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1. Introduction
This document is made for discussion on coverage enhancement for NR NTN. Schedule for discussion is below in local time. FL requests companies to consider the schedule.
· Meeting start: Monday 9:00
· 1st offline: Monday 14:30 – 16:30
· 1st online: Monday 17:45 – 19:45
· 2nd offline: Wednesday 8:00 – 10:30
· 2nd online: xxx

This topic is mentioned in Rel-18 NR NTN WID as captured in Appendix-1. As discussed and concluded at the previous RAN plenary meeting, we focus on coverage enhancement of PUCCH for Msg4 HARQ-ACK and discussion of DMRS-bundling for PUSCH. Although FL found that several companies propose other mechanisms in their contributions, they will not be summarized/handled since not aligned with the WID description.

In this meeting, FL’s plan is to agree at least the following aspects. Note that this meeting is the last meeting of this work item. All issues are to be solved in this meeting.
· 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

Besides, it was agreed at the last RAN plenary meeting that whether this agenda item considers PUCCH transmission by using common resources after Msg4 HARQ-ACK transmission or not is postponed to the next RAN plenary meeting and also no RAN1 work for this issue is assumed in this RAN1 meeting. Thus, any proposal for this aspect is not prepared.
	RP-231482	Way forward on WI NR_NTN_enh	THALES
	conclusion: proposals 1/2/3/4/5(opt.1) are endorsed

· Proposal 5: Select one among the 2 options here after
· Opt1: The discussion on the followings is postponed to RAN#101 however without further discussion in RAN1#114
· whether to support repetitions for PUCCH transmission when dedicated PUCCH resource configuration is not provided
· Regarding the PUCCH transmission behavior after the transmission of HARQ ACK of PDSCH with UE contention resolution identity until the decoding of RRC message containing  dedicated PUCCH resource configuration, whether to support SIB indication for the choice between "no PUCCH repetition" or "same as the PUCCH transmission of HARQ ACK of PDSCH with UE contention resolution identity"



In addition, ‘contact information’ in the last section is copied from the summary at the last meeting. Anyone can use/add/update/remove some of the list if necessary.

Finally, this agenda item could successfully be concluded in this meeting. We sincerely appreciate all companies that joined discussion on this topic. It is noted that at least signaling details of RSRP threshold and dynamic indication details in DAI field are to be discussed in maintenance phase.


2. Collections of agreements/conclusions in RAN1#114

Agreement
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report, 
· UE reports the max TDW size it can support by fulfilling the phase difference limit requirement.
· Note: phase difference limit requirement is assumed to be at gNB receiver from RAN1 perspective.
· Details, e.g., whether FG 30-4 is used without new FG or new FG is introduced, is discussed in UE feature session.
· No consensus on whether to support Option 1d/1e/1f/1g.

Conclusion
For NTN-specific PUSCH DMRS bundling, 
· For UE assistance information (i.e., report by signaling other than UE capability report),
· No consensus on whether to support Option 2b/2c/2d

Agreement
For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined.

Agreement
The working assumption at the RAN1#112 meeting is superseded by the following agreement:
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only transmits repetition request if measured RSRP is lower than the configured RSRP threshold.
· If the RSRP threshold is not configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· Alt B: 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.
· The range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is the same as the range of the RSRP threshold for R17 Msg3 repetition.
· FFS signaling details, e.g. whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
· Note 2: RAN1 considers that there is no difference between “repetition request” and “capability report” in earlier RAN1 agreements


3. Proposals for agreements/conclusions
[bookmark: _Hlk128669305]
Note: these issues can be discussed in maintenance phase. Discussion in this meeting is not essential.

Proposal 1-1a_v0
For RSRP threshold to determine whether capability of PUCCH repetition for Msg4 HARQ-ACK is reported or not, 
· Option 1: the RSRP threshold is signaled as an absolute value.
· Option 2: the RSRP threshold is signaled as a relative value to RSRP threshold for R17 Msg3 repetition
· The value range is 0 to [15] dB
· Note: When RSRP threshold to report capability of PUCCH repetition for Msg4 HARQ-ACK is configured, it is expected that RSRP threshold for R17 Msg3 repetition is always configured.

Proposal 1-2_v1
With respect to dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI, one option is down-selected from the following options:
· Option 1: 2 bits are used regardless of the number of configured repetition factors
· Option 1a: Repetition factors {1, 2, 4, 8} are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. Codepoint(s) corresponding to unconfigured repetition factor(s) is(are) not used.
· Option 1b: the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 3rd and/or the 4th repetition factors is/are not configured, the corresponding codepoint(s) (i.e., ‘10’ and/or ‘11’) is(are) not used.
· Option 2: 1 bit or 2 bits are used based on the number of configured repetition factors
· If 2 repetition factors are configured, the 1st/2nd configured repetition factors are mapped to ‘0’, ’1’ of 1 bit LSB of 2 bits DAI field, respectively. The remaining one bit is reserved.
· If 3 or 4 repetition factors are configured, the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 4th repetition factor is not configured, the corresponding codepoint (i.e., ‘11’) is not used.


Note: the following proposal was discussed at the last online session but no consensus was made.

Proposal 2-2a_v0
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report, 
· UE can report support of antenna switching with DMRS bundling in NTN (Option 1c).
· Note: the FG is defined only for NTN-band.


4. Discussion
4.1. PUCCH enhancements for Msg4 HARQ-ACK
4.1.1. [Closed/High] Condition of UE information report / RSRP threshold 
For transmission trigger of UE information, i.e., the working assumption reached for configurability of RSRP threshold in RAN1#112 meeting below, it was discussed in the previous meetings whether the working assumption is valid and which Alt is down-selected for the RSRP threshold configuration. Any agreements were not reached since the validity of the working assumption was controversial.
	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



For this meeting, companies shared in their contribution their views on this working assumption. FL summarizes them as below.
· WA
· Confirm the WA w/o update except for Alt A vs Alt B and FFS: 6
· Remove RSRP threshold: 3
· Remove condition of X: 5
· Alt A vs Alt B for RSRP threshold
· Alt A: 1
· Alt B: 14
For confirmation/update the WA, the situation is not changed from the last meeting. That is, although 3 companies argue that RSRP threshold is unnecessary since gNB can estimate UL quality, spec becomes complicated without benefit, and RSRP difference within NTN cell is small. Meanwhile, it is mentioned that RSRP threshold is beneficial because different UE types are considered and less UEs perform repetition when a single factor is configured. Besides, several companies point out that WA is not reverted unless any “critical” issue is found. In addition, removing condition of X is proposed by some companies. FL does not find any counterargument to keep this condition.
Given the above, FL’s suggestion is to find a compromise way. It seems that the main motivation of RSRP threshold is the case where a single repetition factor is configured. Thus, it may be OK to allow configuration of RSRP threshold only for the case. Besides, condition of X is removed.
For RSRP threshold, majority support Alt B and Alt A can be covered by the note. Alt B is taken. For the details, some companies suggest defining the threshold as a relative value to R17 threshold for Msg3 rep. The motivation is to reduce signaling overhead, e.g., [14/Pana] analyzes that absolute value in ‘RSRP-Range’ uses 7 bits for 0 to 127 while relative value will use 4 bits for 0 to 15 dB. FL is not sure whether the 3-bit reduction in higher layer signaling is important or not. Further discussion and down-selection in this meeting is suggest.

4.1.1.1. 1st round
RSRP threshold
Proposal 1-1_v0
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.
· Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
· Down-select from the following alternatives in RAN1#114.
· Alt B-1: The RSRP threshold is defined as an absolute value by ‘RSRP-range’.
· Alt B-2: The RSRP threshold is defined as a relative value to rsrp-ThresholdMsg3-r17.
· The value range is 0 to 15 dB.
· The RSRP threshold is configurable only when a single repetition factor is configured by SIB.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report

Q: Do you agree the above proposal, and which Alt is preferred? If NO, please share the reason and how the proposal should be updated.
	Company
	YES/NO 
	B-1 vs B-2
	Comment

	Apple
	Yes
	B-2
	We think Alt B-2 has signaling benefit over Alt B-1. Also, Alt B-2 with the relative value 0 covers Alt A. 
Overall, Alt B-2 is a good balance between Alt A and Alt B-1, in terms of flexibility and signaling overhead. 

	LG
	Yes with comment
	B-1
	First of all, we can remove “at least” in the first main bullet.
“A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.”

Also, regarding the sentence that “The RSRP threshold is configurable only when a single repetition factor is configured by SIB”, is the intention of this sentence that the RSRP threshold cannot be configured when multiple repetition factors are configured? Would you please clarify?

	OPPO
	
	B-1
	We basically support the proposal except the last sub-bullet because the RSRP threshold is also beneficial when multiple repetition factors are configured in SIB. For example, the RSRP threshold can prevent the gNB from performing complicated measurement to determine the exact repetition factor for the UE without Msg4 PUCCH repetition needs, especially given that the Msg3 PUSCH can be transmitted simultaneously by multiple UEs selecting the same PRACH resource, but Msg4 PUCCH can only be transmitted by the UE succeeding in contention resolution.
Regarding the down-selection between Alt B-1 and Alt B-2, we prefer Alt B-1 considering Alt B-2 does not work on the case when Msg4 PUCCH repetition is supported but Msg3 PUSCH repetition is not supported by the network.

	Xiaomi
	Yes with comment
	B-1
	Alt B-1 is preferred as UE only needs to maintain one RSRP-range for DL RS measurement.
For the sentence that “The RSRP threshold is configurable only when a single repetition factor is configured by SIB”, we have similar concern with LG. In our understanding, the RSRP threshold is configurable when the repetition factor(s) is configured by SIB, the repetition factor could be single or multiple.

	Spreadtrum
	
	B-1
	We support Alt B-1. But “The RSRP threshold is configurable only when a single repetition factor is configured by SIB” should be removed, we think the RSRP threshold shouldn’t be limited to one repetition factor. Whether the RSRP threshold is configured or not doesn’t depend on repetition factors. The RSRP threshold is beneficial for not only one repetition factor but also multiple factors. 

	Ericsson
	YES
	B-1
	According to 38.331, the threshold rsrp-ThresholdMsg3-r17 is “mandatory if both set(s) of Random Access resources with MSG3 repetition indication and set(s) of Random Access resources without MSG3 repetition indication are configured in the BWP. It is absent otherwise.” Therefore, defining the Msg4 HARQ-ACK repetition threshold relative to rsrp-ThresholdMsg3-r17 implies that the threshold for Msg4 HARQ-ACK repetition can not be configured if either Msg3 repetition is disabled, or enabled for all UE. We think such tight dependencies between the two features should be avoided.

	QC
	Yes with cmments
	B-1
		The last bullet “The RSRP threshold is configurable only when a single repetition factor is configured by SIB” should be removed,




	Panasonic
	Y with comments
	B-2
	We think the last bullet is unnecessary restriction. It is up to gNB whether to configure the RSRP threshold regardless of the number of configured repetition factors. 
The RSRP threshold for Msg4 PUCCH is lower than the RSRP threshold for Msg3 PUSCH. It also imply that in the situation where Msg4 PUCCH repetition is required, Msg3 PUSCH repetition is required as well. The network not supporting Msg3 PUSCH but only supporting Msg4 PUCCH repetition would not work. Therefore, it is reasonable to use a value relative to the RSRP threshold of Msg3 PUSCH. 

	Huawei
	Yes
	B-1
	(1) At least we should agree first that Alt.B is the direction RAN1 agreed. 
(2) Regarding the signaling perspective, we prefer to use the same RSRP-range IE which can achieve the purpose of the configuration.
(3) We prefer to remove “The RSRP threshold is configurable only when a single repetition factor is configured by SIB”. gNB can decide whether and when RSRP threshold is configured.

	Sharp
	Yes
	B-1
	Support the proposal in principle. Agree with some others that the last bullet “The RSRP threshold is configurable only when a single repetition factor is configured by SIB” should be removed.

	ZTE
	No
	
	Network is able to control UE whether to perform PUCCH repetition or not based on the configuration of repetition factor in SIB. The UE only need to report whether it has capability to perform PUCCH repetition in case PUCCH repetition is supported by network, i.e., repetition factor is configured in SIB. Hence, additionally introducing an RSRP threshold to control whether to perform PUCCH repetition is redundant, which wastes signaling and makes the spec more complicated. 

	Baicells
	No
	
	RSRP threshold is not necessary.  gNB can determine UL condition by receiving previous signals including PRACH and Msg3. Therefore it is not necessary for UE to judge the link condition.

