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Introduction

This contribution intends to clarify UE capability support for FR2 UE, and required specs changes.
Discussion
	Agreements RAN2#125
1.Introduce two per-UE capabilities for FR2-only band as below to indicate VSAT UE’s mobility and antenna types:

- A UE capability to indicate whether UE uses electronic or mechanical steering antenna

- A UE capability to indicate whether UE is a fixed or mobile VSAT

2.Introduce two separate indications in SIB1 to indicate whether current cell is barred for mobile VSAT, or barred for fixed VSAT

3.Introduce two separate indications in SIB1 to indicate whether current cell is barred for mobile VSAT, or barred for fixed VSAT

Proposal 1
Remove the “FR1” restriction from the field description of Kmac.

Agreed

Proposal 2
Remove the “FR1” restriction from the description of Timing Advance field of the Timing Advance MAC CE.

Agreed

	RAN1#Agreements

For operation in FR2-NTN, the value range in ms for K_offset and K-MAC shall be the same as for Rel-17 NR over NTN.
Working assumption
For operation in FR2-NTN, use a reference SCS of 15 kHz for the indication of K_offset and K_MAC.

Working assumption
From RAN1 perspective, for operation in FR2-NTN, the granularity used for TA reporting is the same as corresponding to the reference subcarrier spacing applied for K_offset.

Agreement
Confirm working assumption from RAN1#114-bis on reference SCS for K_offset and K_MAC.

Agreement
Confirm working assumption from RAN1#114-bis on the TA reporting granularity.


Based on RAN4 progress on defining requirement for NTN operation in FR2, both RAN1 and RAN2 has discussed and reached agreements on timing alignment features, including TA report, Koffset and etc. RAN2 has also provided signalling support per RAN4 request, and updates the specs to support at least TA report and kmac for FR2, which is used for UL precompensation and timing alignment adjustment. 

Observation 1: RAN4 has agreed to support NTN for FR2, based on which RAN1/2 has discussed and reached some agreements and updates specs to support essential features related to timing alignment adjustment fpr FR2, including TA report, koffset and Kmac. 

----------------------------------------------------------------- 38306 -----------------------------------------------------------------
	k1-RangeExtension-r17
Indicates whether the UE supports extended K1 value range of (0..31) for unpaired spectrum. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].


	ue-specific-K-Offset-r17
Indicates whether the UE supports the reception of UE-specific K_offset comprised of the following functional components:
-
Support of reception of UE-specific K_offset via MAC-CE
-
Support of determining the timing of PUSCH, PUCCH, CSI reference resource, transmission of aperiodic SRS, activation of TA command, first PUSCH transmission in CG Type 2 with UE-specific Koffset
UE indicating support of this feature shall also indicate support of uplinkPreCompensation-r17 and uplink-TA-Reporting-r17 for this band. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].


	uplinkPreCompensation-r17
Indicates whether the UE supports the uplink time and frequency pre-compensation and timing relationship enhancements comprised of the following functional components:
-
Support of UE specific TA calculation based on its GNSS-acquired position and the serving satellite ephemeris.
-
Support of common TA calculation according to the parameters provided by the network (UE considers common TA as 0 if the parameters are not provided)
-
For TA update in RRC_CONNECTED state, support of combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops
-
Support of pre-compensation of the calculated TA in its uplink transmissions
-
Support of estimating UE-gNB RTT and delaying the start of RAR window by UE-gNB RTT
-
Support of frequency pre-compensation to counter shift the Doppler experienced on the service link
-
Support of determining timing of the scheduling of PUSCH, PUCCH and PDCCH ordered PRACH, CSI reference resource, transmission of aperiodic SRS activation of TA command, first PUSCH transmission in CG Type 2 with cell-specific K_offset if indicated
-
Support of determining timing of the UE action and assumption on a downlink configuration carried by MAC CE command by K_mac if it is indicated and determining the timing of PDCCH monitoring in recovery search space using K-mac during beam failure recovery procedure
-
Support of UE receiving cell-specific K_offset/K_mac in system information
Support of this feature in NTN bands is mandatory for UE supporting nonTerrestrialNetwork-r17. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].

	uplink-TA-Reporting-r17
Indicates whether the UE supports UE reporting of information related to TA pre-compensation as specified in TS 38.321 [8]. UE indicating support of this feature shall also indicate support of uplinkPreCompensation-r17 for this band. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].


