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1. Introduction
This document summarizes contributions submitted to AI 9.2 regarding Rel-19 NR UE features Batch B.
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2. NR_duplex_evo
Regarding NR_duplex_evo, the following inputs are provided in the contributions under AI 9.2 in RAN1#123: 
	[1] Nokia
	NR_duplex_evo
FGs for SBFD random access (RA) operation
FG 60-5a
FG 60-5a, the remaining issue is whether FG 54-1 should be added as prerequisite. 
	60-5a
	Preamble repetition within additional-Ros for RACH configuration Option 2
	1. Determination of the set of  valid additional-ROs and the time period of the set(s) of  valid additional-Ros
2. For RACH configuration Option 2, support separate configuration of rsrp-ThresholdMsg1-RepetitionNum2/4/8 and msg1-RepetitionNum for PRACH transmission with preamble repetitions within additional-ROs and PRACH transmission with preamble repetitions within legacy-ROs.
	60-4, [54-1]



With FG 54-1 being defined as:
	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions with the same Tx spatial filter.
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx spatial filter.


FG 54-1 is needed for PRACH repetitions in legacy UL ROs. It’s straightforward that, a UE that supports PRACH repetitions in additional ROs should also support PRACH repetitions in legacy UL ROs.
Proposal 2.1. For FG60-5a, confirm FG 54-1 as a pre-requisite by removing the square brackets.

FGs for CLI handling
FGs 60-7b and 60-7c
Both FGs 60-7b and 60-7c are related to the support of a separate UL resource muting for Type-1 CG-PUSCH. We have one remaining discussion on supporting these features.
FFS: Whether/how to capture maximum number of UL muting symbols per slot
Following RAN1 agreements clarified separate configuration support up to two UL muting symbols per slot.  
	Agreement (RAN1#120)
For the semi-statically configured time location and frequency location of UL muting symbol(s) for PUSCH, 
· Separate configurations of up to two UL muting symbols can be provided per UE for DG PUSCH/Type 2 CG PUSCH and Type 1 CG PUSCH 
· Separate configuration for each of multiple Type 1 CG PUSCH configurations is supported
Agreement (RAN1#120)
For the configuration of UL resource muting
· Alt.1: A new IE PUSCH-MutingResources is introduced to define the time location and frequency location of UL muting resources. The UL muting pattern configures up to two symbols within a slot and a configurable comb offset.


We think that the current FG descriptions of FGs 60-7b and 60-7c in combination with their respective pre-requisites 60-7 and 60-7a already sufficiently capture the related RAN1 agreements cited above. 
Proposal 2.2. For FGs 60-7b and 60-7c, remove “FFS: Whether/how to capture maximum number of UL muting symbols per slot” from the Note column.

FG 60-8 and 60-9
FG 60-8 and FG 60-9 represent the UE features group for L1 CLI-RSSI measurements and L1 SRS-RSRP measurements, respectively. It is to be confirmed the number of maximum number of configured measurement resources for both measurement types. We support the suggestion from the moderator and therefore propose to confirm the candidate values for component 4 in FG 60-8 and component 2 in FG 60-9.
Proposal 2.3. For FG 60-8, confirm that the candidate values for component 4 are {8, 16, 32, 64}
Proposal 2.4. For FG 60-9, confirm that the candidate values for component 2 are {4 , 8, 16, 32}



	[2] vivo
	1.1 SBFD random access operation
For FG 60-5a, the prerequisite should include FG 54-1.
For Msg3 repetitions in SBFD symbols, following agreement was made in RAN1#123 meeting.
	For Msg.3 repetition in SBFD symbols, RAN1 to down-select one of the following alternatives below in RAN1#123: 
· Alt-1: A new FG for Msg.3 repetition in SBFD symbols is introduced as follows:
	60-6
	Msg.3 repetition in SBFD symbols
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols with separate power control parameter
	60-3 or 60-4, 30-6
	YES
	n/a
	Msg.3 repetition in SBFD symbols is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling


· Alt-2: Adopt the following updates in FG 60-3 and 60-4
· Add a new component: “X. Support of Msg.3 repetition in SBFD symbols”
· Add in Note column: “Component X applies only when the UE reports FG 30-6 in the same band”
· Alt-3: Neither new component nor FG is added for support of Msg.3 repetition in SBFD symbols


We are fine with Alt-1 and Alt-2, and slightly prefer Alt-1.
For SBFD RACH operation, following FGs are suggested.
[bookmark: _Ref213421320]Proposal 1: Support followings FGs for SBFD RACH operation.

	60-5a
	Preamble repetition within additional-Ros for RACH configuration Option 2
	1. Determination of the set of  valid additional-ROs and the time period of the set(s) of  valid additional-Ros
2. For RACH configuration Option 2, support separate configuration of rsrp-ThresholdMsg1-RepetitionNum2/4/8 and msg1-RepetitionNum for PRACH transmission with preamble repetitions within additional-ROs and PRACH transmission with preamble repetitions within legacy-ROs.
	60-4, 54-1
	YES
	n/a
	Preamble repetition within additional-ROs for RACH configuration Option 2 is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60-6
	Msg.3 repetition in SBFD symbols
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols with separate power control parameter
	60-3 or 60-4, 30-6
	YES
	n/a
	Msg.3 repetition in SBFD symbols is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling



1.2 CLI handling
For 60-7b and 60-7c, regarding the maximum number of UL muting symbols, based on our agreements in main session, at most two symbol per UL muting pattern were supported, if there are more than one PUSCH TDMed in one slot, e.g., one DG PUSCH and one CG type 1 PUSCH, the number of UL muting symbols can be more than two since the UL muting pattern for DG PUSCH and CG type 1 PUSCH are separately configured. There was no any discussion about the maximum number of UL muting symbols per slot, and the motivation to limit maximum number of UL muting symbols per slot artificially is not clear. If UE reports the maximum number of UL muting symbols per slot as two, some open issues need to be discussed. For example, if the UL muting symbols for DG and CG type 1 PUSCH are totally different, that is, there are four UL muting symbols per slot from configuration perspective. If there is a CG type 1 PUSCH resource occasion in a slot, does it mean gNB shouldn’t schedule a DG PUSCH/type 2 CG PUSCH with enabled UL muting TDMed with the CG type PUSCH?, or gNB can have such scheduling, but some additional UE behaviours are defined, e.g., UE would not transmit the CG type 1 PUSCH in the slot, or UE can transmit the CG type PUSCH but does not perform UL resource muting for the CG type 1 PUSCH transmission in this slot? It will complicate the discussion and implementation, which is not preferred.
For L1 CLI measurement and reporting, it was agreed with the component of maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic and periodic, and semi-persistent if supported) across all CCs and maximum number of L1 SRS-RSRP measurement resources across all CCs for L1-CLI-RSSI and L1 SRS-RSRP respectively. For the candidate values for these components, it can reuse the values of L3 CLI-RSSI and L3 SRS-RSRP. In addition, since it was agreed that L1 CLI measurement and reporting reuse the framework of CSI measurement and reporting, for CSI measurement and reporting, maximum number of configured measurement resources per CC and maximum number of simultaneous measurement resources per CC are introduced.
Thus, we have the following proposals.
[bookmark: _Ref213421322]Proposal 2: For 60-7b and 60-7c, there is no need to capture maximum number of UL muting symbols per slot.
[bookmark: _Ref213421323]Proposal 3: For L1-CLI-RSSI measurement and reporting, define the following reporting (related to maximum number of CLI-RSSI measurement resources in various units):
· Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic/semi-persistent/periodic) per CC
· Maximum number of simultaneous L1 CLI-RSSI measurement resources with resource type #1/#2 (sum of aperiodic/semi-persistent/periodic) per CC
[bookmark: _Ref213421325] Proposal 4: For L1-SRS-RSRP measurement and reporting, define the following reporting (related to maximum number of CLI-RSSI measurement resources in various units):
· Maximum number of configured L1 SRS-RSRP measurement resources (sum of aperiodic/semi-persistent/periodic) per CC
· Maximum number of simultaneous L1 SRS-RSRP measurement resources (sum of aperiodic/semi-persistent/periodic) per CC
For CLI handling, following FGs are suggested.
[bookmark: _Ref213421326]Proposal 5: Support following FGs for CLI handling.
	60-7b
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	60-7, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	FFS: Whether/how to capture maximum number of UL muting symbols per slot
	Optional with capability signalling

	60-7c
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	60-7a, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	FFS: Whether/how to capture maximum number of UL muting symbols per slot
	Optional with capability signalling

	60-8
	L1 CLI-RSSI measurement and aperiodic reporting
	1. Aperiodic L1 CLI-RSSI reporting on PUSCH
2. Support of CLI-RSSI measurement resource configured in one UL subband only, in one DL subband only, or across two DL subbands only.
3. Periodic and aperiodic CLI-RSSI measurement resource
4. Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic and periodic, and semi-persistent if supported) across all CCs
5. Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic/semi-persistent/periodic) per CC
6. Maximum number of simultaneous L1 CLI-RSSI measurement resources with resource type #1/#2 (sum of aperiodic/semi-persistent/periodic) per CC


	
	YES
	n/a
	L1 CLI-RSSI measurement and aperiodic reporting is not supported
	Per band
	TDD only
	n/a
	n/a
	[Candidate values for component 4 are {8, 16, 32, 64}]
	Optional with capability signalling

	60-9
	L1 SRS-RSRP measurement and aperiodic reporting
	1. Aperiodic L1 SRS-RSRP reporting on PUSCH, and periodic and aperiodic SRS-RSRP measurement resource
2. Maximum number of L1 SRS-RSRP measurement resources across all CCs
3.Maximum number of configured L1 SRS-RSRP measurement resources (sum of aperiodic/semi-persistent/periodic) per CC
4. Maximum number of simultaneous L1 SRS-RSRP measurement resources (sum of aperiodic/semi-persistent/periodic) per CC


	
	YES
	n/a
	L1 SRS-RSRP measurement and aperiodic reporting is not supported
	Per band
	TDD only
	n/a
	n/a
	[Candidate values for component 2 are {4, 8, 16, 32}]
	Optional with capability signalling






	[3] Huawei, HiSilicon
	Remaining issues of UE features for NR_duplex_evo
FG 60-5a
The remaining issue for FG 60-5a is whether FG 54-1 (PRACH repetition) should be the prerequisite. Note that it has already been agreed that FG 54-1 is the prerequisite for FG 60-5, i.e., a UE supporting preamble repetition within additional-ROs for RACH configuration Option 1 should support preamble repetition as the pre-condition. It is straightforward that this also applies for RACH configuration Option 2. 
	60. NR_duplex_evo
	60-5a
	Preamble repetition within additional-Ros for RACH configuration Option 2
	1. Determination of the set of  valid additional-ROs and the time period of the set(s) of  valid additional-Ros
2. For RACH configuration Option 2, support separate configuration of rsrp-ThresholdMsg1-RepetitionNum2/4/8 and msg1-RepetitionNum for PRACH transmission with preamble repetitions within additional-ROs and PRACH transmission with preamble repetitions within legacy-ROs.
	60-4, [54-1]


Proposal 1: Adopt FG 54-1 as the prerequisite FG(s) of FG 60-5a.

Necessity of a new FG for Msg3 repetition in SBFD symbols
For Msg3 repetition in SBFD symbols, there was a discussion on whether to introduce to separate FG. Our view is that there is no such a need. The support of Configuration 1 (UL transmissions or DL receptions across SBFD symbols and non-SBFD symbols in different slots, where the transmissions or receptions are restricted to SBFD symbols or non-SBFD symbols) is included is the basic FG. A UE supporting Msg3 repetition (FG 30-6) and the basic SBFD FG should be have the capability to support Msg3 repetition in SBFD symbols without much additional complexity. 
In addition, if a separate FG is introduced, there will be some RAN2 impact. Essentially, the RACH partitioning functionality needs to be updated by introducing a new IE (for Msg3 repetition in SBFD symbols) in FeatureCombination-17. However, this is not necessary since one can rely on the existing feature indication msg3-Repetitions-r17 to indicate whether a UE can support Msg3 repetition. If a UE supports Msg3 repetition and SBFD basic FG, it can support Msg3 repetition in SBFD symbols. 
Proposal 2: The support of Msg3 repetition in SBFD symbols is not defined as a separate FG.