	MediaTek
	YES
	B-1
	The added note is helpful

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Summary
YES/NO
· YES: 8
· NO: 2
· ZTE: Network is able to control UE whether to perform PUCCH repetition or not based on the configuration of repetition factor in SIB.
· Baicells: gNB can determine UL condition by receiving previous signals including PRACH and Msg3
B-1/B-2
· B-1: 8
· OPPO: Alt B-2 does not work on the case when Msg4 PUCCH repetition is supported but Msg3 PUSCH repetition is not supported by the network.
· E///: According to 38.331, the threshold rsrp-ThresholdMsg3-r17 is “mandatory if both set(s) of Random Access resources with MSG3 repetition indication and set(s) of Random Access resources without MSG3 repetition indication are configured in the BWP. It is absent otherwise.” Therefore, defining the Msg4 HARQ-ACK repetition threshold relative to rsrp-ThresholdMsg3-r17 implies that the threshold for Msg4 HARQ-ACK repetition can not be configured if either Msg3 repetition is disabled, or enabled for all UE. We think such tight dependencies between the two features should be avoided.
· B-2: 2
· Apple: Alt B-2 has signaling benefit over Alt B-1. Also, Alt B-2 with the relative value 0 covers Alt A.
· Pana: It also imply that in the situation where Msg4 PUCCH repetition is required, Msg3 PUSCH repetition is required as well. The network not supporting Msg3 PUSCH but only supporting Msg4 PUCCH repetition would not work.
Others
· Remove the last bullet: a lot of companies
· OPPO: For example, the RSRP threshold can prevent the gNB from performing complicated measurement to determine the exact repetition factor for the UE without Msg4 PUCCH repetition needs, especially given that the Msg3 PUSCH can be transmitted simultaneously by multiple UEs selecting the same PRACH resource, but Msg4 PUCCH can only be transmitted by the UE succeeding in contention resolution.


Updated ver.
RSRP threshold
Proposal 1-1_v1
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.
· Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
· Down-select from the following alternatives in RAN1#114.
· Alt B-1: The RSRP threshold is defined as an absolute value by ‘RSRP-range’.
· Alt B-2: The RSRP threshold is defined as a relative value to rsrp-ThresholdMsg3-r17.
· The value range is 0 to 15 dB.
· The RSRP threshold is configurable only when a single repetition factor is configured by SIB.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report


Outcome of online session
Agreement
The working assumption at the RAN1#112 meeting is superseded by the following agreement:
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 reports the capability of PUCCH repetition for Msg4 HARQ-ACK only transmits repetition request if measured RSRP is lower than the configured 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: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
· The range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is the same as the range of the RSRP threshold for R17 Msg3 repetition.
· FFS signaling details, e.g. whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
· Note 2: RAN1 considers that there is no difference between “repetition request” and “capability report” in earlier RAN1 agreements


4.1.1.2. 2nd round
The above agreement was reached at the last online session finally. In the agreement, one FFS is remaining for details of RSRP threshold signaling. This needs to be solved, but the issue may be a kind of maintenance issue or RRC parameter discussion issue. FL would like to ask which should be agreed: absolute value or relative value, and whether this issue should be concluded in this meeting or not.

Q: Do you think the above proposal is essential in this meeting? ‘NO’ means this issue may be discussed in maintenance phase or under RRC parameter discussion.
Q. Which should be agreed for RSRP threshold to report capability of PUCCH repetition for Msg4 HARQ-ACK:
Alt 1: Absolute value
Alt 2: Relative value to RSRP threshold for R17 Msg3 repetition
	The value range is 0 to [15] dB
Note: When RSRP threshold to report capability of PUCCH repetition for Msg4 HARQ-ACK is configured, it is expected that RSRP threshold for R17 Msg3 repetition is always configured.

	Company
	Essential in this mtg?
	Alt 1/2
	Comment

	Samsung
	[No]
	Alt 1
	Alt. 1 is clean solution which is not tied with R17 Msg3 repetition. Saving a few bits doesn’t provide meaningful gain considering that there are other SIB configurations. For example, 1000 bits to 997 bits doesn’t provide meaningful gain. Also, it brings complicated discussion on how to define relative value(s)/range(s) which has not justified on the gain clearly.  

	LG
	No
	Alt 1
	

	OPPO
	
	Alt 1
	Same view as Samsung to decouple the features of Msg3 PUSCH repetition and Msg4 PUCCH repetition, which are separate UE capabilities. Moreover, if we go with Alt 2, the UE capable of Msg4 PUCCH repetition but incapable of Msg3 PUSCH repetition can not access the network. Although Msg3 PUSCH shows worse link performance than Msg4 PUCCH, it can be alleviated by Msg3 PUSCH retransmission. Thus, it is possible to support the UE with only capability of Msg4 PUCCH repetition, and Alt 1 should be down-selected.

	CATT
	NO
	Alt1
	

	Spreadtrum
	No
	Alt1
	Msg3 PUSCH repetition and Msg4 PUCCH repetition should decouple. As shown in 38.331, rsrp-ThresholdMsg3 maybe absent. So network should configure an absolute value for RSRP threshold to report capability of PUCCH repetition for Msg4 HARQ-ACK.
	38.331
rsrp-ThresholdMsg3
Threshold used by the UE for determining whether to select resources indicating Msg3 repetition in this BWP, as specified in TS 38.321 [3]. The field is mandatory if both set(s) of Random Access resources with MSG3 repetition indication and set(s) of Random Access resources without MSG3 repetition indication are configured in the BWP. It is absent otherwise.




	Panasonic
	Y
	Alt 2
	In the situation where Msg4 PUCCH repetition is required, Msg3 PUSCH repetition is required as well. There are no practical cases where the network does not configure RSRP threshold of Msg3 PUSCH repetition but only configures RSRP threshold of Msg4 PUCCH repetition. Therefore, it is reasonable to use the relative value.

	Sharp
	No
	Alt 1
	Agree with Samsung that Alt 1 is cleaner. 
If the network does not want to increase the overhead, it still has a choice not to configure the RSRP threshold.

	ZTE
	
	Alt 2
	In our view, saving bits for SIB is important. Although a large number of bits are allocated for SIB, most of them are already occupied. The residual bits are quite limited. Hence, saving the overhead in SIB is really important issue. The channel condition of msg3 and msg4 HARQ-ACK are basically same. Configuring two absolute RSRP thresholds with same range is redundant and waste of signaling. What needs to be considered is the RSRP threshold difference caused by decoding performance difference between msg3 PUSCH and msg4 HARQ-ACK PUCCH. Furthermore, since msg3 PUSCH has degraded performance than msg4 HARQ-ACK PUCCH, msg3 PUSCH repetition should always be configured if msg4 HARQ-ACK PUCCH repetition is needed. Therefore, with above considerations, Alt-2 should be supported to save signaling overhead.

	Ericsson
	No
	Alt 1
	There should be no coupling between this feature and the Rel-17 Msg3 repetition feature. Network operators may choose to not support Rel-17 Msg3 repetition for various reasons, which should not prohibit use of Msg4 HARQ-ACK repetitions.

	QC
	No
	Alt1
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Based on inputs so far, the following proposal is prepared, but this proposal would not be discussed in this meeting. At least no further discussion in this summary is necessary, thus this section is now closed.

Proposal 1-1a_v0
For RSRP threshold to determine whether capability of PUCCH repetition for Msg4 HARQ-ACK is reported or not, 
· Option 1: the RSRP threshold is signaled as an absolute value.
· Option 2: the RSRP threshold is signaled as a relative value to RSRP threshold for R17 Msg3 repetition
· The value range is 0 to [15] dB
· Note: When RSRP threshold to report capability of PUCCH repetition for Msg4 HARQ-ACK is configured, it is expected that RSRP threshold for R17 Msg3 repetition is always configured.


4.1.2. [Closed/Low] Details of dynamic indication
For dynamic indication of repetition factor, the following text is introduced as prepared in R1-2306319. 
	[bookmark: _Toc29327761][bookmark: _Toc36045951][bookmark: _Toc36046211][bookmark: _Toc36046357][bookmark: _Toc26467249][bookmark: _Toc19798778][bookmark: _Toc29326611][bookmark: _Toc129874530][bookmark: _Toc51852448][bookmark: _Toc45209274]7.3.1.2.1	Format 1_0
…
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by TC-RNTI:
-	Downlink assignment index – 2 bits, reserved
-	2 bits indicating the number of repetitions for PUCCH as defined in Clause x.x.x of [5, TS38.213], if the higher layer parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList is configured with at least two values;
-	otherwise, reserved. 


Meanwhile, how to use the DAI field for configured repetition factors, for example mapping between configured values and codepoints, whether 2 bits are considered for the dynamic indication especially for the case where only 2 values are configured, etc. has not been discussed/concluded yet. At least 5 companies [1/Ericsson] [2/HW, HiSi] [3/ZTE] [6/LGE] [17/OPPO] include proposal to address this issue in their contributions. Although FL is not sure whether this discussion is urgent or this issue can be solved in maintenance phase, FL prepares a proposal below to share the issue and to collect companies’ views.

4.1.2.1. 1st round
Proposal 1-2_v0
With respect to dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI, one option is down-selected from the following options:
· Option 1: 2 bits are used regardless of the number of configured repetition factors
· Option 1a: Repetition factors {1, 2, 4, 8} are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. Codepoint(s) corresponding to unconfigured repetition factor(s) is(are) not used.
· Option 1b: the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 3rd and/or the 4th repetition factors is/are not configured, the corresponding codepoint(s) (i.e., ‘10’ and/or ‘11’) is(are) not used.
· Option 2: 1 bit or 2 bits are used based on the number of configured repetition factors
· If 2 repetition factors are configured, the 1st/2nd configured repetition factors are mapped to ‘0’, ’1’ of 1 bit LSB of 2 bits DAI field, respectively. The remaining one bit is reserved.
· If 3 or 4 repetition factors are configured, the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 4th repetition factor is not configured, the corresponding codepoint (i.e., ‘11’) is not used.

Q: Do you think the above proposal is essential in this meeting? ‘NO’ means this issue may be discussed in maintenance phase.
Q: Which Alt is preferred? 
	Company
	Essential in this mtg?
	Alt 1a/1b/2
	Comment

	Apple
	No
	Option 2
	

	LG
	Yes
	Option 2
	

	OPPO
	Yes
	Option 1b
	Considering more flexible configuration of repetition factor is supported for Msg4 PUCCH repetition, the bit field mapping should be discussed in this meeting. For simplicity, we support option 1b for the direct mapping between the configured repetition factors and DAI bit field.

	Xiaomi
	No
	Option 2
	This issue can be solved in maintenance phase.

	Spreadtrum
	No
	Option 2
	

	Ericsson
	No
	FFS
	

	QC
	No
	Option 2
	

	Panasonic
	NO
	Alt 1b
	Alt 1b would be straightforward to indicate the repetition factor among the values configured by SIB. 

	Huawei
	Yes
	Option 1
	

	Sharp
	Yes
	Option 2
	

	ZTE
	No
	Option 1b
	This issue is not urgent and can be further discussed in maintenance phase. And we prefer a simple and unified solution, i.e., option 1b.

	Baicells
	Yes
	Option 2
	

	MediaTek
	No
	Option 1b
	UE may not be able to determine number of repetitions needed at the gNB receiver based on RSRP measurements, as gNB may experience different conditions 

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




Proposal 1-2_v1
With respect to dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI, one option is down-selected from the following options:
· Option 1: 2 bits are used regardless of the number of configured repetition factors
· Option 1a: Repetition factors {1, 2, 4, 8} are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. Codepoint(s) corresponding to unconfigured repetition factor(s) is(are) not used.
· Option 1b: the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 3rd and/or the 4th repetition factors is/are not configured, the corresponding codepoint(s) (i.e., ‘10’ and/or ‘11’) is(are) not used.
· Option 2: 1 bit or 2 bits are used based on the number of configured repetition factors
· If 2 repetition factors are configured, the 1st/2nd configured repetition factors are mapped to ‘0’, ’1’ of 1 bit LSB of 2 bits DAI field, respectively. The remaining one bit is reserved.
· If 3 or 4 repetition factors are configured, the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 4th repetition factor is not configured, the corresponding codepoint (i.e., ‘11’) is not used.

Based on inputs above, FL believes that this issue can be handled in maintenance phase, thus this section is now closed. Note that this issue may be treated in the next online session, which is up to chair’s decision.


4.1.3. [Closed/Low] Others 
FL observed that companies propose other aspects for this PUCCH enhancement. Meanwhile, FL assumes that discussion for those aspects is unnecessary in this agenda in this meeting. FL would like to know other companies’ views on it. For each issue, if a lot of companies believe that discussion/agreement is essential in this agenda item in this meeting, FL prepares the corresponding proposal.

4.1.3.1. 1st round
Q. Do you think the following FL’s assumption is valid? And if there is other essential topic to be discussed in this agenda item in this meeting, please share it.
Topic 1. Capability signaling
· FL assumption: Any further capability issue should be discussed in UE feature session.
Topic 2. Clarification of ‘repetition request or capability report’
· FL assumption: If necessary, it can be discussed in maintenance phase.
Topic 3. UE behavior when no repetition factor is configured
· FL assumption: Majority view is to follow legacy behavior (i.e., no repetition). This will not have spec impact, so no discussion is necessary.
	Company
	YES/NO
	Comment

	Apple
	Yes
	

	LG
	Yes
	Regarding Topic 3, we agree with FL, so we want to make a conclusion based on the majority view.