----------------------------------------------------------------- 38306 -----------------------------------------------------------------
Furthermore RAN4 has agreed last meeting in R4-2401116, to specify satellite operation bands for FR2 in table 5.2.3-1 of TS 38101-5. However, for the per-Band UE capability related to timing alignment adjustment the as given above, only reference to FR1 band is included, while reference to FR2 band is missing. 
Observation 2: RAN4 has agreed in R4-2401116 to specify FR2 operating band in table 5.2.3-1. while reference to FR2 band for per Band NTN UE capability related to timing alignment adjustment is still missing.

Based on above, it is proposed to add the reference of FR2 band (i.e., Table 5.2.3-1 of TS38.101-5) for UE capability: uplink-TA-Reporting, uplinkPreCompensation,ue-specific-K-Offset and k1-RangeExtension. 

Proposal 1: Add the reference of FR2 band (i.e., Table 5.2.3-1 of TS38.101-5) for UE capability: uplink-TA-Reporting, uplinkPreCompensation,ue-specific-K-Offset and k1-RangeExtension.
It is further noticed in TS 38306, some of NTN features are still limited to only FR1, which includes below sets (The detailed UE capabilities can refer to the annex):

Table 1 NTN per Band UE capability
	HARQ related
	max-HARQ-ProcessNumber-r17, type1-HARQ-Codebook-r17, type2-HARQ-Codebook-r17, type3-HARQ-Codebook-r17

	Mobility related
	condHandover-r16, condHandoverTwoTriggerEvents-r16, eventA4BasedCondHandover-r17

locationBasedCondHandover-r17, locationBasedCondHandoverEMC-r18

rachLessHandoverNTN-r18, timeBasedCondHandover-r17

	SDT related
	cg-SDT-r17, mt-CG-SDT-r18

	MBS related
	maxDynamicSlotRepetitionForSPS-Multicast-r17, maxNumberG-CS-RNTI-r17

maxNumberG-RNTI-r17, multiPUCCH-HARQ-ACK-ForMulticastUnicast-r17

priorityIndicatorInDCI-Multicast-r17, priorityIndicatorInDCI-SPS-Multicast-r17

releaseSPS-MulticastWithCS-RNTI-r17, re-LevelRateMatchingForMulticast-r17

sps-MulticastMultiConfig-r17, twoHARQ-ACK-CodebookForUnicastAndMulticast-r17


For the UE capability of extended HARQ process (i.e., max-HARQProcessNumber), it is introduced to avoid HARQ stall due to long propagation delay which also exists in NTN operating in FR2. And the HARQ codebook enhancements are related to HARQ disabling feature, which may requires R1 inputs.

As for mobility related UE features, whether it can be supported for FR2 still requires more RAN4 input, so that RAN2 can discuss if any enhancements would needed, or current mechanism can be reused, 
Observation 3: HARQ and mobility related UE features requires more input from RAN1 and RAN4, which can be postpone to until more progress has been made in the corresponding WGs.
As for SDT related UE capability and MBS related UE capability, they can already be supported in either FR1 and FR2 in TN, the reasoning they are limited FDD-FR1 in NTN is because in previous release NTN only support FR1. Since in R18 both FR2 and FR1 can be supported in NTN, it is suggested to update the corresponding specs to allow indicate the UE capability also for NTN FR2 bands. 

