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1	Introduction
The following conclusion and working assumptions were made in RAN1#113 and the following may be discussed in this meeting according to the FL summary [1].
	[bookmark: _Hlk118658562]RSRP threshold
Proposal 1-4_v2
Confirm the working assumption at the RAN1#112 meeting, with the following update.
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.
· New RSRP threshold is introduced.
· Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
· FFS: whether tThe definition of the new RSRP threshold is absolute value with same value range as the RSRP threshold for R17 Msg3 repetition or relative value to the RSRP threshold in R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17)
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report

FL assumes that the following points are the next meeting plan to be discussed/decided. Note that the next meeting is the last meeting of this work item.
· For PUCCH of Msg4 HARQ-ACK
· Update/confirmation of working assumption including RSRP threshold
· For PUSCH DMRS bundling
· Determination of UE information report – down-selection
· Determination of nominal TDW – corresponding to agreed UE information report
Determination of actual TDW – down-selection




The following conclusion and working assumptions were made in RAN1#113 [2].
	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
Draft LS to RAN2 in R1-2306085 is endorsed with the following change:
[bookmark: _Hlk135670142]It is noted that an additional working assumption was reached for repetition request or capability report.
Final LS in R1-2306105
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.
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
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.



In this contribution, the issues for coverage enhancement would be discussed.
2	Discussion 

2.1	PUCCH repetition for Msg4 HARQ-ACK

2.1.1 Transmission trigger of UE information

 Let's consider a scenario where the RSRP threshold is configured for PUCCH repetition for Msg4 HARQ-ACK. The UE can request PUCCH repetition for Msg4 HARQ-ACK when the measured RSRP falls below this threshold. In Release 17 CE for Msg3 repetition, the threshold for Msg3 repetition is indicated by rsrp-ThresholdMsg3-r17. This particular threshold can be repurposed for PUCCH repetition with respect to Msg4 HARQ-ACK due to the analogous characteristics between the transport channel state for Msg3 and the PUCCH for Msg4 HARQ-ACK. By making a slight adjustment, either through addition or subtraction of a constant value to rsrp-ThresholdMsg3-r17, the UE can interpret the resulting value as the threshold for initiating PUCCH repetition for Msg4 HARQ-ACK.

On the other hand, we expect that the threshold for repetitive transmission of Msg3 and the threshold for repetitive transmission of Msg4 HARQ-ACK will be different. In a channel that requires repetitive transmission of Msg4 HARQ-ACK, Msg3 may not need to be repeatedly transmitted. Additionally, some UEs do not support the repetitive transmission of Msg3 but may have the capability for repetitive transmission of Msg4 HARQ-ACK. In such cases, it is possible that the UE will not be able to acquire parameters for the configured Msg3 repetitive transmission. Therefore, new RRC parameters can be defined to indicate the RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK, such as 'rsrp-thresholdMsg4HARQ-Ack-r18'.

Observation 1: Transport channel state for Msg3 and PUCCH for Msg4 HARQ-ACK would have similar characteristics.
Observation 2: Parameters for the repeated transmission of Msg3 may not be obtained, depending on the UE's capability or the channel situation.

Proposal 1: If parameters for the repeated transmission of Msg3 are configured, and the UE has the capability to transmit Msg3 repeatedly (a capable UE), the threshold for Msg3 repetition can be repurposed for PUCCH retransmission of Msg4 HARQ-ACK. This can be achieved by adjusting the rsrp-ThresholdMsg3-r17 value, either through addition or subtraction of a constant.
Proposal 2: Some new RRC parameters can be defined to indicate rsrp-Threshold for PUCCH repetition for Msg4 HARQ-ACK like “rsrp-thresholdMsg4HARQ-Ack-r18”.

