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1. Introduction
This document presents the summary of email discussion [115-R18-UE_features-02] during RAN1 #115. According to the Chair’s Notes:
	[115-R18-UE_features-02] Email discussion on UE features for MIMO, positioning, NCR, NR-NTN, IoT-NTN, BWP without restriction, NW energy saving, mobility enhancement – Ralf (AT&T)
· To be used for sharing updates on online/offline schedule, details on what is to be discussed in online/offline sessions, tdoc number of the moderator summary for online session, etc



The following was discussed and/or agreed during RAN1 #115 within the scope of [115-R18-UE_features-02]. All proposals are based on the latest RAN1 UE features list for Rel-18 in [1].
1. Summary of Contributions Submitted to RAN1 #115
The following is the moderator’s summary of contributions submitted to RAN1 #115 in this agenda item.

	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[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 without capability signaling



	Company
	Summary

	Huawei/HiSilicon [2]
	Comments: 
1) For the component 4 in the component column, the information transmitted by Msg3 should be clarified clearly, i.e. capability for PUCCH Msg4 HARQ-ACK repetition. Thus, it is better to change the description as “Support Msg3 to report capability for PUCCH Msg4 HARQ-ACK repetition”.
2) For the note of applicable band, it is applicable for both satellite and HAPS, thus the square brackets of the Note regarding the applicable bands should be removed.

Proposal 1: The UE feature group of FG 44-1 is updated with purple highlights as following considering the following aspects:
· Change the description of component 4 as “Support Msg3 to report capability for PUCCH Msg4 HARQ-ACK repetition”;
· The UE feature group of FG 44-1 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
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information report capability for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources 
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[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 without capability signaling




	Nokia/Nokia Shanghai Bell [3]
	Inclusion of the 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,” for the basic Rel-18 NTN feature group has been discussed previously.  As already noted, Rel-18 NTN enhancements have not been studied for terrestrial networks and no agreement has been made on their use in terrestrial networks. For this reason, the note should be included.
Proposal 1:	Support of basic NTN features should be limited to bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104 .


	Ericsson [4]
	Even though repetition for common PUCCH is specified within the NR NTN enhancements work item, the feature as such should not be limited to non-terrestrial networks. Indeed, coverage on cell-specific PUCCH can potentially be a problem also in terrestrial networks. The need for Msg4 HARQ-ACK PUCCH repetitions in terrestrial networks was evaluated during the Rel-17 coverage enhancement study. The results in TR 38.830 [5] were inconclusive since only a few companies evaluated this channel, but the results indicate that the Msg4 HARQ-ACK PUCCH might be the bottleneck in some FDD scenarios (see e.g. Table 5.1.1.5-2 in TR 38.830 [5]).
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[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 without capability signaling




	Vivo [5]
	Regarding whether 44-1 should be only applied to NTN bands, there seems no need to restrict this feature to NTN in our view, and allowing this feature to be applicable to TN would improve common PUCCH performance as well. Therefore, we propose to remove the corresponding note. 
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided) 
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[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 without capability signaling




	Spreadtrum Communications [6]
	For FG 44-1, the remaining issue is whether this feature is also appliable for TN or not. PUCCH repetition on common PUCCH resource is specified within the NR NTN enhancements work item and Rel-18 NTN enhancements have not been studied for TN, so we think the feature should be limited to NTN.
Proposal 1: FG 44-1 should be limited to NTN.
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource for Msg4 HARQ-ACK
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
[5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration]
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	FFS
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources Msg4 HARQ-ACK
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[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 without capability signaling




	ZTE [7]
	· W.r.t FG 44-1, it’s preferred to removed the bracket of the note. The feature of PUCCH repetition on common PUCCH resource is designed for R18 NTN to mitigate the large path loss. For legacy TN, no coverage issue was identified and no enhancement on common PUCCH was discussed. Therefore, it is preferred to restrict this FG to NTN.
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[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 without capability signaling




	OPPO [8]
	

	NTT DOCOMO, INC. [9]
	For component 5, it was agreed at the last RAN plenary meeting that this PUCCH repetition is applicable for any PUCCH transmission by using common PUCCH resource. The component 5 should be agreed without brackets/highlight. 
For prerequisite, we do not find any prerequisite FG for this FG.
For note, this PUCCH repetition can be applied to TN as well as NTN. There is no motivation to preclude it from TN spec. Meanwhile, only if the support in TN may lead to additional issue, in such a case, the note should be back here.

Proposal 1: Update FG 44-1 as follows. It is noted that further WG discussion to support signaling for TN is not assumed.
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[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 without capability signaling




	Apple [10]
	It is open whether FG 44-1 and FG 44-3 apply to HAPS operation bands in Clause 5.2 of TS 38.104.  
Considering that all Rel-17 NR NTN features (i.e., FG 26 series) are applicable to HAPS operation band and that it is mentioned in Rel-18 NR NTN WID [2] that the work item aims at specifying enhancements for NR NTN with implicit compatibility to support HAPS and ATG scenarios, we think FG 44-1 and FG 44-3 apply to HAPS operation bands in Clause 5.2 of TS 38.104. 
Proposal 2: FG 44-1 and FG 44-3 apply to HAPS operation bands in Clause 5.2 of TS 38.104. 


	Beijing Xiaomi Mobile Software [11]
	FG 44-1 
The following table was agreed on PUCCH repetition on common PUCCH resource in last RAN1 meeting [1].
Currently, whether FG 44-1 is applicable only for NTN&HAPS band or not is still pending. Based on the previous study on NR coverage enhancement [2], the performance of PUCCH repetition with HARQ-ACK for Msg4 and shows 3 dB and 6 dB gain when the number repetitions is increased to 2 and 4 respectively at 2 GHz in rural scenario. As the feature of PUCCH repetition on common PUCCH resource also useful for terrestrial network, it could also be supported in the TN band. Therefore, we suggest to extend FG 44-1 to TN band.
Proposal 1: FG 44-1 is applicable for NTN, HAPS and TN band.


	ETRI [12]
	In RAN1 #114-bis, following agreements were made [3]:
	Agreement
For RSRP threshold to determine whether capability of PUCCH repetition on common PUCCH resources is reported or not, 
Option 1: the RSRP threshold is signaled as an absolute value, i.e. not as a relative value to RSRP threshold for R17 Msg3 repetition



The above description mentions that the RSRP threshold for Msg4 HARQ-ACK repetition should be specified in system information separately from the rsrpThresholdMsg3-r17 in BWP-UplinkCommon. Therefore, the UE should have the capability to obtain RSRP threshold from system information and determine from it whether the repetition of Msg4 HARQ-ACK is needed or not.
Proposal 1: Update the components for FG 44-1 considering recent agreement related to RSRP threshold for Msg4 HARQ-ACK. Consider to update FG 44-1 as followings (changes in red).
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource for Msg4 HARQ-ACK
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
[5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration]
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
7. Support receiving RSRP threshold for Msg4 HARQ-ACK repetition in system information
	FFS
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources Msg4 HARQ-ACK
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[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 without capability signaling



Proposal 1 serves as an example of adding components to support RSRP information in NTN UEs. It is anticipated that detailed work on the acquisition and utilization of RSRP will be required.