FG 60-7c and FG 60-7d
For the support of UL resource muting, it was agreed to introduce two FGs “separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform” and “separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform”. One remaining issue is “FFS: whether/how to capture maximum number of UL muting symbols per slot”. Given that 60-7 and 60-7a have already been introduced with the restriction of “one common pattern of UL muting between DG/Type 2 CG PUSCH and Type 1 CG PUSCH”, there is no need to introduce further restricted to maximum number of UL muting symbols per slot to be in line with the previous RAN1 agreements. Note that if the maximum number of UL muting symbols per slot is restricted to two, FG 60-7c and FG 60-7d become same as FG 60-7a and FG 60-7b.
	Agreement
For the semi-statically configured time location and frequency location of UL muting symbol(s) for PUSCH, 
· Separate configurations of up to two UL muting symbols can be provided per UE for DG PUSCH/Type 2 CG PUSCH and Type 1 CG PUSCH 
· Separate configuration for each of multiple Type 1 CG PUSCH configurations is supported


Proposal 3: Remove “FFS: Whether/how to capture maximum number of UL muting symbols per slot” for FG 60-7b and FG 60-7c.

FG 60-8 
For FG 60-8, we propose to add another component: Maximum number of aperiodic CSI report setting per BWP for L1-CLI-RSSI report. 
In FG 2-35, “3) Maximum number of aperiodic CSI report setting per BWP for CSI report” and “4) Maximum number of aperiodic CSI report setting per BWP for beam report” are separately reported for CSI report and beam report. 
For L-CLI-RSSI report, a similar component should be reported, otherwise, the UE capability with respect to aperiodic CSI report setting per BWP for L1-CLI-RSSI report is clear. 
	2-35
	CSI report framework
	1) Maximum number of periodic CSI report setting per BWP for CSI report
2) Maximum number of periodic CSI report setting per BWP for beam report
3) Maximum number of aperiodic CSI report setting per BWP for CSI report
4) Maximum number of aperiodic CSI report setting per BWP for beam report
5) Maximum number of configured aperiodic CSI triggering states in CSI-AperiodicTriggerStateList per CC,
6) Maximum number of semi-persistent CSI report setting per BWP for CSI report
7) Maximum number of semi-persistent CSI report setting per BWP for beam report
8) UE can process Y CSI report(s) simultaneously in a CC. CSI reports can be P/SP/A CSI and any latency class and codebook type.
9) UE can process X CSI report(s) simultaneously across all CCs. CSI reports can be P/SP/A CSI and any latency class and codebook type.

	
	
	


Proposal 4: For FG 60-8
· Add one additional component “Maximum number of periodic CSI report setting per BWP for L1-CLI-RSSI report” with candidate values {1, 2, 3, 4}
· For component 4 “Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic and periodic, and semi-persistent if supported) across all CCs”, the candidate values are {8, 16, 32, 64}

FG 60-9
For FG 60-9, for the similar reasoning as described in Section 2.1.4, we propose to add another component: Maximum number of aperiodic CSI report setting per BWP for L1-SRS-RSRP report. 
In addition to component 2: Maximum number of L1 SRS-RSRP measurement resources across all CCs, we propose to introduce another component “Maximum number of SRS-RSRP measurement resources across all CCs within a slot”. Note that similar capability has been defined for FG 17-2 (L3 SRS-RSRP measurement) and FG 2-24 (SSB/CSI-RS for beam measurement), which indicates the maximum UE processing capability within a slot.
In additional, we propose to add another component “Maximum number of aperiodic SRS-RSRP measurement resources across all CCs configured to measure L1-SRS-RSRP” similar to component 5 in FG 2-24 for L1 beam measurement.
	17-2
	SRS-RSRP measurement
	1.	Support SRS-RSRP measurement. The max number of SRS resources across all CCs configured to measure SRS-RSRP shall not exceed 32.
2.	Maximum number of measurement resources across all CCs configured for SRS-RSRP measurement
3.	Maximum number of measurement resources across all CCs configured for SRS-RSRP measurement within a slot
-	A slot is based on minimum SCS among active BWPs across all CCs configured for SRS-RSRP measurement
-	A SRS resource occasion that overlaps with the slot is counted as one measurement resource in the slot



	2-24
	SSB/CSI-RS for beam measurement
	1) The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1

2) The max number of CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP shall not exceed MC_1

3) The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2

4) Supported density of CSI-RS

5) The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-RSRP shall not exceed MD_1


Proposal 5: For FG 60-9
· For component 2 “Maximum number of L1 SRS-RSRP measurement resources across all CCs”, the candidate values are {8, 16, 32, 64}
· Add one additional component “Maximum number of aperiodic CSI report setting per BWP for L1-SRS-RSRP report” with candidate values {1, 2, 3, 4}
· Add one additional component “Maximum number of SRS-RSRP measurement resources across all CCs within a slot” with candidate values {2, 4, 8}
· Add one additional component “Maximum number of aperiodic SRS-RSRP measurement resources across all CCs” with candidate values {1, 2, 3, 4}



	[4] Ericsson
	NR duplex evo
FG 60-5a
From the latest version of the UE features list, only one FFS remans in the RACH related features, namely whether FG 54-1 should be a prerequisite for SBFD preamble repetitions for Option 2 in FG 60-5a. FG 54-1 was introduced as a part of the NR_cov_enh2 WI and a condensed version is included below Table 1.
[bookmark: _Ref213135224]Table 1: Excerpt of Table 7.1.14-1: Layer-1 Feature List for NR_cov_enh2 in ‎[1].
	Features
	Index
	Feature group
	Components
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Mandatory/Optional

	54. NR_cov_enh2
	54-1
	PRACH coverage enhancements
	Support of multiple PRACH transmissions with the same Tx spatial filter.
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx spatial filter.
	BandNR
	N/A
	N/A
	Optional with capability signalling.



In our view, without FG 54-1 as a prerequisite, the support for multiple PRACH transmissions would not necessarily need to use the same Tx spatial filter. Clearly, that is not a desirable behavior. Without the prerequisite of FG 54-1, the corresponding components would need to be included in FG 60-5a instead. However, such dual specifications for the same functionality opens up for future issues and should be avoided. Moreover, the argument for not including it is that the additional RACH configuration is separate from legacy RACH and should therefore not be made dependent on a legacy RACH feature group. In our view, there is a distinction between capability and the instantiation of such capability. Hence, a UE’s legacy capability of repetitions can and should be inherited by the additional RACH configuration capability in FG 60-5a.
[bookmark: _Toc210425661][bookmark: _Toc213406563][bookmark: _Toc213421791]FG 54-1 is a prerequisite for FG 60-5a.
FG 60-6
In RAN1 #122-bis, the following agreement was made:
	Agreement: 
For Msg.3 repetition in SBFD symbols, RAN1 to down-select one of the following alternatives below in RAN1#123: 
Alt-1: A new FG for Msg.3 repetition in SBFD symbols is introduced as follows:
	60-6
	Msg.3 repetition in SBFD symbols
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols with separate power control parameter
	60-3 or 60-4, 30-6
	YES
	n/a
	Msg.3 repetition in SBFD symbols is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling


Alt-2: Adopt the following updates in FG 60-3 and 60-4
Add a new component: “X. Support of Msg.3 repetition in SBFD symbols”
Add in Note column: “Component X applies only when the UE reports FG 30-6 in the same band”
Alt-3: Neither new component nor FG is added for support of Msg.3 repetition in SBFD symbols



From a network vendor’s perspective, to handle the complexity UEs with different feature sets cause, it is desirable to limit the number of UE features. Hence, a new UE feature should provide some minimum additional benefit in order to be introduced as a separate feature and not included in another UE feature. In our view, there is marginal effort for UE vendors to support repetitions for SBFD if repetitions already are supported for legacy. For that reason, Msg3 repetitions should be included as a component in the existing UE features FG 60-3 and FG 60-4 and not a separate FG.
[bookmark: _Toc213421790]Msg3 repetitions in SBFD symbols is not sufficiently different from legacy Msg3 repetitions to justify a separate FG.
[bookmark: _Toc213406564][bookmark: _Toc213421792]For Msg3 repetitions, support Alt. 2 to include Msg3 repetitions as components in FG 60-3 and FG 60-3 and condition support on support for FG 30-6.


	[5] CATT
	Discussion
FG for SBFD random access operation
FG for preamble repetition within additional ROs
For PRACH repetition within additional-ROs, separate UE capabilities were agreed for PRACH repetition within additional ROs for RACH configuration Option 1 and RACH configuration Option 2 respectively. Considering that FG 54-1 is an optional UE capability, FG 54-1 should be the prerequisite feature group of FG 60-5a.
Proposal 1: Support the following update for FG 60-5a.
	60-5a
	Preamble repetition within additional-Ros for RACH configuration Option 2
	1. Determination of the set of  valid additional-ROs and the time period of the set(s) of  valid additional-Ros
2. For RACH configuration Option 2, support separate configuration of rsrp-ThresholdMsg1-RepetitionNum2/4/8 and msg1-RepetitionNum for PRACH transmission with preamble repetitions within additional-ROs and PRACH transmission with preamble repetitions within legacy-ROs.
	60-4, [54-1]
	YES
	n/a
	Preamble repetition within additional-ROs for RACH configuration Option 2 is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling



CLI handling
FGs for UL muting
For the open issue on whether/how to capture maximum number of UL muting symbols per slot for Type 1 CG, we think maximum two UL muting symbols per slot is sufficient for gNB performing channel estimation. More than two UL muting symbols per slot will lead larger overhead and UE complexity. So we propose the following TP for 60-7b and 60-7c.
Proposal 2: Support the following update for FG 60-7b and 60-7c.
	60-7b
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	60-7, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	The maximum number of UL muting symbols per slot is 2.
	Optional with capability signalling

	60-7c
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	60-7a, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	The maximum number of UL muting symbols per slot is 2.
	Optional with capability signalling



FGs for L1-CLI measurement
For the open issues on candidate values for component 4 of FG 60-8 and for component 2 of FG 60-9, we are fine. So we propose to support the following update for FG 60-8 and 60-9. 
Proposal 3: Support the following update for FG 60-8 and 60-9.
	60-8
	L1 CLI-RSSI measurement and aperiodic reporting
	1. Aperiodic L1 CLI-RSSI reporting on PUSCH
2. Support of CLI-RSSI measurement resource configured in one UL subband only, in one DL subband only, or across two DL subbands only.
3. Periodic and aperiodic CLI-RSSI measurement resource
4. Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic and periodic, and semi-persistent if supported) across all CCs


	
	YES
	n/a
	L1 CLI-RSSI measurement and aperiodic reporting is not supported
	Per band
	TDD only
	n/a
	n/a
	[Candidate values for component 4 are {8, 16, 32, 64}]
	Optional with capability signalling

	60-9
	L1 SRS-RSRP measurement and aperiodic reporting
	1. Aperiodic L1 SRS-RSRP reporting on PUSCH, and periodic and aperiodic SRS-RSRP measurement resource
2. Maximum number of L1 SRS-RSRP measurement resources across all CCs


	
	YES
	n/a
	L1 SRS-RSRP measurement and aperiodic reporting is not supported
	Per band
	TDD only
	n/a
	n/a
	[Candidate values for component 2 are {4, 8, 16, 32}]
	Optional with capability signalling





