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Introduction
In the WID for NR NTN enhancement [1], the following are described as the object on coverage enhancement.
	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 previous RAN1 meetings, PUCCH enhancement and the necessity of enhancement related to DMRS bundling for PUSCH were discussed. The agreements are copied in Annex C. In this document, we discuss issues on PUCCH enhancement for Msg.4 HARQ-ACK and PUSCH DMRS bundling for NR-NTN coverage enhancement.

PUCCH enhancement for Msg.4 HARQ-ACK 
[bookmark: _Hlk115354721]Design target of PUCCH enhancement
In RAN1#112bis-e, it was discussed whether to apply the PUCCH repetition to any PUCCH using common PUCCH resource. The following proposal was discussed but not concluded. 
	Proposal 1-1_v5
PUCCH repetition discussed in R18 NR NTN coverage enhancement is supported for:
· PUCCH transmission when dedicated PUCCH resource configuration is not provided.
· Note: the existing agreements and working assumptions for PUCCH for Msg4 HARQ-ACK are applied to any PUCCH transmission by using common PUCCH resource, except that it is FFS how to determine repetition factor for PUCCH transmission scheduled by DCI format 1_0 and with CRC scrambled by C-RNTI, i.e.,
· The same configuration of PUCCH repetition provided via SIB is applied to any PUCCH transmission by using common PUCCH.
· The same signaling of repetition request or capability report from UE is used for any PUCCH transmission by using common PUCCH.
· The same frequency hopping mechanism is applied for any PUCCH transmission by using common PUCCH.



There may be PDSCH transmission opportunities before the dedicated PUCCH resource is configured to the UE. PUCCH repetition is necessary for the PUCCH converying the HARQ-ACK for such PDSCHs (i.e. non-Msg4 PDSCHs before dedicated PUCCH resource configuration). Therefore, we suppor the above proposal 1-1_v5 discussed in RAN1#112bis-e. 
Regarding the repetition factor for PUCCH scheduled by DCI format 1_0 with C-RNTI (i.e. non-Msg4 PUCCH), the repetition factor should be indicated via DCI scheduling the PDSCH to which the HARQ-ACK is transmitted in order to allow gNB to indicate different repetition factors for different PDSCH transmission timing to reflect the propagation condition timely.

Proposal 1: PUCCH repetition discussed in Rel.18 NTN is supported for PUCCH transmission when dedicated PUCCH resource configuration is not provided. 
Proposal 2: PUCCH repetition factor is indicated via DCI scheduling the PDSCH to which the HARQ-ACK is transmitted. 

Signaling of PUCCH repetition for Msg.4 HARQ-ACK 
For Msg4 PUCCH repetition, both cell specific and dynamic indication of repetition factor are supported in the current working assumption. If only one repetition factor is configured via SIB, UE capable of and requesting the repetition uses the configured repetition factor for Msg4 PUCCH repetition. If multiple repetition factors are configured via SIB, UE capable of and requesting the repetition receives UE specific repetition factor. In both cases, gNB needs information on whether the UE is capable of and requesting Msg4 PUCCH repetition. Relating to the Msg4 PUCCH repetition procedure, the following are further discussed below. 
· Container of the Msg4 PUCCH repetition capability or request
· Details on RSRP threshold for Msg4 PUCCH repetition request
· Dynamic indication of Msg4 PUCCH repetition factor 

Container of “repetition request or capability report”
On the container of the repetition request/capability indication, use of higher layer signaling in Msg3 PUSCH was agreed as the working assumption as shown below. However, because details of “repetition request or capability report” was not concluded in RAN1#112bis-e, sending LS to RAN2 was postponed. 
	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.