Observation 4: SDT relate and MBS related UE features can be supported FR1/FR2 in TN. The reasons that they are limited to NTN FR1 is due to NTN can only supports FR1 in previous release, which can be updated to allow support for FR2.
Proposal 2: Add NTN FR2 band for below UE capabilities: 

	SDT related
	cg-SDT-r17, mt-CG-SDT-r18

	MBS related
	maxDynamicSlotRepetitionForSPS-Multicast-r17, maxNumberG-CS-RNTI-r17

maxNumberG-RNTI-r17, multiPUCCH-HARQ-ACK-ForMulticastUnicast-r17

priorityIndicatorInDCI-Multicast-r17, priorityIndicatorInDCI-SPS-Multicast-r17

releaseSPS-MulticastWithCS-RNTI-r17, re-LevelRateMatchingForMulticast-r17

sps-MulticastMultiConfig-r17, twoHARQ-ACK-CodebookForUnicastAndMulticast-r17


A CR has been provided in R2-24XXX to address P1 and P2, it is suggested that to discuss and agree on the provided CRs.

Proposal 3: RAN2 discuss P1/P2 and agree on the corresponding CR in R2-2403070.
Conclusion and proposals

Based on above analysis, we have the following observations and proposals: 

Observation 1: RAN4 has agreed to support NTN for FR2, based on which RAN1/2 has discussed and reached some agreements and updates specs to support essential features related to timing alignment adjustment fpr FR2, including TA report, koffset and Kmac. 

Observation 2: RAN4 has agreed in R4-2401116 to specify FR2 operating band in table 5.2.3-1. while reference to FR2 band for per Band NTN UE capability related to timing alignment adjustment is still missing.

Proposal 1: Add the reference of FR2 band (i.e., Table 5.2.3-1 of TS38.101-5) for UE capability: uplink-TA-Reporting, uplinkPreCompensation,ue-specific-K-Offset and k1-RangeExtension.
Observation 3: HARQ and mobility related UE features requires more input from RAN1 and RAN4, which can be postpone to until more progress has been made in the corresponding WGs.
Observation 4: SDT relate and MBS related UE features can be supported FR1/FR2 in TN. The reasons that they are limited to NTN FR1 is due to NTN can only supports FR1 in previous release, which can be updated to allow support for FR2.
Proposal 2: Update TS 38306 to allow indicate below UE capabilities for NTN FR2: 

SDT related: cg-SDT-r17, mt-CG-SDT-r18
MBS related: maxDynamicSlotRepetitionForSPS-Multicast-r17, maxNumberG-CS-RNTI-r17, maxNumberG-RNTI-r17, multiPUCCH-HARQ-ACK-ForMulticastUnicast-r17, priorityIndicatorInDCI-Multicast-r17, priorityIndicatorInDCI-SPS-Multicast-r17, releaseSPS-MulticastWithCS-RNTI-r17, sps-MulticastMultiConfig-r17, re-LevelRateMatchingForMulticast-r17, twoHARQ-ACK-CodebookForUnicastAndMulticast-r17
Proposal 3: RAN2 discuss P1/P2 and agree on the corresponding CR in R2-2403070.
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Annex NTN band related UE capability

HARQ enhancements
	max-HARQ-ProcessNumber-r17
Indicates the maximal supported HARQ process numbers for UL and for DL respectively. For each value of max-HARQ-ProcessNumber-r17, value u16d32 indicates the maximal supported HARQ process number is 16 for UL and 32 for DL, value u32d16 indicates the maximal supported HARQ process number is 32 for UL and 16 for DL, value u32d32 indicates the maximal supported HARQ process number is 32 for UL and 32 for DL. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].
	Band
	No
	N/A
	N/A

	type1-HARQ-Codebook-r17
Indicates whether the UE supports Type-1 HARQ codebook enhancements when there are feedback-disabled HARQ processes. UE indicating support of this feature shall also indicate support of harq-FeedbackDisabled-r17. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].
	Band
	No
	N/A
	N/A

	type2-HARQ-Codebook-r17
Indicates whether the UE supports Type-2 HARQ codebook enhancements when there are feedback-disabled HARQ processes. UE indicating support of this feature shall also indicate support of harq-FeedbackDisabled-r17. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].
	Band
	No
	N/A
	N/A

	type3-HARQ-Codebook-r17
Indicates whether the UE supports Type-3 HARQ codebook enhancements when there are feedback-disabled HARQ processes. UE indicating support of this feature shall also indicate support of harq-FeedbackDisabled-r17. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].
	Band
	No
	N/A
	N/A