	[6] Xiaomi
	2.1 SBFD operation
FG 60-5a: Preamble repetition within additional-Ros for RACH configuration Option 2
Regarding FG 60-5a, the remaining issue is whether FG 54-1 is one of the prerequisites. FG 54-1 is basic FG of PRACH coverage enhancements introduced in Rel-18. Given that Rel-18 PRACH repetition scheme is used for PRACH repetition in additional ROs, it is reasonable to define FG 54-1 as one prerequisite for FG 60-5a, similar to what has been agreed for FG 60-5. 
Proposal 1: FG 54-1 is the prerequisite of FG 60-5a.
FG 60-7b/60-7c: Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform/DFT-s-OFDM waveform
The remain issue of FG 60-7b/60-7c is whether/how to capture maximum number of UL muting symbols per slot, and the following proposal was discussed. 
	Question 4-1-3:
Companies are encouraged to provide views on how to resolve “FFS: Whether/how to capture maximum number of UL muting symbols per slot” in FG 60-7b/7c: 
· Alt-1: Capture maximum number of UL muting symbols per slot
· Alt-1.1: Add a component “Maximum of 2 UL muting symbols per slot”
· Alt-1.2: Add a component “Maximum number of UL muting symbols per slot”, with candidate values {2, 4}
· Alt-2: Decision in maintenance needed in prior
· Alt-3: Remove FFS without additional update


In our view, RAN1 has already agreed that the UL muting symbols per slot is up to 2. There is no need to further discuss in maintenance session (i.e., Alt-2 is not preferred). Similar to other proposals discussed in RAN1#122bis, we prefer not to explicitly capture it in FG 60-7b/60-7c. Therefore, Alt-3 is our preference. 
Proposal 2: Remove the following FFS without additional update for FG 60-7b/60-7c. 
· ‘FFS: Whether/how to capture maximum number of UL muting symbols per slot’
FG 60-8/60-9: L1 CLI-RSSI/SRS-RSRP measurement and aperiodic reporting
FG 60-8/60-9, the only remaining issue is the candidate value for component 4, i.e., ‘Maximum number of configured L1 CLI-RSSI/SRS-RSRP measurement resources (sum of aperiodic and periodic, and semi-persistent if supported) across all CCs’. In Rel-16, the following are supported for candidate values for L3-RSSI measurement and SRS-RSRP measurement. In our view, similar candidate values can be applied for L1 measurement. 
· Candidate values are {8, 16, 32, 64} for the max number of resources across all CCs configured to measure RSSI.
· Candidate values are {4, 8, 16, 32} for the max number of SRS resources across all CCs configured to measure SRS-RSRP.
Proposal 3: Support the following candidate values for component 4 of FG 60-8 and FG 60-9 respectively. 
· Candidate values are {8, 16, 32, 64} for component 4 of FG 60-8.
· Candidate values are {4, 8, 16, 32} for component 4 of FG 60-9.



	[7] OPPO
	In last RAN1 meeting, the following agreement was made for Msg 3 repetition in SBFD symbols:
	Agreement: 
For Msg.3 repetition in SBFD symbols, RAN1 to down-select one of the following alternatives below in RAN1#123: 
· Alt-1: A new FG for Msg.3 repetition in SBFD symbols is introduced as follows:
	60-6
	Msg.3 repetition in SBFD symbols
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols with separate power control parameter
	60-3 or 60-4, 30-6
	YES
	n/a
	Msg.3 repetition in SBFD symbols is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling


· Alt-2: Adopt the following updates in FG 60-3 and 60-4
· Add a new component: “X. Support of Msg.3 repetition in SBFD symbols”
· Add in Note column: “Component X applies only when the UE reports FG 30-6 in the same band”
· Alt-3: Neither new component nor FG is added for support of Msg.3 repetition in SBFD symbols


Generally, we think Msg3 repetition in SBFD symbols should be a separate FG to give UE some flexibility for implementation of Msg3 repetition only in case of coverage enhancement. However, the introduction of the above separate FG may open the door for many issues, e.g., 
· Whether separate RSRP threshold needs to be configured for SBFD-aware UE to determine whether Msg3 repetition in SBFD symbols is required;
· Whether separate repetition numbers and separate MCS candidate indexes need to be configured for Msg3 repetition in SBFD symbols
Based on the above analysis, we can consider the following two alternatives:
· Adopt Alt-1 and conclude Msg 3 repetition related separate configuration, e.g., RSRP threshold, repetition number, MCS candidate indexes, is not supported.
· Adopt Alt-2
Proposal 1: For Msg3 repetition in SBFD symbols, support either Alt-1 without introducing additional Msg 3 repetition related separate configuration, or Alt-2.


	[8] Samsung
	2. UE features for SBFD (WI code: NR_duplex_evo)
2.1. Basic SBFD operation
The updated feature list for basic SBFD operation (FG60-1…60-2a) based on agreements in RAN1#122bis is shown below [1][2].

	60. NR_duplex_evo
	60-1
	Basic feature for SBFD-aware UE TX/RX/measurement behaviour and procedures
	1. Support of cell-common configuration of time and frequency location of SBFD subbands
2. Support of UL transmission in one UL subband and DL reception in one/two DL subband in SBFD symbols
3. Support of link direction determination based on configured/scheduled transmissions/receptions and collision handling
4. Support of UL transmissions or DL receptions across SBFD symbols and non-SBFD symbols in different slots, where the transmissions or receptions are restricted to SBFD symbols or non-SBFD symbols (Configuration 1)
5. Support of separate CSI reports for SBFD and non-SBFD symbols
6. Support of separate PUCCH frequency resource configuration in SBFD symbols and non-SBFD symbols
7. Support of separate UL power control parameters based on unified TCI framework in SBFD symbols and non-SBFD symbols
8. Support of separate PUSCH frequency hopping offset in SBFD symbols and non-SBFD symbols
9. Support of separate SRS resource set configuration in SBFD symbols and non-SBFD symbols
10. Number of partial PRGs supported
[bookmark: _Hlk213233519]11. Supported CSI timeline, active CSI-RS ports counting and active CSI-RS resource counting for a single CSI-RS resource across two DL subbands
12. Maximum of one DL-UL switching point per SBFD slot for actual DL/UL transmission(s)
13. Determination of TBS of PDSCH/PUSCH in SBFD symbols


	
	YES
	n/a
	Basic feature for SBFD-aware UE TX/RX/ measurement behaviour and procedures is not supported
	Per band
	TDD only
	n/a
	n/a
	Component 7 applies only to UEs supporting FG 23-1-1h

Note: Component 9 is only applicable for SRS resource sets with usage codebook, nonCodebook and beamManagement

Component 10 candidate values: {2, 4}

Component 11 candidate values: {“with factor-of-two relaxation”, “with factor-of-two relaxation for active CSI-RS resource and port counting”, “no relaxation”}



	Optional with capability signalling

	60. NR_duplex_evo
	60-2
	Reception across SBFD symbols and non-SBFD symbols in different slots (Configuration 2)
	1. Support of PDSCH reception across SBFD symbols and non-SBFD symbols (Configuration 2)


	60-1
	YES
	n/a
	Reception across SBFD symbols and non-SBFD symbols in different slots (Configuration 2) is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-2a
	Transmission across SBFD symbols and non-SBFD symbols in different slots (Configuration 2)
	1. Support of UL transmission across SBFD symbols and non-SBFD symbols (Configuration 2)

	60-1
	YES
	n/a
	Transmission across SBFD symbols and non-SBFD symbols in different slots (Configuration 2) is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling




FG 60-1 (or additional/separate FG)
Regarding: rate matching pattern counting
PDSCH will be rate matched when it crosses the boundaries of DL usable PRBs. In legacy, a UE may be configured with up to 4 RateMatchPattern(s) per BWP and up to 4 RateMatchPattern(s) per serving cell. For example, once a UE supports semi-static rate matching, this UE has to support up to 4 rate matching patters per BWP and per cell where these values are predefined in 38.214. To avoid increasing the UE complexity, such operation should be counted towards the legacy limits on RateMatchPattern(s) per BWP or per cell. It may be counted as a predefined value, e.g., one RateMatchPattern.

Proposal 1. Add the following component (for supporting PDSCH rate matching when it crosses the boundaries of DL usable PRBs) to either 60-1 or introduce a new FG.

	1. Support of rate matching PDSCH crossing boundaries of DL usable PRBs
	60-1, 5-26
	Yes
	The maximum number of RateMatchPattern(s) that can be configured per BWP or per cell is 3, when rate matching of PDSCH occurs because of cross the boundaries of DL usable PRBs.
	Optional with capability signalling



2.2. Random Access on SBFD resources related

The updated feature list for random access on SBFD resources (FG60-3…60-5a) based on agreements in RAN1#122bis is shown below [1][2].

	60. NR_duplex_evo
	60-3
	SBFD random access operation based on one single RACH configuration in RRC_IDLE/INACTIVE/CONNECTED mode 
	Support of SBFD random access operation based on one single RACH configuration in RRC_IDLE/INACTIVE/CONNECTED mode (RACH configuration Option 1)


	60-1
	YES
	n/a
	SBFD random access operation based on one single RACH configuration in RRC_IDLE/INACTIVE/CONNECTED mode is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-4
	SBFD random access operation based on two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration in RRC_IDLE/INACTIVE/CONNECTED mode
	1. Support of SBFD random access operation based on two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration in RRC_IDLE/INACTIVE/CONNECTED mode (RACH configuration Option 2)
2. Support of valid RO across SBFD and non-SBFD symbols


	60-1
	YES
	n/a
	SBFD random access operation based on two separate RACH configurations in RRC_IDLE/INACTIVE/CONNECTED mode is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-5
	Preamble repetition within additional-ROs for RACH configuration Option 1
	1. Determination of the set of  valid additional-ROs and the time period of the set(s) of  valid additional-Ros
2. For RACH configuration Option 1, support separate configuration of rsrp-ThresholdMsg1-RepetitionNum2/4/8 for PRACH transmission with preamble repetitions within additional-ROs and PRACH transmission with preamble repetitions within legacy-ROs.
	60-3, 54-1
	YES
	n/a
	Preamble repetition within additional-ROs for RACH configuration Option 1 is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-5a
	Preamble repetition within additional-Ros for RACH configuration Option 2
	1. Determination of the set of  valid additional-ROs and the time period of the set(s) of  valid additional-Ros
2. For RACH configuration Option 2, support separate configuration of rsrp-ThresholdMsg1-RepetitionNum2/4/8 and msg1-RepetitionNum for PRACH transmission with preamble repetitions within additional-ROs and PRACH transmission with preamble repetitions within legacy-ROs.
	60-4, [54-1]
	YES
	n/a
	Preamble repetition within additional-ROs for RACH configuration Option 2 is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling




FG 60-5a
Regarding prerequisite feature groups [54-1]
FG 54-1 “PRACH coverage enhancements” should also be prerequisite for 60-5a as in the case already agreed for FG 60-5. However, it is clearly not meaningful to require 54-1a “PRACH repetitions with less than N symbols gap” as prerequisite because the additional ROs provided by either SBFD RACH config option 2 can be assumed consecutive when configured following the SSB instances.

Proposal 2: FGs 54-1 is prerequisite for FG 60-5 and 60-5a

New FG 60-6 Msg.3 repetition in SBFD symbols
Support for Msg.3 repetition on SBFD symbols during random access should ideally be captured as separate UE capability in addition to FGs 60-3 or 60-4. It should remain possible for the UE to implement the Msg.3 repetition feature only when needed as UL coverage improvement, i.e., independent of preamble transmission on SBFD resources with or without repetitions using either RACH config option 1 or 2.
One issue is the absence of unambiguous and always available early identification mechanism for Rel-19 SBFD with RACH config options 1 and 2. The gNB can only infer that the UE is SBFD-aware when either the additional RO type is set by the gNB or when the UE selects an additional RO in absence of an indicated RO type from the network. In these cases, an independent FG 60-6 with 60-3 as prerequisite can allow the gNB to schedule Msg.3 on SBFD resources. This is also possible for RACH config option 2 if implementation of RACH config option 1 is prerequisite. However, it must then be up to network implementation to ensure that in those deployments where PUSCH Msg.3 repetition is necessary, the RO type ‘sbfd’ is then indicated or RRSP thresholds are configured such that the additional ROs are selected by the UE.