Discussion points on the details of “repetition request or capability report” were 
· 1) whether the UE behavior using RSRP threshold as in the working assumption (as copied in section 2.2.2) is assumed, i.e. the contents is whether capable/requesting or not, and 
· 2) whether repetition factor is reported 

On 1), the working assumption should be valid because critical issues have not been found. As discussed in RAN1#112 in which the working assumption was agreed, reception power differs depending on UE, e.g. blockage/shade, antenna gain. Therefore, RSRP threshold (i.e. repetition request) would be useful especially for cell specific repetition configuration (i.e. only one repetition factor is indicated via SIB) because PRACH/Msg3 reception result can not be used to determine the PUCCH repetition. Note that our view is that it is also up to network flexibility not to use this RSRP threshold when the network does not see the need of such usage.
On 2), indication of the repetition factor from UE may be useful for dynamic indication case (i.e. case with multiple repetition factors are indicated via SIB). On the other hand, the available fields/codepoints for “repetition request or capability report” would be limited, and repetition factor can be determined by gNB based on Msg3 reception result. Therefore, we suggest not to indicate the repetition factor from UE or just to ask RAN2 on the feasibility of indicating repetition factor via higher layer signaling in Msg 3 PUSCH instead of concrete agreement in RAN1. 

Proposal 3: UE does not indicate the PUCCH repetition factor in “repetition request or capability report”.
Proposal 4: In the LS to RAN2, the working assumption on UE behavior of “repetition request or capability report” using RSRP threshold should be described to inform RAN2 about the contents of “repetition request or capability report”. 

Considering the timeline for finalizing the Rel.18 work item, it would be good to think about the alternative in case RAN2 feedback is negative, i.e. not feasible to use higher layer signaling in Msg3 PUSCH. In this case, the candidates are PRACH resource partitioning and physical layer signaling in Msg3 PUSCH. Considering the discussion status of PRACH repetition in RAN1#112bis, PRACH resource partitioning can be adopted. 

Proposal 5: RAN1 to adopt PRACH resource partitioning as the container of “repetition request or capability report” in case RAN2 feedback is negative, i.e. not feasible to use higher layer signaling in Msg3 PUSCH. In this case, restriction of combinations among PRACH repetition, Msg3 PUSCH repetition and Msg4 PUCCH repetition should be applied in order to avoid too many PRACH resource partitioning. 

RSRP threshould for Msg4 PUCCH repetition
The following is agreed in RAN1#112. 
	Working assumption
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 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 the RSRP threshold is not configured, or if the configured RSRP 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)
· 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



RSRP threshold is used to determine whether to request the Msg4 PUCCH repetition. Two alternatives for the RSRP threshold (Alt A and B) are listed in above working assumption. UE requiring Msg4 PUCCH repetition always requires Msg3 PUSCH repetition because required SINR for Msg3 PUSCH is higher than required SINR for Msg4 PUCCH. On the other hand, UE requiring Msg3 PUSCH repetition does not necessarily require Msg4 PUCCH repetition according to past evaluations. In order to have the possibility that Msg3 PUSCH repetition without Msg4 PUCCH repetition, separate threshold for Msg4 PUCCH repetition from the one for Msg3 PUSCH repetition is necessary (i.e. Alt B). The possible value should be lower than the threshold for msg3 PUSCH repetition and can be configured as relative value. If RSRP threshold is introduced in PRACH repetition, in order to reduce the PRACH resource partitioning, the same RSRP threshold for PRACH repetition and Msg4 PUCCH repetition should be considered. As described in section 2.2.1 , not to use this RSRP threshold when the network does not see the need of such usage should be also supported. This can be realized by to set the highest value of RSRP or not to configure RSRP value.
Proposal 6: New RSRP threshold should be introduced for Msg4 PUCCH repetition (Alt B). 

