH DMRS bundling
	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


2.2.1. Assumption of UE behavior for TA pre-compensation update
At the last meeting, the above two conclusions were reached for PUSCH DMRS bundling. However, it seems that still companies’ views on what should be specified are divergent. Although e.g., whether segmentation mechanism is newly needed or not is controversial, we strongly request to have the same understanding for basic UE behavior for TA pre-compensation update. To have the high-level consensus is beneficial, and for this purpose a neutral terminology would be better. ‘Time-duration’ is used here.
In our understanding, the DMRS bundling concept in companies’ mind is that TA pre-compensation update causing phase discontinuity that may violate RAN4 requirement is not performed within a time-duration and can be performed at the beginning of the PUSCH repetition and the boundary of two-durations. This should be straightforward. Then another implementation that was raised at the previous meeting is TA pre-compensation update not causing phase discontinuity. Whether this implementation is feasible or not would be an important aspect. From our perspective, such an implementation type is possible and there seems no reason to preclude it.
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Fig. 3: Basic concept for PUSCH DMRS bundling in NTN
Proposal 10:
· For PUSCH DMRS bundling
· Within a time-duration,
· UE shall not perform TA pre-compensation update causing phase discontinuity that may violate RAN4 requirement
· UE may perform TA pre-compensation update not causing phase discontinuity
· At the beginning of PUSCH repetition and at the boundary of two time-durations,
· UE may perform any TA pre-compensation update
· FFS: each time-duration is equivalent to actual TDW, or time-duration configuration (i.e., segmentation configuration) is introduced separately from nominal TDW configuration

2.2.2. Definition of time-unit to avoid TA pre-compensation update causing phase discontinuity
Once the same assumption can be reached among companies, the definition of ‘time-duration’ discussed in the last section should be clarified. Based on discussions so far, the following two options would be considered:
· Option 1: each time-duration is equivalent to each actual TDW
· Option 2: time-duration configuration (i.e., segmentation) is introduced separately from the existing TDW determination
In our view, Option 1 is sufficient and Option 2 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}). This means that actual TDW determined as in the existing specification can be the ‘time-duration’, and thus motivation of Option 2 is unclear.
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Fig. 4: The existing TDW determination vs. segmentation concept
Proposal 11:
· For PUSCH DMRS bundling, an actual TDW determined according to Rel-17 mechanism is a time-duration where TA pre-compensation update causing phase discontinuity that may violate RAN4 requirement is not performed.

2.2.3. Capability report for UL pre-compensation and DMRS bundling
As discussed above and from the basic assumption in 3GPP, UL pre-compensation behavior and update interval would be different among UEs. The update interval is reported from UE to NW side. For TN, maxDurationDMRS-Bundling-r17 is the capability signal and only a single value is reported as the parameter per BC.
Here, there may be an issue for NTN. In NTN, propagation distance is dependent on a lot of satellite parameters (e.g., UE/GW elevation angles, satellite altitude, etc.). Correspondingly, variation of required TA value is changed gradually and hence applicable max bundling size will not be the same at different timings. However, as abovementioned, only a single value can be reported. We believe that maxDurationDMRS-Bundling-r17 is not suitable for NTN. Different capability signaling should be defined.
On the format, report per each satellite parameter set leads to large overhead. Other efficient and effective signaling format should be studied further.
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Fig. 5: Variation of propagation distance
Proposal 12:
· For PUSCH DMRS bundling, introduce a new capability signaling to report the time-duration where TA pre-compensation update causing phase discontinuity that may violate RAN4 requirement.
· FFS details


3. Conclusion
In this contribution, we discussed coverage enhancement for NR NTN. Observations/Proposals are summarized as following: 
Proposal 1:
· Confirm the working assumption agreed at the RAN1#111 meeting for PUCCH repetition for Msg4 HARQ-ACK.
Proposal 2:
· Regardless of the number of configured repetition factors, either of A or B is configured via SIB.
· A: UE requests repetition based on UE measurement as R17 Msg3 repetition
· B: UE indicates repetition capability
· Note: regardless of applied option, gNB decides repetition factor and indicates a factor dynamically if multiple factors are configured.
Proposal 3:
· Information report from UE for PUCCH repetition for Msg4 HARQ-ACK is transmitted via Msg3 PUSCH.
· LCID codepoint is used. FFS details.
Proposal 4:
· If multiple factors are configured via SIB, one or two bits of one of the existing fields in DCI format 1_0 with CRC scrambled with TC-RNTI is used to indicate repetition factor.
· MCS field, HPN field, TPC field, DAI field are the candidates.
Proposal 5:
· For PUCCH repetition for Msg4 HARQ-ACK, intra-slot FH is used.
Proposal 6:
· 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 7:
· Value ‘1’ is removed from the following bullet in the previous working assumption.
· 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
Proposal 8:
· When repetition factor is not configured via SIB, repetition is not performed. No spec change is needed.
Proposal 9:
· Single UE capability is defined to report the support of PUCCH repetition for Msg4 HARQ-ACK.
Proposal 10:
· For PUSCH DMRS bundling
· Within a time-duration,
· UE shall not perform TA pre-compensation update causing phase discontinuity that may violate RAN4 requirement
· UE may perform TA pre-compensation update not causing phase discontinuity
· At the beginning of PUSCH repetition and at the boundary of two time-durations,
· UE may perform any TA pre-compensation update
· FFS: each time-duration is equivalent to actual TDW, or time-duration configuration (i.e., segmentation configuration) is introduced separately from nominal TDW configuration
Proposal 11:
· For PUSCH DMRS bundling, an actual TDW determined according to Rel-17 mechanism is a time-duration where TA pre-compensation update causing phase discontinuity that may violate RAN4 requirement is not performed.
Proposal 12:
· For PUSCH DMRS bundling, introduce a new capability signaling to report the time-duration where TA pre-compensation update causing phase discontinuity that may violate RAN4 requirement.
· FFS details
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