	Sharp [13]
	The common PUCCH including Msg 4 HARQ-ACK is one of the coverage bottleneck channels in the uplink physical channel. According to TR 38.830, performance gap between PUCCH for Msg4 HARQ-ACK and PUSCH for Msg3 is approximately 6 dB, and the repetition factor of Msg3 PUSCH is up to 16. If large repetition factor is configured for Msg3 repetition and Msg4 HARQ-ACK repetition is not configured, Msg4 HARQ-ACK would be the worst bottleneck in RACH procedure. Therefore, for FG44-1, Msg4 HARQ-ACK repetition should be supported for also TN operation. (i.e. remove the bracket for note)
Proposal 1: For FG44-1, Msg4 HARQ-ACK repetition is supported for also TN operation. (i.e. remove the bracket for note)
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource for Msg4 HARQ-ACK
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
[5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration]
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	FFS

	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources Msg4 HARQ-ACK
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[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 without capability signaling




	Samsung [14]
	For 44-1, a remaining issue is that whether this feature can be extended to general use case or only NTN band or non-TN band. From our understanding, this feature is the outcome of coverage enhancements for NTN. That’s why we prefer to keep NTN case only for now. Whether or not to extend support to TN is out of scope. 
Proposal 1: Consider the following updated FG 44-1.
	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource for Msg4 HARQ-ACK
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information for PUCCH Msg4 HARQ-ACK repetition
[5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration]
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
	FFS
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources Msg4 HARQ-ACK
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[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 without capability signaling




	LG Electronics [15]
	

	MediaTek Inc. [16]
	For PUCCH for Msg4 HARQ-ACK, RAN1#114bis made the following agreement. A corresponding TP was endorsed for TS38.212 clause 7.3.1.2.1. 
Agreement (RAN1#114bis)
With respect to dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI for UE that has indicated capability of the PUCCH repetition, when multiple 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 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.




Further the following agreement was made in RAN1#114bis  for higher layer parameters for R18 NR NTN PUCCH repetitions
Parameter name in the spec
Description
Value range
Default value aspect
Per (UE, cell, TRP, …)
numberOfPUCCHforMsg4HARQACK-RepetitionsList
Indicates the number of repetitions for PUCCH transmission for Msg4 HARQ-ACK. If multiple values are configured, a single value from the configured values is indicated in DCI.
One or more of {1,2,4,8} except for {1}
NA
Per cell



RAN1#111 made working assumptionWorking assumption (RAN1#111)
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· [bookmark: _Hlk149673194]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
· [bookmark: _Hlk146902227]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


Based on the above agreements and the working assumption,  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. DCI indication should not be used as it is only relevant for the case of multiple factors configured via SIB, where PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB. We propose to make this clear in FG 44-1 that component 3 applies if more than one repetition factors are configured via SIB.
Proposal 1: Modify FG 44-1 Component 3 as indicated in red text:
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI if more than one repetition factors are configured via SIB. 


	Qualcomm Incorporated [17]
	



	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.]
	At least one of {30-4a/b/c}, 26-1
	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



	Company
	Summary

	Huawei/HiSilicon [2]
	Comments:
1) In RAN1#114 meeting, an agreement of UE reports the max TDW size it can support by fulfilling the phase difference limit requirement was achieved. And it is FFS whether FG 30-4 is used without new FG or new FG is introduced, which is suggested to be discussed in UE feature session. Considering the large timing drift and Doppler shift in NTN, UE may need to do pre-compensation to keep phase rotation. Thus, we propose to report the max TDW size for NTN UE as a component of FG 44-2.
2) For current DMRS bundling, UE should be allowed not to perform autonomous TA adjustment during the actual TDW since the adjustment would lead to phase discontinuity. For NTN, although phase pre-compensation has been introduced due to the large timing drift, the TA pre-compensation update within an actual TDW is allowed not to be performed if phase difference limit cannot be kept for UE. There, the third bullet in component columns should be kept and the square brackets can be removed

Proposal 2: The UE feature group of FG 44-2 is updated in purple as following considering the above aspects:
	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.]
4. Report the max TDW size it can support to fulfilling the phase difference limit requirement in NTN.
	At least one of {30-4a/b/c}, 26-1
	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




	Nokia/Nokia Shanghai Bell [3]
	In RAN 1#113 and RAN1#114 discussion was had on whether a UE can indicate support not to perform TA pre-compensation updated within a TDW if phase continuity limits may be exceeded; however, defining this component would indicate or assume a specific UE implementation and should therefore be removed. The intention of the UE capabilities should be providing what the UE is able to deliver towards the network and not how the UE reach this.
Proposal 2:	Remove component 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” from FG 44-2
Additionally, the pre-requisite FG 30-4a/b for FG 44-2 includes notes that capture a number of use cases and scenarios not intended to be supported for NTN operation.  For this reason, the scenarios under which FG 30-4 are a pre-requisite for FG 44-2 should be clarified.
Proposal 3:	Clarify the applicable scenarios and conditions for DM-RS bundling pre-requisite FG 26-1 in NTN case with FG 44-2.
	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.]
	At least one of {30-4a/b/c}, 26-1
	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




	Ericsson [4]
	For information, the anatomy of the Rel-17 DMRS bundling FGs and the Rel-18 NTN DMRS bundling enhancement FG is illustrated in Figure 1.


[image: A diagram of a computer

Description automatically generated]
[bookmark: _Ref149061823]Figure 1: The relation between FG 44-2 (NTN DMRS bundling enhancement for PUSCH) and FG 30-4x (Rel-17 DMRS bundling feature)
The components of FG 44-2 (see [4]) are listed below:
	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.]



Component 3 describes support of not performing actions if they violate a performance requirement. It is obvious that the UE shall not do anything that violates a requirement and therefore this does not have to be stated here.
[bookmark: _Toc149932133]Component 3 of FG 44-2 describes support of not performing an action if it violates a performance requirement. It is obvious that the UE shall not do anything that violates a requirement and therefore this does not have to be stated. 
An open issue is how the UE reports the maximum supported duration for DMRS bundling with pre-compensation to keep phase rotation due to timing drift within the phase difference limit (i.e., for the Rel-18 NTN DMRS bundling enhancement feature). Two options have been discussed:
1. The existing Rel-17 RRC IE maxDurationDMRS-Bundling-r17 (associated with FG 30-4) is used to report the max duration. FG 44-2 is used to report that the max duration indicated by maxDurationDMRS-Bundling-r17 is supported with phase pre-compensation to keep phase rotation due to timing drift within the phase difference limit.
2. A new Rel-18 RRC IE associated with FG 44-2 is used for reporting the max duration. The IE maxDurationDMRS-Bundling-r17 associated with FG 30-4 is ignored by the gNB.
With option 2, the IE maxDurationDMRS-Bundling-r17 is signalled but not used, which is a waste of bits. Therefore, we support option 1.
[bookmark: _Toc149932136]Use the Rel-17 RRC IE maxDurationDMRS-Bundling-r17 associated with FG 30-4 to report the max supported duration also when NTN DMRS bundling enhancement is supported.
[bookmark: _Toc149932137]Use FG 44-2 to report that the max duration indicated by maxDurationDMRS-Bundling-r17 is supported with phase pre-compensation to keep phase rotation due to timing drift within the phase difference limit (i.e., the NTN DMRS bundling enhancement).
At RAN1#114, it was also agreed that the UE capability reporting does not differentiate between satellite orbits or elevation angles. Still, the timing drift limits the maximum duration of the TDW differently depending on the current satellite orbit and elevation angle, while the UE capability is static information. E.g., the following was observed at 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