Dynamic indication of Msg4 PUCCH repetition factor
In RAN1#112bis-e, it was agreed to use the existing field(s) in DCI scheduling the Msg4 PDSCH for the dynamic indication of Msg4 PUCCH repetition factor was agreed. 
	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



According to the past agreement, repetition factors 1, 2, 4 and 8 are supported. 1 or 2 bits in a DCI field are used for PUCCH repetition with sacrificing a flexibility in some less useful fields in NTN usage. The following is our view on the cadidate fields for indication of Msg4 PUCCH repetition.  
· Alt 1-1a: MCS (5 bits)
This field indicates MCS of PDSCH. For Msg3 PUSCH repetition, MCS field in the UL grant is used because higher MCS is less useful for UL coverage limited scenarios. On the other hand, because DL is not power limited in general, higher MCS would be useful. Therefore, this field would not be preferable.
· Alt 1-1b: PUCCH resource indicator (3 bits)
This field indicates PUCCH resource for HARQ-ACK. Msg4 PUCCH repetition factor is indicated jointly with the PUCCH resource. If 1 or 2 bits are used for indication of Msg4 PUCCH repetition, flexibility of PUCCH resource selection is restricted. Although available PUCCH resources for PUCCH with repetition is fewer compared to PUCCH without repetition, considering that all slots are available for PUCCH transmission in FDD which is assumed in NTN and PDSCH-to-HARQ timing indicator gives additional flexibility, restriction of PUCCH resource indication would not be crucial. Therefore, use of this field for Msg4 PUCCH repetition would be reasonable.
· Alt 1-1c: HARQ process number (4 bits) 
By restricting the available HARQ process number for PDSCH transmission, part of this field can be used for the indication of PUCCH repetition. Generally, large number of HARQ processes would be used in NTN due to the long RTT as discussed in study item phase in Rel.16. If 2 bits are used for indication of the repetition factor, only 4 processes can be inidcated by the remaining 2 bits. If only msg4 PDSCH is transmitted, it is not harmful to restrict the number of HARQ processes. On the other hand, if PUCCH repetition is supported for PUCCH transmission before dedicated RRC configuration in addition to msg4 HARQ-ACK, shortage of the process number is concerned. Although PDSCH can not be continuously scheduled in case of PUCCH repetition (e.g. need to wait at least 4 slots in case of 4 PUCCH repetitions), only 4 HARQ processes might not be sufficient considering RTT of GEO (i.e. up to 541ms) as the worst case. Therefore, use of this field would not be preferable. 
· Alt 1-1d: Downlink assignment index (2 bits)
For DCI scrambled with TC-RNTI, this field is reserved. Therefore, if PUCCH repetition is supported for PUCCH transmission before dedicated RRC configuration in addition to msg4 HARQ-ACK, this field can not be used for the indication of the repetition factor. Furthermore, in general, to use reserved fields should be avoided as much as possible. Use of this field would not be preferable. 
· Alt 1-1e: PDSCH-to-HARQ timing indicator (3 bits)
This field indicates PUCCH timing for HARQ-ACK. Although available PUCCH resource for PUCCH with repetition is restrictive compared to PUCCH without repetition, there woule be sufficient flexibility with PUCCH resource indicator and PDSCH-to-HARQ timing indicator considering HARQ-ACK can be assigned in any slot for FDD. Therefore, use of this field for Msg4 PUCCH repetition would be reasonable. 
As discussed above, preferred candidates are PUCCH resource indicator and PDSCH-to-HARQ timing indicator. 
Regarding the number of bits for the dynamic indication, 2 bits are preferable to cover the repetition factors 1,2, 4 and 8. If only 1 bit is available considering the flexibility of each field, relative indication to Msg3 PUSCH should be considered e.g. to indicate the same number or two times of the repetition with Msg3 PUSCH repetition. Alternatively, multiple fields can be considered, e.g. 1 bit from PUCCH resource indicator and 1 bit from MCS to alleviate the loss of flexibility in each field. 