Proposal 3: Introduce the new FG 60-6 Msg.3 repetition in SBFD symbols as shown below.

	60-6
	Msg.3 repetition in SBFD symbols
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols
	60-1, 60-3, 30-6
	YES
	n/a
	Msg.3 repetition in SBFD symbols is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling





2.3. CLI handling
2.3.1. UL resource muting for PUSCH in SBFD symbols

The updated feature list for UL muting (FG60-7…60-7c) based on agreements in RAN1#122bis is shown below [1][2].
	60. NR_duplex_evo
	60-7
	UL resource muting for CP-OFDM waveform 
	1. Support semi-static configuration of time location and frequency location of UL resource muting for CP-OFDM waveform
- Up to two UL muting symbols within a slot for PUSCH 
- A configurable comb offset {0, 1} for the UL muting symbol
- One common pattern of UL muting between DG/Type 2 CG PUSCH and Type 1 CG PUSCH
2. Support dynamic on/off indication of the configured UL muting symbols by TDRA field in DCI for DG-PUSCH and Type-2 CG PUSCH
3. Support semi-static determination of UL muting symbols for Type-1 CG PUSCH


	
	YES
	n/a
	UL resource muting for CP-OFDM waveform is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-7a
	UL resource muting for DFTS-OFDM waveform
	1. Support semi-static configuration of time location and frequency location of UL resource muting for DFTS-OFDM waveform
- Up to two UL muting symbols within a slot for PUSCH 
- A configurable comb offset {0, 1} for the UL muting symbol
- One common pattern of UL muting between DG/Type 2 CG PUSCH and Type 1 CG PUSCH
2. Support dynamic on/off indication of the configured UL muting symbols by TDRA field in DCI for DG-PUSCH and Type-2 CG PUSCH
3. Support semi-static determination of UL muting symbols for Type-1 CG PUSCH


	
	YES
	n/a
	UL resource muting for DFTS-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-7b
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	60-7, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	FFS: Whether/how to capture maximum number of UL muting symbols per slot
	Optional with capability signalling

	60. NR_duplex_evo
	60-7c
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	60-7a, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	FFS: Whether/how to capture maximum number of UL muting symbols per slot
	Optional with capability signalling



FG 60-7b
Regarding FFS: Whether/how to capture maximum number of UL muting symbols per slot
In our view, it is necessary to explicitly capture a maximum number of UL muting symbol per slot as 2. Otherwise, UE implementation ambiguity could arise with respect to interpretation when FG 60-7 and 60-7b are both supported by the UE. It should not be required to support a total of 4 UL muting symbols.

Proposal 4: For FG 60-7b, add “Component 1 candidate values: {2}” to Note.

FG 60-7c
Regarding FFS: Whether/how to capture maximum number of UL muting symbols per slot
In our view, it is necessary to explicitly capture a maximum number of UL muting symbol per slot as 2. Otherwise, UE implementation ambiguity could arise with respect to interpretation when FG 60-7a and 60-7c are both supported by the UE. It should not be required to support a total of 4 UL muting symbols.

Proposal 5: For FG 60-7c, add “Component 1 candidate values: {2}” to Note.

2.3.2. L1 UE-UE CLI measurement and report
The updated feature list for L1-based CLI reporting (FG60-8…60-9b) based on agreements in RAN1#122bis is shown below [1][2].
	60. NR_duplex_evo
	60-8
	L1 CLI-RSSI measurement and aperiodic reporting
	1. Aperiodic L1 CLI-RSSI reporting on PUSCH
2. Support of CLI-RSSI measurement resource configured in one UL subband only, in one DL subband only, or across two DL subbands only.
3. Periodic and aperiodic CLI-RSSI measurement resource
4. Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic and periodic, and semi-persistent if supported) across all CCs


	
	YES
	n/a
	L1 CLI-RSSI measurement and aperiodic reporting is not supported
	Per band
	TDD only
	n/a
	n/a
	[Candidate values for component 4 are {8, 16, 32, 64}]
	Optional with capability signalling

	60. NR_duplex_evo
	60-8a
	Support of periodic L1 CLI-RSSI reporting on PUCCH
	1. Periodic L1 CLI-RSSI reporting on PUCCH

	60-8
	YES
	n/a
	Support of periodic L1 CLI-RSSI reporting on PUCCH is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-8b
	Support of semi-persistent L1 CLI-RSSI measurement resource
	1. Support of semi-persistent L1 CLI-RSSI measurement resource
	60-8
	YES
	n/a
	Semi-persistent L1 CLI-RSSI measurement resource is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-9
	L1 SRS-RSRP measurement and aperiodic reporting
	1. Aperiodic L1 SRS-RSRP reporting on PUSCH, and periodic and aperiodic SRS-RSRP measurement resource
2. Maximum number of L1 SRS-RSRP measurement resources across all CCs


	
	YES
	n/a
	L1 SRS-RSRP measurement and aperiodic reporting is not supported
	Per band
	TDD only
	n/a
	n/a
	[Candidate values for component 2 are {4, 8, 16, 32}]
	Optional with capability signalling

	60. NR_duplex_evo
	60-9a
	FDM-ed reception of DL signals/channels and L1 SRS-RSRP measurement resource
	1. Support of FDMed reception of DL signals/channels and L1 SRS-RSRP measurement resource

	60-9
	YES
	n/a
	FDMed reception of DL signals/channels and L1 SRS-RSRP measurement resource is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	[bookmark: _Hlk213234008]60. NR_duplex_evo
	60-9b
	Support of semi-persistent L1 SRS-RSRP measurement resource and aperiodic reporting
	1. Support of semi-persistent L1 SRS-RSRP measurement resource and aperiodic reporting
	60-9
	YES
	n/a
	Semi-persistent L1 SRS-RSRP measurement resource and aperiodic reporting is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling



FG 60-8
[bookmark: _Hlk213234478]Regarding [Candidate values for component 4 are {8, 16, 32, 64}]
It was agreed for FG 60-1 Component 11 to allow relaxation of the counting of active CSI-RS resource/port by a factor of two when a CSI-RS is configured across two DL subbands. The same principle should also be applied to FG 60-8 for the L1 CLI-RSSI measurement resource type#2.
It was already agreed for FG 60-8 to add a component for the UE to indicate the supported maximum number of L1 CLI-RSSI measurement resources to the network. However, it is not yet clear how to count the measurement resources for L1 CLI-RSSI Measurement resource type#2 (non-contiguous L1 CLI-RSSI across two DL subbands). Similar to the case of single CSI-RS across two SBFD DL subbands in FG 60-1, processing the L1 CLI-RSSI measurement resource type#2 can require additional UE complexity. For example, more control information needs to be provided to the UE L1/L1C such that the UE can determine the location of each chunk of L1 CLI-RSSI measurement resource type#2. Some UE modem implementations may handle the L1 CLI-RSSI measurement resource type#2 without additional complexity compared with L1 CLI-RSSI measurement resource type#1. Therefore, such relaxation should be subject to UE capability.
Supporting the UE capability ensures that the UE’s full capability can be utilized from the network side. Otherwise, the UE would conservatively under-report its capability as the UE cannot know whether the gNB will configure the UE supported number of L1 CLI-RSSI measurement resources as type 1 or type 2.
There are two possibilities, add a new/additional component into FG 60-8, or add a new/separate FG for the UE.

Proposal 6: For FG 60-8 and to support counting of the L1 CLI-RSSI Measurement resource type#2 as one or two L1 CLI-RSSI Measurement resource type#1, adopt one of the following 2 options
Option 1
In FG 60-8 add a new/additional component 5 “Support of active L1-CLI-RSSI resource counting for a single L1-CLI-RSSI resource across two DL subbands” and corresponding Component 5 candidate values: {“with factor-of-two relaxation for active L1-CLI-RSSI resource counting”, “no relaxation”}
Option 2
Add a new/separate FG with the following component to allow UE support for counting of the L1 CLI-RSSI Measurement resource type#2 as one or two L1 CLI-RSSI Measurement resource type#1 as shown below.

	60. NR_duplex_evo
	60-9c
	Relaxed L1-CLI-RSSI resource counting
	1. Indicate whether to count CLI-RSSI measurement resource type#2 (non-contiguous) as one or two CLI-RSSI measurement resource type#1 (contiguous) towards the supported maximum number of CLI-RSSI measurement resources
	60-8
	YES
	n/a
	TBD
	Per Band
	TDD only
	n/a
	n/a
	Candidate value for component 1 is {1, 2}
	Optional with capability signalling



Proposal 7: For FG 60-8, remove the square brackets [Candidate values for component 4 are {8, 16, 32, 64}] subject to clarification on the resource counting for L1 CLI-RSSI Measurement resource type #2.

FG 60-8b
Regarding [components]
[bookmark: _Hlk205996790]Add new component 2 “Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic and periodic, and semi-persistent) across all CCs”. When semi-persistent L1 CLI-RSSI measurement resources are additionally supported by the UE on top of (a-)periodic measurement resources, the corresponding supported number should be counted across any type of ap, sp, or p- measurements resources

Proposal 8: In FG 60-8b, add “Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic and periodic, and semi-persistent) across all CCs”

FG 60-9
Regarding [Candidate values for component 2 are {4, 8, 16, 32}]
The square brackets […] can be removed. 

Proposal 9: In FG 60-9, remove square brackets [Candidate values for component 2 are {4, 8, 16, 32}].



	[9] ZTE Corporation, Sanechips
	[10] NR_duplex_evo
Regarding PRACH repetition, FG 54-1 should be the prerequisite of FG 60-5a since the PRACH repetition operation are the same for non-SBFD symbols and SBFD symbols and the legacy repetition is the basic. 
Proposal 2-1: For the UE features for RACH procedure, FG 54-1 should be the prerequisite of FG 60-5a.
For FG 60-7b and FG 60-7c, the remaining issue is whether/how to capture maximum number of UL muting symbols per slot. For CG PUSCH type-1, the muting symbols are configured by RRC signaling. Different muting symbol locations can be configured for different CG PUSCHs, which depends on the PUSCH time domain resource. If two CG PUSCHs including muting symbols are in the same slot, UL muting can be applied to both CG PUSCHs. There is no issue to have more UL muting symbols in one slot. It is not necessary to capture anything on maximum number of UL muting symbols per slot.
Proposal 2-2: For FG 60-7b and FG 60-7c, “FFS: Whether/how to capture maximum number of UL muting symbols per slot” should be removed.
For FG 60-8, the maximum number of configured L1 CLI-RSSI measurement resource across all CCs is reported by the UE. Currently, the network can configure at most 64 CLI-RSSI resources per cell. Therefore, at least candidate value 64 should be supported. It was agreed that L1-based CLI measurement and reporting can also be applied to dynamic TDD. Therefore, the network can configure CLI measurement resources in multiple CCs. Assuming there are 2 CCs, then the candidate value 128 should also be supported. In addition, the candidate value smaller than 64 can also be considered for UE implementation flexibility, e.g., 16, 32. Similarly, for FG 60-9, the candidate value can be {8, 16, 32, 64}.
Proposal 2-3: The candidate value for FG 60-8 and FG 60-9 should be {16, 32, 64, 128} and {8, 16, 32, 64}, respectively.