For LEO 1200, the timing error limit can be satisfied within at most 13 slots. For LEO 600, the timing error limit can be satisfied within even fewer slots, while for GEO, the timing error limit does not limit the number of slots. If the UE reports as UE capability its max duration for DMRS bundling assuming that autonomous TA pre-compensation updates are needed based on the worst-case timing drift (i.e., lowest orbit altitude and elevation angle), the full potential of DMRS bundling will not be utilized at higher elevation angles and/or altitudes. Therefore, the UE should report its max duration for DMRS bundling without taking the need for autonomous TA pre-compensation updates into account. Instead, gNB should be responsible for configuring a shorter TDW in scenarios with high timing drift, to allow the UE to update its autonomous TA pre-compensation as often as needed. Since the UE may be prohibited from updating its autonomous TA pre-compensation during an actual TDW (e.g., due to the phase continuity requirement), the timing error of the signal received at the gNB during an actual TDW should be allowed to increase corresponding to the timing drift even if it exceeds the timing accuracy requirement specified for NTN in TS 38.133.
[bookmark: _Toc149932138]A UE reports its max duration for NTN DMRS bundling enhancement without taking the need for autonomous TA pre-compensation updates into account.
[bookmark: _Toc149932139]gNB is responsible for configuring a shorter TDW than the reported max duration for DMRS bundling in scenarios with high timing drift, to allow the UE to update its autonomous TA pre-compensation as often as needed (i.e., between the actual TDWs). 
[bookmark: _Toc149932140][bookmark: _Hlk149901245]If UE is prohibited from updating autonomous TA pre-compensation during the actual TDW, the timing error should be allowed to increase corresponding to the timing drift even if it exceeds the initial timing accuracy requirement.
Finally, the note restricting the feature to satellite and HAPS bands refers to Table 5.2.2-1 in 38.101-5, which defines satellite bands in FR1 only. Since support for FR2-NTN is specified in Rel-18, a reference should be added to the table that defines satellite bands in FR2-NTN. This table is not yet specified in 38.101-5, so it is proposed to add a placeholder to a reference to this table.
	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.]
3. Report in maxDurationDMRS-Bundling-r17 the maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH, when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking need for autonomous TA pre-compensation update into account.
	At least one of {30-4a/b/c}, 26-1
	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 and [table defining FR2-NTN bands] in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104


	Optional with capability signaling




	Vivo [5]
	For supporting DMRS bundling in NTN, following agreements have been made.
	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 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.
Agreement
For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined.


Regarding the maximum TDW size capability, since this feature is for NTN band and the TDW size supported in NTN would be very much different from that in TN due to large timing/frequency error. Therefore, a separate FG is needed instead of reusing FG 30-4. In order to have FG numbering similar to DMRS bundling in TN, we propose to change FG 44-2 to FG 44-2a and use FG number 44-2 for the feature group of maximum TDW size. Notes of FG 30-4 can be reused in principle except that only FDD needs to be considered and the candidate values can be FFS. Modulation order restrictions of FG 30-4 can be reused as well. In addition, band restriction should be included similar to the updated FG 44-2a, where the bracket of HAPS band can be removed as DMRS bundling can be supported in HAPS operation as well.
As discussed in [3], a set of factors, e.g. common TA adjustment, UE specific TA adjustment, update of epoch time which will change the pre-compensation time, may cause power consistency and phase continuity not to be maintained. Therefore, the corresponding bracket in component 3 of FG 44-2a should be removed in our view. 
According to above, we propose to have the UE feature list updated as Table 1 for supporting PUCCH repetition when dedicated PUCCH resource configuration is not provided and PUSCH DMRS bundling in NTN.
	44-2
	The maximum duration for NTN DM-RS bundling
	The maximum duration during which UE is able to maintain power consistency and phase continuity to support NTN DM-RS bundling for PUSCH over consecutive slots
	30-4a/b
	Yes
	No
	
	Per Band
	N/A
	N/A
	N/A
	Candidate values for the maximum duration for FDD are {FFS}
NOTE: DM-RS bundling is only applicable for UL transmissions with pi/2 BPSK, BPSK, and QPSK modulation orders for the corresponding physical channels.
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

	44-2a
	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.]
	At least one of {30-4a/b/c}, 26-1
	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




	Spreadtrum Communications [6]
	For FG 44-2, in past meetings, we had discussed about whether a UE can indicate support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit., this capability may depend on UE implementation. So, component 3 of FG 44-2 should be removed.
Proposal 2: Component 3 of FG 44-2 should be removed.
	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.]
	At least one of {30-4a/b/c}, 26-1
	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




	ZTE [7]
	· W.r.t FG 44-2, as discussed in previous meeting, “support not to perform” is a weird wording. However, how to handle confliction between TA pre-compensation and DMRS bundling should be reflected somewhere since RAN1 has made following working assumption. 
	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


In our view, TA pre-compensation should have higher priority than DMRS bundling since it affects the synchronization. Therefore, when confliction happens, UE should be able to stop the DMRS bundling. And the wording of component 3 can be updated as shown in Table 1. Besides, since the DMRS bundling in NTN need to consider impact of phase rotation due to timing drift and TA pre-compensation, the maximum duration for DMRS bundling in NTN is different from that in TN. Therefore, it is preferred to add component 4 for the report of maximum duration for DMRS bundling in NTN.
	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 stop DMRS bundling when perform TA pre-compensation update within an actual TDW if it which causes phase discontinuity that may violate the phase difference limit.]
4. Maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH, 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
	At least one of {30-4a/b/c}, 26-1
	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




	OPPO [8]
	In RAN1#112bis meeting, the following working assumption was made.
	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



	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.]
	At least one of {30-4a/b/c}, 26-1
	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




	NTT DOCOMO, INC. [9]
	1) Whether/how to capture no TA pre-compensation update within an actual TDW. In our view, the corresponding text/component is necessary in FG 44-2. In NTN, when DMRS bundling is not performed, UE can perform TA pre-compensation update anytime. However, when DMRS bundling is performed, the UE behavior with respect to TA pre-compensation update is different. Additional restriction shall be considered. Definitely this aspect is not included in any existing FG.
2) Whether/how to report the maximum TDW size. Some companies believe that separate FG from FG 30-4 should be introduced while others state that FG 30-4, which is indirect prerequisite of FG 44-2, is sufficient. In our understanding, the main point is whether FG 30-4 can be used to report NTN-specific perspective. Two options to solve the issue can be considered:
· Opt 1: Reuse FG 30-4 for NTN band. One note is added in FG 44-2 to mention how to use FG 30-4 for NTN band.
· Opt 2: Introduce one more FG (44-2a) for NTN band. One note is added in FG 44-2a to say the reported value in FG 30-4 for NTN band is ignored.
Between these two options, we prefer Opt 2. FG 30-4 indicates one value from {4, 8, 16, 32} for FDD and from {2, 4, 8, 16} for TDD. The granularity seems not to be finer sufficiently for NTN.
3) Whether/how to differentiate UE capability between GSO scenario and NGSO scenario. In NGSO scenario, NTN-specific DMRS bundling is necessary due to the satellite movement, while unnecessary in GSO scenario. In that sense, one possibility is to define these FGs only for NGSO scenario, and the existing FG can be used for GSO scenario.