Mobility enhancements
	condHandover-r16

Indicates whether the UE supports conditional handover including execution condition, candidate cell configuration and maximum 8 candidate cells. Except for NTN bands, UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A

	condHandoverTwoTriggerEvents-r16
Indicates whether the UE supports 2 trigger events for same execution condition. This feature is mandatory supported if the UE supports condHandover-r16. Except for NTN bands, UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	CY
	N/A
	N/A

	eventA4BasedCondHandover-r17

Indicates whether the UE supports Event A4 based conditional handover in NTN bands, i.e., CondEvent A4 as specified in TS 38.331 [9]. A UE supporting this feature shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A

	locationBasedCondHandover-r17

Indicates whether the UE supports location based conditional handover, i.e., CondEvent D1 as specified in TS 38.331 [9]. A UE supporting this feature shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A

	locationBasedCondHandoverEMC-r18

Indicates whether the UE supports location based conditional handover for an NTN Earth-moving system, i.e. condEventD2 as specified in TS 38.331 [9].

A UE supporting this feature shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A

	rachLessHandoverNTN-r18

Indicates whether the UE supports RACH-less handover in NTN. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.

For NTN bands, a UE supporting this feature shall also indicate the support of nonTerrestrialNetwork-r17.
	Band
	No
	N/A
	N/A

	timeBasedCondHandover-r17

Indicates whether the UE supports time based conditional handover, i.e., CondEvent T1 as specified in TS 38.331 [9]. A UE supporting this feature shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A


SDT related
	cg-SDT-r17

Indicates whether the UE supports transmission of data and/or signalling over allowed radio bearers in RRC_INACTIVE state via configured grant type 1 (i.e. CG-SDT), as specified in TS 38.331 [9]. Except for NTN bands, UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.

UE supports multiple CG-SDT configurations when a UE indicates the support of this feature and activeConfiguredGrant-r16; otherwise UE only supports one CG-SDT configuration.
	Band
	No
	N/A
	N/A

	mt-CG-SDT-r18

Indicates whether the UE supports initiating MT-SDT procedure over configured grant type 1, as specified in TS 38.331 [9]. Except for NTN bands, UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.
Except for NTN, a UE supporting this feature shall also support mt-SDT-r18. For NTN, a UE supporting this feature shall also support mt-SDT-NTN-r18.
	Band
	No
	N/A
	N/A


MBS related
	maxDynamicSlotRepetitionForSPS-Multicast-r17

Indicates maximum number of dynamic slot-level repetitions for SPS group-common PDSCH for multicast. For TN, the UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands, associated with supported shared and non-shared spectrum respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.

A UE that indicates support of this feature shall indicate support of sps-Multicast-r17.
	Band
	No
	N/A
	N/A

	maxNumberG-CS-RNTI-r17

Defines maximum number of G-CS-RNTIs for SPS multicast. For TN, the UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands, associated with supported shared and non-shared spectrum respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.
A UE supporting this feature shall also indicate support of sps-Multicast-r17.
	Band
	No
	N/A
	N/A

	maxNumberG-RNTI-r17

Defines maximum number of G-RNTIs for multicast in RRC_CONNECTED. For TN, the UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands, associated with supported shared and non-shared spectrum respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.
A UE supporting this feature shall also indicate support of dynamicMulticastPCell-r17.

For the UE indicating support of multicastInactive-r18, this capability is also applicable to multicast reception in RRC_INACTIVE, as specified in TS 38.331 [9].
	Band
	No
	N/A
	N/A

	multiPUCCH-HARQ-ACK-ForMulticastUnicast-r17

Indicates whether the UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast or for unicast and multicast with different priorities in a slot.
For TN, the UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands, associated with supported shared and non-shared spectrum respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.

