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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#111, RAN1#112 and RAN1#112e following agreements related to PUCCH repetition and PUSCH DMRS bundling for NTN were reached [3,4,5]:
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
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
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:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation update is assumed
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· FFS: impact of phase difference limit

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following options as container of the [repetition request or capability report] indicated by UE.
· Option A: PRACH preamble and/or occasion
· FFS: whether PRACH resource partitioning is needed for indication of [repetition request  or capability report]
· FFS: whether or not indication of repetition factor is assumed 
· Note: the relation with R18 NR coverage enhancements for PRACH may need to be considered in future meetings
· Option B: Higher layer signaling in Msg3 PUSCH
· FFS: which signaling is used
· Note: if higher layer signaling is preferred in RAN1, the feasibility will be asked to RAN2.
· Option C: Physical layer signaling in Msg3 PUSCH
· FFS: which signaling is used, e.g. DMRS ports

[bookmark: _Hlk128590381]Agreement
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following alternatives for dynamic indication of repetition factor from gNB.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field
· 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
· Alt 1-2: New field with one or two bits
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a pre-defined/configured relationship between PUCCH repetition factor and Msg3 repetition factor
· Note: it is assumed that there is impact on DCI design
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· One or two CRC bits other than bits scrambled by TC-RNTI is used for the dynamic indication, etc.
· Alt 4: Implicit mapping between Msg4 HARQ ACK repetition factor and indication of Msg3 PUSCH repetition with no re-interpreted field / new field (i.e. no change to DCI design)

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
Final LS is endorsed in R1-2304094 with the following revision to the action:
ACTION: RAN1 respectfully asks RAN4 to take the above RAN1 observations and  working assumption into account.

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

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

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

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, apply frequency hopping mechanism in R15/16/17 defined for PUCCH transmission for Msg4 HARQ-ACK, in every slot.

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.

In this contribution, we discuss the issue related to PUSCH DMRS bundling and PUCCH repetition.
2 Discussion
2.1 PUSCH DMRS bundling
In R17, joint channel estimation across multiple consecutive slots based on the conditions to keep power consistency and phase continuity is introduced. In the joint channel estimation, nominal TDW (time domain window) is introduced to specify the channel bunding time duration. The duration of each nominal TDW except the last nominal TDW, in number of consecutive slots, is given by higher layer configuration. A nominal TDW consists of one or multiple actual TDWs. The start of the first actual TDW is the first symbol of the first PUSCH transmission in a slot for PUSCH/PUCCH transmission within the nominal TDW. The end of an actual TDW is the last symbol of the last PUSCH transmission in a slot within the nominal TDW or the last symbol of a PUSCH transmission before an event.
For NR NTN network, there are several NTN-specific characteristics: large propagation delay and satellite movement. The large propagation delay may lead to large TA value, necessity of K-offset, and K-mac for timing relationship between downlink and uplink, and misalignment between downlink slot index and uplink slot index for both gNB and UE side. 
The satellite movement may lead to the change of propagation delay for both service link and feeder link. For feeder link, the updated propagation delay will be determined by the common TA and the corresponding drift rate indicated in SIB. For the service link, the updated propagation delay will be determined by the UE’s position and the satellite’s position. The satellite’s position is determined based on the indicated satellite ephemeris. UE’s position can be measured by the UE itself with its GNSS module. Configuration of GNSS measurement gap from gNB to UE is necessary. Both the common TA and the satellite ephemeris are associated with a timer, while the new common TA and the new satellite ephemeris may be derived by the UE before expiration of the timer for proper operation. The satellite movement will result in frequent TA updates over the time, resulting in change in uplink transmission timing. UE would report these updated TAs, and based on the reporting, gNB would determine an updated K-offset, that may be further indicated to UE by MAC CE. The updated K-offset is applied after a duration(3ms) from UE transmitting A/N corresponding to the PDSCH carrying the MAC CE. In a word, satellite movement may lead to update of TA and update of K-offset.
The adaptation slot for the update K-offset can be a slot that multiple repetitions of an uplink channel are transmitted, which will lead to the UE behavior ambiguity.  There are two alternatives to determine when to apply the updated K-offset:
· Alt 1: Application of the updated K-offset can be at the start of each repetition of the uplink channel 
· Alt 2: Application of the updated K-offset can only be at the first repetition of the uplink channel.
Our preference is Alt 2. The reason is that using updated K-offset within the multiple repetitions of an uplink channel may lead to transmission symbol/slot overlapping or transmission gap, which is not desirable. 
Proposal 1: Updated K-offset MAC CE is applied at the start of the first repetition of an uplink channel.
For joint channel estimation, a window duration will be configured from gNB to UE. During the window, it is expected that the transmission phase is not changed, so that joint channel estimation is possible. The window consists of uplink time domain resource, and the start of the window is determined to be the first scheduled uplink channel. 
Regarding the impact of large propagation delay, it will only impact the start of the window, and existing solutions can work.
Regarding the impact of satellite movement, there may be time and frequency drift. There are mainly two alternatives to solve the issue:
· Alt 1: Update time-frequency compensation at UE side more frequently.
· Alt 2: Introduce new event to terminate the joint channel estimation window.