Proposal 2: Update FG 44-2 and introduce FG 44-2a as follows.
	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH in NGSO scenario
	1. Support of DM-RS bundling for PUSCH over consecutive slots in NGSO scenario
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.]
	At least one of {30-4a/b/c}, 26-1
	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

Note: UE that does not report support of this FG and reports support of FG 30-4 for an NTN band can perform DMRS bundling only in GSO scenario in the NTN band.
	Optional with capability signaling

	44. NR_NTN_enh
	44-2a
	The maximum duration for NTN DM-RS bundling in NGSO scenario
	The maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH in NGSO scenario, 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
	44-2
	Yes
	No
	
	Per Band
	N/A
	N/A
	N/A
	Candidate values for the maximum duration for FDD are {4, 8, 12, 16, 24, 32}
Candidate values for the maximum duration for TDD are {2, 4, 8, 12, 16}

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

Note: 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, reported value in FG 30-4 is applied only for GSO scenario.
	Optional with capability signaling




	Apple [10]
	In FG 44-2, it is open whether it contains a component of “Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.” 
We have the following RAN1 agreements.
	RAN1 #113 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

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.



Basically, there is no consensus on UE capability report of whether to support TA pre-compensation updated within an actual TDW if it causes phase discontinuity that may violate the phase difference limit (i.e., UE capability report of Option 1g). Hence, we have the following proposal. 

Proposal 1: In FG 44-2, do not include the following component:
· Support not to perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.


	Beijing Xiaomi Mobile Software [11]
	From our understanding, a new FG, e.g., FG 44-2a should be introduced for TDW size indication in addition to FG 30-4 and FG 44-2. From UE capability respective, the DMRS bundling in NTN requires UE to preform phase pre-compensation in addition to keep phase continuity and power consistency.  It is not reasonable to use single FG to report two different UE capabilities. TN and NTN integration is an important trend, in case of NTN cell and TN cell providing service at the same time, a single TDW size is not enough as the TDW size for NTN and TN would be different, considering that UE needs to perform phase rotation compensation in NTN. And the candidate values for the maximum duration for FDD are {4, 8, 16, 32} in TN. Considering UE needs to perform phase rotation compensation, different candidate values for the maximum duration in NTN may needed.
The component 2 is not clear on the UE behavior of phase pre-compensation, e.g., whether UE pre-compensate both feeder link and access link or access link only. It is noted in the following agreement [2] that phase difference limit requirement is assumed to be at gNB receiver from RAN1 perspective. Therefore, it is suggested to update component 2 as Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit at the uplink time synchronization reference point.
	Agreement [2]
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.


For component 3, the TA update will cause phase change and may break the phase continuity. Based on the working assumption achieved in RAN1#112bis[3], the UE shall not perform TA pre-compensation update within an actual TDW if it cause phase discontinuity that may violate the phase difference limit. This UE behaviour clarification on TA compensation update should be captured somewhere in the spec. by either RAN1 or RAN4. However, it is improper to capture it here in the UE capability by saying that UE support not to perform TA pre-compensation update within an actual TDW,  as UE capability indicate what UE is capable to do. Therefore, we suggest to delete the component 3 in FG 44-2, and clarify the UE behaviour on TA compensation update within actual TDW in TS 38.213.
	Working assumption [3]
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


Proposal 2: A new FG, e.g., FG 44-2a is introduced for UE reporting max TDW size in NTN.
Proposal 3: Propose to update component 2 of FG 44-2 as Support of pre-compensation to keep phase rotation due to timing drift within the phase difference limit at the uplink time synchronization reference point.
Proposal 4: Delete component 3 of FG 44-2, and clarify the UE behavior on TA compensation update within actual TDW in TS 38.213.


	ETRI [12]
	In RAN1#114, it was agreed that UE reports the max TDW size fulfilling the phase difference limit requirement as UE capability report for NTN specific PUSCH DMRS bundling as below [4].
	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.



According to 38.214 6.1.7, the nominal TDW size might be given pusch-TimeDomainWindowLength, if configured, where the value of pusch-TimeDomainWindowLength shall not exceed the maximum duration for DMRS bundling for PUSCH as specified in TS 38.306, or it might be computed as min (maxDurationDMRS-Bundling, M), if pusch-TimeDomainWindowLength is not configured, where maxDurationDMRS-Bundling is the maximum duration for a nominal TDW subject to UE capability [13, TS 38.306], M is the time duration in consecutive slots of  PUSCH transmissions, and where N is the number of slots used for TBS determination and K is the number of (nominal) repetition. 
	38.331 6.3.2

	
DMRS-BundlingPUSCH-Config information element
-- ASN1START
-- TAG-DMRS-BUNDLINGPUSCH-CONFIG-START
DMRS-BundlingPUSCH-Config-r17 ::=          SEQUENCE {
    pusch-DMRS-Bundling-r17                    ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
    pusch-TimeDomainWindowLength-r17           INTEGER (2..32)                                                 OPTIONAL,   -- Need S
    pusch-WindowRestart-r17                    ENUMERATED {enabled}                                            OPTIONAL,   -- Need R
    pusch-FrequencyHoppingInterval-r17         ENUMERATED {s2, s4, s5, s6, s8, s10, s12, s14, s16, s20}        OPTIONAL,   -- Need S
    ...
}
-- TAG-DMRS-BUNDLINGPUSCH-CONFIG-STOP
-- ASN1STOP

	38.331 6.3.3

	
RF-Parameters information element
-- ASN1START
-- TAG-RF-PARAMETERS-START
RF-Parameters ::=                                   SEQUENCE {
========================== Omitted ==============================
    -- R1 30-4: The maximum duration for DM-RS bundling
    maxDurationDMRS-Bundling-r17              SEQUENCE {
        fdd-r17                                   ENUMERATED {n4, n8, n16, n32}            OPTIONAL,
        tdd-r17                                   ENUMERATED {n2, n4, n8, n16}             OPTIONAL
    }
========================== Omitted ==============================
}
-- TAG-RF-PARAMETERS-STOP
-- ASN1STOP



