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1 Introduction
In RAN#97 [1], the revised WID on NR NTN enhancements was endorsed.  The detailed objectives for NTN are:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· [bookmark: _Hlk114941392]To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]

In this contribution, UL coverage enhancements are discussed.

[bookmark: _Hlk118209963]2 PUCCH enhancements for Msg4 HARQ-ACK
RRC configuration for MSG4 HARQ Ack repetition:

For PUCCH for Msg4 HARQ-ACK, RAN1#113 and #112bis made the following Working Assumptions
Working assumption (RAN1#113)
For PUCCH repetition for Msg4 HARQ-ACK, 
· Two-state information is transmitted as ‘repetition request or capability report’ in the existing agreements/working assumptions.
· The two-state information represents state 1: ‘repetition request or capability report’ or state 2: no indication.
· How to transmit the two-state information is up to RAN2 when higher layer signaling is used for the transmission.
· In state 1, only either repetition request or capability report is transmitted from each UE when transmitted, and they are not differentiated in the signaling.
· Note: repetition request and capability report are defined as in the working assumption reached at RAN1#112.
· 
Working assumption (112bis)
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




RAN1#113 sent LS to RAN2 in R1-2306105 to ask on feasibility of Option B from RAN2 perspective to confirm working assumption.

RAN1#111 made working assumptionWorking 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


To our understanding based on the working assumption, if only  one repetition factor is configured via SIB, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor without need for DCI indication. In case multiple factors are configured via SIB,  PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB via DCI. This can be capture in the FG 44-1aspart of discussion in UE features. RAN1 can work for RAN2 confimation on Option B.

Proposal 1: Wait for RAN2 confirmation on Option B for further discussion on RRC configuration for MSG4 HARQ Ack repetition.

Working assumption for RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK:

RAN1#112 made a working assumption on the RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK. Our understanding of [repetition request or capability report] is that the UE capability to support MSG4 HARQ Ack repetitions based on a RSRP threshold. This is not per say a repetition request, but rather a condition for the UE to report its capability in a similar fashion for a Release 17 UE reporting a capability for MSG3 repetitions based on a RSRP threshold. We do not see as practical the scenario where the UE request repetition as gNB reception may depend on a number of factors – i.e. difference in path loss in DL and UL, interference from other UE transmissions, scheduled MSC. 

There seems no point in over complicating solutions with a new RSRP threshold, as in typical satellite deployment, the UL link budget on beam edge or at nadir varies in the order of 5 dB. At low SNR conditions, the accuracy of RSRP measurements may be limited and some margin should be considered.  

In our view, the network that support PUCCH repetitions for Msg4 HARQ Ack on common PUCCH resources should always configure the RSRP threshold.  This is consistent with Rel-17 NR Coverage Enhancements WI where the threshold for Msg3 repetition is mandatory as specified in TS 36.331

rsrp-ThresholdMsg3
Threshold used by the UE for determining whether to select resources indicating Msg3 repetition in this BWP, as specified in TS 38.321 [3]. The field is mandatory if both set(s) of Random Access resources with MSG3 repetition indication and set(s) of Random Access resources without MSG3 repetition indication are configured in the BWP. It is absent otherwise.


Hence, if the RSRP threshold for PUCCH repetitions for Msg4 HARQ Ack repetition is not configured, the correct UE behaviour would be to assume this feature is not supported in the network and UE reverts to legacy behaviour. 

 

the exact UE behavior if the RSRP threshold is not configured
Working assumption (RAN1#112):
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-range 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 not configured or If the configured RSRP-range 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)
· FFS: the exact UE behavior if the RSRP threshold is not configured
· 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


We make the following observations and proposal:

[bookmark: _Hlk134796526]Observation 1: For MSG4 HARQ Ack repetition, UE repetition request means UE capability to support PUCCH repetition based on a DL RSRP measurement threshold.

Observation 2: The UE cannot indicate the repetition factor for MSG4 HARQ Ack as the gNB reception may depend on a number of factors – i.e. difference in path loss in DL and UL, interference from other UE transmissions, scheduled MSC.

[bookmark: _Hlk142298722]Observation 3: In typical satellite deployment, the UL link budget on beam edge or at nadir varies in the order of 5 dB. At low SNR conditions, the accuracy of RSRP measurements may be limited and some margin should be considered. Hence, the need for a new threshold seems unclear.

Proposal 2: Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used 

Proposal 3: Threshold used by the UE for determining whether to use PUCCH repetitions forMsg4 HARQ Ack repetitions is mandatory if one or more repetition factors is configured via SIB; it is absent otherwise.

PUCCH transmission when dedicated PUCCH resource configuration is not provided:

RAN1#113 made agreement for PUCCH transmission when dedicated PUCCH resource configuration is not provided.
Agreement
[bookmark: _Hlk142311754]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.


RAN Plenary further discussed the scope when dedicated PUCCH resource configuration is not provided, and it was also discussed in RAN1 offline as below. 
· Alt 1: Apply repetition for PUCCH X 
· Alt 2: Apply repetition for PUCCH X only when the feature is enabled via SIB
Note: PUCCH X = PUCCH transmission after Msg4 HARQ-ACK and when dedicated config is not provided
Note: No further RAN1 work is assumed regardless of which Alt is agreed in RAN plenary.

[bookmark: _Hlk142398414]The RAN1#113 agreement is sufficient in our view. It is preferable that the network configures dedicated PUCCH resources as soon as possible. This should be done in Msg4 PDSCH, or in the next DL message if this is necessary for higher flexibility in gNB implementation. Operating NR NTN system without any dedicated PUCCH resources for the time the UE is in RRC CONNECTED would be new functionality with potential impact on the specifications, which should be only considered if this was absolutely needed. In our view, it is up to network configuration when to configure dedicated PUCCH resource configuration without further enhancements for PUCCH X.
[bookmark: _Hlk142398302]Proposal 4: It is up to network configuration when to configure dedicated PUCCH resource configuration without further enhancements for PUCCH X.