For Alt 1, the update can be performed per slot or per several slots. During adjacent of time-frequency pre-compensation, the changed time/frequency offset is limited, that may be within the RAN4 requirement. Thus, the joint channel estimation window is not impacted by time/frequency pre-compensation. However, for each time/frequency update, the new time/frequency position may be larger than or smaller than the old time/frequency position depending on the satellite position and the satellite velocity, which means that a gap at time and frequency domain is necessary. Although it can be solved by scheduling, there will be some resource waste.
For Alt 2, TA update should be considered to be an event which terminates the joint channel estimation window as per R17 agreement. In R18, when there is a TA update due to satellite movement, it should also be considered as an event to terminate the window. The consequence is that the window size will be reduced, and the joint channel estimation gain will be impacted. On the other hand, there is no resource waste which is the case of Alt 1.
Regarding whether to adopt Alt 1 or Alt 2, we think a combination can be considered. If the resource waste is acceptable, there can be signaling from gNB to UE to indicate when to perform time/frequency pre-compensation. And after that, if the time/frequency pre-compensation exceeds a threshold, then the joint channel estimation window will be reduced by the time/frequency pre-compensation.
Regarding update of K-offset within the joint channel estimation window, it is preferred that application of K-offset is only at the start of the joint channel estimation window similar to the case of available slots.
Proposal 2: Time-frequency pre-compensation at UE side can be indicated by gNB in slot level to satisfy RAN4 requirement.
Proposal 3: A TA update at multiple slots level can be considered as an event to terminate the joint channel estimation window.
Proposal 4: Application of updated K-offset is only at the start of the joint channel estimation window.
2.2 PUCCH repetition for msg 4 HARQ-ACK
It is already agreed to support PUCCH repetition for msg4 HARQ-ACK for coverage enhancement. And the possible repetition can be at least 2 ,4,8. There are discussion on the related procedures and signaling for PUCCH repetition.
The repetition number for PUCCH for msg4 HARQ-ACK can be configured in a cell specific way or in UE specific way. For the case with cell-specific configuration, the configured repetition number should consider the UE with worst channel condition. The repetition number for an actual UE can be equal to or smaller than the configured cell-specific repetition number. There will be some blind detection at gNB side, and the resource should be reserved based on the cell-specific repetition number, so there will be some resource waste.
For the case with UE-specific configuration, the PUCCH repetition number for each UE may consider the channel status for each UE, however, there will be signaling overhead to indicate the repetition number for each UE.
In the 1st step, a set of RSRP threshold or satellite angle/distance threshold can be configured to UE in a cell specific way, so that each UE can determine the preferred UE-specific repetition number based on the measured RSRP, satellite angle or satellite-UE distance. 
In 2nd step, the preferred repetition number for each UE can be reported to gNB for proper configuration. The reporting may differentiate between repetition requirement or not, or alternatively, the reporting can indicate a repetition number including 2,4,8. In the previous meeting, a working assumption is achieved, i.e., higher layer signalling in Msg3 PUSCH for repetition request or for capability report. 
[bookmark: _Hlk134728057][bookmark: _Hlk134728022]In the 3rd step, gNB can configure to UE the repetition number to UE. In RAN1#112, a number of Alts were agreed for dynamic indication of repetition factor from gNB. These Alts discuss the possibilities for indication where the indication can be explicitly carried out in Msg4 PDSCH or it can be implicitly determined based on the repetition number for Msg3. In the previous meeting, Alt 1, i.e., a field in DCI scheduling the Msg4 PDSCH was agreed for PUCCH repetition for Msg4 HARQ-ACK. We support Alt 1-1a or Alt 1-1b.
There is discussion on whether the repetition factor can be configured by SIB. A working assumption is achieved. Based on the working assumption, there will be a case when one repetition factor is configured by SIB, a case when multiple repetition factors are configured by SIB and a case when repetition factor is not configured by SIB. We think these mechanisms are too complicated to support PUCCH repetition for msg 4 HARQ-ACK. The solution with UE specific reporting/indication and gNB indication by DCI or with other messages in random access is enough.
[bookmark: _Hlk131621371][bookmark: _Hlk134728097]Proposal 5: Support Alt 1-1a or Alt 1-1b options for a field in DCI scheduling the Msg4 PDSCH for PUCCH repetition for Msg4 HARQ-ACK.
3 Conclusion
In this contribution, we discussed the issues related to coverage enhancement for NR NTN, and our proposals are as following:
Proposal 1: Updated K-offset MAC CE is applied at the start of the first repetition of an uplink channel.
Proposal 2: Time-frequency pre-compensation at UE side can be indicated by gNB in slot level to satisfy RAN4 requirement.
Proposal 3: A TA update at multiple slots level can be considered as an event to terminate the joint channel estimation window.
Proposal 4: Application of updated K-offset is only at the start of the joint channel estimation window.
Proposal 5: Support Alt 1-1a or Alt 1-1b options for a field in DCI scheduling the Msg4 PDSCH for PUCCH repetition for Msg4 HARQ-ACK.
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