In 38.331, the value ranges of pusch-TimeDomainWindowLength and maxDurationDMRS-Bundling are denoted as pusch-TimeDomainWindowLength=INTEGER (2..32), maxDurationDMRS-Bundling (fdd-r17)=ENUMERATED {n4, n8, n16, n32} respectively. And they have the relationship, which is that pusch-TimeDomainWindowLength shall not exceed maxDurationDMRS-Bundling (i.e., pusch-TimeDomainWindowLength  maxDurationDMRS-Bundling). 
Considering that NTN specific PUSCH DMRS bundling was originated from the intention to support VoIP in NTN scenarios, there is some mismatches between VoIP packet arrival interval (20 ms) and maxDurationDMRS-Bundling. In other words, in legacy NR, only the UE with (maxDurationDMRS-Bundling=n32) might be possible to utilize full DMRS bundling operation within VoIP packet arrival interval (20 ms) because the other maxDurationDMRS-Bundling values (e.g., n4, n8, n16) are less than n20. If the UE is capable of maxDurationDMRS-Bundling=n20, the UE might report n16 because there is no value of n20 in maxDurationDMRS-Bundling. This might cause unnecessary performance loss to the UEs capable of (n20 maxDurationDMRS-Bundling<n32) because DMRS bundling operation might be limited within 16 slots by maxDurationDMRS-Bundling=n16 although UEs have the capability to use DMRS bundling operation within 20 ms. 
To accommodate more UEs (especially, the UEs capable of (n20 maxDurationDMRS-Bundling<n32) into full DMRS bundling operation for PUSCH VoIP within VoIP packet arrival time (20 ms), n20 might be needed for maxDurationDMRS-Bundling. And optionally, other possible values of M= (e.g. M={n2, n3, n6, n7, n12, n14, n24, n28}, which are less than or equal to n32), might be considered for maxDurationDMRS-Bundling to accommodate more UEs into their own capable DMRS bundling operation.
Observation 1: In legacy NR, only the UE with (maxDurationDMRS-Bundling=n32) might be possible to utilize full DMRS bundling operation within VoIP packet arrival interval (20 ms) because the other values (n4, n8, n16) of maxDurationDMRS-Bundling are less than n20.
Observation 2: In legacy NR, unnecessary performance loss might occur for the UEs capable of (n20 maxDurationDMRS-Bundling <n32) because DMRS bundling operation might be limited within 16 slots by (maxDurationDMRS-Bundling =n16).
Proposal 2: Consider to introduce finer granularity on maxDurationDMRS-Bundling among the followings
· Option 1: INTEGER (2..32)
· maxDurationDMRS-Bundling = INTEGER (2..32)
· Option 2: add one or more values among (n2, n3, n6, n7, n12, n14, n20, n24, n28)
· maxDurationDMRS-Bundling =ENUMERATED {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28 n32}
· Note1: {n20} might be needed for accommodating more UEs (especially, UEs capable of (n20 maxDurationDMRS-Bundling<n32) into full DMRS operation within VoIP packet arrival interval (20 ms)
· Note2: {n2, n3, n6, n7, n12, n14, n20, n24, n28} are derived from possible values of M= (M is specified in 38.214 6.1.7.)

Proposal 3: Consider to update FG 44-2 as followings (changes in red)
· Option 1: INTEGER (2..32)
	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.]
4. Reports the max TDW size it can support by fulfilling the phase difference limit requirement
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Component 4 candidate values for 
· FDD: INTEGER (2..32)
· TDD: INTEGER (2..32)


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



· Option 2: add one or more values among (n2, n3, n6, n7, n12, n14, n20, n24, n28)
	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.]
4. Reports the max TDW size it can support by fulfilling the phase difference limit requirement
	At least one of {30-4a/b/c}, 26-1
	Yes
	No
	UE does not support DM-RS bundling enhancement for PUSCH in NTN
	Per Band
	N/A
	N/A
	N/A
	Component 4 candidate values for 
· FDD: {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28 n32}
· TDD: {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28, n32}

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




	Sharp [13]
	In RAN1#112-bis meeting, we made the following working assumption:
	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



In the legacy specification (38.213 - clause 4.2), timing advance is adjusted by TA command via MAC CE indicated by gNB as a well-known way. The other adjustment way is UE autonomous timing adjustment due to change of downlink receiving timing. In other words, the gNB is not aware of when the UE perform UE autonomous timing adjustment. This is similar to the TA pre-compensation for NTN, but it has been introduced since Rel-15.
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 2: The gNB is not aware of when the UE performs UE autonomous timing adjustment.
Although the UE autonomous TA adjustment is introduced since Rel-15, for Rel-17 PUSCH DMRS bundling, specifications are not describing whether/when UE autonomous TA adjustment within the nominal TDW is allowed or prohibited. The specifications specify only requirements of power consistency and phase continuity within an actual TDW. Therefore, for Rel-18 NTN PUSCH DMRS bundling specification, restriction of UE autonomous TA pre-compensation timing (i.e., component 3 of FG 44-2) does not need to be explicitly captured.
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.
Proposal 2: For FG44-2, component 3 is not necessary.
	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.]
	At least one of {30-4a/b/c}, 26-1
	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




	Samsung [14]
	For 44-2, a remaining issue is whether to keep or remove component 3. We think that it is not necessary to capture the case where UE should not do something. Furthermore, component 2 already captured the intention of component 3. That is why we prefer to remove component 3. 
Proposal 2: Consider the following updated FG 44-2.  
	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.]
	At least one of {30-4a/b/c}, 26-1
	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




	LG Electronics [15]
	In RAN1#112bis, following working assumption was made. UE phase pre-compensation has been assumed for PUSCH DMRS bundling to satisfy the phase difference limit in NTN environment.
	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
· 


In the above working assumption, it is assumed that UE shall not perform TA pre-compensation update within an actual TDW, only if it could cause phase discontinuity. 
In the perspective of UE capabilities, UE should perform TA pre-compensation at specific point such as boundaries or outside of an actual TDW, and not within an actual TDW. If necessary, UE can postpone TA pre-compensation to end of the actual TDW. Moreover, according to the note in the agreement from RAN1#114, the phase discontinuity should be considered at gNB receiver which is difficult to be expected at the UE side. Thus, the condition “if it cause …” may not be necessary since UE has to keep the phase in the best effort manner. 
Therefore, we propose to remove the bracket in yellow part with some modifications following. 
Proposal: For FG 44-2, the bracket of yellow highlighted part should be removed, and adopt following modifications.
	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 only outside of an actual TDW if it causes phase discontinuity that may violate the phase difference limit.]
	At least one of {30-4a/b/c}, 26-1
	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




	MediaTek Inc. [16]
	

	Qualcomm Incorporated [17]
	The following agreements were made on details of UE capability report for DMRS bundling in NTN:
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.

Agreement
For NTN-specific PUSCH DMRS bundling, actual TDW is determined by the existing events and no additional event is defined.
For DMRS bundling in NTN, when and how UE performs time and frequency pre-compensation is up to UE implementation. During a TDW, it’s also up to UE implementation as long as UE can fulfill the relevant phase difference limit requirement. From this perspective, Description 2 and 3 of FG44-2 are not needed. In addition, Description 2, would prevent a UE from supporting DMRS bundling without supporting pre-compensation during a TDW, for instance when connected to a  GEO or a HAP.
Observation 1: In GEO or HAPs, a UE without supporting pre-compensation within a TDW can still support DMRS bundling. Description 2 of FG 44-2 will preclude such a UE from DMRS bundling in GEO or HAPs.
Based on RAN1 agreements and the fact that FG-30-4a, FG 30-4b and FG 30-4c are per band, they can be reused for DMRS bundling in NTN. 
 Proposal 1: For NR NTN, UE indicates the capability of DMRS bundling for PUSCH using FG 30-4a, FG 30-4b, and FG 30-4c.
· Remove FG 44-2.