	OPPO
	YES
	

	Xiaomi
	Yes
	For Topic 3, the case of no repetition factor is configured but RSRP threshold for Msg4 HARQ-ACK repetition is configured should be firstly clarified. 

	Spreadtrum
	Yes
	

	Ericsson
	Yes
	

	QC
	Yes
	

	Panasonic
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Sharp
	Yes
	

	ZTE
	Yes
	

	Baicells
	Yes
	

	MediaTek
	Yes
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Companies’ views are aligned as there is no other urgent topic. This section is now closed.


4.2. DMRS bundling for PUSCH taking into account NTN-specifics
FL observed that what information should be reported from UE may be related to outcome of discussion on actual TDW determination. For efficient discussion, FL suggests discussing actual TDW determination first.
4.2.1. [Closed/High] Actual TDW determination 
For actual TDW determination, 5 alternatives were identified at the last meeting. Companies provide their preference on these alternatives, which can be summarized as below.
· Alt A: 9 companies
· Alt B: 10 companies
· Explicit objection: 4 companies
· Alt C: 2 companies
· Explicit objection: 7 companies
· Alt D: 3 companies
· Explicit objection: 7 companies
· Alt E: 4 companies
· Explicit objection: 8 companies

From the above summary, FL suggests deprioritizing Alt C/D/E first. For Alt C, it seems that support is insufficient. Alt B can cover the same intention. For Alt D, objecting companies argue that pre-compensation update due to new epoch time can be postponed until the end of the TDW or gNB can handle it by its implementation since it does not happen frequently. For Alt E, antenna switching may improve coverage performance, but a lot of companies believe that this feature is not ‘NTN-specific’ mechanism. Antenna switching can be applied at the TDW boundaries by UE implementation. FL guesses that these are not aggregable within this meeting and thus R18 NR NTN cannot support them.
For Alt A vs Alt B, the main point is whether dynamic indication is necessary or not. Companies supporting Alt A believe that RRC reconfiguration is sufficient since frequent update is unnecessary for the assumed NTN scenario. Besides, [15/Sharp] pointed out that the existing TA command can be used as a kind of dynamic indication for Alt B. Companies supporting Alt B believe that RRC reconfiguration is not valid for the update. FL recommends discussing Alt A vs Alt B further. One important note is that if we aim to Alt B, concrete indication signaling shall be proposed/discussed/finalized in this meeting.


4.2.1.1. 1st round
Actual TDW determination
Proposal 2-1_v0
For NTN-specific PUSCH DMRS bundling, Alt A or Alt B is down-selected for actual TDW determination in RAN1#114.
· 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 [A new field in DCI format 0_1 scheduling PUSCH indicates the timing within each nominal TDW in the PUSCH repetitions]
· 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

Q: Do you agree the above proposal, and which Alt is preferred? For Alt B, please also share preferred/agreeable signaling design.
	Company
	YES/NO 
	Alt A vs B
	Comment

	Apple
	Yes
	B
	We are fine with either DCI or MAC CE as the indication signaling. 

	OPPO
	YES
	Alt A
	We basically support Alt A and one question for clarification: does Alt A means that the UE can only perform TA pre-compensation update at the TDW boundaries? If so, we suggest to add a note to make the UE behavior more clear. In addition, considering the configured TDW can be updated with the period of tens of seconds even in LEO-600 scenario, RRC reconfiguration is sufficient and dynamic indication is not needed.

	Xiaomi
	No
	
	We think Alt D should be kept, as TA pre-compensation update within an actual TDW that does not violate the phase different limit is not supported, the UL sync would lose if UE cannot pre-compensate TA timely.

	Spreadtrum
	Yes
	A
	We support Alt A. Existing events can be reused for actual TDW and unnecessary for new event. There is a working assumption had reached as below.
	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


It means UE can perform TA pre-compensation update within an actual TDW if it doesn’t cause phase discontinuity that may violate the phase difference limit. In this case, TA pre-compensation timing doesn’t need indication and in NTN, TA pre-compensation update is frequent, so dynamic indication of TA pre-compensation timing leads to high overhead. 

	Ericsson
	Yes
	A
	For Alt B, indication in MAC CE should also be considered.

	QC
	Yes
	A
	Alt B is not feasible because gNB does not have the information on UE implementation to dictate UE pre-compensation timing.

	LG
	No
	A
	We think it should be discussed first how each option work. IN our view, only Alt. D has clear UE behavior and procedure. For Alt. B, it is unclear how gNB expects proper TA compensation timing at UE side, instead of window length. For Alt. C, it is unclear what is the difference between Alt. B and C. For Alt. D, it needs to be clarified whether the antenna switching is supported with DMRS bundling. 
In short, we support to deprioritize options, however, it should be based on feasibility and/or clearness, as well as whether it is agreeable. 

	Panasonic
	YES
	Alt B
	We support dynamic indication, but prefer not to limit the TA pre-compensation. UE should be allowed not to perform TA pre-compensation update at the indicated timing. In addition, UE should be allowed to perform anything that may violate the phase continuity, e.g. antenna switching, if necessary. 
For indication, either DCI or MAC CE is fine with slight preference of MAC CE. 

	Huawei
	No
	
	No. We notice feature lead postponed the discussion of nominal TDW determination. In our view, as a whole mechanism, how nominal TDW and actual TDW size are determined should be discussed together. Otherwise, people cannot understand how the mechanism works. 
In details, we observer large support to consider antenna switching as a UE capability to determine the nominal TDW size, in this sense, it is fine not to consider Alt.E.
Therefore, we propose to discuss nominal TDW size and actual TDW size determination jointly.

	Sharp
	Yes
	Alt A
	We support Alt A. 
If the gNB really wants to provide the timing across which the UE is not allowed to satisfy phase continuity requirements, the gNB can still use the existing dynamic event, i.e., sending TA command (e.g. T_A=31). Therefore, the new event is not necessary.

	ZTE
	Yes
	Alt B with comment
	We support Alt B to take TA pre-compensation update as an event. TA pre-compensation update may cause phase jump and break the phase continuity requirement. This should be an event to determine the actual TDW. How to determine the timing may be further discussed, e.g., indicated by gNB in SIB/RRC/MAC CE/DCI, or determined by UE and reported to gNB. Our preference is that gNB directly broadcast a time interval between adjacent TA pre-compensation update, which saves signaling overhead.

	Baicells
	Yes
	Alt A
	UL sync update can be done at the beginning of each actual TDW. 
For Alt C and Alt D, the possibility of losing UL sync during actual TDW, or the urgency of TA pre-compensation due to epoch time update may not be high. We are open for further evaluations.

	NEC
	Partial 
	Alt B and Alt E
	Based on our understanding, antenna switching is NTN-specific as it is proposed based on the characteristic of the NTN channel. , such as FH.
Unlike TN channel, the delay spread of NTN channel is small. The NTN channel is not frequency selective. We could not exploit the frequency diversity to enhance the coverage performance, such as FH. 
Unlike TN channel, in most circumstances, the doppler spread of NTN channel is small. NTN channel is not time selective. The performance gain of repetition is limited. 
Thus, spatial diversity is the essential way to enhance the NTN coverage performance. And we have to clarify that antenna switching is NTN-specific. 
For Alt-E, the network could indicate an antenna switching interval to optimize the jointly performance gain of antenna switching and DMRS bundling. This indicated interval could also cover the needs of TA updating and etc. Thus, we modify the proposal as 
Proposal 2-1_v0
For NTN-specific PUSCH DMRS bundling, Alt A or Alt B is down-selected for actual TDW determination in RAN1#114.
· 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 [A new field in DCI format 0_1 scheduling PUSCH indicates the timing within each nominal TDW in the PUSCH repetitions]
· 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 interval

	MediaTek
	YES
	Alt A
	Alt B is new signalling and change in UE behaviour with higher complexity. 

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




Summary
YES/NO
· YES: 9 + 1 (partially)
· NO: 3
Alt A vs Alt B
· Alt A: 7
· Alt B: 4

Updated ver.
Actual TDW determination
Proposal 2-1_v1a
For NTN-specific PUSCH DMRS bundling, Alt A or Alt B is down-selected for actual TDW determination in RAN1#114.
· 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 [A new field in DCI format 0_1 scheduling PUSCH MAC CE indicates the timing within each nominal TDW in the PUSCH repetitions.] FFS detailed signaling in MAC CE
· 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
Proposal 2-1_v1b
For NTN-specific PUSCH DMRS bundling, no consensus on whether to support event(s) of actual TDW determination other than the existing events.

Outcome of online session
Agreement
For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined.

No further agreement is necessary for actual TDW is necessary; this section can be closed.


4.2.2. [Closed/High] UE information report 
For UE capability, at least we need to consider the newly introduced FG below, which was agreed in UE feature session. This FG has to be considered for discussion in this sub-clause.
	44. NR_NTN_enh
	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


7 alternatives were identified at the last meeting. Companies provide their preference on these alternatives, which can be summarized as below.
· Option 1a: 4 companies
· Option 1b: 10 companies
· Explicit objection: 6 companies
· Option 1c: 8 companies
· Explicit objection: 8 companies
· Option 1d: 4 companies
· Explicit objection: 8 companies
· Option 1e: 4 companies
· Explicit objection: 10 companies
· Option 1f: 1 company
· Explicit objection: 9 companies
· Option 1g: 1 company
· Explicit objection: 4 companies

From the above summary, FL suggests deprioritizing at least Option 1f/1g. It would be true that these are not aggregable within this meeting and thus R18 NR NTN cannot support them.
For Option 1a vs Option 1b, FL observed that majority are supportive of reporting max TDW size with consideration of pre-compensation for phase rotation issue due to timing drift. The issue is which is better/valid: FG30-4 is reused for NTN band to report the information especially including ‘pre-compensation for phase rotation issue due to timing drift’, or new FG should be used for the purpose since FG30-4 is independent to ‘pre-compensation for phase rotation issue due to timing drift’. Besides, [1/Ericsson] pointed out that FG44-2 above has FG30-4a/4b as prerequisite and FG30-4 is prerequisite of FG30-4a/4b. That is, FG30-4 shall be reported to report FG44-2. On the other hand, [20/Samsung] believes that FG30-4 is insufficient for NTN with respect to granularity of candidate values and thus new FG should be introduced for finer granularity. For this issue, FL feels that this kind of discussion should be done in UE feature session, and what is important from WI perspective is to report the max TDW size with consideration of pre-compensation for phase rotation issue due to timing drift. We can focus on that point here, and the details can be discussed in UE feature session later. 
For Option 1d, more companies prefer not to support this capability signaling as UE can know which platform the UE will connect and gNB can handle the reported information appropriately. For Option 1e, more companies prefer not to support this capability signaling since gNB can handle the reported information appropriately or such a signaling is too complicated or gNB cannot know which elevation angle each UE is in. FL feels that these capabilities may be beneficial as some companies propose, but it is quite difficult to agree in this meeting/release. FL’s suggestion is to prioritize these options.
For Option 1c, although the number of supporting companies is not smaller than the number of objecting companies, FL assumes that it is difficult/impossible to change objecting companies’ mind as the main point is that antenna switching is not included in the WI scope. As suggested in the last sub-section for actual TDW determination, it is recommended that option with respect to antenna switching is dropped. Alternatively, one possible compromise may be to restrict this capability to NTN band only, which clarifies that this mechanism is NTN-specific. FL would like to ask whether this compromise is acceptable or not.

For UE assistance information, 4 alternatives were identified at the last meeting. Companies provide their preference on these alternatives, which can be summarized as below.
· Option 2a: 7 companies
· Option 2b: 5 companies
· Explicit objection: 5 companies
· Option 2c: 3 companies
· Explicit objection: 5 companies
· Option 2d: 2 companies
· Explicit objection: 8 companies
From the above summary, there is no option with majority support. Based on the summary for capability report, current direction would be that gNB can handle TDW size appropriately without information beyond capability report. To finalize this agenda item in this meeting, FL suggests taking Option 2a as agreement.


4.2.2.1. 1st round
UE information report
Proposal 2-2_v0
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report, 
· UE reports the 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.
· Details, e.g., whether FG 30-4 is used without new FG (Option 1a) or new FG is introduced (Option 1b), is discussed in UE feature session.
· Option 1d/1e/1f/1g are not supported.
· Alt 1: Option 1c is not supported.
· Alt 2: UE reports support of antenna switching with DMRS bundling in NTN (Option 1c).
· Note: the FG is defined only for NTN-band.
· No assistance information (i.e., report by signaling other than UE capability report) is supported (Option 2a).
· i.e., Option 2b/2c/2d are not supported

Q: Do you agree the above proposal? If NO, please share the reason and how the proposal should be updated.
	Company
	Y/N for capability report
	Alt 1 vs Alt 2
	Y/N for assistance info
	Comment

	Apple
	Yes
	Alt 1
	Yes
	Although we supported Option 1g and Option 2c, we are fine to follow the majority view for sake of progress.
For Option 1c, we do not support Alt 2, as it is beyond WID scope and we did not have any agreement related to antenna switching so far in Rel-18 NR NTN. 