2.2	DMRS bundling for PUSCH taking into account NTN-specifics
In RAN1#113, the 2 option lists for the UE information report and the actual TDW determination were agreed, and the working assumption for differentiating the nominal TDW between R18 NTN and legacy NR by using PUSCH-TimeDomainWindowLength was also made. As FL mentioned for R18 NTN DMRS bundling, it seems necessary to discuss 3 leftovers [(1): the down-selection of UE information report, (2): the decision for the nominal TDW determination, (3): the down-selection of the actual TDW determination].
The NTN specific TA variation can be calculated by a function of (elevation, satellite altitude, UE velocity) as specified in R1-2103719, and it might be 72.44  with {elevation=30,satellite altitude=LEO-1200, UE speed=1200 km/h} as given in Figure 1. Additionally, UE velocity might have less impact on TA variation than other 2 variables (elevation, satellite altitude), and also, among the satellite altitude and the elevation angle, it can be seen that the TA variation might be more affected by elevation angle than satellite altitude. As the elevation angle is getting higher, the TA variation is getting lower, and the TA variation difference caused by satellite altitude is getting less. Thus, the TA variation might be UE-specific rather than cell-specific because the TA variation is a function of elevation and UE velocity. Hence, the possible TDW length might be also user-specific rather than cell-specific. On the other hands, the TA variation would be changing as elevation angle is changing, it might be time-varying rather than constant. 
[image: ] [image: ]
[bookmark: _Ref126866998]Figure 1: TA variation [] vs. elevation 
(Left) UE velocity=1200 km/h (Right) UE velocity=0 km/h
According to the above, the NTN specific TA variation has impact on the possible TDW length to guarantee the phase difference limit (38.101-1 Table 6.4.2.5-1), and the timing error limit (38.133 Table 7.1C.2-1), and the frequency error limit (38.101-5 Section 6.4.1). The phase difference limit might have more impact than the timing error limit, and the frequency error limit might have no impact on TDW length for the DMRS bundling. Thus, the maximum available TDW length might be dependent on TA variation (which might depend on elevation angle, satellite altitude, UE velocity), Timing Error Limit (which might depend on SSB SCS, UL SCS), and the phase difference limit (which might depend on the farthest PUSCH subcarrier frequency from the center subcarrier).
Regarding the information report from UE, since the gNB-centric TDW determination was agreed in the RAN1#112b, the TA compensation timing might be indicated/configured by gNB. However, since the possible TDW length is user-specific, some additional information report from UE might be necessary for efficient TDW resource usage even if TA compensation timing is indicated by gNB. The additional information (e.g. UE’s elevation angle, UE’s velocity, TA variation on the UE’s elevation angle, possible TDW length on the UE’s elevation angle, etc) might be used for helping gNB to configure the appropriate actual/nominal TDW length for the efficient TDW usage. On the other hands, for the same TDW understanding, it might be most important to share TA compensation timing. However, the TA compensation timing and its period might be UE-specific rather than cell-specific because TA variation is a function of elevation and UE velocity. In that sense, even if TA compensation timing is indicated by gNB, the indication might be based on information reported by the UE. The additional information might be reported via either UE capability report or UE assistance information. However, considering that the TA variation and the possible TDW length might be not constant over the time (time-varying) and they might depend on the elevation angle and the UE velocity, the re-signalling of the additional information from UE might be necessary over the time depending on the elevation angle. Thus, in that sense, UE assistance information might be more appropriate than the UE capability report. Consequently, for way forward, the information report from UE might include one or more of the following 5 options [TDW size (Option 1b), TDW size per elevation (Option 1e), TDW size per NTN platform (Option 1d), TDW size on reporting timing (Option 2b), TA adjustment timing (Option 2c)].
Regarding the actual TDW determination, because the NTN specific TA drift might have impact on the possible TDW length, the enhancement of nominal/actual TDW determination might be necessary in order to guarantee the RAN4 requirement and the efficient resource usage. And, for guaranteeing RAN4 requirements (the phase difference limit, the timing error limit, the frequency error limit), the NTN specific TA drift compensation might be introduced as the one of the events in 38.214 Section 6.1.7, which cause power consistency and phase continuity not to be maintained across PUSCH transmissions within the nominal TDW. In other words, for the same TDW understanding between gNB and UE, The TDW determination might be enhanced by introducing the NTN TA drift compensation as the new event (Alt B, Alt C) in 38.214 Section 6.1.7, which causes power consistency and phase continuity not to be maintained.
According to [3], most companies evaluated PUSCH VoIP with the 20 repetitions (20 ms), since the VoIP packet arrives at every 20 ms. During 20 repetitions, at least 1 TA adjustment might be necessary in order to guarantee the above 2 requirements because the TDW lengths might be less than 20 ms. Roughly, the TDW length might be half of 20 ms with 1 RB assumption. The bundling across all the 20 repetitions with DMRS bundling/JCE might be impossible and half of the bundling gain might be lost. Hence, the link budget gap to be enhanced might be degraded by more than 2~3 dB. According to [3], the average link budget gap to be enhanced for PUSCH VoIP might be around 2.64 dB. (if the best/worst are excluded, 2.45 dB). Thus, the average link budget gap for PUSCH VoIP might be more than 4.64~5.64 dB (if the best/worst are excluded, more than 4.45 dB~5.45 dB). In order to mitigate the link budget gap, the enhancement techniques including 2 transmit antenna, polarization type mismatch compensation might be considered in combination with the DMRS bundling/JCE.  
[bookmark: _GoBack]
Observation 3: The TDW length might be configured based on (all of the followings/the subset of the followings)
· TA variation (elevation, satellite altitude, UE velocity)
· Timing Error Limit (SSB SCS, UL SCS)
· Phase Difference Limit (the farthest PUSCH subcarrier freq. from center)
· Note: UE velocity might have less impact on TA variation than other 2 variables (elevation, satellite altitude)
Observation 4: The possible TDW length and the NTN specific TA variation might be user-specific, and not constant over the time (time-varying)
· For efficient TDW usage, the information report from UE might be necessary to help gNB to configure the appropriate TDW length because the TDW length/TA variation might be user-specific.
· The re-signalling of the information report from UE might be necessary because the TDW length/TA variation might be not constant over the time. 
Observation 5: The link budget gap for the PUSCH VoIP in RAN1#110-e might be degraded by more than 2~3 dB with 1 RB assumption because the TDW length might be less than 20 ms.
· The average gap with 20 repetition and DMRS bundling/JCE might be 2.64 dB
· The average gap with 10 repetition and DMRS bundling/JCE might be more than 4.64~5.64 dB.