Proposal 7: PUCCH resource indicator or PDSCH-to-HARQ timing indicator in the DCI scheduling Msg4 PDSCH should be re-purposed for indication of PUCCH repetition factor. 
Proposal 8: If only 1 bit is available to indicate Msg4 PUCCH repetition factor considering the loss of flexibility of each field, the following should be considered. 
Option 1: use relative indication compared to Msg3 PUSCH repetition factor
Option 2: use multiple fields to indicate Msg4 PUCCH repetition factor

PUCCH resource for Msg4 PUCCH repetition
The resource for Msg4 PUCCH repetition should be separately configured depending on the repetition factor. If the same PUCCH resource is shared between no repeittion and repetition, the PUCCH resource can be collided as PUCCH repetition utilizes more PUCCH resource. The PUCCH resource for the repetition may be realized by the offset from the PUCCH for non-repetition case.
Proposal 9: Allow to separately configure PUCCH resources depending on the repetition factor. 

PUSCH DMRS bundling
In previous RAN1 meetings, the following were agreed. 
	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

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
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



The working assumption says UE can perform pre-compensation to keep phase rotation due to timing drift within the phase difference limit while UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit. On the determination of actual TDW, it was agreed that actual TDW is determined based on gNB configuration/indication. UE capability report and assistance information report are FFS. 
For LEO, because of the timing drift due to the satellite movement, UE performs TA pre-compensation update in UE autonomous manner to satisfy the timing requirement. Although it is up to UE implementation when to update the TA pre-compensation, the necessary update period basically depends on satellite elevation angle. Therefore, possible actual TDW may depend on the satellite elevation angle even if UE supports a large TDW size from RF impairment perspective. For example, situation like the following would happen for LEO. UE can satisfy phase continuity requirement over A slots (e.g. 16 slots) if no timing drift (or at elevation angle 90 deg) is assumed. But, UE can satisfy phase continuity requirement over B slots (e.g. 8 slots) if timing drift at elevation angle 30 deg is assumed because frequent UE autonomous TA update is necessary for low elevation angle. It is necessary to discuss what to be reported by the UE as UE capability and what indication from gNB/UE is needed. We see the following options. 

Option A: UE reports TDW capability where no timing drift is assumed. 
· Option A-1: Actual TDW is determined based on Rel.17 i.e. based on dynamic event. 
gNB would likely configure nominal TDW based on necessary TA pre-compensation update period at the lowest satellite elevation angle in the orbit in order to allow UE to update the TA pre-compensation with sufficient update period to satisfy the timing requirement. In this case, although larger TDW is possible for higher elevation angle, only TDW at the lowest elevation angle can be used for any satellite location. gNB may update the nominal TDW depending on the satellite location by RRC reconfiguration to adjust the nominal TDW according to the satellite movement. Because gNB does not know the UE location, gNB would estimate the necessary TA pre-compensation update period e.g. using satellite location and beam direction, and then configure the TDW. It can be conservative value. A frequent RRC reconfiguration and/or reflection timing ambiguity may also be concerned. 
The maximum length of actual TDW is determined based on dynamic event. This may increase the complexity to calculate the amount of TA pre-compensation as the amount of the pre-compensation needs to be calculated after actual TDW is determined by dynamic event. 
There is no specification impact for actual TDW determination procedure. 

· Option A-2: Actual TDW is explicitly indicated by gNB. 
gNB would configure nominal TDW based on the reported TDW capability. In addition, actual TDW is explicitly indicated by gNB depending on the satellite location as needed. gNB may be able to determine the actual TDW based on the gNB’s estimation of the necessary TA pre-compensation update period for the UE e.g. using satellite location and beam direction. But, gNB would likely configure the TDW as a conservative value because gNB’s estimation can be not so accurate. In order to use more accurate TDW, one way would be that UE reports the assistance information, e.g. possible TDW considering the satellite elevation angle at the reporting timing, and gNB determines actual TDW based on the assistance information. 
As the length of actual TDW is explicitly indicated, the amount of TA pre-compensation at the boundary between actual TDWs can be calculated without waiting the dynamic event. Note that actual TDW can be further reduced depending on the dynamic event based on Rel.17 specification. 
Specification impact is to introduce an indication of actual TDW from gNB using e.g. MAC CE and report of assistance information e.g. possible TDW considering the satellite elevation angle at the reporting timing. 