	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset measurement and report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period
	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite 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



	Company
	Summary

	Huawei/HiSilicon [2]
	Comments: 
1) For the note of applicable band, there is no reason to apply this capability for HAPS operation bands since Multi-RTT with single satellite approach is not simlulated/verified under HAPS scenario.
Proposal 3: The UE feature group of FG 44-3 is applicable only for bands in Table 5.2.2-1 in TS 38.101-5 
	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset Measurement and Report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period

	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite 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




	Nokia/Nokia Shanghai Bell [3]
	Inclusion of the 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,” for the basic Rel-18 NTN feature group has been discussed previously.  As already noted, Rel-18 NTN enhancements have not been studied for terrestrial networks and no agreement has been made on their use in terrestrial networks. For this reason, the note should be included.
Proposal 1:	Support of basic NTN features should be limited to bands in Table 5.2.2-1 in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104 .
	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset measurement and report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period
	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite 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 and [table defining FR2-NTN bands] in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional with capability signaling




	Ericsson [4]
	

	Vivo [5]
	For FG 44-3, one remaining issue is about the application band of this feature group. In our view, this FG should be applicable to HAPS band as well, i.e. the brackets of the text for supporting HAPS band can be removed.
	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset mMeasurement and rReport for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period
	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite 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




	Spreadtrum Communications [6]
	

	ZTE [7]
	

	OPPO [8]
	

	NTT DOCOMO, INC. [9]
	For FG 44-3, in RAN1#114bis meeting, the measurement naming of UE Rx – Tx time difference subframe offset, as well as the definition of DL timing drift were modified. The component 1 and component 2 should be updated for alignment. 
Meanwhile, regarding whether this FG is supported for HAPS band or not, as HAPS is not precluded for NW verified UE location case and HAPS deployment is also feasible for multi-RTT framework with single satellite, it may be necessary and thus FG44-3 should also be applicable for HAPS band.

Proposal 3: Update FG44-3 as follows.
	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference subframe offset measurement and report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to service link Doppler over the service link associated with the UE Rx-Tx time difference measurement period
	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite 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




	Apple [10]
	It is open whether FG 44-1 and FG 44-3 apply to HAPS operation bands in Clause 5.2 of TS 38.104.  
Considering that all Rel-17 NR NTN features (i.e., FG 26 series) are applicable to HAPS operation band and that it is mentioned in Rel-18 NR NTN WID [2] that the work item aims at specifying enhancements for NR NTN with implicit compatibility to support HAPS and ATG scenarios, we think FG 44-1 and FG 44-3 apply to HAPS operation bands in Clause 5.2 of TS 38.104. 
Proposal 2: FG 44-1 and FG 44-3 apply to HAPS operation bands in Clause 5.2 of TS 38.104. 


	Beijing Xiaomi Mobile Software [11]
	

	ETRI [12]
	

	Sharp [13]
	

	Samsung [14]
	The UE feature group 44-3 is intended to capture the capability of a UE in NTN bands for supporting UE Rx-Tx.  The discussions for supporting network verified UE location using Multi-RTT currently happening in AI 8.13.2 are absolutely under LEO/MEO conditions where the satellite is moving fast enough such that Multi-RTT approach can be used for a single satellite scenario in NTN.  This solution is not readily applicable to other scenarios such as HAPS.  There is no reason we should have this capability for HAPS operation bands at this point yet. We propose removing the comment about supporting HAPS band in square brackets in the Note column.  
Proposal 3:  Consider the following updated FG 44-3.
	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset measurement and report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period
	13-4, 13-8
	Yes
	No
	UE does not support Multi-RTT positioning with single satellite 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




	LG Electronics [15]
	

	MediaTek Inc. [16]
	

	Qualcomm Incorporated [17]
	[bookmark: _Ref462669569][bookmark: _Ref473802466]Note that FG 44-3 is supposed to be reported to the LMF not the gNB. Hence we need the following changes:
· Add the statement “ Need for location server to know if the feature is supported” in the column for notes.
· Change “Yes” to “No” for column 6 since gNB does not need to know the capability. 
Proposal 2: Adopt the following changes for FG 44-3 as the following:

	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset Measurement and Report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period

	13-4, 13-8
	Yes
No
	No
	UE does not support Multi-RTT positioning with single satellite 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]
Need for location server to know if the feature is supported

	Optional with capability signaling






Other

	Company
	Summary

	Huawei/HiSilicon [2]
	FR2-NTN
In RAN1#114bis, there are some concluded working assumptions and agreements on the discussion of support for FR2-NTN. Currently, all the listed UE features in Rel-17 and Rel-18 are applied only for the bands in Table 5.2.2-1 in TS 38.101-5 according to the note in TR 38.822. Therefore, how to capture feature lists corresponding to FR2-NTN should also be discussed. One simple way is to capture new set of UE features as shown in Appendix for FR2-NTN.
Proposal 4: New set of UE feature groups for FR2-NTN should be added to support the same UE feature groups as that in FR1-NTN:
· The notes in corresponding UE feagure groups in Appendix can be updated to: “Note: This UE feature group is applicable only for bands within frequency range of FR2 NTN [Table TBD in TS 38.101-5]”.


	Nokia/Nokia Shanghai Bell [3]
	

	Ericsson [4]
	

	Vivo [5]
	

	Spreadtrum Communications [6]
	

	ZTE [7]
	

	OPPO [8]
	

	NTT DOCOMO, INC. [9]
	

	Apple [10]
	In Rel-18 NR NTN, there is an objective of NR-NTN deployment in above 10 GHz bands. This RAN4-led objective has RAN1 impact, which is currently in discussion in RAN1. 
In all the existing Rel-17 NR NTN RAN1 UE features [5] (i.e., FG 26-1, FG 26-4, FG 26-5, FG 26-6, FG 26-6a, FG 26-6b, FG 26-8, FG 26-9, FG 26-10), there is a note of “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”. Considering Table 5.2.2-1 in TS 38.101-5 only defines NTN satellite bands in FR1, which does not cover NTN satellite bands above 10 GHz bands, it is observed that the existing Rel-17 NR NTN RAN1 UE features do not apply to a UE operating in FR2-NTN bands. 
On the other hand, we think all the UE features in FG 26-1, FG 26-4, FG 26-5, FG 26-6, FG 26-6a, FG 26-6b, FG 26-8, FG 26-9, FG 26-10 need to be defined for a UE operating in FR2-NTN bands. Here, FG 26-1 is mandatory for a UE to support NR communication via satellite. The other FGs in the list are related to enhancing scheduling efficiency, enhancing coverage, saving power and increasing data rate. Hence, we have the following proposal. 
Proposal 3: To support UE NR-NTN operation in above 10 GHz bands, in FG 26-1, FG 26-4, FG 26-5, FG 26-6, FG 26-6a, FG 26-6b, FG 26-8, FG 26-9, FG 26-10, modify the note to “This UE feature group is applicable only for bands in Table 5.2.2-1 in TS 38.101-5, HAPS operation bands in Clause 5.2 of TS 38.104, and FR2-NTN bands in Table XXX in TS 38.101-5”. 