Proposal 3: Regarding the information report from UE,
· For efficient TDW usage, the information report from UE might include one or more of the followings.
· TDW size (Option 1b), 
· TDW size per elevation (Option 1e), 
· TDW size per NTN platform (Option 1d), 
· TDW size on reporting timing (Option 2b), 
· TA adjustment timing (Option 2c)
· Note: the same option indexes (1b, 1e, 1d, 2b, 2c) is used as specified in RAN1#113’s agreement.
· The information report from UE might be reported via one or combination of the followings.
· UE assistance information
· UE capability report
· Note: UE assistance information might be more proper than the UE capability report because the TDW length/TA variation might be re-signalled.
Proposal 4: Regarding the actual TDW determination,
· Actual TDW might be determined by the existing events (38.214 Section 6.1.7) and one or more of the followings 
· New event of TA pre-compensation timing dynamically indicated by gNB (Alt B)
· as dynamically indicated by gNB (Alt C)
· Note: Note: the same Alt. indexes (B, C) is used as specified in RAN1#113’s agreement
Proposal 5: To mitigate the link budget gap for the PUSCH VoIP, the following enhancement techniques might be considered in combination with the DMRS bundling/JCE.
· 2 transmit antenna
· polarization type mismatch compensation 


3	Conclusion
Observation 1: Transport channel state for Msg3 and PUCCH for Msg4 HARQ-ACK would have similar characteristics.
Observation 2: Parameters for the repeated transmission of Msg3 may not be obtained, depending on the UE's capability or the channel situation.
Observation 3: The TDW length might be configured based on (all of the followings/the subset of the followings)
· TA variation (elevation, satellite altitude, UE velocity)
· Timing Error Limit (SSB SCS, UL SCS)
· Phase Difference Limit (the farthest PUSCH subcarrier freq. from center)
· Note: UE velocity might have less impact on TA variation than other 2 variables (elevation, satellite altitude)
Observation 4: The possible TDW length and the NTN specific TA variation might be user-specific, and not constant over the time (time-varying)
· For efficient TDW usage, the information report from UE might be necessary to help gNB to configure the appropriate TDW length because the TDW length/TA variation might be user-specific.
· The re-signalling of the information report from UE might be necessary because the TDW length/TA variation might be not constant over the time. 
Observation 5: The link budget gap for the PUSCH VoIP in RAN1#110-e might be degraded by more than 2~3 dB with 1 RB assumption because the TDW length might be less than 20 ms.
· The average gap with 20 repetition and DMRS bundling/JCE might be 2.64 dB
· The average gap with 10 repetition and DMRS bundling/JCE might be more than 4.64~5.64 dB.

Proposal 1: If parameters for the repeated transmission of Msg3 are configured, and the UE has the capability to transmit Msg3 repeatedly (a capable UE), the threshold for Msg3 repetition can be repurposed for PUCCH retransmission of Msg4 HARQ-ACK. This can be achieved by adjusting the rsrp-ThresholdMsg3-r17 value, either through addition or subtraction of a constant.
Proposal 2: Some new RRC parameters can be defined to indicate rsrp-Threshold for PUCCH repetition for Msg4 HARQ-ACK like “rsrp-thresholdMsg4HARQ-Ack-r18”.
Proposal 3: Regarding the information report from UE,
· For efficient TDW usage, the information report from UE might include one or more of the followings.
· TDW size (Option 1b), 
· TDW size per elevation (Option 1e), 
· TDW size per NTN platform (Option 1d), 
· TDW size on reporting timing (Option 2b), 
· TA adjustment timing (Option 2c)
· Note: the same option indexes (1b, 1e, 1d, 2b, 2c) is used as specified in RAN1#113’s agreement.
· The information report from UE might be reported via one or combination of the followings.
· UE assistance information
· UE capability report
· Note: UE assistance information might be more proper than the UE capability report because the TDW length/TA variation might be re-signalled.
Proposal 4: Regarding the actual TDW determination,
· Actual TDW might be determined by the existing events (38.214 Section 6.1.7) and one or more of the followings 
· New event of TA pre-compensation timing dynamically indicated by gNB (Alt B)
· as dynamically indicated by gNB (Alt C)
· Note: Note: the same Alt. indexes (B, C) is used as specified in RAN1#113’s agreement
Proposal 5: To mitigate the link budget gap for the PUSCH VoIP, the following enhancement techniques might be considered in combination with the DMRS bundling/JCE.
· 2 transmit antenna
· polarization type mismatch compensation
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