	OPPO
	Y
	Alt 1
	N
	

	Xiaomi
	Yes
	Alt 2
	No
	For option 1c, the maximum DMRS bundling size could be 32 in TN, however, the maximum DMRS bundling size is subject to time drift in NTN. The nominal TDW size is smaller with lower elevation angle, in which case DMRS bundling only cannot meet the coverage requirement. It is reasonable that UE apply antenna switching to further increase the coverage.
For assistance information, we think option 2c TA adjust timing should be kept. As TA pre-compensation update within an actual TDW that does not violate the phase different limit is not supported, the UL sync would lose if UE cannot pre-compensate TA timely.

	Spreadtrum
	Yes
	Alt 1
	Yes
	We support Alt 1, antenna switching is not a NTN specific capability and even without antenna switching, DMRS bundling is beneficial for UL coverage. It is unnecessary to support antenna switching in NTN DMRS bundling.

	Ericsson
	Y
	Alt 2
	Y
	

	QC
	Y with comments
	
	
	We suggest to revise the first sub-bullet as below:
· UE reports the 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.
· Details, e.g., whether FG 30-4 is used without new FG (Option 1a) or new FG is introduced (Option 1b), is discussed in UE feature session.
We support alt 2 capability report.


	LG
	Yes with comment
	Alt. 1
	No assist info
	Although we support option 1d, we are okay to deprioritize for the sake of the progress. On the other hand, we still think it is not meaningful to specify “when pre-compensation … is performed” unless we also specify related UE behavior. We are fine with the Qualcomm’s modification. 
For the assistance information, we support feature lead’s view; No assistance information is supported.

	Panasonic
	Y
	Alt 1
	N
	Possible TDW depends on the satellite orbit and elevation angle. We think the assistance information (option 2b) is necessary to adjust the TDW based on the satellite orbit and elevation angle at the reporting timing. 

	Huawei
	Partially Yes
	Alt2
	No
	For capability reporting:
1) We can accept the Alt.2 for antenna switching capability as a compromise. 
2) For option 1e, it is not clear for us how to determine the nominal TDW size under different elevation angle or UE can only report the most conservative TDW size. Some discussion may be needed on how gNB configures proper TDW size under different elevation angles.
For assistance information:
As we commented in the previous question, we should firstly know how the whole solution of nominal TDW and actual TDW determination works. Depending on this progress, we can know which assistance information is needed.

	Sharp
	Y
	Alt 1
	Y
	Although we still prefer Option 1d, we can live with Option 1a/1b. One clarification question: what is the assumptions (e.g., relative speed) to determine max TDW size for Option 1a/1b?

	ZTE
	Partly Yes
	Alt 1
	No
	We still think option 1f is beneficial, where both UE with higher capability (can update TA pre-compensation without affecting DMRS bundling) and lower capability (cannot maintain DMRS bundling when TA pre-compensation update). But if majority think it is enough to only consider the UE with lower capability, we can compromise to only support option 1a/1b. But for option 1c, we think it is not necessary, as it is not NTN specific.
For assistance information, we think option 2c may be needed depending on how to determine the timing of TA pre-compensation update. If TA pre-compensation update is up to UE implementation, then 2c is needed to achieve consensus between UE and gNB on when the event of TA pre-compensation update happens. If TA pre-compensation update is controlled by gNB, then 2c may not be needed. Hence, how to determine TA pre-compensation update may be discussed first.

	Baicells
	Y
	Alt 1
	N
	

	NEC
	Partially
	Alt 2
	Partially
	Based on our understanding, antenna switching is NTN-specific as it is proposed based on the characteristic of the NTN channel. , such as FH.
Unlike TN channel, the delay spread of NTN channel is small. The NTN channel is not frequency selective. We could not exploit the frequency diversity to enhance the coverage performance, such as FH. 
Unlke TN channel, in most circumstances, the doppler spread of NTN channel is small. NTN channel is not time selective. The performance gain of repetition is limited. 
Thus, spatial diverstiy is the essential way to enhance the NTN coverage performance. And we have to calrify that antena switching is NTN-specific. 
Thus, we support Alt 2.
Due to the mobility of Satellites, the UE will stay connection with the network via different NTN platforms. If the network could get the UE-reported MAX TDW with corressponding NTN platform and elevation angle, the network could infer and indicate the nominal TDW for the following satellites connecting to the UE. 
Thus, we should support 1d and 1e together as a single capability. 
The modified proposal 2-2_v0 is as below:
 Proposal 2-2_v0
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report, 
UE reports the 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.
· Details, e.g., whether FG 30-4 is used without new FG (Option 1a) or new FG is introduced (Option 1b), is discussed in UE feature session.
· UE reports support of antenna switching with DMRS bundling in NTN (Option 1c).
· Note: the FG is defined only for NTN-band.
· UE reports the max TDW size together with the correspodning NTN platform and elevation angle. 
Assistance information should be further studied.

	MediaTek
	Y
	Alt-2
	Y
	We are fine with QC proposed revision for 1st bullet

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Summary
UE cap.
· YES: 9 + 4 (partially)
· QC/LGE: remove “when pre-compensation … is performed”
· HW: Some discussion may be needed on how gNB configures proper TDW size under different elevation angles.
· NEC: Due to the mobility of Satellites, the UE will stay connection with the network via different NTN platforms. If the network could get the UE-reported MAX TDW with corressponding NTN platform and elevation angle, the network could infer and indicate the nominal TDW for the following satellites connecting to the UE.
· NO: 0
Alt 1 vs Alt 2
· Alt 1: 8
· Alt 2: 5
· NEC: Unlike TN channel, the delay spread of NTN channel is small. The NTN channel is not frequency selective. We could not exploit the frequency diversity to enhance the coverage performance, such as FH. Unlke TN channel, in most circumstances, the doppler spread of NTN channel is small. NTN channel is not time selective. The performance gain of repetition is limited. Thus, spatial diverstiy is the essential way to enhance the NTN coverage performance. And we have to calrify that antena switching is NTN-specific.
UE assistance info.
· No assistance info.: [8]
· Assistance info. necessary: [3]


Updated ver.
UE information report
Proposal 2-2_v1
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report, 
· UE reports the 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.
· Details, e.g., whether FG 30-4 is used without new FG (Option 1a) or new FG is introduced (Option 1b), is discussed in UE feature session.
· No consensus on whether to support Option 1d/1e/1f/1g are not supported.
· Alt 1: Option 1c is not supported.
· Alt 2: UE reports support of antenna switching with DMRS bundling in NTN (Option 1c).
· Note: the FG is defined only for NTN-band.
· For UE assistance information (i.e., report by signaling other than UE capability report),
· No consensus on whether to support Option 2b/2c/2d
· No assistance information (i.e., report by signaling other than UE capability report) is supported (Option 2a).
· i.e., Option 2b/2c/2d are not supported


Outcome of online session
Agreement
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report, 
· UE reports the max TDW size it can support by fulfilling the phase difference limit requirement.
· Note: phase difference limit requirement is assumed to be at gNB receiver from RAN1 perspective.
· Details, e.g., whether FG 30-4 is used without new FG or new FG is introduced, is discussed in UE feature session.
· No consensus on whether to support Option 1d/1e/1f/1g.

Conclusion
For NTN-specific PUSCH DMRS bundling, 
· For UE assistance information (i.e., report by signaling other than UE capability report),
· No consensus on whether to support Option 2b/2c/2d

Although any conclusion for antenna switching has not been made, further agreement would not be essential and thus, this section can be closed.


4.2.2.2. 2nd round
Based on some companies’ request, one more discussion for antenna switching is prepared. Note that unless majority supports it, FL will not propose it to online session.

Proposal 2-2a_v0
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report, 
· UE can report support of antenna switching with DMRS bundling in NTN (Option 1c).
· Note: the FG is defined only for NTN-band.

Q. Do you agree with this proposal? Please recommend updated text if you have preferred text.
	Company
	YES/NO
	Comment

	Ericsson
	Yes
	If UE reports (1) its antenna switching capability and (2) its max TDW assuming no antenna switching, gNB can optimize the configuration of TDW based on this information and the current repetition factor.
It was argued that capability report of antenna switching is not needed since UE can instead autonomously report a shorter TDW than actually supported in order to be able to perform antenna switching in between TDWs. But this does not work unless the UE knows which repetition factor will be used and adapts its UE capability reporting accordingly, which is not feasible.

	DCM
	No
	We prefer to discuss antenna switching for both TN and NTN. Performance gain may be different, but solution seems to be common between TN and NTN. Thus I’m still not sure this proposal can be said as NTN-specific.

	OPPO
	No
	Same view with DCM, and antenna switching is not in the scope of R18 NTN.

	QC
	Yes
	Antenna switching here is for coverage enhancement of NTN, and hence should be perfectly in the scope of R18 NTN. And the associated gain is particularly significant in NTN and proposed for NTN.

Below, we also address the questions raised in online discussion:
we address some of the questions raised in previous discussions:

Q1: Given that antenna switching is not defined in TN, why we need it in NTN?
       For smart phones over NTN, the channel is flat and the fading is slow (pedestrian). As a result, we don’t have frequency diversity nor time diversity. As a result, spatial diversity becomes important as shown by simulation results.

Q2: To enable transparent Tx ant switching, network can always configure a smaller TDW, why do we need UE capability report?
      
   If we allow network configures a nominal TDW that is half of the maxTDW size of the UE, it will force UE always to use a shorter TDW even when the number of TDWs based on maxTDW size is greater than 1. This will lead to performance loss.
  Taking an example where the UE has max TDW size 4 and is capable of ant switching. If the PUSCH has 8 slots, then the optimal TDW size for the UE is 4. If network configures a nominal TDW size 2, then UE will have 4 TDWs, each has 2 slots. This will lead to performance loss due to smaller DMRS bundling size. On the other hand, if the PUSCH has only 4 slots, then the best TDW size for the UE is 2. 
  In addition, we think UE should always follows the network configuration in terms of nominal TDW duration, even when it is capable of antenna switching. This is because the exact  reason of network configuration of nominal TDW is unknown. If the performance of a UL UE is the only concern, then network should not configure the nominal TDW duration.




	NEC
	Yes
	We agree with Ericsson and QC.
1. First of all, Antenna switching is NTN-specific. Companies have already clarified it lots of times. There is no need for further clarification. It is a specific solution for NTN channel which is defined in the TR 38.811.
2. If left UE reports a small size max TDW size to make the antenna switching transparent, this will definitely lead to coverage performance loss, which is against the working goal of AI 9.9.1 -  “COVERAGE ENHANCEMET”.
3. The PUSCH coverage performance does not only depend on the joint channel estimation gain, and spatial diversity gain; but also relies on the channel coding gain of the TboMS, which is a major output of the R-17 coverage enhancement.
To achieve the tradeoff between channel estimation gain, channel coding gain, and spatial diversity gain, the TDW must be configured by the network. Network requires this antenna switching capability report.

	Baicells
	No
	1. There are different UE types are considered in the WI scope, for VSAT and low-cost NTN UEs, only one transmit antenna may be installed. The antenna switching can not be used for this types of UEs. 
2. The simulation results showed that the design target for coverage enhancement can be met without antenna switching. 
3.  Antenna switching does not only applied for PUSCH coverage enhancement for NTN, but may also extended to other Channels in NTN and may be all channels to TN. So the antenna switching could be considered as further enhancement in future release due to limited time in R18.

	Panasonic
	No
	Same view as DCM. If antenna switch capability signaling is supported, it should not be bundled with DMRS bundling because antenna switching can be applied to other cases/channels as mentioned by Baicells. 

	LG
	No
	First of all, it is unclear that antenna switching is in the scope of Rel-18 NTN. 
We share DCM and Baicell’s view that only some type of NTN UE can support the antenna switching and it clearly includes the aspect of TN. 
To call something as “NTN-specific”, the thing should exist only in NTN or similar environment. However, spatial gain from antenna switching exists in every cases. We agree that antenna switching is important to NTN UE, but it couldn’t mean that antenna switching is “NTN-specific”. With the logic of QC, every uplink component can be “NTN-specific” since NTN environment is one of the most difficult situations for uplink transmission. What we should do is to identify and solve the NTN-specific issue, for re-using Rel-17 DMRS bundling from coverage enhancement.  We think the antenna switching is not this case. 

Moreover, “gNB-centric TDW determination” is already agreed in RAN1#112bis. Thus, it is basically not feasible to adjust best TDW size for every cases; the TDW size is semi-statically configured. Anyway, gNB has to configure a single value, which covers possible channel status and the number of repetition/TBoMS in a circumstance. 


	Sharp
	No
	We have same view as DCM and Baicells. Moreover, as we commented yesterday, in Rel 17 there can be the UEs performing transparent antenna switching or the UEs using two SRS resource sets during PUSCH repetition, but no combined capability between such antenna switching features and the DMRS bundling feature was defined. We see no motivation to change this principle.