	[11] Fujitsu
	[bookmark: _Hlk204086509]Discussion
In RAN1#122bis meeting, it was agreed to down-select one of the 3 alternatives as below.
	Agreement: 
For Msg.3 repetition in SBFD symbols, RAN1 to down-select one of the following alternatives below in RAN1#123: 
· Alt-1: A new FG for Msg.3 repetition in SBFD symbols is introduced as follows:
	60-6
	Msg.3 repetition in SBFD symbols
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols with separate power control parameter
	60-3 or 60-4, 30-6
	YES
	n/a
	Msg.3 repetition in SBFD symbols is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling


· Alt-2: Adopt the following updates in FG 60-3 and 60-4
· Add a new component: “X. Support of Msg.3 repetition in SBFD symbols”
· Add in Note column: “Component X applies only when the UE reports FG 30-6 in the same band”
· Alt-3: Neither new component nor FG is added for support of Msg.3 repetition in SBFD symbols


For a cell configured with second ROs (additional ROs), RO type switching in a random-access procedure may be enabled. When RO type switching is enabled, the UE would switch from first ROs (legacy ROs)/second ROs to second ROs/first ROs after a certain number of RACH attempts.
In RAN2#131 meeting, the following agreement was made for the case of RO type switching. In RO type switching, the UE selects the set of resources associated with the same feature or feature combination. 
	In RO type switching, for the other RO type, UE can select the set of Random Access resources associated with the same feature or feature combination, and with higher Msg1 repetition number, if the set with the same Msg1 repetition number is not available.


According to the agreement, for Msg.3 repetition, if the UE initially selects a set of resources associated with Msg.3 repetition in the first ROs, after RO type switching to the second ROs, the UE will select a set of resources associated with Msg.3 repetition in the second ROs, as illustrated in Figure 1, and vice versa. 


Figure 1. example of selection of set of RA resources in case of RO type switching
Therefore, a SBFD-aware UE supporting FG 60-3 or 60-4 should support both Msg.3 repetition with Configuration 1 and the legacy Msg.3 repetition or not support either. Otherwise, assuming that the UE only supports Msg.3 repetition with Configuration 1 or the legacy Msg.3 repetition, if the UE initially selects a set of resources associated with Msg.3 repetition for a RO type, after RO type switching, the UE would be not able to select the set of resources associated with Msg.3 repetition for the other RO type.
Proposal 1: A SBFD-aware UE supporting FG 60-3 or 60-4 shall either support both Msg.3 repetition with Configuration 1 and the legacy Msg.3 repetition, or support neither of them.
With the above, some restrictions should be specified for UE features for Msg.3 repetition in SBFD operation. Besides, we think ‘Msg.3 repetition with Configuration 1’ is more appropriate than ‘Msg.3 repetition in SBFD symbols’, because the legacy Msg.3 repetition may also be scheduled in SBFD symbols which are semi-statically configured as flexible. 
To sum up, we have the following proposal.
Proposal 2: Select one of the updated alternatives below. Alt-2 is slightly preferable for simplicity and signaling overhead saving.
· Alt-1: A new FG for Msg.3 repetition in SBFD symbols with Configuration 1 is introduced as follows:
	60-6
	Msg.3 repetition in SBFD symbols with Configuration 1
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols with Configuration 1 with separate power control parameter
	60-3 or 60-4, 30-6
	YES
	n/a
	Msg.3 repetition  is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling


· Add in Note collum: “If a UE supports FG 60-3 or 60-4, the UE does not support FG 30-6 without support of Msg.3 repetition with Configuration 1.”
· Alt-2: Adopt the following updates in FG 60-3 and 60-4
· Add a new component: “X. Support of Msg.3 repetition in SBFD symbols with Configuration 1”
· Add in Note column: “Component X applies only when the UE reports FG 30-6 in the same band”
· Alt-3: Neither new component nor FG is added for support of Msg.3 repetition in SBFD symbols with Configuration 1
· Add in Note column of any related FG: “If a UE supports FG 60-3 or 60-4, the UE also supports Msg.3 repetition with Configuration 1 when the UE supports FG 30-6 in the same band.”


	[12] Ofinno
	FGs for SBFD TX/RX operation
When PDSCH reception is confined to one or more DL subbands during SBFD symbols, rate matching may be applied to ensure the PDSCH mapping stays within the usable PRBs of the allocated subband(s). In the legacy specification, a UE may be configured with up to four RateMatchPatterns per bandwidth part (BWP) and per serving cell. This applies, for example, when a UE supports semi-static rate matching, in which case the UE is required to handle up to four such patterns per BWP and per serving cell, as defined in TS 38.214. This SBFD-specific rate matching behavior is not covered by the existing feature groups, and therefore a new FG for “rate matching of PDSCH reception within DL subband(s) in SBFD symbols” is needed to properly capture this capability in UE feature signaling. From a complexity perspective, any rate matching patterns configured for such SBFD-specific operation should be counted within the existing maximum number of RateMatchPatterns per BWP and per serving cell, as defined in TS 38.214, rather than adding to the count limit separately.
Proposal 1. Support to introduce a new FG for rate matching of PDSCH reception within DL subband(s) in SBFD symbols, as in the table in Annex A.


	[13] Qualcomm Incorporated
	NR Duplex Evo
After RAN1 #122, SBFD-aware UE FGs for UE supporting Rel-19 Duplex evolution (SBFD) was updated and LS to RAN2 is sent [1]. In this contribution, we discuss the remaining issues for the UE-FGs of SBFD and CLI features. 
UE features for supporting random-access in SBFD symbols
PRACH repetition 
Two UE FG 60-5 and 60-5a were agreed for the support of PRACH transmission with preamble repetitions within additional-ROs of either PRACH configuration option 1 or PRACH configuration option2. One remaining issue is the prerequisite FGs. In our views, for PRACH configuration option 2, UE shouldn’t be required to support PRACH repetition in legacy-ROs to support PRACH repetition in the additional-ROs. 
	60-5
	Preamble repetition within additional-ROs for RACH configuration Option 1
	1. Determination of the set of  valid additional-ROs and the time period of the set(s) of  valid additional-Ros
2. For RACH configuration Option 1, support separate configuration of rsrp-ThresholdMsg1-RepetitionNum2/4/8 for PRACH transmission with preamble repetitions within additional-ROs and PRACH transmission with preamble repetitions within legacy-ROs.
	60-3, [54-1]
	YES
	n/a
	Preamble repetition within additional-ROs for RACH configuration Option 1 is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60-5a
	Preamble repetition within additional-Ros for RACH configuration Option 2
	1. Determination of the set of  valid additional-ROs and the time period of the set(s) of  valid additional-Ros
2. For RACH configuration Option 2, support separate configuration of rsrp-ThresholdMsg1-RepetitionNum2/4/8 and msg1-RepetitionNum for PRACH transmission with preamble repetitions within additional-ROs and PRACH transmission with preamble repetitions within legacy-ROs.
	60-4, [54-1]
	YES
	n/a
	Preamble repetition within additional-ROs for RACH configuration Option 2 is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling



Proposal 1: For UE FG 60-5a, confirm the UE FG 60-3 only as prerequisite FG.
Msg3 repetition in SBFD symbols
RAN1 introduced msg3 repetition in SBFD symbols based on configuration #1.  In RAN1 #122bis, the following was agreed.
	Agreement: 
For Msg.3 repetition in SBFD symbols, RAN1 to down-select one of the following alternatives below in RAN1#123: 
· Alt-1: A new FG for Msg.3 repetition in SBFD symbols is introduced as follows:
	60-6
	Msg.3 repetition in SBFD symbols
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols with separate power control parameter
	60-3 or 60-4, 30-6
	YES
	n/a
	Msg.3 repetition in SBFD symbols is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling


· Alt-2: Adopt the following updates in FG 60-3 and 60-4
· Add a new component: “X. Support of Msg.3 repetition in SBFD symbols”
· Add in Note column: “Component X applies only when the UE reports FG 30-6 in the same band”
· Alt-3: Neither new component nor FG is added for support of Msg.3 repetition in SBFD symbols




In our views Msg3-PUSCH repetition should be a separate UE FG from legacy msg3 repetition in non-SBFD symbols and should be reported separately.
Proposal 2: Support Alt-1: A new UE feature UE 60-6 for reporting MSG3 transmission with repetition in SBFD symbols.
	60-6
	[bookmark: _Hlk206062751]MSG3 transmission with repetition in SBFD symbols
	1. Support of Repetition of msg3 PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols with separate power control parameters.
	60-3 or 60-4, 30-6
	UE doesn’t support the Repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols
	Per band
	
	Optional with capability signalling



UE features for supporting UL resource muting on PUSCH
For UL resource muting, RAN1 agreed to support indication/determination of UL resource muting for PUSCH based on semi-static configuration, assuming comb-2 for both DFT-S-OFDM and CP-OFDM in each allocated PRB and up to 2 symbols in time domain. To determine the time location of UL muting symbols in a slot for a DG PUSCH and type 2 CG PUSCH, RAN1 agreed on that the time location of each of one or two UL muting symbols is semi-statically configured, and muting all of the semi-statically configured time location of UL muting symbol(s) can be dynamically turned ON/OFF by TDRA field in DCI. And for frequency allocation, if UL resource muting is applied on a symbol for a PUSCH, a comb-2 pattern is applied for all of the allocated PRBs of the PUSCH on that symbol.  And a comb offset {0,1} is configured for CP-OFDM and further discussion for DFT-s-OFDM. And 3dB power boosting is assumed for REs in the PUSCH symbol not containing PT-RS with UL resource muting.
In RAN1 meetings, RAN1 agreed that:
	60. NR_duplex_evo
	60-7
	UL resource muting for CP-OFDM waveform 
	1. Support semi-static configuration of time location and frequency location of UL resource muting for CP-OFDM waveform
- Up to two UL muting symbols within a slot for PUSCH 
- A configurable comb offset {0, 1} for the UL muting symbol
- One common pattern of UL muting between DG/Type 2 CG PUSCH and Type 1 CG PUSCH
2. Support dynamic on/off indication of the configured UL muting symbols by TDRA field in DCI for DG-PUSCH and Type-2 CG PUSCH
3. Support semi-static determination of UL muting symbols for Type-1 CG PUSCH


	
	YES
	n/a
	UL resource muting for CP-OFDM waveform is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling



	60. NR_duplex_evo
	60-7a
	UL resource muting for DFTS-OFDM waveform
	1. Support semi-static configuration of time location and frequency location of UL resource muting for DFTS-OFDM waveform
- Up to two UL muting symbols within a slot for PUSCH 
- A configurable comb offset {0, 1} for the UL muting symbol
- One common pattern of UL muting between DG/Type 2 CG PUSCH and Type 1 CG PUSCH
2. Support dynamic on/off indication of the configured UL muting symbols by TDRA field in DCI for DG-PUSCH and Type-2 CG PUSCH
3. Support semi-static determination of UL muting symbols for Type-1 CG PUSCH


	
	YES
	n/a
	UL resource muting for DFTS-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-7b
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	60-7, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	FFS: Whether/how to capture maximum number of UL muting symbols per slot
	Optional with capability signalling

	60. NR_duplex_evo
	60-7c
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	60-7, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	FFS: Whether/how to capture maximum number of UL muting symbols per slot
	Optional with capability signalling


Since RAN1 agreed to have UE feature 60-7b and 60-7c about separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform / DFT-s-OFDM waveform, if NW schedules two sequential PUSCH (DG PUSCH + CG PUSCH or two CG PUSCH with different time location configured for UL resource muting symbols) in a slot, there can be more than 2 UL resource muting symbols per slot. Propose to define candidate values for UE to report maximum number of UL resource muting symbols per slot the UE can support under UE feature 60-7b and 60-7c.  
Proposal 3: Support to define candidate values for UE to report maximum number of UL resource muting symbols per slot the UE can support under UE feature 60-7b and 60-7c. 
	60. NR_duplex_evo
	60-7b
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	60-7, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	Maximum number of UL muting symbols per slot: {2, 4}
	Optional with capability signalling

	60. NR_duplex_evo
	60-7c
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	60-7a, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	Maximum number of UL muting symbols per slot: {2, 4}
	Optional with capability signalling


In RAN1 121 meeting, RAN1 agreed FG60-1 is not the prerequisite of FG 60-7 and FG 60-7a:
	Agreement
A UE configured with UL resource muting can be configured by a new RRC parameter to apply UL resource muting in non-SBFD symbols, if SBFD symbols are configured for the UE
· If configured as ‘enabled’, UL muting is applicable in both SBFD symbols and non-SBFD symbols
· Otherwise, UL muting is applicable only in SBFD symbols
The above configuration does not apply for a UE configured with UL resource muting, if SBFD symbols are not configured for the UE
· UL resource muting is applicable in both flexible symbols and UL symbols
FG 60-1 is not the prerequisite of FG 60-7 and FG60-7a


Proposal 4: Support to replace FFS with N/A on prerequisite feature groups column for FG 60-7 and FG 60-7a and FG 60-7b and FG 60-7c based on RAN1 agreement that no prerequisite is needed.


