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[bookmark: _Ref110417486]Introduction
The Release-18 NR NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #98e meeting [2].

In the NR NTN work item, one of the RAN1 objectives is coverage enhancement. In RAN1 #112bis-e meeting, there are some progresses made for NR NTN uplink channel coverage enhancement [3], [4].
 
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

Send an LS to RAN2 at RAN1#113 to provide details of “repetition request or capability report”, to ask the feasibility of Option B, and if feasible, to specify the details of Option B.

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 provide our views on the enhancements of PUCCH for Msg4 HARQ-ACK and DMRS bundling for PUSCH for NR NTN.
Discussion
PUCCH repetition for Msg4 HARQ-ACK
Triggering of PUCCH repetition request or capability report
In RAN1 #112 meeting, the triggering of Msg4 PUCCH repetition request or capability report was discussed. The working assumption supports both UE indication of its capability of Msg4 PUCCH repetition and UE indication of its capability as well as the need of Msg4 PUCCH repetition. These two different features are supported and selected via SIB configuration. Specifically, if RSRP threshold is not configured or a specific RSRP threshold is configured, then UE only indicates its capability of Msg4 PUCCH repetition. Otherwise, UE indicates its capability and the need of Msg4 PUCCH repetition. 

Overall, the working assumption on the triggering condition of PUCCH repetition for Msg4 HARQ-ACK is agreeable. 

Proposal 1: Confirm the working assumption on the triggering condition of PUCCH repetition request or capability report for Msg4 HARQ-ACK.

In the working assumption on the triggering condition of PUCCH repetition request or capability report for Msg4 HARQ-ACK, it is open on the relationship between the RSRP threshold for Msg4 PUCCH repetition and the RSRP threshold for Msg3 PUSCH repetition. In one alternative, the same RSRP threshold as for Rel-17 Msg3 PUSCH repetition is used. In another alternative, a new RSRP threshold is introduced. 

In our view, the RSRP threshold to trigger Msg3 PUSCH repetition is highly related to the RSRP threshold to trigger Msg4 PUCCH repetition, since the similar channel condition is expected for Msg3 PUSCH transmission and Msg4 HARQ-ACK transmission. According to our simulation results [5], Msg4 HARQ-ACK has about 3 dB link budget more than that for Msg3 PUSCH. This implies the RSRP threshold for Msg4 PUCCH repetition can be about 3 dB less than the RSRP threshold for Msg3 PUSCH repetition. 

Overall, the RSRP threshold for Msg4 PUCCH repetition is related to the RSRP threshold for Msg3 PUSCH repetition. Specifically, the RSRP threshold for Msg4 PUCCH repetition is set to be rsrp-ThresholdMsg3-r17 minus an offset, where the offset (or, differential RSRP) is either pre-defined or configured via SIB. The value range of the offset is relatively small comparing with the legacy RSRP threshold. This reduces signaling overhead. 

Proposal 2: The RSRP threshold for Msg4 PUCCH repetition is equal to the RSRP threshold for Msg3 PUSCH repetition minus an offset, where the offset is either pre-defined or configured. 

Signaling of PUCCH repetition request or capability report
The signaling of UE’s PUCCH repetition request or capability report was discussed in RAN1 #112b-e meeting [3]. It is working assumption that higher layer signaling in Msg 3 PUSCH is used as container of the repetition request or capability report by UE.

There are two alternatives of higher layer signaling in the discussions in RAN1 #112 meeting. The first alternative is to use reserved LCID codepoints to indicate PUCCH repetition request or capability report. The LCID has 6 bits with values between 0 and 63. The LCID values of 37-42 and 47 are reserved (e.g., Table 6.2.1-2 of [6]). In other words, there are only 7 reserved LCID codepoints available. If LCID is to be used for PUCCH repetition request or capability report, then at least 4 codepoints will be used to additionally distinguish 2 CCCH sizes (48 bits or 64 bits) and RedCap/non-RedCap cases. 

The second alternative is to use one reserved bit in MAC sub-header. The MAC sub-header has 8 bits, where 6 LSB carries LCID and 2 MSB are reserved. If one of the two reserved bits is used to indicate PUCCH repetition request or capability report for Msg4 HARQ-ACK, then it prevents the support of potential key features in the future. 

Overall, the working assumption cannot be agreed unless its feasibility is confirmed by RAN2. 

If using higher layer signaling in Msg3 PUSCH for Msg 4 PUCCH repetition request or capability report is infeasible according to RAN2, then we prefer to use separate PRACH preamble and/or occasion to indicate UE’s repetition request or capability report, since this approach is already applied for Msg3 PUSCH repetition indication with proven feasibility. 

Proposal 3: If using higher layer signaling in Msg3 PUSCH for Msg4 PUCCH repetition request or capability report is infeasible according to RAN2, then PUCCH repetition request or capability report for Msg4 HARQ-ACK is indicated by dedicated PRACH preambles and/or occasions.

Indication of PUCCH repetition factor
Once a gNB receives a UE’s indication of PUCCH repetition request or capability report for Msg4 HARQ-ACK, it decides whether to schedule PUCCH repetition for Msg4 HARQ-ACK, as well as how many PUCCH repetitions are applied. Subsequently, gNB needs to indicate the determined repetition factor to UE so that UE follows the scheduled number of Msg4 HARQ-ACK repetition. 