	Samsung
	No
	Same view with other companies. Please read the following objective. 
· 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]

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Summary
YES: 3
NO: 7
Definitely situation is not changed. Further discussion would not bring any benefit; FL suggests dropping proposal for antenna switching from R18 NR NTN CovEnh. Now this section is re-closed.


4.2.3. [Closed/High] Nominal TDW determination 
For nominal TDW, the following working assumption was reached at the last meeting. 
	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


Although companies provide their further views on nominal TDW, especially for the two FFS points, required discussion would be dependent on outcome of discussion on UE information report at the last sub-clause. It is difficult to prepare an appropriate proposal now; FL suggests focusing on the above two topics first and thus postponing this discussion. After having agreements at least for UE information report, FL will prepare a proposal to finalize nominal TDW.

4.2.3.1. 1st round
No proposal is made for the 1st round.


4.2.3.2. 2nd round
Based on the agreements for UE information report, FL assumes that there is no necessity to discuss proposal beyond the above working assumption. FL would like to ask to companies whether this assumption is correct or some additional proposal should be discussed.

Q: Do you think additional agreement for nominal TDW determination is necessary?
	Company
	Y/N
	Comment

	Samsung
	N
	

	LG
	N
	

	OPPO
	N
	

	CATT
	N
	

	Spreadtrum
	N
	

	NEC
	N
	

	Panasonic
	N
	

	Sharp
	N
	

	ZTE
	N
	

	Ericsson
	N
	

	QC
	
	Not sure the inention of the question. If transmit antenna switching is supported, new agreement is needed for determining the nominal TDW.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Based on inputs so far, it is clear that no further agreement is necessary for nominal TDW determination. With that, now this section is closed.


5. Contribution summary
5.1. PUCCH enhancements for Msg4 HARQ-ACK
· RSRP threshold
· WA in RAN1#112
· Confirm w/o update except for Alt A vs Alt B and FFS: [2/HW, HiSi] [11/Apple] [14/Pana] [16/DCM] [17/OPPO] [20/Samsung]
· [14/Pana] First of all, the working assumption should be confirmed because critical issues have not been found. As discussed in the previous RAN1 meetings, reception power differs depending on UE, e.g. blockage/shade, antenna gain. Therefore, RSRP threshold (i.e. threshold for repetition request) would be useful especially for cell specific repetition configuration (i.e. only one repetition factor is indicated via SIB) where PRACH/Msg3 reception signal can not be used to determine the PUCCH repetition.
· [17/OPPO] we should note that R18 NR NTN considers a large range of UEs with different types, e.g., smartphones and VSAT, thus the RSRP range may be wide according to different UE type with different antenna gains. For this reason, introducing a RSRP threshold for Msg4 PUCCH repetition is beneficial. If only one repetition factor is configured via SIB, the RSRP threshold can prevent the UE with good channel condition from performing Msg4 PUCCH repetition to save PUCCH resource.
· Remove RSRP threshold: [3/ZTE] [8/CATT] [10/Nokia, NSB]
· [3/ZTE] RSRP is not a proper parameter to distinguish UEs within an NTN cell, which could have similar RSRP. While in NTN, since the RSRP variation is small, the inaccuracy could have significant impact, i.e., the PUCCH repetition cannot be well controlled by DL RSRP measurement. Moreover, it has already been agreed in previous meeting that dynamic indication of repetition factor by network is supported when multiple repetition factors are configured in SIB, which also indicates that gNB can better determine which repetition factor should be used. Defining an RSRP threshold is completely redundant, which will make the spec more complicated without benefit.
· [8/CATT] in NTN scenario, RSRP threshold shows small difference compared between cell center and cell edge. Moreover, RSRP threshold and sensitivity are highly depending on UE receiver and weather condition. As a result, in realistic situation, it is difficult to set one suitable threshold to help UE to initiate the repetition request.
· [10/Nokia, NSB] definition of such a threshold is not necessary for the targeted feature, as before the Msg4 HARQ-ACK the gNB has already received two UL transmissions from the UE (i.e. PRACH and Msg3), from which it can already derive an accurate estimate of the UE UL conditions and assign a proper repetition factor for the subsequent Msg 4 HARQ-ACK PUCCH transmission.
· Remove condition of X: [1/Ericsson] [5/vivo] [7/NEC] [9/CMCC] [23/QC (?)]
· [1/Ericsson] In the RAN#112 working assumption about RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK, the two options how to instruct the UE to indicate its capability (not configuring the RSRP threshold or configuring the RSRP threshold with value X) are equivalent from a functional point of view. The option of not configuring the RSRP threshold is preferred since it saves bits in SIB.
· [7/NEC] The only motivation for keeping ‘X’ is to ensure that UE sends PUCCH repetition capability to the network. But the same functionality can also be achieved by not configuring the RSRP threshold.
· Alt A (reuse R17 threshold) vs Alt B (new threshold)
· Alt A: [24/MTK]
· [24/MTK] Observation 3: In typical satellite deployment, the UL link budget on beam edge or at nadir varies in the order of 5 dB. At low SNR conditions, the accuracy of RSRP measurements may be limited and some margin should be considered. Hence, the need for a new threshold seems unclear.
· [24/MTK] In our view, the network that support PUCCH repetitions for Msg4 HARQ Ack on common PUCCH resources should always configure the RSRP threshold.  This is consistent with Rel-17 NR Coverage Enhancements WI where the threshold for Msg3 repetition is mandatory as specified in TS 36.331. Proposal 3: Threshold used by the UE for determining whether to use PUCCH repetitions forMsg4 HARQ Ack repetitions is mandatory if one or more repetition factors is configured via SIB; it is absent otherwise.
· Alt B: [1/Ericsson] [2/HW, HiSi] [5/vivo] [7/NEC] [9/CMCC] [11/Apple] [14/Pana] [16/DCM] [17/OPPO] [19/Lenovo] [20/Samsung] [21/CCU, NTPU] [22/ETRI] [23/QC]
· [1/Ericsson] The SNR limits corresponding to the repetition requests are different for Msg4 HARQ-ACK PUCCH and Msg3 PUSCH.
· [1/Ericsson] Reusing rsrp-ThresholdMsg3 for Msg4 HARQ-ACK PUCCH repetition is not always possible, since the threshold is absent if Msg3 repetition is enabled for all UE or disabled for all UE.
· [5/vivo] Considering early PUCCH repetition feature doesn’t have to be dependent on Msg3 PUSCH repetition feature, the RSRP threshold should be independent from the RSRP threshold of Msg3 repetition. Thus, a new RSRP threshold is introduced, which is defined as the absolute value, rather than relative value to the RSRP threshold of Msg3 repetition.
· [7/NEC] it gives the flexibility to support PUCCH repetition feature without needing to simultaneously support Msg3 repetitions.
· [9/CMCC] Considering that the payload of Msg4 HARQ-ACK is usually smaller than that of Msg3, and the coverage performance is different between PUCCH Msg4 HARQ-ACK and Msg3 PUSCH, it is reasonable that UE decides whether to request PUCCH repetition and Rel-17 Msg3 repetition based on separate RSRP threshold configuration
· [11/Apple] 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
· [14/Pana] it is reasonable that RSRP threshold for Msg4 PUCCH repetition is configured as an offset to the RSRP threshold for Msg3 PUSCH repetition. The difference of required SNR between Msg3 PUSCH w/o repetition and Msg4 PUCCH w/o repetition is an order of 10 dB according to our evaluation. Offset range 0-15dB would be sufficient. RSRP threshold for Msg3 is signalled as rsrp-ThresholdMsg3-r17 and it has RSRP-Range of INTEGER(0..127), which would be 7 bits expression. When offset is used of 0-15 dB, it would be expressed by 4 bits. Therefore, relative expression can save 3 bits compared with absolute value expression.
· [17/OPPO] It can be observed that the performance gap of Msg3 PUSCH is larger than that of Msg4 PUCCH
· [19/Lenovo] Although the coverage issue for msg3 and PUCCH for msg 4 HARQ-ACK may be similar, same value can be configured for the same coverage gap case and different RSRP threshold value can be configured for more flexibility.
· [21/CCU, NTPU] To save signaling payload, the relative value to the RSRP threshold for Release 17 Msg3 repetition should be supported for indicating the RSRP threshold for Msg4 HARQ-ACK
· [22/ETRI] 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.

· Capability
· Single cap for any number of configured repetition factors: [1/Ericsson] [7/NEC] [16/DCM]
· No: [19/Lenovo (?)]
· For both TN and NTN bands
· YES: [1/Ericsson]
· Pre-requisite is FG 30-5: [1/Ericsson]
· [1/Ericsson] To allow early configuration of dedicated PUCCH resources with the Rel-17 feature dynamic PUCCH repetition enabled, we propose that a UE that supports “PUCCH repetition when dedicated PUCCH is not configured” also supports the Rel-17 feature dynamic PUCCH repetition on dedicated PUCCH.

· ‘Repetition request or capability report’
· WA in RAN1#113
· Confirm: [1/Ericsson] [19/Lenovo]

· Dynamic indication
· Detailed usage of two bits
· Use the LSB or MSB bit of DAI field if two factors are configured: [1/Ericsson] [6/LGE]
· Map {1,2,4,8} to 2 bits regardless of number of configured factors: [2/HW, HiSi]
· Use two bits in any case: [3/ZTE]
· Map 1st/2nd/3rd/4th value to 2bits respectively regardless of number of configured factors: [17/OPPO]

· Others
· ‘Capability report’ vs ‘Repetition request’
· Always use ‘capability report’: [1/Ericsson]
· Use ‘repetition request’: [8/CATT]
· RRC parameters
· Parameter for RSRP threshold with ‘RSRP-range’: [2/HW, HiSi] [16/DCM]
· Parameter for repetition factors: [2/HW, HiSi] [16/DCM]
· Wait for RAN2 reply on information report via Msg3 PUSCH: [24/MTK]
· When no repetition factor is configured
· Follow legacy spec: [3/ZTE] [4/Spreadtrum] [6/LGE] [7/NEC] [9/CMCC] [16/DCM] [21/CCU, NTPU]
· Common PUCCH capacity
· Additional PRB offsets: [6/LGE] [16/DCM]
· Separate PUCCH config for rep: [14/Pana]
· Signaling of information report to gNB if Msg3 PUSCH is not feasible from RAN2 perspective
· Use PRACH: [6/LGE] [11/Apple]
· Blind retransmission/decoding: [12/Baicells]
· Restriction of common PUCCH resources
· Use indexes 11 to 15 in Table 9.2.1-1 in TS38.213: [6/LGE]
· New PUCCH resource set: [6/LGE]
· Use PF1 only: [15/Sharp]
· FH
· Support inter-slot FH: [6/LGE]