Option B: UE reports TDW capability assuming timing drift at a specific condition. 
      UE reports TDW capability assuming timing drift at a specific condition, e.g. at the reporting timing or at lowest elevation angle. gNB would configure nominal TDW based on the reported TDW capability. Actual TDW is determined based on Rel.17. Although larger TDW is possible for higher elevation angle, only TDW reported by the UE would likely be used for any satellite location because gNB does not know the maximum TDW supported by the UE. From the same reason, gNB indication of the actual TDW according to satellite movement would not make much sense. 
There is no specification impact for actual TDW determination procedure. 

In any option, what to be reported by UE as the TDW capability need to be clarified in the specification. 
In Option A-1 and Option B, actual TDW is not necessarily reflecting the necessary update period of TA pre-compensation for the satellite location. Furthermore, because TA pre-compensation timing is up to UE implementation, it is preferable to determine the actual TDW based on the UE assistance information. Therefore, we propose A-2, i.e. to introduce gNB indication of actual TDW and UE report of possible TDW at the reporting timing. In order to allow a prompt reflection of the TDW without ambiguity period, MAC CE signaling would be desirable. 

Proposal 10: What to be reported by UE as the TDW capability need to be clarified in the specification.
Proposal 11: UE report TDW capability where no timing drift is assumed. 
Proposal 12: Introduce gNB indication of actual TDW and UE report of possible TDW at the reporting timing as assistance information.

Conclusion 
We discussed issues on coverage enhancement for NR-NTN. The following proposals on PUCCH for Msg.4 HARQ-ACK and on DMRS bundling for PUSCH are made. 
Msg4 PUCCH repetition
Proposal 1: PUCCH repetition discussed in Rel.18 NTN is supported for PUCCH transmission when dedicated PUCCH resource configuration is not provided. 
Proposal 2: PUCCH repetition factor is indicated via DCI scheduling the PDSCH to which the HARQ-ACK is transmitted. 
Proposal 3: UE does not indicate the PUCCH repetition factor in “repetition request or capability report”.
Proposal 4: In the LS to RAN2, the working assumption on UE behavior of “repetition request or capability report” using RSRP threshold should be described to inform RAN2 about the contents of “repetition request or capability report”. 
Proposal 5: RAN1 to adopt PRACH resource partitioning as the container of “repetition request or capability report” in case RAN2 feedback is negative, i.e. not feasible to use higher layer signaling in Msg3 PUSCH. In this case, restriction of combinations among PRACH repetition, Msg3 PUSCH repetition and Msg4 PUCCH repetition should be applied in order to avoid too many PRACH resource partitioning. 
Proposal 6: New RSRP threshold should be introduced for Msg4 PUCCH repetition (Alt B). 
Proposal 7: PUCCH resource indicator or PDSCH-to-HARQ timing indicator in the DCI scheduling Msg4 PDSCH should be re-purposed for indication of PUCCH repetition factor. 
Proposal 8: If only 1 bit is available to indicate Msg4 PUCCH repetition factor considering the loss of flexibility of each field, the following should be considered. 
Option 1: use relative indication compared to Msg3 PUSCH repetition factor
Option 2: use multiple fields to indicate Msg4 PUCCH repetition factor
Proposal 9: Allow to separately configure PUCCH resources depending on the repetition factor.

PUSCH DMRS bundling
Proposal 10: What to be reported by UE as the TDW capability need to be clarified in the specification.
Proposal 11: UE report TDW capability where no timing drift is assumed. 
Proposal 12: Introduce gNB indication of actual TDW and UE report of possible TDW at the reporting timing as assistance information.
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