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Introduction
In RAN#100, the revised WID on NR NTN (Non-Terrestrial Networks) enhancements is approved in [1].
	4.1.1	Coverage enhancement

The Rel-18 NTN objectives are focused on the applicability of the “solutions developed by general NR coverage enhancement” (NR_cov_enh) to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). 

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 share our initial views on coverage enhancements to NR over NTN.

PUCCH for Msg4 HARQ-ACK
Scope of PUCCH repetition
In past meetings, companies discussed about the scope of PUCCH repetition. In RAN1#113 meeting, an agreement had been achieved in [2].
	Agreement
If PUCCH repetition discussed in R18 NR NTN coverage enhancement is supported for PUCCH transmission when dedicated PUCCH resource configuration is not provided:
· The agreements and working assumptions for PUCCH for Msg4 HARQ-ACK are applied to any PUCCH transmission by using common PUCCH resource
· The same repetition factor is applied for PUCCH for Msg4 HARQ-ACK and subsequent PUCCH transmissions by using common PUCCH resource
· Note: It is not precluded for gNB to provide dedicated PUCCH config via Msg4 PDSCH.



In our view, the scope of PUCCH repetition should be extended. Although the WID mentioned that “To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition)”, NTN channel maybe little variation before dedicated PUCCH resource is configured, other PUCCH using common resource is faced with the same coverage problem as PUCCH for Msg4 HARQ-ACK. Whether dedicated PUCCH resource configuration is provided in Msg4 or not depends on gNB implementation. Extending the scope to any PUCCH repetition when dedicated PUCCH resource configuration is not provided would be beneficial to UL coverage.

Proposal 1: The scope of PUCCH repetition should be extended to any PUCCH repetition before dedicated PUCCH resource is configured.

When repetition factor is not configured
In last meeting, companies can't agree on UE behavior when repetition factor is not configured.
	Proposal 1-5_v0 (for conclusion)
For PUCCH repetition for Msg4 HARQ-ACK, when no repetition factor is configured via SIB, and if no other parameter related to the PUCCH repetition is configured via SIB, UE follows R15/16/17 specification.



We think “other parameter related to PUCCH repetition” is not clear. In past discussions, it had been agreed on that repetition factor and a new RSRP threshold of PUCCH repetition for Msg4 HARQ-ACK are configured by SIB, and dynamic repetition factor is configured by DCI. If no repetition factor is configured by SIB, it means that gNB wouldn’t schedule repetition and UE would follow legacy UE behavior, e.g., single transmission. “And if no other parameter related to the PUCCH repetition is configured via SIB” should be removed and the proposal should be revised as below.
For PUCCH repetition for Msg4 HARQ-ACK, when no repetition factor is configured via SIB, and if no other parameter related to the PUCCH repetition is configured via SIB, UE follows R15/16/17 specification.

Proposal 2: When repetition is not configured, single PUCCH transmission is performed and there is no spec impact.

DMRS bundling for PUSCH
Nominal TDW determination
In last meeting, a working assumption had been achieved on nominal TDW determination in [2].
	Working assumption
For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, except for aspects related to UE capabilities and assistance information (if needed).
· i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE capability(ies) signaling.
· FFS: which UE capability(ies) signaling is(are) used
· FFS: whether/how to use UE assistance information, if supported



We don’t confirm the working assumption. We think the existing spec is enough to determine nominal TDW. In existing spec, UE reports a maximum duration, maxDurationDMRS-Bundling-r17, and gNB may configure PUSCH-TimeDomainWindowLength-r17 or not. The candidate values of the window length L of the nominal TDW can be any integer value which is larger than 1 and no larger than the maximum duration.
If PUSCH-TimeDomainWindowLength-r17 is configured, the maximum value of window length L of the nominal TDW should not exceed the maximum duration.
If PUSCH-TimeDomainWindowLength-r17 is not configured, the default value of L = min (maximum duration, duration of all PUSCH repetitions).
In NTN, the maximum duration that UE can maintain power consistency and phase continuity subject to power consistency and phase continuity requirements is less than TN. Although UE reports maxDurationDMRS-Bundling-r17, nominal TDW can be always configured by gNB through PUSCH-TimeDomainWindowLength-r17. There is no needed for additional UE capabilities and assistance information. 

Proposal 3: Existing spec can be reused for nominal TDW determination.