5.2. DMRS bundling for PUSCH taking into account NTN-specifics
· UE information report
· UE capability report
· 1a (no new cap)
· Yes: [4/Spreadtrum] [10/Nokia, NSB] [21/CCU, NTPU] [24/MTK]
· [4/Spreadtrum] we had reached a working assumption including “pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side” and “UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.” so the UE capability should reflect this directly. These two capabilities can be reported by FG 30-4 and 44-2.
· [10/Nokia, NSB] Proposal 2: RAN1 to send an LS to RAN4 regarding the feature related to UE capability FG 30-4 and request that FG 30-4 is tested under the assumption of a moving satellite for the NTN specific scenarios.
· [24/MTK] re-use R17 NR CovEnh FG 30-4 (to minimize impact on specs) and  no new capability except R18 NTN FG 44-2
· No: [7/NEC] [8/CATT] [14/Pana] [15/Sharp]
· [7/NEC] option 1a excludes all the other capability report options, as well as gives up any further refining of a TDW determination.
· [8/CATT] If the FG30-4 is used in the NTN scenario, which does not consider the impact of satellite platform movement and timing update adjustments, then it becomes necessary to take TA pre-compensation update into account as events when determining the Actual TDW
· [14/Pana] In addition to FG44-2, max TDW based on Rel.18 is necessary because existing max TDW report does not consider phase rotation/TA pre-compensation aspects. Therefore, either of Option 1b, 1d and 1e is necessary.
· [15/Sharp] Observation 9: For Option 1a/1b, the UE may report max TDW size based on phase pre-compensation due to high timing drift rate even when using GSO for NTN bands.
· 1b (max TDW size w/o consideration of TA pre-compensation update)
· Yes: [2/HW, HiSi] [3/ZTE] [5/vivo] [8/CATT] [11/Apple] [14/Pana] [16/DCM] [19/Lenovo] [20/Samsung] [22/ETRI]
· [2/HW, HiSi] since UE at different elevation angles could experience different TA drift rate, if option 1b is reported by a UE, the reported max TDW size can be configured regardless the elevation angle.  UE should assume without taking TA pre-compensation update into account as described in option 1b, and similar as segmented transmission in IoT NTN, RAN4’s TA error requirement should be the requirement for the first transmission of the TDW window
· [3/ZTE] If the influence of phase rotation is not considered, phase difference limit may not be satisfied without a valid maximum TDW size used for DMRS bundling, making it completely impossible to obtain joint channel estimation gain. Based on phase pre-compensation, UE can support available maximum TDW size within phase difference limit for DMRS bundling.
· [5/vivo] Since FG 30-4 listed above for TN is not always available for NTN band, the maximum duration in FG 30-4 cannot take NTN-specific pre-compensation to keep phase rotation due to timing drift within the phase difference limit into account. Introducing a new NTN specific maximum TDW size seems to be necessary. Furthermore, a new maximum TDW size would be enough for the determination of nominal TDW size. Thus, we support option 1b as UE capability report.
· [11/Apple] 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, the maximum TDW size during which a UE can pre-compensate to keep phase rotation within the phase difference limit and without taking TA pre-compensation update into account is up to UE capability. This UE capability is a replacement of FG 30-4 for NTN band.
· [20/Samsung] candidate values for the maximum duration of DMRS bundling for FDD has been specified as {4, 8, 16, 32}. Thus, it might be necessary to have other values for NTN specific DMRS bundling.
· No: [1/Ericsson] [4/Spreadtrum] [6/LGE] [7/NEC] [10/Nokia, NSB] [15/Sharp]
· [1/Ericsson] In the agreement for UE capability signalling from RAN1#113, Option 1b states that FG 30-4 is not reported, which contradicts that FG 30-4 (via 30-4a/b) is a prerequisite for FG 44-2 according to the UE features list after RAN1#113.
· [7/NEC] the reported max TDW size does not take the TA pre-compensation update into account, which requires extra TA pre-compensation timing information for the network to determine the nominal or actual TDW and leaves more specification work in our limit R-18 working time.
· [10/Nokia, NSB] we do not see a clear benefit in introducing a new capability, to indicate Max TDW size, as in option 1b, taking phase pre-compensation into account
· [15/Sharp] Observation 9: For Option 1a/1b, the UE may report max TDW size based on phase pre-compensation due to high timing drift rate even when using GSO for NTN bands.
· 1c (antenna switching)
· Yes: [1/Ericsson] [2/HW, HiSi] [7/NEC] [8/CATT] [13/xiaomi] [21/CCU, NTPU] [23/QC] [24/MTK]
· [1/Ericsson] Knowledge of the antenna switching capability (Option 1c in the agreement for UE capability signalling from RAN1#113) is useful when configuring the TDW.
· [13/xiaomi] 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.
· No: [4/Spreadtrum] [10/Nokia, NSB] [12/Baicells (?)][14/Pana] [15/Sharp (?)][16/DCM] [19/Lenovo] [20/Samsung]
· [20/Samsung] it is not in scope for DMRS bundling enhancement
· 1d (max TDW size per NTN platform)
· Yes: [6/LGE] [15/Sharp] [22/ETRI] [23/QC]
· [6/LGE] the need for UL power control and TA pre-compensation is relevant to the relative distance/movement between the UE and gNB. Considering this characteristic, introducing DMRS bundling capabilities according to a type of NTN platforms may be considered.
· [15/Sharp] Observation 12: Option 1d allows the UE to report a max TDW that is longer when satellite altitude is high (when path loss is large) and the max TDW that is shorter when satellite altitude is low (when path loss is low).
· [23/QC] Although it’s plausible to allow UE to report  different TDW capabilities for different elevation angles, additional meachnisms and signalings are needed to ensure network and UE  have the same understanding of UE’s capability at a time. For instance, in an quasi earth-fixed cell, the elvation angle seen by a UE may change from -300 to 300  as satellite moves. To ensure the same understanding of the max TDW per PUSCH between network and UE is not trivial. A better approach is to have UE report max TDW size per platform. Since the maximal Doppler in LEO is about twice of that in MEO and substantially higher than in GEO and HAPS, we suggest to report max TDW per platform: GEO/HAPs and NGSO.
· No: [1/Ericsson] [4/Spreadtrum] [8/CATT] [10/Nokia, NSB] [14/Pana] [16/DCM] [19/Lenovo] [20/Samsung]
· [1/Ericsson] The fact that more frequent TA pre-compensation updates are needed when the timing drift is higher (e.g for LEO with low elevation angle) is known by gNB and therefore, indicating separate UE capabilities for max TDW size per platform and/or elevation angle (Option 1d/1e in the agreement for UE capability signalling from RAN1#113) is wasteful.
· [4/Spreadtrum] it can be estimated based on the ephemeris by gNB
· [8/CATT] max TDW size per NTN platform doesn’t belong to UE capabilities, these factors can be considered by gNB when configuring the nominal TDW
· [10/Nokia, NSB] an unnecessary complicated design
· [19/Lenovo] we think different satellite drift rates and UE position may lead to different TDW size
· [20/Samsung] UE already knows what NTN platform UE would connect during initial access by receiving SIB information including satellite ephemeris information.
· 1e (max TDW size per elevation angle)
· Yes: [2/HW, HiSi (remove ‘with…’)] [7/NEC] [13/xiaomi] [22/ETRI]
· [2/HW, HiSi] UEs at different elevation angles experience different TA drift rates, which can potentially result in different maximum TDW size considering the timing error limit. To better assist gNB scheduling, it is also preferred that the maximum TDW size can be reported in capability signaling as a list of values corresponding to a predefined elevation angle granularity
· [2/HW, HiSi] we do not support the added description “with taking TA pre-compensation update into account”, because it can be purely considered as UE implementation, and meanwhile for timing requirement similar requirement as that in segmentation transmission in IoT NTN is preferred to be used.
· [7/NEC] As both the UE and the network can infer the max TDW based on the timing drift rate of a specific elevation angle and platform altitude, the network could convert one max TDW size to suit any specific elevation angle.
· [13/xiaomi] the length of the time window that UE can maintain phase continuity is varying with the elevation angle.
· No: [1/Ericsson] [4/Spreadtrum] [8/CATT] [10/Nokia, NSB] [14/Pana] [15/Sharp] [16/DCM] [19/Lenovo] [20/Samsung] [24/MTK]
· [1/Ericsson] The fact that more frequent TA pre-compensation updates are needed when the timing drift is higher (e.g for LEO with low elevation angle) is known by gNB and therefore, indicating separate UE capabilities for max TDW size per platform and/or elevation angle (Option 1d/1e in the agreement for UE capability signalling from RAN1#113) is wasteful.
· [4/Spreadtrum] it can be estimated based on the ephemeris by gNB
· [8/CATT] Although the timing drift is related to the orbit altitude and UE position, and obtaining UE position information can get a more accurate timing drift rate, howerver, the signaling process is too complicated and meanwhile reduces the response speed of the system
· [10/Nokia, NSB] an unnecessary complicated design. it is not clear how one can benefit by associating Max TDW size to eleveation angle, as typically UEs at the beam edge with minimum elevation angle may be in need of coverage enhancement. Furthermore, it is not clear if, when the elevation angle is changed, an updated UE capability report is needed or not. If such update is needed, this may lead to frequent UE capability report update, which may be contradicting since such change of conditions are reflective of the radio environment rather than a specific UE capability
· [15/Sharp] Observation 11: For Option 1e, the max TDW size per elevation angle is extra capability report for DMRS bundling for GSO satellite.
· [19/Lenovo] we think it can be covered by the UE specific reporting. A UE only reports the max TDW corresponding to the current elevation angle. We don’t think reporting a set of TDW corresponding to multiple elevation angles is necessary.
· [20/Samsung] it is not clear how to define elevation angle, and gNB doesn’t exactly know elevation angle, but knows the range of elevation angle based on spot beam. Thus, it is unclear this option can be workable in reality
· 1f (pre-compensation segments)
· Yes: [3/ZTE]
· [3/ZTE] with the configured segment length by gNB, UE and gNB can know when the TA pre-compensation is updated. Moreover, for UE advanced capability of support actual TDW across pre-compensation segments, larger maximum TDW duration would be achieved because phase discontinuity caused by TA pre-compensation update between segments can be maintained within phase difference limit.
· No: [4/Spreadtrum] [7/NEC] [8/CATT] [10/Nokia, NSB] [14/Pana] [16/DCM] [19/Lenovo] [20/Samsung] [24/MTK]
· [7/NEC] As an event will break a TDW into two actual TDWs, supporting actual TDW across pre-compensation segments conflicts with the current specification.
· [20/Samsung] NR provides more flexible PUSCH scheduling including repetition type A/B compared to LTE. Thus, segmentation concept is already feasible in NR
· 1g (pre-compensation update within an actual TDW)
· Discuss: [1/Ericsson]
· Yes: [11/Apple]
· [11/Apple] 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 [6]) 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.
· No: [4/Spreadtrum] [8/CATT] [14/Pana] [20/Samsung]
· [4/Spreadtrum] in #112bis meeting, there was a working assumption on “Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit”. If UE supports TA pre-compensation update within an actual TDW that does not violate the phase difference limit, it can perform TA pre-compensation directly and gNB doesn’t need to know whether UE updates TA or not. Because it doesn’t impact DMRS bundling.
· [14/Pana] This may be useful to allow gNB to determine the TDW. However, if the assistance information (discuss later) is supported, this capability report is not needed because this aspect can be considered in the TDW reported as the assistance information.
· [20/Samsung] If UE doesn’t report option 1b, it means that the UE doesn’t support DMRS bundling in NTN. Thus, option 1g is not necessary
· Others
· [24/MTK] Observation 4: Option 1-b, Option 1-d and Option 1-g can be discussed in RAN4 and RAN1 can wait for RAN4 reply LS on PUSCH DMRS bundling for NR NTN coverage enhancement.
· UE assistance information
· 2a (no info)
· Yes: [1/Ericsson] [4/Spreadtrum] [8/CATT] [10/Nokia, NSB] [12/Baicells (?)] [20/Samsung] [24/MTK]
· [1/Ericsson] At a given point in time, the difference between maximum and minimum timing drift within a LEO 1200 cell with 90 km diameter is small, approximately 1.8 ppm difference or less.
· [1/Ericsson] For LEO 1200 with typical cell sizes, a suitable TDW length can be derived by gNB for each cell without assistance information from the UE.
· [1/Ericsson] gNB can configure the TDW length based on knowledge of the UE capability of antenna switching and UL measurements, without assistance information from the UE. 
· 2b (max TDW size based on reporting timing)
· Yes: [7/NEC] [12/Baicells (?)][14/Pana] [16/DCM] [22/ETRI]
· [14/Pana] Therefore, assistance information Option 2b or 2c would be helpful to determine the nominal/actual TDW by gNB. option 2b can consider any aspects for max TDW (i.e. not only TA pre-compensation timing)
· No: [1/Ericsson] [4/Spreadtrum] [8/CATT] [19/Lenovo] [20/Samsung]
· [8/CATT] we also think that the max TDW size varies with elevation angle and can be estimated based on the satellite beam by gNB
· [19/Lenovo] it is a bit complicated and there will be spec impact on relationship between the reporting timing and the TDW size
· 2c (TA adjustment timing)
· Yes: [11/Apple] [19/Lenovo] [22/ETRI]
· [11/Apple] If a UE does not have the capability of supporting TA pre-compensation update within an actual TDW that does not violate the phase difference limit, then the UE needs to additionally report assistance information of its TA adjustment timing, so that both gNB and UE know when to stop the nominal TDW so that UE can adjust its TA pre-compensation.
· No: [1/Ericsson] [4/Spreadtrum] [8/CATT] [16/DCM] [20/Samsung]
· [8/CATT] it should be controlled by gNB and updated at a specified point in time, which can be instructed by gNB as to the starting point of TA adjustment and the TA adjustment interval, without reporting to gNB
· 2d (antenna switching)
· Yes: [2/HW, HiSi] [7/NEC]
· No: [1/Ericsson] [4/Spreadtrum] [8/CATT] [12/Baicells] [15/Sharp (?)][16/DCM] [19/Lenovo] [20/Samsung]
· [8/CATT] At present, NR supports SRS antenna switching, i.e., UEs send SRS with different antennas at different times in accordance with predefined rules so that the gNB can obtain complete signals, so that the antenna switching interval does not need to be reported
· Others
· [2/HW, HiSi] Proposal 2: Support that UE reports an assistant duration for actual TDW determination, considering both UE-specific TA pre-compensation and antenna switching.
· [3/ZTE] Proposal 5: For assistance information report, following option can be considered: Timing of UE-determined event which causes power consistency or phase continuity not to be maintained.
· [5/vivo] Proposal 5: The application time of the UE specific TA could be regarded as assistance information from UE.
· Others
· [7/NEC] Proposal 5: For NTN-specific PUSCH DMRS bundling, down-select the UE-reported information individually within
· Group A: For the UE-reported information to ensure the joint channel estimation could work well within the to-be-determined TDW, down-select from Option 1a, 1b, 1d, 1e, 1f, 1g, 2b, and 2c; 
· Group B: For the UE-reported information to ensure an optimal coverage gain together with joint channel estimation gain with the to-be-determined TDWs, down-select from Option 1c and 2d.