	[14] NTT DOCOMO, INC.
	3. NR_duplex_evo
FG 60-5a
There is one remaining yellow highlighted part in prerequisite FG of FG 60-5a.
	60. NR_duplex_evo
	60-5a
	Preamble repetition within additional-Ros for RACH configuration Option 2
	1. Determination of the set of  valid additional-ROs and the time period of the set(s) of  valid additional-Ros
2. For RACH configuration Option 2, support separate configuration of rsrp-ThresholdMsg1-RepetitionNum2/4/8 and msg1-RepetitionNum for PRACH transmission with preamble repetitions within additional-ROs and PRACH transmission with preamble repetitions within legacy-ROs.
	60-4, [54-1]
	YES
	n/a
	Preamble repetition within additional-ROs for RACH configuration Option 2 is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling


Regarding whether FG 54-1 should be prerequisite FG or not, we think it should be part of prerequisite FGs to be aligned with FG 60-5.
Proposal 1-1: For FG60-5a, FG54-1 should be a part of prerequisite FGs.

Msg 3 PUSCH repetitions in SBFD symbols 
Following proposal was discussed at the RAN1#120bis meeting on support of Msg 3 repetitions in SBFD symbols. At the RAN1#122bis meeting, following agreement was made.
	Agreement: 
For Msg.3 repetition in SBFD symbols, RAN1 to down-select one of the following alternatives below in RAN1#123: 
· Alt-1: A new FG for Msg.3 repetition in SBFD symbols is introduced as follows:
	60-6
	Msg.3 repetition in SBFD symbols
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols with separate power control parameter
	60-3 or 60-4, 30-6
	YES
	n/a
	Msg.3 repetition in SBFD symbols is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling


· Alt-2: Adopt the following updates in FG 60-3 and 60-4
· Add a new component: “X. Support of Msg.3 repetition in SBFD symbols”
· Add in Note column: “Component X applies only when the UE reports FG 30-6 in the same band”
· Alt-3: Neither new component nor FG is added for support of Msg.3 repetition in SBFD symbols



We prefer no separate FG for Msg3 repetition in SBFD symbols, and UE supporting both 60-3/4 and 30-6 should support Msg3 repetition in SBFD symbols. In our understanding, there is no additional UE complexity to support Msg 3 PUSCH repetitions in SBFD symbols on top of FG 30-6 and FG 60-3/60-4. Msg 3 PUSCH repetitions in SBFD symbols can be supported by the support of FG 30-6 and FG 60-3/60-4. In addition, if separate FG is defined, it means the following cases are possible in addition to the case of UE supporting 60-3/4, 30-6 and Msg3 repetition in SBFD symbols.
· UE supporting both 60-3/4 and 30-6 does not support new FG (Msg3 repetition in SBFD symbols)
· [UE supporting both 60-3/4 and new FG (Msg3 repetition in SBFD symbols) does not support 30-6 (if 30-6 is not prerequisite FG of new FG)]
In this case, additional specification impact would be necessary to distinguish above cases so that NW can schedule Msg3 repetition on appropriate symbols for a UE. 
Proposal 1-2: Regarding Msg.3 repetition in SBFD symbols, support Alt-2.
· Alt-2: Adopt the following updates in FG 60-3 and 60-4
· Add a new component: “X. Support of Msg.3 repetition in SBFD symbols”
· Add in Note column: “Component X applies only when the UE reports FG 30-6 in the same band”.

FG 60-7b/7c
There are following remaining yellow highlighted parts in FG 60-7b/7c.
	60. NR_duplex_evo
	60-7b
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	60-7, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	FFS: Whether/how to capture maximum number of UL muting symbols per slot
	Optional with capability signalling

	60. NR_duplex_evo
	60-7c
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	60-7a, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	FFS: Whether/how to capture maximum number of UL muting symbols per slot
	Optional with capability signalling



Regarding “FFS: Whether/how to capture maximum number of UL muting symbols per slot”, we think it should be captured in other specification (e.g., TS38.331 or TS38.211) rather than TS38.306, if a certain maximum number such as 2 or 4 is defined. We think it is not necessary to define candidate values of the maximum number to be reported in FG60-7b/7c. So, we propose to remove the FFS.

Proposal 1-3: Following updates are made for FG 60-7b/7c.
· Remove “FFS: Whether/how to capture maximum number of UL muting symbols per slot” in note column

FG 60-8
There is a following remaining yellow highlighted part in FG 60-8.
	60. NR_duplex_evo
	60-8
	L1 CLI-RSSI measurement and aperiodic reporting
	1. Aperiodic L1 CLI-RSSI reporting on PUSCH
2. Support of CLI-RSSI measurement resource configured in one UL subband only, in one DL subband only, or across two DL subbands only.
3. Periodic and aperiodic CLI-RSSI measurement resource
4. Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic and periodic, and semi-persistent if supported) across all CCs


	
	YES
	n/a
	L1 CLI-RSSI measurement and aperiodic reporting is not supported
	Per band
	TDD only
	n/a
	n/a
	[Candidate values for component 4 are {8, 16, 32, 64}]
	Optional with capability signalling



Regarding the candidate values for component 4, i.e., maximum number of configured L1 CLI-RSSI measurement resources across all CCs, we think same candidate values as for FG17-1 (L3 CLI-RSSI measurement) seem to be reasonable. Therefore, we propose to remove the bracket.
[bookmark: _Hlk210253458]Proposal 1-4: For L1 CLI-RSSI measurement and aperiodic reporting (FG 60-8),
· Confirm that candidate values for component 4 are {8, 16, 32, 64}, and remove the bracket in note column.

FG 60-9
There is a following remaining yellow highlighted part in FG 60-9.
	60. NR_duplex_evo
	60-9
	L1 SRS-RSRP measurement and aperiodic reporting
	1. Aperiodic L1 SRS-RSRP reporting on PUSCH, and periodic and aperiodic SRS-RSRP measurement resource
2. Maximum number of L1 SRS-RSRP measurement resources across all CCs


	
	YES
	n/a
	L1 SRS-RSRP measurement and aperiodic reporting is not supported
	Per band
	TDD only
	n/a
	n/a
	[Candidate values for component 2 are {4, 8, 16, 32}]
	Optional with capability signalling



Regarding the candidate values for component 2, i.e., maximum number of configured L1 SRS-RSRP measurement resources across all CCs, same as for FG60-8, we think same candidate values as for FG17-2 (L3 SRS-RSRP measurement) seem to be reasonable. Therefore, we propose to remove the bracket.
Proposal 1-5: For L1 SRS-RSRP measurement and aperiodic reporting (FG 60-9),
· Confirm that candidate values for component 2 are {4, 8, 16, 32}, and remove the bracket in note column.





2.1	FG 60-1 (Basic FG)
Summary of companies’ views and discussion
	· Additional components or new FG
· Support of rate matching PDSCH crossing boundaries of DL usable PRBs: 
· New component in FG 60-1 or new FG: Samsung (open for down-selection?)
· New FG: Ofinno, 
· 



Question 2.1-1 [ASN1]:
Companies are encouraged to provide views on whether/how to capture “support of rate matching for PDSCH crossing boundaries of DL usable PRBs” in Rel-19 Duplex UE feature list: 
· Alt-1: No update for Rel-19 Duplex UE feature list for “support of rate matching for PDSCH crossing boundaries of DL usable PRBs”
· Note: This alternative implies that the UE supporting FG 60-1 supports rate matching for PDSCH crossing boundaries of DL usable PRBs
· Alt-2: Add a new component in FG 60-1: “Support of rate matching for PDSCH crossing boundaries of DL usable PRBs”
· Note: No candidate value(s) is defined for this new component
· Alt-3: Define a new FG for “Support of rate matching for PDSCH crossing boundaries of DL usable PRBs” as follows: 
	60-1a
	Support of rate matching for PDSCH crossing boundaries of DL usable PRBs
	Support of rate matching for PDSCH crossing boundaries of DL usable PRBs

	60-1
	YES
	n/a
	Rate matching for PDSCH crossing boundaries of DL usable PRBs is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling




	Company
	Comment

	Moderator
	This issue was discussed on moderator summaries in previous meetings, in which no convergence to capture this anywhere in Duplex UE feature list has been observed. Meanwhile, as multiple companies are raising this, I would like to have the final check of the group’s temperature. 
From my perspective, results from Alt-1 and Alt-2 are almost identical, and thus I would like to first see whether Alt-3 is aligned with the group’s preference. If not, I plan to simply take Alt-1 or Alt-2, following majority. 
In case Alt-1 is a clear majority, this issue will not be treated in online.  

	
	

	
	

	
	




2.2	FG 60-5a (preamble repetition)
Summary of companies’ views and discussion
	Prerequisite FGs:
· Confirm 54-1: Nokia, vivo, HW/Hisi, E///, CATT, Xiaomi, Samsung, ZTE, DCM, 
· Delete 54-1: QC, 



Proposal 2.2-1:
· Confirm FG 54-1 as prerequisite FG for FG 60-5a

	Company
	Comment

	
	

	
	

	
	



2.3	Support of Msg3 repetitions in SBFD symbols

Summary of companies’ views and discussion
	Need of separate FG for Msg3 repetitoin
· Separate FG for Msg.3 repetition in SBFD symbols: vivo, OPPO (w/o introducing additional Msg 3 repetition related separate configuration), Samsung, QC, 
· No separate FG for Msg3 repetition (support is determined by the legacy 30-6): HW/Hisi (in 60-1), E/// (in 60-3/4), DCM, 
· Use revised alternatives for down selection: Fujitsu



Question 2.3-0 [ASN1] (for potential improvement of mutual understanding: 
Companies are encouraged to provide views for the following question: 
· If the following conditions are met: 
· A new FG is defined for Msg.3 repetition in SBFD symbols, which prerequisites 30-6 (Rel-17 Msg.3 repetition), as captured in Alt-1 in the agreement in RAN1#122bis, 
· RAN2 will not specify additional feature combination for Msg.3 repetition in SBFD symbols, 
· Question: Is there any problem for NW to differentiate the following two UEs, and for NW to properly indicates Msg.3 repetition in SBFD symbols or non-SBFD symbols? 
	[bookmark: _Hlk213884957]Company
	Comment