Actual TDW determination
In last meeting, an agreement had been achieved on actual TDW determination in [2].
	Agreement
For NTN-specific PUSCH DMRS bundling, one or more of the following is down-selected for actual TDW determination.
· Actual TDW is determined by the existing events and,
· Alt A: No additional event
· i.e., no spec impact is assumed for actual TDW determination.
· Alt B: New event of TA pre-compensation timing dynamically indicated by gNB
· i.e., TA pre-compensation timing can be dynamically indicated by gNB
· Note: UE can perform TA pre-compensation update at the indicated timing
· FFS: detailed indication
· Alt C: as dynamically indicated by gNB
· i.e., actual TDW can be dynamically indicated by gNB
· FFS: detailed indication
· Alt D: New event based on epoch time
· FFS details
· Alt E: New event based on antenna switching



For actual TDW determination, we support Alt A. Existing events can be reused to determine actual TDW. 
For Alt B, it means that gNB dynamically indicates UE to perform TA pre-compensation. In NTN timing drift is fast, gNB would frequently indicates timing which causes much signaling overhead. AWe don’t support Option B.
For Alt C, it is unclear what it means. Does it mean gNB would dynamically indicate the end of an actual TDW or the length of an actual TDW?
For Alt D, the overlap of DMRS bundling and epoch time update can be avoided by gNB implement.
For Alt E, we don’t think antenna switching should be a new event. Antenna switching is not specific to NTN. Even without antenna switching, DMRS bundling is benefit to UL coverage.

Proposal 4: Existing events can be reused to determine actual TDW, it is unnecessary for adding new event.
Assistance information report
In last meeting, an agreement on UE capability report had been achieved in [2].
	Agreement
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report (in addition to FG 44-2), one or more of the following is down-selected.
· Option 1a: No new capability except for FG44-2
· Note: FG 30-4 is reported [in consideration of pre-compensation to keep phase rotation due to timing drift within the phase difference limit and without taking TA pre-compensation update into account]
· Option 1b: Max TDW size when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking TA pre-compensation update into account
· Note: FG 30-4 is not reported for NTN band
· Option 1c: Support of antenna switching with DMRS bundling in NTN
· Option 1d: Max TDW size per NTN platform (e.g., LEO, MEO, GEO) with taking TA pre-compensation update into account
· FFS details
· Option 1e: Max TDW size per elevation angle with taking TA pre-compensation update into account
· Option 1f: Whether to support actual TDW across pre-compensation segments
· Segments defined in R17 IoT-NTN is baseline, FFS details
· Option 1g: Whether to support TA pre-compensation update within an actual TDW that does not violate the phase difference limit
· As UE assistance information (i.e., report by signaling other than UE capability report (FFS details)), one or more of the following is down-selected.
· Option 2a: No assistance information
· Option 2b: Max TDW size based on reporting timing
· FFS which timing is referred
· Option 2c: TA adjustment timing
· Option 2d: Antenna switching interval


Agreement: Introduce the following new row/FG for Rel. 18 NR NTN enhancements
	44. NR_NTN_enh-Core
	44-2
	NTN DMRS bundling enhancement for PUSCH
	1. Support of DM-RS bundling for PUSCH over consecutive slots
2. Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit
[3. Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]



For UE capability report, we support Option 1a which means UE reports FG 30-4 and 44-2. In RAN1#112bis meeting, we had reached a working assumption including “pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side” and “UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.” so the UE capability should reflect this directly. These two capabilities can be reported by FG 30-4 and 44-2.
For Option 1b, in Rel-17, max TDW size is already supported in TN which can be reused. 
For Option 1c, UE can report max TDW size with taking antenna switching timing into account if supports it. It is unnecessary to additionally indicate UE antenna switching capability.
For Option 1d and 1e, we think that although the max TDW size varies with elevation angle and platforms, it can be estimated based on the ephemeris by gNB, the TDW size-related information report is unnecessary.
For Option 1f, firstly it should be discussed whether segment transmission is supported in NR NTN.
For Option 1g, in #112bis meeting, there was a working assumption on “Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit”. If UE supports TA pre-compensation update within an actual TDW that does not violate the phase difference limit, it can perform TA pre-compensation directly and gNB doesn’t need to know whether UE updates TA or not. Because it doesn’t impact DMRS bundling.
For assistance information, we support Option 2a, no assistance information is needed. Existing spec can be reused to determine actual and nominal TDW.
For Option 2b and 2c, report timing is unnecessary, it can be estimated by gNB through ephemeris.
For Option 2d, Trade-off between DMRS bundling gain and antenna switching gain can be determined by gNB. Whether report antenna switching interval or not need further discussion.

Proposal 5: There are no additional UE capability and assistance information to report.
Conclusion
Proposal 1: The scope of PUCCH repetition should be extended to any PUCCH repetition before dedicated PUCCH resource is configured.
Proposal 2: When repetition is not configured, single PUCCH transmission is performed and there is no spec impact.
Proposal 3: Existing spec can be reused for nominal TDW determination.
Proposal 4: Existing events can be reused to determine actual TDW, it is unnecessary for adding new event.
Proposal 5: There are no additional UE capability and assistance information to report.
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