· Actual TDW determination
· A (no event)
· Yes: [1/Ericsson] [4/Spreadtrum] [9/CMCC] [12/Baicells] [15/Sharp] [16/DCM] [20/Samsung] [21/CCU, NTPU] [24/MTK]
· [1/Ericsson] On average, the optimal TDW for PUSCH DMRS bundling with 20 or 32 repetitions is changed less frequently than once per minute in LEO. Such infrequent updates can be accommodated with existing RRC configuration, if needed.
· [1/Ericsson] Dynamically adapting to the optimal TDW for PUSCH DMRS bundling with 20 or 32 repetitions in LEO can potentially provide up to 0.7 dB link gain, but this gain is available at high elevation angles when then SNR is higher. Therefore, using a fixed TDW adapted to the maximum timing drift might be a viable option.
· [15/Sharp] Observation 5: A gNB can reuse the existing TA command based dynamic event, so as to inform the UE of the boundary across which the gNB does not combine DMRS (i.e. potential TA pre-compensation timing).
· [20/Samsung] NB has full flexibility for configuring a nominal TDW, any of the events related to the determination of actual TDW, and time domain resource allocation for PUSCH scheduling.
· No: [14/Pana]
· [14/Pana] Because of RRC reconfiguration, the reflection timing is not deterministic and misalignment between gNB and UE may happen
· B (dynamic indication of TA pre-compensation timing)
· Yes: [3/ZTE] [5/vivo] [7/NEC] [8/CATT] [10/Nokia, NSB] [11/Apple (?)] [13/xiaomi] [18/Hyundai] [19/Lenovo] [22/ETRI]
· [3/ZTE] To enable UE and gNB make the same determination on actual TDW, the new event of TA pre-compensation timing indicated by gNB should be introduced, i.e., Alt B should be adopted.
· [10/Nokia, NSB] in order to establish the common understanding between UE and gNB on the instances that UE updates its TA and therefore breaks phase continuity and power consistency, we propose that gNB indicates the rate/frequency as well as “time offset” of allowed TA updates to NTN UE
· [13/xiaomi] 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.
· [18/Hyundai] TA pre-compensation should be considered one of NTN-specific events due to the high rate change of distance between UE and its serving satellite with low elevation angle.
· [19/Lenovo] Regarding the detailed indication, it can be by group common DCI or scheduling DCI with introducing new fields and reinterpreting existing fields.
· No: [1/Ericsson] [4/Spreadtrum] [16/DCM] [20/Samsung]
· [4/Spreadtrum] gNB would frequently indicates timing which causes much signaling overhead
· C (dynamic indication for event)
· Yes: [14/Pana] [22/ETRI]
· [14/Pana] Alt C is more generic and desired than Alt B. In order to allow a prompt reflection of the TDW without ambiguity period and without impacting DCI design, MAC CE signaling would be desirable.
· No: [1/Ericsson] [3/ZTE] [4/Spreadtrum] [8/CATT(?)][16/DCM] [19/Lenovo] [20/Samsung]
· [3/ZTE] since existing events captured in legacy specification can affect the determination of actual TDW, directly let gNB to indicate actual TDW is not a proper way.
· [19/Lenovo] there may be spec impact on when to apply the indicated actual TDW, and the reference timing for the actual TDW. While with Alt B, only the timing for TA pre-compensation is dynamically indicated to UE, and UE can determine the actual TDW based on the TA pre-compensation timing. It is similar to other events introduced in R17 coverage enhancement.
· D (epoch time)
· Yes: [5/vivo] [6/LGE] [7/NEC]
· [5/vivo] The validity timer could be started/restarted with configured timer validity duration at the epoch time. That means, the serving satellite ephemeris and common TA related parameters share the same epoch time. If the validity timer is restarted due to the update of epoch time within a TDW, the phase continuity and/or power consistency would not be maintained.
· No: [1/Ericsson] [4/Spreadtrum] [8/CATT] [14/Pana] [16/DCM] [19/Lenovo] [20/Samsung]
· [1/Ericsson]: The maximum nominal TDW length is orders of magnitude shorter than the minimum time between updates of epoch time. Therefore, the time/frequency pre-compensation update due to new epoch time can be postponed until the end of the nominal TDW.
· [4/Spreadtrum] the overlap of DMRS bundling and epoch time update can be avoided by gNB implement
· [8/CATT] TDW length is in the order of ms while epoch time update only occurs when UE reacquires SIB19 which happens in the order of seconds. The TA update due to new epoch time can wait until the end of the nominal TDW.
· [14/Pana] since the validity timer is in the order of seconds (> 5s), there would be enough time to update the TA parameters after nominal TDW before expiring the validity
· [19/Lenovo] our view is that even the epoch time is still valid, once the UE performs TA pre-compensation, the phase difference may also be larger than the corresponding limit, and epoch time is already there as introduced in R17
· [20/Samsung] it is understood that gNB already knows when epoch time is updated based on SIB transmission occasion, and that does not happen frequently. Accordingly, it should be considered that gNB can configure a nominal TDW that starts after the epoch time changes.
· E (antenna switching)
· Yes: [7/NEC] [8/CATT] [21/CCU, NTPU]
· No: [1/Ericsson] [4/Spreadtrum] [12/Baicells] [14/Pana] [15/Sharp] [16/DCM] [19/Lenovo] [20/Samsung]
· [4/Spreadtrum] Antenna switching is not specific to NTN
· [14/Pana] Alt E would not be NTN specific enhancements. We are not sure if this is within the scope of the Rel.18 NTN enhancement because WID says “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)”. Since antenna switching aspect is not limited to NTN, separate discussion including TN would be preferable.
· [15/Sharp] According to the contribution [4] (R4-1910745) from Qualcomm, to perform antenna switching, a UE needs to satisfy the requirement for UL MIMO and Power Class 2. In the contribution, they propose to define separate requirement for TxD but it was rejected in RAN4. Observation 6: According to the past RAN4 discussion, transparent antenna switching requires a UE to support implementation for Power Class 2 and UL MIMO. Observation 7: RAN4 has not discussed to support the separate requirement for TxD in Rel-18.
· [19/Lenovo] we don’t think this is a NTN-specific issue
· [20/Samsung] we think that this is not in scope of DMRS bundling enhancement because the WID objective is “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)”.
· Others
· [2/HW, HiSi] Proposal 4: Support that actual TDW is determined by existing events and UE reported assistant TDW, if the assistant TDW is reported; otherwise, actual TDW is determined by existing events and nominal TDW.
· [3/ZTE] Proposal 6: For actual TDW determination, following option can be considered: New event determined by UE which causes power consistency or phase continuity not to be maintained.
· [5/vivo] Proposal 4: The application of common TA and UE specific TA should be regarded as events which cause power consistency and phase continuity not to be maintained, when DMRS bundling is enabled.

· Nominal TDW determination
· WA in RAN1#113
· Not confirm: [4/Spreadtrum]
· [4/Spreadtrum] There is no needed for additional UE capabilities and assistance information.
· Based on newly introduced NTN-specific capability and/or assistance information (if supported)
· Yes: [2/HW, HiSi] [5/vivo] [7/NEC] [11/Apple] [16/DCM]
· No: [10/Nokia, NSB (?)] [12/Baicells]
· [23/QC]: Proposal 5: For NTN-specific PUSCH DMRS bundling, legacy procedure for determining TDWs as defined in Sec. 6.1.7 of 38.214 is reused except the following:
· For UE capable of and enabled with transmit antenna switching, if the number of nominal TDWs determined using the legacy procedure is equal to 1, UE calculates a new nominal TDW duration as nominalTDWLength_new = ceil(nominalTDWLength/2), and determines the nominal and actual TDWs using the nominalTDWLength_new following the legacy procedure.
· UE considers txAntSwitching disabled when nominal TDW duration is configured.
· Others
· UE pre-compensation of phase rotation
· WA in #112b-e
· Confirm: [1/Ericsson]
· Clarify that the phase difference limit is subject to UL sync RP: [13/xiaomi]
· RRC parameters
· Parameter to enable UE pre-compensation of phase rotation
· Yes: [1/Ericsson]
· Parameter to enable TX antenna switching
· Yes: [1/Ericsson] [23/QC]
· [15/Sharp]: Proposal 1: For Rel-18 NTN PUSCH DMRS bundling specification, restriction of UE autonomous TA pre-compensation timing does not need to be explicitly specified.
· Observation 1: For Rel-15/16/17 TA adjustment, the specifications have been specified the following ways:
· adjustment by TA command indicated by gNB.
· UE autonomous timing adjustment due to change of downlink receiving timing.
· Observation 3: For Rel-17 PUSCH DMRS bundling, specifications are not describing whether/when UE autonomous TA adjustment is allowed or prohibited. The specifications specify only requirements of power consistency and phase continuity within an actual TDW.
· [17/OPPO] Proposal 3: Regarding pre-compensation to keep phase rotation due to timing drift within the phase difference limit, two implementation methods corresponding to different UE capabilities should be firstly discussed, including:
· Alt1: phase pre-compensation to keep phase rotation due to timing drift within the phase difference limit
· Alt2: TA pre-compensation update without violating phase continuity
· [17/OPPO] Proposal 4: The legacy UE capability for DMRS bundling should not be changed and the R18 NTN-specific UE capability should be defined as a separate UE capability, e.g., whether to support Alt1 or Alt2.
· [17/OPPO] Proposal 5: For DMRS bundling in NTN, the UE can only perform TA pre-compensation update at the boundary of the configured TDW.
· [18/Hyundai] Proposal #3 Discuss whether UE performs TA pre-compensation not only at the events that gNB indicates for TA pre-compensation but also at the other events.
· 
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7. Appendix-1 (Copy from WID RP-231484)
	4.1.1	Coverage enhancement

The Rel-18 NTN objectives are focused on the applicability of the “solutions developed by general NR coverage enhancement” (NR_cov_enh) to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). 

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]




8. Appendix-2 (Outcomes of post meetings)
8.1. RAN1#109-e
Agreement
For NR NTN coverage enhancement, evaluate only handset terminals as UE type.
· i.e., VSAT is not considered.

Agreement
Coverage performance in NR NTN is evaluated according to the following steps.
· Step 1: CNR is calculated as defined in 6.1.3.1 of TR38.821
· For polarization loss,
· 3 dB polarization loss is assumed as baseline, and companies are encouraged to report the value and corresponding justification if other value is used
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared

Agreement
Coverage performance in NR NTN is evaluated for GEO/LEO-1200/LEO-600 scenarios.
· Note: Service type for each scenario is discussed separately
· Note: Parameter set (Set-1/2) is discussed separately
· Note: MEO can be evaluated optionally

Agreement
For evaluation of coverage performance in NR NTN,
· It is assumed that carrier bandwidth is sufficiently large to transmit each channel.
· Companies are encouraged to report BWP bandwidth, when necessary (e.g. for frequency hopping).
· Note: each channel bandwidth is discussed separately.

Agreement
For VoIP, AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval is used in the evaluations.
· Each packet is transmitted within 20 ms, if packet combining is not used.
· Companies are encouraged to evaluate at least packet transmission without combining
· Companies are encouraged to report how to apply packet combining, if used.
· Note: in packet combining, two packets can be combined into a single packet at TX side 
· Companies should report the impact on E2E latency
· VoIP is evaluated only in LEO scenario.
· Note 1: PRB/MCS/TBS determinations are discussed separately
· Note 2: companies should report if HARQ is used in the evaluations, and if evaluations depart from the assumption that each packet is transmitted within 20 ms

Agreement
Reuse Set-1/2 satellite parameters as in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, and as in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band.
· In addition, evaluations assuming relevant ITU regulatory limitations on power flux density can be reported in the study phase.
· Companies should report which value of EIRP density is used and corresponding justification.

Agreement
For link budget calculation, parameters in the following table is assumed.
	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band)

	Channel bandwidth
	FFS

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km

	Target elevation angle
	[30 (LEO), 12.5 (GEO-Set 1) , 20° (GEO –Set 2), 30° (MEO)]

	Atmospheric loss
	Equation (6.6-8) in [2]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [2]
Ionospheric loss: [image: cid:image001.png@01D86B64.CB773B00]= 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [2]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

	Free space path loss
	Equation (6.6-2) in [2]

	Terminal RF parameters
	FFS

	Satellite RF parameters
	FFS

	Polarization loss
	As agreed separately

	Outcome
	CNR

	· NOTE 1:             Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
· [image: cid:image002.png@01D86B64.CB773B00]dB
· NOTE 2:             [2] in this table is 3GPP TR 38.811 v15.2.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"


 
Agreement
If corresponding channel (including SCS) is agreed as evaluation target channel, the following features introduced in Rel-17 Coverage enhancement WI can be applied in coverage evaluation of NR NTN.
· For VoIP, max 20 PUSCH repetitions if SCS = 15 kHz and packet combining/HARQ are not applied; otherwise, max 32 PUSCH repetitions with consideration of the impact on E2E latency
· For low-data rate service, max 32 PUSCH repetitions
· TBoMS
· Joint channel estimation (DMRS bundling)
· Companies are encouraged to report how to apply
· Max 16 Msg.3 PUSCH repetitions

Agreement
For low-data rate service, the following target data rate is assumed.
· For DL, 3 kbps if satellite EIRP density lower than values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, or values in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band due to ITU regulatory limitations on power flux density is considered; otherwise, 1 Mbps
· For UL, 3 kbps and 100 kbps
· FFS: which data rate applies for GEO/MEO/LEO

Agreement
For NR NTN coverage enhancement, the following channels/signals can be evaluated.
· PUSCH for VoIP
· PUSCH for low data rate service
· PUCCH format 1 with 2 bits 
· PUCCH format 3 with 11 bits 
· PRACH format 0
· PRACH format 2
· PRACH format B4 
· PUSCH Msg.3
· PUCCH for Msg.4 HARQ-ACK 
· SSB
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2 
· PDSCH Msg.4
· PDCCH
· Broadcast PDCCH (PDCCH of Msg.2) 

Agreement
Evaluate coverage performance for the following UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration.