	Moderator
	Despite the discussion across multiple meetings, views are still divergent for this issue. Hence I am trying to encourage a bit deeper view exchanges focusing on a root cause. 
In my understanding, companies who do not support new FG for Msg3 repetition in SBFD symbols is pointing out that, since RAN2 is (and will) not enhance 38.321 and 38.331 to specify new feature combination specific to Msg3 repetition in SBFD symbols, even if a UE transmits PRACH in RO which is provided as SBFD RO as well as for Msg3 repetition, NW can’t identify whether the UE supports Msg3 repetition in SBFD symbols is supported or not, on top of legacy Msg3 repetition in non-SBFD symbols. The expected result (from the perspective of companies who don’t support new FG at least) seems to be that NW has to underestimate UE’s capability (i.e., not expect that the UE supports Msg3 repetition in SBFD symbols) to make sure the UE will be performing Msg.3 repetition, or overestimate UE’s capability (i.e., expect that the UE supports Msg3 repetition in SBFD symbols) to enjoy the benefit of Msg3 repetition in SBFD symbols even if it is available for some of the UEs. Since this feature can be used mainly for IDLE-to-CONNECTED transition or initial cell selection in which capabilities of the UE is not stored by the gNB, I understand that one could argue this unclarity causes a huge problem on usability of Msg3 repetition in SBFD symbols. 
In the meanwhile, I can also understand that bundling multiple (different) features will cause a problem for UE implementation side, and not typically preferred. Also, I assume others could also argue that the under-estimation of UE capability (as mentioned above) may still be okay. 
Based on my review, it is not much clear to what extend companies are aware of the issue raised. Hence, I encourage companies to exchange views with narrower focus first, and then try to identify a way-forward, which can hopefully be acceptable to more companies 

	
	

	
	





Question 2.3-1 [ASN1]: 
For Msg.3 repetition in SBFD symbols, companies are encouraged to provide views on the following alternatives below in RAN1#123:
	· Alt-1: A new FG for Msg.3 repetition in SBFD symbols is introduced as follows:
	60-6
	Msg.3 repetition in SBFD symbols
	Support of repetition of PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI in SBFD symbols with separate power control parameter
	60-3 or 60-4, 30-6
	YES
	n/a
	Msg.3 repetition in SBFD symbols is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling


· Alt-2: Adopt the following updates in FG 60-3 and 60-4
· Add a new component: “X. Support of Msg.3 repetition in SBFD symbols”
· Add in Note column: “Component X applies only when the UE reports FG 30-6 in the same band”
· Alt-3: Neither new component nor FG is added for support of Msg.3 repetition in SBFD symbols




	Company
	Comment

	Moderator
	Companies can also directly share their preferred alternative here. Meanwhile, it is also appreciated if you can share some detailed inputs regarding a root-cause, for which another question is set above.  

	
	

	
	




2.4	FG 60-7 series
Summary of companies’ views and discussion
	FG 60-7b/7c
· FFS: Whether/how to capture maximum number of UL muting symbols per slot
· Delete: Nokia, vivo, HW/Hisi, Xiaomi, ZTE, DCM, 
· Confirm as “The maximum number of UL muting symbols per slot is 2.”: CATT, Samsung, 
· Add component “Maximum number of UL muting symbols per slot: {2, 4}”: QC




Question 2.4-1 [ASN1]:
For FFS in FG 60-7b/7c “Whether/how to capture maximum number of UL muting symbols per slot”, companies are encouraged to provide views on the following questions 
· Q2.4-1: If Type 1 CG PUSCH is allocated in the same slot as DG PUSCH or Type 2 CG PUSCH, what should be the maximum number of UL muting symbols in the in the slot? 
· Alt-1: Up to 4 UL muting symbols in the slot (i.e., up to 2 symbols for Type 1 CG PUSCH, and up to 2 symbols for the other types of PUSCH)
· Alt-2: Up to 2 UL muting symbols in the slot (i.e., total number of UL muting symbols among Type 1 CG PUSCH and the other types of PUSCH in the slot is further limited to up to 2)
· Q2.4-2: If the answer to Q2.4-1 above is Alt-1, should the UE supporting FG 60-7b/7c support up to 4 UL muting symbols in a slot in case Type 1 CG PUSCH (with UL muting) and the other types of PUSCH (with UL muting) are scheduled in the same slot? 
· Alt-1: Yes (i.e., support of FG 60-7b/7c should imply the support of up to 4 UL muting symbols in a slot, in case both Type 1 CG PUSCH with UL muting and the other types of PUSCH with UL muting are scheduled in the same slot)
· Alt-2: No (i.e., support of FG 60-7b/7c should NOT imply the support of up to 4 UL muting symbols in a slot, in case both Type 1 CG PUSCH with UL muting and the other types of PUSCH with UL muting are scheduled in the same slot)

	Company
	Comment

	Moderator
	Before trying to resolve the FFS directly, I would like to check the group’s understanding and preference on the above questions first. 
For the first question, if Alt-2 is taken, it seems straightforward to capture the limit somewhere in the spec (preferably stage-3 spec, but it is ok to capture on UE feature list from my perspective, if the group prefers so). For Alt-1, depending on Q2.4-2, what has to be done for FG 60-7b/7c may differ (no update, having note and new FG, or else?). 

	
	

	
	

	
	






(This question is closed now) Question 2.4-2:
Companies are encouraged to provide views on how to resolve “FFS: Whether/how to capture maximum number of UL muting symbols per slot” in FG 60-7b/7c: 
· Alt-1: Capture maximum number of UL muting symbols per slot
· Alt-1.1: Add a component “Maximum of 2 UL muting symbols per slot”
· Alt-1.2: Add a component “Maximum number of UL muting symbols per slot”, with candidate values {2, 4}
· Alt-2: Remove FFS without additional update

	[bookmark: _Hlk213788758]Company
	Comment

	Moderator
	This question was set in the last meeting, where the situation was as follows: 
· Alt-1: Samsung, QC, E///
· Alt-3: DCM, Xiaomi, vivo, ZTE, HW/Hisi
Rather than repeating the same question, I would like to see a bit more detailed views from the group, for which I set Question 2.4-1. Please first focus on 2.4-1. 




2.5	FG 60-8 series
Summary of companies’ views and discussion
	FG 60-8
· FFS candidate values for Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic and periodic, and semi-persistent if supported) across all CCs: 
· Confirm: Nokia, vivo, HW/Hisi, CATT, Xiaomi, Samsung (with clarification for resource counting for L1 CLI-RSSI Measurement resource type #2), ZTE, DCM, 
· Additional components
· Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic/semi-persistent/periodic) per CC: vivo, 
· Maximum number of simultaneous L1 CLI-RSSI measurement resources with resource type #1/#2 (sum of aperiodic/semi-persistent/periodic) per CC: vivo, 
· Maximum number of aperiodic CSI report setting per BWP for L1-CLI-RSSI report：HW/Hisi, 
· Whether to count CLI-RSSI measurement resource type#2 (non-contiguous) as one or two CLI-RSSI measurement resource type#1 (contiguous) towards the supported maximum number of CLI-RSSI measurement resources: Samsung, 
· Remove semi-persistent from Component 4: Samsung, 
· 
FG 60-8b
· Additional components
· Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic and periodic, and semi-persistent) across all CCs: Samsung
· 



Proposal 2.5-1 [ASN1]:
· Confirm the following FFS for FG 60-8 component 4 candidate values
· [Candidate values for component 4 are {8, 16, 32, 64}]

	Company
	Comment

	
	

	
	

	
	



Question 2.5-2 [ASN1]:
Companies are encouraged to provide views on the need for the following new components in FG 60-8: 
· Q2.5-2-1: Maximum number of aperiodic CSI report setting per BWP for L1-CLI-RSSI report
· Candidate values: {1, 2, 3, 4}
· Q2.5-2-2: Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic/semi-persistent/periodic) per CC
· Candidate values: ?
· Q2.5-2-3: Maximum number of simultaneous L1 CLI-RSSI measurement resources with resource type #1/#2 (sum of aperiodic/semi-persistent/periodic) per CC
· Candidate values: ?
· Q2.5-2-4: Support of active L1-CLI-RSSI resource counting for a single L1-CLI-RSSI resource across two DL subbands
· Candidate values: {“with factor-of-two relaxation for active L1-CLI-RSSI resource counting”, “no relaxation”}

	Company
	Comment

	Moderator
	I plan to treat the above proposals in online, if and only if more than one company is supportive; otherwise I may not treat due to the smaller session time expected. 
In addition, for the 2nd and 3rd ones, even the proponent does not have any idea for candidate values. In this sense, even if the above threshold is met, it cannot be agreed as it is since it creates another FFS which has ASN.1 impacts. 
With the above in mind, companies’ inputs are appreciated. 

	
	

	
	




Question 2.5-3 [ASN1]:
Companies are encouraged to provide their views on whether/how to define “maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic, periodic and semi-persistent) across all CCs”: 
· Alt-1: Delete “and semi-persistent if supported” from component 4 in FG 60-8, and add “maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic, periodic and semi-persistent) across all CCs” in FG 60-8b
· Alt-2: No change on any of FG 60-8 and FG 60-8b
	[bookmark: _Hlk213791464][bookmark: _Hlk213790416]Company
	Comment

	Moderator
	The situation is a bit interesting; in Bengaluru Alt-1 had a lot of supports, but in Prague the situation was quite diverged. Hence I would like to have another check on this summary first. In case this doesn’t draw support from multiple companies, this may not be treated in online (since Alt-2 doesn’t have ASN.1 impact). 

	
	

	
	



2.6	FG 60-9 series
Summary of companies’ views and discussion
	FG 60-9
· FFS candidate values for Maximum number of L1 SRS-RSRP measurement resources across all CCs: 
· Confirm: Nokia, vivo, CATT, Xiaomi, Samsung, ZTE, DCM, 
· Additional components: 
· Maximum number of configured L1 SRS-RSRP measurement resources (sum of aperiodic/semi-persistent/periodic) per CC: vivo, 
· Maximum number of simultaneous L1 SRS-RSRP measurement resources (sum of aperiodic/semi-persistent/periodic) per CC: vivo, 
· Maximum number of aperiodic CSI report setting per BWP for L1-SRS-RSRP report: HW/Hisi ({1,2,3,4}), 
· Maximum number of SRS-RSRP measurement resources across all CCs within a slot: HW/Hisi ({2,4,8}), 
· Maximum number of aperiodic SRS-RSRP measurement resources across all CCs: HW/Hisi ({1,2,3,4}), 





[Candidate values for component 2 are {4, 8, 16, 32}]

Proposal 2.6-1 [ASN1]:
· Confirm the following FFS in FG 60-9
· [Candidate values for component 2 are {4, 8, 16, 32}]

	Company
	Comment

	
	

	
	

	
	




Question 2.6-2 [ASN1]:
Companies are encouraged to share view on whether to add new component for the following in FG 60-9: 
· Q2.6-2-1: Maximum number of configured L1 SRS-RSRP measurement resources (sum of aperiodic/semi-persistent/periodic) per CC
· Q2.6-2-2: Maximum number of simultaneous L1 SRS-RSRP measurement resources (sum of aperiodic/semi-persistent/periodic) per CC
· Q2.6-2-3: Maximum number of aperiodic CSI report setting per BWP for L1-SRS-RSRP report
· Candidate values: {1, 2, 3, 4}
· Q2.6-2-4: Maximum number of SRS-RSRP measurement resources across all CCs within a slot
· Candidate values: {2, 4, 8}
· Q2.6-2-5: Maximum number of aperiodic SRS-RSRP measurement resources across all CCs
· Candidate values: {1, 2, 3, 4}
· 
	Company
	Comment

	Moderator
	I plan to treat the above proposals in online, if and only if more than one company is supportive; otherwise I may not treat due to the smaller session time expected. 
In addition, for the 1st and 2nd ones, even the proponent does not have any idea for candidate values. In this sense, even if the above threshold is met, it cannot be agreed as it is since it creates another FFS which has ASN.1 impacts. 
With the above in mind, companies’ inputs are appreciated. 