In RAN1 #112 meeting, a list of options of gNB dynamic indication of repetition factor was identified. In RAN1 #112b-e meeting, Alt 1-1 (i.e., one or two bits of the existing field(s)) among the list of options was selected. It is open which sub-alternative is to be used within Alt 1-1.

In our view, Alt 1-1b has the least impact on DCI decoding and interpretation. In Alt 1-1b, each common PUCCH resource is configured with a repetition factor. UE decodes DCI in a legacy way and then learns from the configuration on the repetition factor associated with a common PUCCH resource. Another advantage of Alt 1-1b is that this approach is applicable in the duration when dedicated PUCCH resource has not been configured after initial access. This achieves unified design for both Msg4 HARQ-ACK repetition and PUCCH repetition without dedicated PUCCH resource configuration. 

Proposal 4: For PUCCH repetition for Msg4 HARQ-ACK, gNB indicates the PUCCH repetition factor based on PUCCH resource indicator field.

DMRS bundling for PUSCH
According to updated WID [2], RAN1 is to specify the necessary enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g., time-frequency pre-compensation).

It was agreed [3] that for NTN-specific PUSCH DMRS bundling, gNB-centric TDW determination is applied, where nominal TDW is determined based on gNB configuration and actual TDW is determined based on gNB configuration/indication.

It is open on the details of TDW determination, including UE capability and assistance information reporting. 

It was observed that with the assumption of 70.5 µs/s timing drift rate, phase difference limit (i.e., Table 6.2.4.2.5-1 in [7]) cannot be satisfied over multiple slots if PRB allocation is not within 6 PRBs from DC carrier without UE pre-compensation and gNB post-compensation. It was working assumption that UE can pre-compensate to keep phase rotation due to timing drift within the phase difference limit. In our view, in which duration a UE can pre-compensate to keep phase rotation within the phase difference limit is up to UE capability. 


Additionally, it was observed that with the assumption of 70.5 µs/s timing drift rate, the timing error limit (Table 7.1C.2-1 in [8]) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed. It is implied by the working assumption that UE may have the capability to pre-compensate the TA update within an actual TDW. 

Both of the above two UE capabilities need to be reported to gNB to facilitate gNB’s configuration of nominal TDW for the UE. It is possible that UE reports a single value of the maximum number of slots, in which UE can keep the phase rotation within the phase difference limit and keep the timing error within the timing error limit.  

Proposal 5: To facilitate gNB configuration of nominal TDW, UE reports its capability in terms of the maximum number of slots, in which it can pre-compensate to keep phase rotation within the phase difference limit and keep timing error within the timing error limit. 

Upon receiving UE reported capability in terms of the maximum number of slots in which phase rotation requirement and timing error limit can be satisfied, gNB configures the nominal TDW for the UE, where the configured TDW size is upper bounded by UE reported maximum number of slots.

Proposal 6: The nominal TDW size of PUSCH DMRS bundling (if configured) is upper bounded by UE reported maximum number of slots.

If the nominal TDW size of PUSCH DMRS bundling is not configured, then the actual TDW size is equal to the minimum of maximum number of slots reported by UE, PUSCH repetition duration and the frequency hopping interval for PUSCH DMRS bundling. 

Proposal 7: If the nominal TDW size of PUSCH DMRS bundling is not configured, then the actual TDW size is equal to the minimum of maximum number of slots reported by UE, PUSCH repetition duration and the frequency hopping interval for PUSCH DMRS bundling.

Conclusion
In this contribution, we provided our views on coverage enhancement for NR NTN. Our proposals are as follows:

Proposal 1: Confirm the working assumption on the triggering condition of PUCCH repetition request or capability report for Msg4 HARQ-ACK.

Proposal 2: The RSRP threshold for Msg4 PUCCH repetition is equal to the RSRP threshold for Msg3 PUSCH repetition minus an offset, where the offset is either pre-defined or configured. 

Proposal 3: If using higher layer signaling in Msg3 PUSCH for Msg4 PUCCH repetition request or capability report is infeasible according to RAN2, then PUCCH repetition request or capability report for Msg4 HARQ-ACK is indicated by dedicated PRACH preambles and/or occasions.

Proposal 4: For PUCCH repetition for Msg4 HARQ-ACK, gNB indicates the PUCCH repetition factor based on PUCCH resource indicator field.

Proposal 5: To facilitate gNB configuration of nominal TDW, UE reports its capability in terms of the maximum number of slots, in which it can pre-compensate to keep phase rotation within the phase difference limit and keep timing error within the timing error limit. 

Proposal 6: The nominal TDW size of PUSCH DMRS bundling (if configured) is upper bounded by UE reported maximum number of slots.

Proposal 7: If the nominal TDW size of PUSCH DMRS bundling is not configured, then the actual TDW size is equal to the minimum of maximum number of slots reported by UE, PUSCH repetition duration and the frequency hopping interval for PUSCH DMRS bundling.
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