	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1 TX, 2TX (optional) / 2 RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	[X] dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	[X] dBi per element


· X = -5 as working assumption
· Send an LS to RAN4 to ask whether above antenna gain is valid and if invalid, appropriate value.

R1-2205622	[Draft] LS on UE antenna gain for NR NTN coverage enhancement	Moderator (NTT DOCOMO, INC.)
R1-2205623	LS on UE antenna gain for NR NTN coverage enhancement	RAN1, NTT DOCOMO, INC.
Final LS is endorsed in R1-2205623.

Agreement
For coverage performance evaluation, the following elevation angle is assumed.
· 30 deg for LEO, 12.5 deg for GEO-Set 1, 20 deg for GEO-Set 2, as in in Table 6.1.3.2-1 of TR38.821
· Note: For GEO-Set 1, channel parameters for 10 deg is used in LLS.
· 30 deg for MEO
· Other elevation angles can be evaluated as optional
· Note: these values are elevation angles at the edge of the edge beam.

Agreement
For NR NTN coverage enhancement, evaluate the following cases.
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Terminal
	Frequency band
	Service type

	1
	GEO
	1
	12.5
	Handset
	S-band
	Low-data rate service

	2
	GEO
	2
	20
	Handset
	S-band
	Low-data rate service

	3 (Optional)
	LEO-1200
	1
	30
	Handset
	S-band
	VoIP

	4
	LEO-1200
	2
	30
	Handset
	S-band
	VoIP

	5 
	LEO-1200
	2
	30
	Handset
	S-band
	Low-data rate service

	6 (Optional)
	LEO-600
	1
	30
	Handset
	S-band
	VoIP

	7 
	LEO-600
	2
	30
	Handset
	S-band
	VoIP

	8 (Optional)
	LEO-600
	2
	30
	Handset
	S-band
	Low-data rate service

	9 (Optional, with higher priority than case 10)
	MEO
	1
	30
	Handset
	S-band
	Low-data rate service

	10 (Optional)
	MEO
	2
	30
	Handset
	S-band
	Low-data rate service



Agreement
For coverage performance evaluation, the following are assumed for all channels/signals
· Channel model/Delay spread
· Channel model as in Table 6.1.2-4 of TR38.821, assuming NTN-TDL-A (NLOS) and NTN-TDL-C (LOS)
· Evaluation scenario
· Rural (LOS/NLOS)
· Sub-urban (LOS/NLOS) (optional)
· Channel estimation: Realistic estimation
· Companies are encouraged to report channel estimation method.
· SCS
· 15 kHz only
· UE speed: 3 km/h
· Frequency drift: Not assumed
· Frequency offset: 0.1 ppm

Agreement
For coverage evaluation of PUSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM, CP-OFDM (optional)

	PUSCH duration        
	14 OS

	Repetitions 
	w/ type A repetition, optional for type B repetition.
The actual number of repetitions is reported by companies.

	HARQ configuration 
	Whether/How HARQ is adopted is reported by companies. 

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK, pi/2 BPSK (optional)

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PUCCH in NR NTN, the following table is assumed.
	Parameter
	Value

	PUCCH format 
	Format 1, 2bits UCI.
Format 3, 11 bits UCI

	Frequency hopping
	w/ frequency hopping

	BLER
	-     For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.
-     For PUCCH format 3: 
BLER for Ack/Nack, SR: 1%
BLER for CSI: 1%, optional for 10%.

	Number of UE transmit chains
	1 

	DMRS configuration 
	Number of DMRS symbols for PUCCH Format 3: Reported by companies

	Repetitions
	w/ repetition.
The maximum number of repetitions is 8.

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PRACH in NR NTN, the following table is assumed.
	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

	SCS
	Reported by companies.

	Performance metric
	1% missed detection at 0.1% false alarm probability
10% missed detection: reported by companies if this value is used

	Number of UE transmit chains
	1, 2 (optional)

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of PUSCH Msg.3 in NR NTN, the following table is assumed.
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	Waveform 
	DFT-s-OFDM

	HARQ configuration
	Whether/How is adopted is reported by companies.

	PUSCH duration        
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of SSB in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Periodicity
	20ms

	Performance metric
	Combination of 4 SSBs in 80ms.
Note: UE is not assumed to know the SS/PBCH block index

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of PDSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.4
	1040 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PDCCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies



8.2. RAN1#110
Conclusion
For Rel-18 coverage enhancement in NTN, NLOS environment is deprioritized.

Agreement
For NR-NTN coverage enhancement, RAN1 concludes that coverage enhancements specifically for GEO and MEO are de-prioritized in Rel-18.
· Potential enhancements for LEO can also apply to GEO and MEO

Agreement
For NR-NTN coverage enhancement in Rel-18, link budget of parameter set-1 for LEO-1200 operating at LOS is considered as the target to evaluate whether each channel/signal with the existing specification needs to be enhanced or not. The targeted performances are used to evaluate the following services:
· VoIP using AMR 4.75 kbps. 
· Low data rate of 3 kbps. 
· Potential enhancements for deployments with parameter set-1 can also apply for deployments for parameter set-2

Observation
For PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS,
· Five sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with at least 0.6 dB gap

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Three sources observed that the existing specification cannot meet the performance requirement with a gap of 1.8 to 6 dB.

Conclusion
RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PRACH format 0 with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Eight sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 5.3 dB
For PRACH format 2 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification can meet the performance requirement
· Two sources observed that the existing specification cannot meet the performance requirement with a gap of 1.9 to 8.8 dB
For PRACH format B4 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification cannot meet the performance requirement with a gap of 1.2 to 11.9 dB
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
For PUSCH for VoIP with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement with a margin of 0 to 1.7 dB
· One company simulated by using 20 repetitions without DMRS bundling
· Four companies simulated by using 20 repetitions with DMRS bundling
· One company simulated by using 32 repetitions with DMRS bundling
· Note: this is the only result using frame combining by application layer
· Nine sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 8.6 dB
· Eight companies simulated by using 20 repetitions without DMRS bundling
· Seven companies simulated without frequency hopping
· One company simulated by using 16 repetitions with DMRS bundling
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
RAN1 concluded that enhancement for PUSCH for VoIP may be needed to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, when DMRS bundling is not applied.

Observation
For Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with a gap of 1.5 dB.

Conclusion
RAN1 concluded that enhancement is unnecessary for Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

8.3. RAN1#110bis-e
Agreement
For PUCCH for Msg4 HARQ-ACK,
· Support PUCCH repetition
· Further discuss the specification impact for at least the following
· Procedure and signaling (e.g., cell-specific configuration, request to gNB and dynamic indication from gNB, UE capability indication before Msg4, etc.)
· Repetition factor
· Repetition slot counting for FDD
· Further study whether to enhance or support the following
· Frequency hopping
· DMRS bundling

Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4

Conclusion
For PUCCH repetition for Msg4 HARQ-ACK,
· The existing mechanism on repetition slot counting (as in section 9.2.6 of TS 38.213) can be applied.
· FFS: whether specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed.

Agreement
For NTN-specific PUSCH DMRS bundling,
· Discuss further the need of enhancement in consideration of at least the following:
· Phase difference due to timing drift and/or doppler shift.
· e.g., whether/how long a UE can meet phase continuity requirement specified as Table 6.4.2.5-1 in 38.101-1 in consideration of frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-5 and timing error specified in Table 7.1C.2-1 of 38.133, whether RAN1 should introduce enhancement to meet the requirement and/or recommend RAN4 to update the requirement or UE should pre-compensate phase difference by UE implementation, etc.
· An event which causes power consistency and phase continuity not to be maintained.
· e.g., whether the new event is necessary to determine actual TDW(s) from each nominal TDW or the existing specification can work without any specification change or whether such event may not occur depending on implementations, etc.
· Note: baseline performance for legacy UEs can include antenna switching

Agreement
For PUCCH transmission for Msg4 HARQ-ACK,
· Supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
· FFS: whether/how single PUCCH transmission can be configured and/or indicated

8.4. RAN1#111
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

8.5. RAN1#112
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)

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

8.6. RAN1#112bis-e
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 agreement 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)
· [bookmark: _Hlk135247835]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.

8.7. RAN1#113
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:
It is noted that the followingan additional agreement 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.

8.8. RAN1#114
Agreement
For NTN-specific PUSCH DMRS bundling, 
· As UE capability report, 
· UE reports the max TDW size it can support by fulfilling the phase difference limit requirement.
· Note: phase difference limit requirement is assumed to be at gNB receiver from RAN1 perspective.
· Details, e.g., whether FG 30-4 is used without new FG or new FG is introduced, is discussed in UE feature session.
· No consensus on whether to support Option 1d/1e/1f/1g.

Conclusion
For NTN-specific PUSCH DMRS bundling, 
· For UE assistance information (i.e., report by signaling other than UE capability report),
· No consensus on whether to support Option 2b/2c/2d

Agreement
For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined.

Agreement
The working assumption at the RAN1#112 meeting is superseded by the following agreement:
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only transmits repetition request if measured RSRP is lower than the configured RSRP threshold.
· If the RSRP threshold is not configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· Alt B: 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.
· The range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is the same as the range of the RSRP threshold for R17 Msg3 repetition.
· FFS signaling details, e.g. whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
· Note 2: RAN1 considers that there is no difference between “repetition request” and “capability report” in earlier RAN1 agreements



9. Appendix-3 (Contact information)
	Company
	Name
	Email

	FL (DCM)
	Shohei Yoshioka
	shohei.yoshioka@docomo-lab.com
syouhei.yoshioka.py@nttdocomo.com

	Lenovo
	Hongmei Liu
	Liuhm6@lenovo.com

	Apple 
	Chunxuan Ye
	Chunxuan_ye@apple.com

	Apple
	Chunhai Yao
	Chunhai_yao@apple.com

	Xiaomi
	Min Liu
	Liumin10@xiaomi.com

	Xiaomi
	Yajun Zhu
	zhuyajun@xiaomi.com

	vivo
	Zhipeng Lin
	zhipeng.lin@vivo.com

	vivo
	Yong Wang
	wy.wang.5g@vivo.com

	Nokia
	Frank Frederiksen
	Frank.frederiksen@nokia.com

	OPPO
	Hao LIN
	lin.hao@oppo.com
v-linhao1@oppo.com

	OPPO
	Zuomin WU
	wuzuomin@oppo.com

	OPPO
	Nande Zhao
	zhaonande@oppo.com

	Huawei, HiSilicon
	Xiaolei TIE
	tiexiaiolei@huawei.com

	Huawei, HiSilicon
	Ying Chen
	chenying18@huawei.com

	Huawei, HiSilicon
	Xinghua Song
	songxinghua@huawei.com

	ZTE
	Fangyu Cui
	cui.fangyu@zte.com.cn

	CATT
	Deshan Miao
	miaodeshan@catt.cn

	Ericsson
	Stefan Eriksson Löwenmark
	stefan.g.eriksson@ericsson.com

	Thales 
	Mohamed EL JAAFARI
	mohamed.el-jaafari@thalesaleniaspace.com

	Spreadtrum
	Zhenzhu Lei
	reven.lei@unisoc.com

	MediaTek
	Gilles Charbit
	Gilles.charbit@mediatek.com 

	InterDigital
	Moon-il Lee
	Moonil.lee@interdigital.com 

	Sony
	Samuel Atungsiri
	Sam.Atungsiri@sony.com

	Lockheed
	Robert Olesen
	robert.l.olesen@lmco.com

	ETRI
	Dukhyun You
	dhyou@etri.re.kr

	ETRI
	Jung-Bin Kim
	jbkim777@etri.re.kr

	ETRI
	Gyeongrae Im
	imgrae@etri.re.kr

	Panasonic
	Akihiko Nishio
	nishio.akihiko@jp.panasonic.com

	Samsung
	Sungjin Park
	sj100.park@samsung.com

	Samsung
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