	Beijing Xiaomi Mobile Software [11]
	

	ETRI [12]
	Proposal 4: Consider to adapt the following TP on 38.331 6.3.3. (changes in red)
· Option 1: INTEGER (2..32)
	
--------------------------------- Start of TP for 38.331 6.3.3 ----------------------------------
RF-Parameters information element
-- ASN1START
-- TAG-RF-PARAMETERS-START
RF-Parameters ::=                                   SEQUENCE {
========================== Omitted ==============================
maxDurationDMRS-BundlingNTN-r18              SEQUENCE {
        fdd-r18                                   INTEGER (2..32)            OPTIONAL,
        tdd-r18                                   INTEGER (2..32)            OPTIONAL,
    }
========================== Omitted ==============================
}
-- TAG-RF-PARAMETERS-STOP
-- ASN1STOP
---------------------------------- End of TP for 38.331 6.3.3---------------------------------

	reason for change : maxDurationDMRS-Bundling‘s granularity is too wide to support full DMRS bundling for PUSCH VoIP interval (20 ms).
summary of change :introduce maxDurationDMRS-BundlingNTN-r18 as INTEGER (2..32)
consequences if not approved : unnecessary performance loss might occur for the UEs (especially, UEs capable of (n20≤ maxDurationDMRS-Bundling <n32) because DMRS bundling might be limited by maxDurationDMRS-Bundling.



· Option 2: add one or more values among (n2, n3, n6, n7, n12, n14, n20, n24, n28)
	
--------------------------------- Start of TP for 38.331 6.3.3----------------------------------
RF-Parameters information element
-- ASN1START
-- TAG-RF-PARAMETERS-START
RF-Parameters ::=                                   SEQUENCE {
========================== Omitted ==============================
maxDurationDMRS-BundlingNTN-r18              SEQUENCE {
        fdd-r18                                   ENUMERATED {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28, n32}            OPTIONAL,
        tdd-r18                                   ENUMERATED {n2, n3, n4, n6, n7, n8, n12, n14, n16, n20, n24, n28, n32}            OPTIONAL
    }
========================== Omitted ==============================
}
-- TAG-RF-PARAMETERS-STOP
-- ASN1STOP
---------------------------------- End of TP for 38.331 6.3.3---------------------------------

	reason for change : maxDurationDMRS-Bundling‘s granularity is too wide to support full DMRS bundling for PUSCH VoIP interval (20 ms).
summary of change : introduce maxDurationDMRS-BundlingNTN-r18 and add values (n2, n3, n6, n7, n12, n14, n20, n24, n28).
consequences if not approved : unnecessary performance loss might occur for the UEs (especially, UEs capable of (n20≤ maxDurationDMRS-Bundling <n32) because DMRS bundling might be limited by maxDurationDMRS-Bundling




	Sharp [13]
	

	Samsung [14]
	

	LG Electronics [15]
	

	MediaTek Inc. [16]
	

	Qualcomm Incorporated [17]
	



1. Discussion Items during RAN1 #115 — First Checkpoint
[bookmark: _Hlk48059864]After review of contributions submitted to RAN1 #115 in this agenda item, the following topics were identified by the moderator for discussion during RAN1 #115.

General comments

	Company
	Comments/Questions/Suggestions

	
	



2. Issue 1: FG 44-1
After review of contributions submitted to RAN1 #115 in this agenda item, the following is proposed by the moderator. Companies submitted the following views on the moderator’s proposals.

Proposal: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown

	44. NR_NTN_enh
	44-1
	PUCCH repetition on common PUCCH resource
	1. Support repetition transmission of PUCCH for Msg4 HARQ-ACK on common PUCCH resource (i.e., PUCCH resource before dedicated configuration is provided)
2. Support receiving repetition factor in system information
3. Support receiving repetition factor in DCI format 1_0 with CRC scrambled by TC-RNTI scheduling Msg4 PDSCH
4. Support Msg3 to transmit information report capability for PUCCH Msg4 HARQ-ACK repetition
5. Extension of the repetition transmission of PUCCH before dedicated PUCCH resource configuration
6. Support of RSRP threshold for Msg4 HARQ-ACK repetition on common PUCCH resources
7. Support receiving RSRP threshold for Msg4 HARQ-ACK repetition in system information
	
	Yes
	No
	UE does not support PUCCH repetition for common PUCCH resources
	Per Band
	N/A
	N/A
	N/A
	A UE that includes [RAN2 parameter name] in [RRC Setup Request] must support FG 44-1

[Note: This UE feature group is applicable only for bands in Tables 5.2.2-1 and [TBD for FR2-NTN bands] in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]
	Optional without capability signaling



	Company
	Comments/Questions/Suggestions

	DCM
	· We are not sure why the new component is necessary. Component 6 should cover it, so the new component would be unnecessary.
· For the note, we prefer to remove the note. We are not sure why TN should be precluded. Although the mechanism has been made for NTN, TN gNB can use it without any modification.

	Huawei, HiSilicon
	1) We also think component 6 actuallly can cover component 7. Supporting the RSRP threshold should include receiving this threshold from SIB configuration. 
2) We think the note regarding the NTN band and HAPS should be kept, we never intends to have this enhancement for TN network.

	Xiaomi
	We share similar view with DCM,
· component 7 is unnecessary. 
· FG44-1 can be extend to TN band, as common PUCCH repetition is also beneficial to TN.

	Ericsson
	· Component 7 seems to be covered already by component 6.
· We prefer to remove the note. There is no reason to prohibit support of this feature in TN bands, and no extra specification effort to support it. Since this feature is optional and indicated per band, it should be left to implementation to decide whether to support it for TN bands or not.

	Nokia
	· Agree with others that the new component should not be necessary
· Support inclusion of the note, as the current enhancements were considered only for NTN and have not been evaluated in the context of terrestrial networks.

	Sharp
	· For Component 7, we have the same view as Docomo that it is not necessary, since component 6 covers the intention.

	ETRI
	· The proposed new component is intended for a detailed description of item 6. In the case of the first component, it includes sub-items 2, 3, and 4, and we consider this to be a comprehensive description of the features that UE should support. Similarly, for the proposed item 7, we believe the description may vary depending on the desired depth. If we consider the same depth as components 2, 3, and 4, item 7 may need similar details. It's acceptable to remove items that are deemed unnecessary according to the opinions of other companies and the moderator.

	ZTE
	Component 7 is not needed since it is covered by component 6.
Regarding the note, the feature is discussed specifically for NTN including evaluations and solutions. There is no justification that TN needs the enhancement. Therefore, the note is preferred to be kept.

	Spreadtrum
	Component 7 seems redundant and should be removed.
Note should be reserved. PUCCH repetition is a NTN-specific feature in R18 which is not studied for TN.



2. Issue 2: FG 44-2
After review of contributions submitted to RAN1 #115 in this agenda item, the following is proposed by the moderator. Companies submitted the following views on the moderator’s proposals.

Proposal: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown

	44. NR_NTN_enh
	44-2
	NTN DMRS bundling enhancement for PUSCH in NGSO scenario
	1. Support of DM-RS bundling for PUSCH over consecutive slots in NGSO scenario
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.]
3. Report in maxDurationDMRS-Bundling-r17 the maximum duration during which UE is able to maintain power consistency and phase continuity to support DM-RS bundling for PUSCH, when pre-compensation to keep phase rotation due to timing drift within the phase difference limit is performed and without taking need for autonomous TA pre-compensation update into account.
	At least one of {30-4a/b/c}, 26-1
	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 Tables 5.2.2-1 and [TBD for FR2-NTN bands] in TS 38.101-5 and HAPS operation bands in Clause 5.2 of TS 38.104

Note: UE that does not report support of this FG and reports support of FG 30-4 for an NTN band can perform DMRS bundling only in GSO scenario in the NTN band
	Optional with capability signaling



	Company
	Comments/Questions/Suggestions

	DCM
	For the new third component, we believe that max TDW size should be reported in this FG. maxDurationDMRS-Bundling-r17 should not be used to differentiate between GSO scenario and NGSO scenario.
Besides, if we restrict this FG to NGSO scenario, how to treat HAPS should be discussed further. If we assume that HAPS does not move fast, HAPS band can be removed from the first note and the second note can include ‘HAPS scenario’ as well as GSO scenario.

