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1. Introduction
In this contribution, we present our views on the candidate solutions for the coverage enhancements of the Msg4 HARQ-ACK and PUSCH with DMRS bundling.
2. Discussion
2.1 Msg4 HARQ-ACK repetition 
In Rel-16, the number of slots carrying the same PUCCH can be configured by UE-specific PUCCH configuration via RRC signaling, and then, the PUCCH repetition mechanism is further enhanced in Rel-17 by introducing dynamic repetition indication. However, those repetition mechanisms are not applicable to Msg4 HARQ-ACK which is transmitted by common PUCCH resource. To support the repetition of Msg4 HARQ-ACK, the following agreements and working assumptions were made in last meeting [1]:
	Working assumption
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.

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.
Agreement
For PUCCH repetition for Msg4 HARQ-ACK, 
· Support Alt 1-1d for dynamic indication of repetition factor:
· Alt 1-1d: DAI field
· DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI is used for indication.


One remaining issue is whether the repetition mechanism can also be used for PUCCH transmission when dedicated PUCCH resource configuration is not provided. A compromised solution as SIB configuration to decide either ‘repetition for common PUCCH other than Msg4 HARQ-ACK’ or ‘no repetition for common PUCCH other than Msg4 HARQ-ACK’ was proposed in last RAN plenary meeting. In our understanding, the common PUCCH other than Msg4 HARQ-ACK would have coverage issue since the channel condition would not change in a short period of time and the payload of the common PUCCH other than Msg4 HARQ-ACK cannot be lower than Msg4 HARQ-ACK. So it is unnecessary to have additional SIB configuration to configure the number of repetition for the common PUCCH other than Msg4 HARQ-ACK, and thus, the PUCCH repetition discussed in R18 NR NTN coverage enhancement is supported for PUCCH transmission when dedicated PUCCH resource configuration is not provided. 
2.2 PUSCH DMRS bundling
2.2.1 UE capability report
In order to improve the channel estimation accuracy, the DMRS bundling is introduced to perform the joint UL channel estimation in Rel-17. The UE is expected to maintain the power consistency and phase continuity during a configured time domain window. For NTN-specific PUSCH DMRS bundling, the following working assumption and agreements were achieved in last meeting[1]:
	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

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

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.]
	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





Based on TS 38.214 section 6.1.7, the nominal TDW length is configured by PUSCH-TimeDomainWindowLength or computed as min(maxDurationDMRS-Bundling, M) if PUSCH-TimeDomainWindowLength is not configured, where M is the time duration in consecutive slots of N*K PUSCH transmission, and maxDurationDMRS-Bundling is maximum duration for a nominal TDW subject to UE capability. For UE capability and UE assistance information to decide the nominal TDW length, multiple options are listed in last meeting and the solutions are still diverse. 
Both Option 1a and 1b are used to indicate the maximum TDW length in consideration of pre-compensation to keep phase rotation due to timing drift within the phase difference limit. However, the update of TA pre-compensation is not considered. The only difference is whether a new UE capability is needed besides FG 30-4. In our understanding, the capability of max TDW size in NTN band is bundled with FG 44-2 which implies that only the UEs support FG 44-2 is capable to support phase pre-compensation can report the UE capability of maximum TDW size in NTN band. For UEs who does not support phase pre-compensation, it should be possible to perform DMRS bundling in TN band. Therefore, a new capability report of max TDW size for NTN band is preferred, and FG 30-4 is not reported for NTN band.
For option 1c, the coverage requirement can be met only when sufficient TDW size is assumed for PUSCH DMRS bundling as concluded in RAN1#111 meeting [2]. However, the duration that UE can maintain phase continuity is decreased with the decrease of angle between UE and satellite. Antenna switching can be considered as a complementary solution when TDW size is not sufficient. Therefore, Antenna switching is supported when the TDW size of PUSCH DMRS bundling is lower than a threshold, and the corresponding UE capability should be reported.
For option 1e, taking LEO-1200 km as an example, the timing drift of round trip delay is around 70.5 us/s when the satellite moves away from the UE at 30 degree elevation angle assuming the UE is fixed, while the timing drift of round trip delay is around 42.59 us/s when the satellite moves away from the UE at 60 degree elevation angle, and the timing drift becomes to 0.36 us/s when the elevation angle is around 90 degree. The duration of UE can maintain phase continuity increased with the decrease of timing drift correspondingly. In other words, the length of the time window that UE can maintain phase continuity is varying with the elevation angle. Therefore, the max TDW size per elevation angle can be reported as UE capability. 
[bookmark: _GoBack]Proposal 1: Option 1b that 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 is supported.
Proposal 2: Antenna switching is supported when the TDW size of PUSCH DMRS bundling is lower than a threshold.  
Proposal 3: Option 1e that max TDW size per elevation angle with taking TA pre-compensation update into account is supported. 

2.2.2 Clarification on phase pre-compensation
In last RAN#1 meeting[1], support of pre-compensation to keep phase rotation due to timing drift within  the phase difference limit is agreed as the 2nd component of FG 44-2. In RAN1#112b meeting [2], the following observation and working assumption were achieved, and it is common understanding in RAN1 that phase rotation can be pre-compensated by UE and/or post-compensated by gNB.
	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



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


However, there is no clear conclusion on the UE behavior of phase pre-compensation, e.g., whether UE pre-compensate both feeder link and access link or access link only. There was similar discussion on TA compensation that whether the feeder link TA is performed at UE side or gNB side, the final conclusion is UE will pre-compensate the two-way transmission delay on the service link based on and the two-way transmission delay between the uplink time synchronization reference point and the serving satellite based on . And the UE behavior is captured in the specification[3] explicitly. Therefore, it is suggested to clarify the UE behavior on phase pre-compensation by confirming the following working assumption:
	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 at the uplink time synchronization reference point 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


Proposal 4: For NTN-specific PUSCH DMRS bundling, UE is assumed to pre-compensate the phase rotation due to timing drift within the phase difference limit at the uplink time synchronization reference point.
Proposal 5: Confirm the following working assumption:
	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 at the uplink time synchronization reference point 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



3. Conclusions
In this contribution, we present our views on the candidate solutions for the coverage enhancements of the Msg.4 HARQ-ACK and PUSCH with DMRS bundling, we have the following proposals.
Proposal 1: Option 1b that 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 is supported.
Proposal 2: Antenna switching is supported when the TDW size of PUSCH DMRS bundling is lower than a threshold.  
Proposal 3: Option 1e that max TDW size per elevation angle with taking TA pre-compensation update into account is supported. 
Proposal 4: For NTN-specific PUSCH DMRS bundling, UE is assumed to pre-compensate the phase rotation due to timing drift within the phase difference limit at the uplink time synchronization reference point.
Proposal 5: Confirm the following working assumption:
	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 at the uplink time synchronization reference point 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


Reference
[1] Chair's notes RAN1#113 v20
[2] Chair's notes RAN1#112bis-e eom3
[3] 3GPP TS 38.213 V17.6.0 (2023-06)