A UE supporting this feature shall also indicate support of priorityIndicatorInDCI-Multicast-r17 and twoHARQ-ACK-CodebookForUnicastAndMulticast-r17.
	Band
	No
	N/A
	N/A

	priorityIndicatorInDCI-Multicast-r17

Indicates whether the UE supports DL priority indication for multicast in DCI, comprised of the following functional components:

-
Support of priority indicator field configured in DCI formats 4_2 with CRC scrambled with G-RNTI for multicast;

-
Supports two HARQ-ACK codebooks with different priorities to be simultaneously constructed different priorities for multicast and multicast at a UE.

For TN, the UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands, associated with supported shared and non-shared spectrum respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.

A UE supporting this feature shall also indicate support of ack-NACK-FeedbackForMulticast-r17 and dynamicMulticastDCI-Format4-2-r17.
	Band
	No
	N/A
	N/A

	priorityIndicatorInDCI-SPS-Multicast-r17

Indicates whether the UE supports priority indicator field configured in DCI format 4_2 for multicast HARQ-ACK feedback of SPS multicast.

For TN, the UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands, associated with supported shared and non-shared spectrum respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.

A UE supporting this feature shall also indicate support of ack-NACK-FeedbackForSPS-Multicast-r17 and sps-MulticastDCI-Format4-2-r17.
	Band
	No
	N/A
	N/A

	releaseSPS-MulticastWithCS-RNTI-r17

Indicates whether UE supports unicast PDCCH scrambled with CS-RNTI to release SPS group-common PDSCH. For TN, the UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands, associated with supported shared and non-shared spectrum respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.

A UE that indicates the support of this feature shall indicate support of sps-Multicast-r17 and sps-r16.
	Band
	No
	N/A
	N/A

	re-LevelRateMatchingForMulticast-r17

Indicates whether the UE supports group-common PDSCH RE-level rate matching for multicast, comprised of the following functional components:

-
Supports SP ZP-CSI-RS for group-common PDSCH RE-mapping patterns;

-
Supports P ZP-CSI-RS for group-common PDSCH RE-mapping patterns;

-
Supports p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast same as or different from the p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config;

-
Supports AP ZP-CSI-RS for group-common PDSCH RE-mapping patterns.
For TN, the UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands, associated with supported shared and non-shared spectrum respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.

A UE supporting this feature shall also indicate support of dynamicMulticastPCell-r17. A UE supporting this feature in FR1 bands shall also indicate support of pdsch-RE-MappingFR1-PerSymbol or pdsch-RE-MappingFR1-PerSlot. A UE supporting this feature in FR2 bands shall also indicate support of pdsch-RE-MappingFR2-PerSymbol or pdsch-RE-MappingFR2-PerSlot.

NOTE:
The total number of semi-persistent ZP-CSI-RS-ResourceSet that a UE can be configured with is the same as for unicast in Rel-16.
	Band
	No
	N/A
	N/A

	sps-MulticastMultiConfig-r17

Indicates whether the UE supports up to 8 SPS group-common PDSCH configurations per CFR for multicast on PCell. The value indicates the maximum number of activated SPS group-common PDSCH configurations per CFR for multicast.

The total number of SPS configurations for both multicast and unicast is no larger than 8 in a BWP of a serving cell. The total number of SPS configurations for both multicast and unicast in a cell group is no larger than 32.
For TN, the UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands, associated with supported shared and non-shared spectrum respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.

A UE that indicates support of this feature shall indicate support of sps-Multicast-r17.
	Band
	No
	N/A
	N/A

	twoHARQ-ACK-CodebookForUnicastAndMulticast-r17

Indicates whether the UE supports two HARQ-ACK codebooks simultaneously constructed for supporting HARQ-ACK codebooks with different priorities for unicast and multicast at a UE.

For TN, the UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands, associated with supported shared and non-shared spectrum respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.

A UE supporting this feature shall also indicate support of priorityIndicatorInDCI-Multicast-r17.
	Band
	No
	N/A
	N/A