	Huawei, HiSilicon
	1) We support to report the maximum DMRS bundling as a new component. 
2) We don’t think it is necessary to differentiate GSO and NGSO scenarios. The discussion in RAN1 does not differentiate these two cases.

	Xiaomi
	For component 3, we think a separate maximum duration, e.g.,  maxDurationDMRS-Bundling-r18 should be reported, other than reusing maxDurationDMRS-Bundling-r17 for reporting, and the candidate values can be FFS.
As there is no accuracy requirement associated with NTN UE phase pre-compensation in TS 38.133, the candidate values for the maximum duration for TN may not suitable for NTN, considering that UE needs to perform phase pre-compensation in NTN. The candidate values can be decided based on RAN4’s conclusion on accuracy requirement associated with NTN UE phase pre-compensation.
Considering TN and NTN integration is an important trend. In case of NTN cell and TN cell providing service at the same time, one maximum duration in UE capability may not enough as the maximum duration for NTN and TN would be different. For better forward compatibility, a separate maximum duration report is suggested. 

	NEC
	Our Tdoc number is R1-2311428, which was mistakenly uploaded under AI 16.4.
We support using maxDurationDMRS-Bundling-r17.
In RAN1#114, the following were agreed on the reported max TDW size and actual TDW determination[2]:
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.

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

Thus, a max TDW size reported by a UE for an NTN band could fulfill the NTN-specific PUSCH DMRS bundling. How to meet the phase difference limit requirement can be left up to implementation, and the specification should not prevent UE from taking any method to fulfill this requirement. 

The legacy FG 30-4 reports the maximum duration for DM-RS bundling [3] (also see Appendix), which has already done all the work for the current FG 44-2. Besides, FG 30-4a reports DM-RS bundling capability for PUSCH repetition type A, FG 30-4b reports DM-RS bundling capability for PUSCH repetition type B, FG 30-4c reports DM-RS bundling capability for TB processing over multi-slot PUSCH, and FG 30-4g reports the capability to restart DM-RS bundling [3](also see Appendix). If we insist on using FG 44-2, how we support DM-RS bundling for TB processing over multi-slot PUSCH and restarting DM-RS bundling for NTN DMRS bundling?


Observation 1: FG 30-4 fulfills the R-18 NTN DMRS bundling enhancement for PUSCH.
Observation 2: FG 30-4a, 30-4b, 30-4c, and 30-4g report the supplement UE capabilities for the R-18 NTN DMRS bundling enhancement for PUSCH.

Proposal 1: Support using FG 30-4, 30-4a, 30-4b, 30-4c, and 30-4g for the R-18 NTN DMRS bundling for PUSCH,  and removing FG 44-2.

	Ericsson
	We are not sure why the FG should be limited to NGSO.

	Nokia
	Agree with others that it is not clear why this feature is limited strictly to NGSO, or how RAN would differentiate GSO/NGSO operation.  The benefit of DMRS bundling should be expected for GSO as well.	Comment by Frank Frederiksen (Nokia): Additionally, according to my understanding, we do not have any means to differentiate between GEO and NGSO deployments (of course we can analyze the SIB19 and find the orbital height, but NGSO as such is not referred to in RAN1 specifications - and I do not see why we would exclude GSO.	Comment by Frank Frederiksen (Nokia): And the DMRS bundling should be equally justified for GSO - after all, the link budget is pretty poor here as well, so why not?

	Sharp
	We do not see the need to limit this FG to NGSO. This FG should cover all the NTN scenarios.
We do not see the need to add the component 3. The Rel-17 parameter for max TDW can be used.

	ETRI
	We believe that maxDurationDMRS-Bundling-r17’s granularity is too wide to support full DMRS bundling for PUSCH VoIP interval (20 ms).
As a result of wide granularity, only UE with (maxDurationDMRS-Bundling=n32) might be possible to support 20 ms DMRS bundling.
For accomodating more UEs into DMRS bundling, we would like to suggest to consider finer granularity on maxDurationDMRS-Bundling.

	DCM2
	Regarding the differentiation between GSO and NGSO, the main reason is that the NTN-specific behavior e.g., Component 2 is necessary only for NGSO. The legacy FG can cover GSO case, and the new FG covers NGSO case. This is the intention. FG 30-4 series are used for DMRS bundling in GSO scenario. The intention is NOT precluding DMRS bundling in GSO scenario.

	ZTE
	1. Not see the need to restrict this FG to only NGSO, since no differentiation when discussing the solution.
2. Regarding old component 3, we agree that “Support not to perform” may not be proper description in UE feature. However, how to treat the collision between DMRS bundling and TA pre-compensation update may need to captured according to previous discussion and working assumption. As TA pre-compensation affects the synchronization, which is more important, we suggest to update it as following:
Support not to stop DMRS bundling when perform TA pre-compensation update within an actual TDW if it which causes phase discontinuity that may violate the phase difference limit.

	Spreadtrum
	Do not see the need to limited FG 44-2 to NGSO.



2. Issue 3: FG 44-3
After review of contributions submitted to RAN1 #115 in this agenda item, the following is proposed by the moderator. Companies submitted the following views on the moderator’s proposals.

Proposal: Adopt the following changes highlighted in chromatic fonts, while keeping the yellow highlighting, if any, as shown

	44. NR_NTN_enh
	44-3
	UE Rx-Tx Measurement and Report for Multi-RTT with single satellite in NTN
	1. Support UE Rx-Tx time difference and UE Rx-Tx time difference offset measurement and report for Multi-RTT positioning with single satellite in NTN
2. Support of reporting DL timing drift due to Doppler over the service link associated with the UE Rx-Tx time difference measurement period
	13-4, 13-8
	Yes No
	No
	UE does not support Multi-RTT positioning with single satellite in NTN
	Per Band
	N/A
	N/A
	N/A
	Note: This UE feature group is applicable only for bands in Tables 5.2.2-1 and [TBD for FR2-NTN bands] in TS 38.101-5 [and HAPS operation bands in Clause 5.2 of TS 38.104]

Need for location server to know if the feature is supported
	Optional with capability signaling



	Company
	Comments/Questions/Suggestions

	Huawei, HiSilicon
	1) For the removal of square brackets of HAPS operation band, the multi-RTT based location verification may not useful considering the HAPS movement may be slow. We think the HAPS operation band should be removed from the note.
2) There are some discussion in AI 8.13.2 to add UE capability of “supportedDL-PRS-ProcessingSamples " as pre-requisite UE features of UE location verification. If agreed, it should be added in the column of pre-requisite FG.



1. Conclusion
Agreements reached during RAN1 #115 as part of this agenda item are summarized in [18]. 
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