3 DMRS bundling for PUSCH
For PUSCH for VoIP, RAN1#113 made the following working agreement and agreement:
Working assumption (RAN1#113) 
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
.



 Agreement (RAN1#113)
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

Agreement (RAN1#113)
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.]
30-4a/b
Yes
No
UE does not support DM-RS bundling enhancement for PUSCH in NTN
Per Band
N/A
N/A
N/A
Note: This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
Optional with capability signaling




[bookmark: _Hlk142314533]UE capability report for NTN-specific PUSCH DMRS bundling:
RAN1#113 made the following agreements:
On Option 1-a, we recall FG 30-4 in R17 NR Coverage Enhancements WI below. We have preference to keep FG 30-4 for the maximum duration for DM RS-RS bundling for NR NTN to be consistent with legacy DM RS bundling specification and implementation. 
Proposal 5: For DM RS bundling for UE capability report (in addition to FG 44-2), select Option 1-a to re-use R17 NR CovEnh FG 30-4 (to minimize impact on specs) and  no new capability except R18 NTN FG 44-2a/b/c/d.
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

maxDurationDMRS-Bundling-r17
{
fdd-r17,
tdd-r17
}
BandNR
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




On Option 1-c, UE capability design for SRS antenna switching was specified in Rel-16 FG 22-5a/b/c/d, FG 22-8a/b/c/d and Rel-17 NR_FeMIMO  FG 23-8-3/4 in TS 38.822). Antenna switching can improves coverage enhancement with diversity gain in NR NTN. As the channel changes when the antenna is switched, it will be necessary to stop the current TDW and start a new TDW. This can be done with a small TDW of 4 ms, which is also good compromise for complexity.
Proposal 6: For DM RS bundling for UE capability report (in addition to FG 44-2), select Option 1c Antenna switching (optimize performance) with TWD of up to 4 ms.

[bookmark: _Hlk142313586]On Option 1-b, Option 1-d and Option 1-g, RAN1#112bis-e has sent an LS to RAN4 (R1-2304094). Our view is that RAN4 can discuss further on core requirements for the NTN-specific FG 44-2 NTN DMRS bundling enhancement for PUSCH to take into account UE compensation to keep phase rotation due to timing drift within the phase difference limit for PUSCH over consecutive timeslots. The need for Option 1-e and Option 1-f is not clear and may un-necessarily impact specifications and complexity.
Observation 4: Option 1-b, Option 1-d and Option 1-g can be discussed in RAN4 and RAN1 can wait for RAN4 reply LS on PUSCH DMRS bundling for NR NTN coverage enhancement.
Observation 5: The need for Option 1-e and Option 1-f is not clear and may un-necessarily impact specifications and complexity.

Event for actual TDW determination:

We do not see a need for specification of new events for actual TDW determination.

[bookmark: _Hlk142314511]Proposal 7: For NTN-specific PUSCH DMRS for actual TDW determination, Alt A No additional event i.e., no spec impact is assumed for actual TDW determination.
 
4 Conclusion
In this contribution, the following observations and proposals were made:

RRC configuration for MSG4 HARQ Ack repetition:

Proposal 1: Wait for RAN2 confirmation on Option B for further discussion on RRC configuration for MSG4 HARQ Ack repetition.

Working assumption for RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK:

Observation 1: For MSG4 HARQ Ack repetition, UE repetition request means UE capability to support PUCCH repetition based on a DL RSRP measurement threshold.

Observation 2: The UE cannot indicate the repetition factor for MSG4 HARQ Ack as the gNB reception may depend on a number of factors – i.e. difference in path loss in DL and UL, interference from other UE transmissions, scheduled MSC.

Observation 3: In typical satellite deployment, the UL link budget on beam edge or at nadir varies in the order of 5 dB. At low SNR conditions, the accuracy of RSRP measurements may be limited and some margin should be considered. Hence, the need for a new threshold seems unclear.

Proposal 2: Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used 

Proposal 3: Threshold used by the UE for determining whether to use PUCCH repetitions forMsg4 HARQ Ack repetitions is mandatory if one or more repetition factors is configured via SIB; it is absent otherwise.

PUCCH transmission when dedicated PUCCH resource configuration is not provided:

Proposal 4: It is up to network configuration when to configure dedicated PUCCH resource configuration without further enhancements for PUCCH X.

DMRS bundling for PUSCH:

UE capability report for NTN-specific PUSCH DMRS bundling:

Proposal 5: For DM RS bundling for UE capability report (in addition to FG 44-2), select Option 1-a to re-use R17 NR CovEnh FG 30-4 (to minimize impact on specs) and  no new capability except R18 NTN FG 44-2a/b/c/d.

Proposal 6: For DM RS bundling for UE capability report (in addition to FG 44-2), select Option 1c Antenna switching (optimize performance) with TWD of up to 4 ms.
Observation 4: Option 1-b, Option 1-d and Option 1-g can be discussed in RAN4 and RAN1 can wait for RAN4 reply LS on PUSCH DMRS bundling for NR NTN coverage enhancement.
Observation 5: The need for Option 1-e and Option 1-f is not clear and may un-necessarily impact specifications and complexity.

Event for actual TDW determination:

Proposal 7: For NTN-specific PUSCH DMRS for actual TDW determination, Alt A No additional event i.e., no spec impact is assumed for actual TDW determination.
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