	
	

	
	









3. NR_LPWUS
Regarding NR_LPWUS, the following inputs are provided in the contributions under AI 9.2 in RAN1#123:
	[1] Nokia
	

	[2] vivo
	

	[3] Huawei, HiSilicon
	

	[4] Ericsson
	NR_LPWUS
Idle Mode 
We propose the following updates to FG 62-1 and FG 62-1a:
FG 62-1
· Components
· Suggest adding new component “9. Detection of LP-WUS information from binary OOK sequences”
· This clarifies the difference on how UE obtains LP-WUS information compared to FG 62-1a
FG 62-1a
· Components
· Suggest adding new component “8. Detection of LP-WUS information from OFDM overlaid sequences”
· [bookmark: _Hlk194038084]This clarifies the difference on how UE obtains LP-WUS information compared to FG 62-1

Connected Mode 
We propose the following updates to FG 62-2 and FG 62-2a:
FG 62-2
· Components 
· Suggest adding new component “8. Detection of LP-WUS information from binary OOK sequences”
· This clarifies the difference on how UE obtains LP-WUS information compared to FG 62-2a

FG 62-2a
· Components
· Suggest adding new component “8. Detection of LP-WUS information from OFDM overlaid sequences”
· This clarifies the difference on how UE obtains LP-WUS information compared to FG 62-2

Our proposed updates (in red) to the FG descriptions are given below


	[5] CATT
	

	[6] Xiaomi
	

	[7] OPPO
	

	[8] Samsung
	

	[9] ZTE Corporation, Sanechips
	1 NR_LPWUS
It is worthwhile to discuss whether the OFDM WUR has the capability to detect the OOK pattern. According to the agreement shown as following, the number of overlaid sequences can be configured as 1, which means there is no information carried by overlaid sequence. 
	Agreement
For LP-WUS overlaid OFDM sequence configuration in a cell, 
· gNB configures number of sequences Nseq, and one or two root values. 
· Alt1: Nseq is 2^n, where the value range of n is 0~4, 0~3, 0~2 for M=1, 2, 4, respectively.
· No separate UE capability for different n values.
· Nroot=2, when Nseq=16,8,4 for M=1,2,4, where Nroot is the number of root values.
· Nroot=1 or 2 when Nseq is other value
The number of CS Ncs is derived by Nseq/Nroot


However, according to the WID, the OFDM WUR and OOK WUR should obtain the same information.
	The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
At least duty-cycled monitoring of LP-WUS is supported


Two solutions can be considered for addressing this issue
Solution 1: OFDM WUR has the capability as part of 62-1a/62-2a to decode OOK ON-OFF pattern
Solution 2: gNB is not expected to configure n=0 when OOK ON-OFF pattern carries information.
Based on solution 1, we can add some description in FG 62-1a or 62-2a to explicitly capture that OFDM WUR can detect OOK ON-OFF pattern for LP-WUS. Based on solution 2, we need an agreement to restrict the configuration. 
Proposal 3-1: Discuss and decide whether OFDM WUR can decode OOK ON-OFF pattern for LP-WUS.
Additionally, regarding the handling of MR and LR collision, there is no clear spec description or conclusion on UE capability. Obviously, like HD-FDD, it should be a basic UE capability when LR and MR collide.
	Conclusion 
Confirm that all the collision cases when MR is in active time and when MR is performing transmission or reception outside active time are covered by the existed agreement below. 
Agreement(Made in RAN1#121)
As the reply to RAN2 LS in R1-2503616, RAN1 assumes that UE is not able to operate LR and MR simultaneously in Rel-19. RAN1 understanding is that the terminology of LR and MR operations are for discussion purpose and will not be specified
· LR operation is the UE operation for LP-WUS monitoring
MR operation is the UE operation for all other NR signals/channels transmissions/receptions in connected mode


Additionally, it should be possible for UE to receive LP-WUS and receive NR signal at the same time if the UE equips with separate WUR. Therefore, it needs to be discussed in UE feature session.
Proposal 3-2: Add a basic component for FG 62-1/62-1a/62-2/62-2a: UE cannot operate LP-WUS monitoring and other NR signals/channels transmissions/receptions simultaneously.
Proposal 3-3: Add an optional FG: UE can operate LP-WUS monitoring and other NR signals/channels transmissions/receptions simultaneously.



	[10] Fujitsu
	

	[11] Ofinno
	

	[12] Qualcomm Incorporated
	NR_LPWUS
UE features for idle/inactive state
In this section, we discuss the UE capabilities for LP-WUS in idle and inactive states.  
Nominal MO duration vs actual LP-WUS duration
In RAN1 #121, it was agreed that both nominal LP-WUS MO X1 and actual LP-WUS duration X2 are configured by network. If the number of available OFDM symbols in nominal LP-WUS MO is smaller than X2, UE will skip monitoring LP-WUS in nominal MO. Otherwise, the UE monitors LP-WUS in the MO. When X1>X2, there can be many different combinations of available and unavailable OFDM symbols. For example, when X1=X2+1, there can be X1 cases where one OFDM symbol is unavailable for the UE to handle. This increases UE implementation complexity for determining whether and how LP-WUS should be monitored. For this, we propose that X1=X2 is the basic UE feature and X1>X2 is supported based on UE capability.
	Agreement
Nominal MO duration (X1, in unit of OFDM symbols) and actual LP-WUS duration (X2, in unit of OFDM symbols) are configured. (Alt C)
· A LP-WUS MO spans the nominal MO duration (i.e., the LP-WUS MO duration is the same as the nominal MO duration.)
· If the number of available OFDM symbols within the nominal MO duration is no less than the actual LP-WUS duration, UE monitors LP-WUS on the first X2 available symbols within the LP-WUS MO.
· Otherwise, UE does not monitor LP-WUS in this MO (i.e., the MO is dropped).
Note: Any symbols that are not defined as unavailable are available symbols for LP-WUS.



Proposal 5:
· For both FGs 62-1 and 62-1a, add a new component “nominal MO duration = actual LP-WUS duration”
· A LP-WUS spans a number of consecutive OFDM symbols according to the configured LP-WUS duration
· If there is at least one OFDM symbol unavailable for the LP-WUS MO within the OFDM symbols where the LP-WUS would span, the UE does not monitor the LP-WUS in the MO
· Introduce a new FG for “nominal MO duration larger than actual LP-WUS duration” for idle and inactive modes

	62. NR_LPWUS
	62-1
	LP-WUS operation in IDLE/INACTIVE mode based on OOK signal
	1. LP-WUS operation in IDLE/INACTIVE mode to trigger paging monitoring based on OOK
2. The support of LP-SS based RRM measurement
5. Minimum time gap between LP-WUS reception and UE to start PDCCH monitoring
6. Support of all M values {1, 2, 4} for FR1 for LP-WUS
7. Support of M value 1 for 120 kHz SCS FR2 for LP-WUS
8. Support of all M values {1, 2, 4} for LP-SS
9. nominal MO duration = actual LP-WUS duration
	
	YES
	n/a
	LP-WUS operation in IDLE/INACTIVE mode based on OOK signal is not supported
	Per Band
	n/a
	n/a
	n/a
	Component 5 candidate values: {capability 1, capability 2, capability 3}

Note: According to RAN2 agreement, UE supporting LP-WUS reception shall also support RRM measurement relaxation and RRM measurement fully offloading. How to capture this is up to RAN2
	Optional with capability signalling

	62. NR_LPWUS
	62-1a
	LP-WUS operation in IDLE/INACTIVE mode based on OFDM overlaid sequence
	1. LP-WUS operation in IDLE/INACTIVE mode to trigger paging monitoring based on OFDM overlaid sequence
2a. The support of SSB-based RRM measurement
5. Minimum time gap between LP-WUS reception and UE to start PDCCH monitoring
6. “Support of all M values {1, 2, 4} for FR1 for LP-WUS
7. “Support of M value 1 for 120 kHz SCS FR2 for LP-WUS
9. nominal MO duration = actual LP-WUS duration
	
	YES
	n/a
	LP-WUS operation in IDLE/INACTIVE mode based on OFDM overlaid sequence is not supported
	Per band
	n/a
	n/a
	n/a
	Component 5 candidate values: {capability 1, capability 2, capability 3}

Note: According to RAN2 agreement, UE supporting LP-WUS reception shall also support RRM measurement relaxation and RRM measurement fully offloading. How to capture this is up to RAN2
	Optional with capability signalling

	62. NR_LPWUS
	62-1b
	LP-SS based RRM measurement in IDLE/INACTIVE mode when LP-SS overlaid sequence is configured
	1. Support of LP-SS based RRM measurement in IDLE/INACTIVE mode when LP-SS overlaid sequence is configured
2. Support of all M values {1,2,4} for LP-SS
	62-1a
	YES
	n/a
	LP-SS based RRM measurement in IDLE/INACTIVE mode when LP-SS overlaid sequence is configured is not supported
	Per band
	n/a
	n/a
	n/a
	Note: If LP-SS overlaid sequence is configured, and if both SSB based and LP-SS based thresholds are configured for RRM measurement, it is up to UE implementation which threshold to use
	Optional with capability signalling

	[bookmark: _Hlk213793132]62. NR_LPWUS
	62-x
	nominal MO duration larger than actual LP-WUS duration
	1. nominal MO duration larger than actual LP-WUS duration
	62-1 or 62-1a
	
	
	
	
	
	
	
	
	Optional with capability signalling



UE features for connected state
In this section, we discuss the UE capabilities for LP-WUS in connected state.  
Nominal MO duration vs actual LP-WUS duration
RAN1 agreed following:
	Agreement:
Nominal MO duration (X1, in unit of OFDM symbols) and actual LP-WUS duration (X2, in unit of OFDM symbols) are configured for LP-WUS in connected mode. (Alt C)
· A LP-WUS MO spans the nominal MO duration (i.e., the LP-WUS MO duration is the same as the nominal MO duration.)
· If the number of available OFDM symbols within the nominal MO duration is no less than the actual LP-WUS duration, UE monitors LP-WUS on the first X2 available symbols within the LP-WUS MO.
· Otherwise, UE does not monitor LP-WUS in this MO (i.e., the MO is dropped).
· Note: Any symbols that are not defined as unavailable are available symbols for LP-WUS.
· Further discuss possible introduction of UE capability to restrict configuration of LP-WUS MO and LP-WUS duration. For example, 
· A LP-WUS spans a number of consecutive OFDM symbols according to the configured LP-WUS duration
· If there is at least one OFDM symbol unavailable for the LP-WUS MO within the OFDM symbols where the LP-WUS would span, the UE does not monitor the LP-WUS in the MO

Agreement:
For UE to determine whether a symbol is available for LP-WUS in connected mode, at least the following is supported:
· A unit level bitmap with a periodicity 10, 20, or 40 units and a 14-bit or 28-bit symbol-level bitmap that covers 1 or 2 slots can be configured, where each unit is 1 or 2 slots for 14-bit or 28-bit symbol-level bitmap, respectively, with a maximum periodicity of 40ms.
· ‘1’ in unit-level bitmap means the symbol level bitmap is applied to determine which symbols are unavailable in the unit for LP-WUS (‘0’ means unavailable).
· ‘0’ in unit-level bitmap means: all the symbols in the unit are unavailable for LP-WUS
· If the slot-level bitmap is not configured, UE assumes all 1’s for the bitmap.
· If the symbol-level bitmap is not configured, UE assumes all 1’s for the bitmap.

Agreement:
For the handling of at least PCell/PSCell SSB for connected mode, the SSB symbols are considered as unavailable for LP-WUS 

Agreement:
The UL symbols/slots configured in tdd-UL-DL-configurationCommon or tdd-UL-DL-ConfigurationDedicated are considered as unavailable for LP-WUS in connected mode



The agreed mechanism of LP-WUS mapping on available symbol(s) will create almost infinite variations of possible LP-WUS time-domain properties/structures. Even for a given UE on the serving cell where LP-WUS monitoring is configured, different LP-WUS MOs can have different time-domain properties/structures depending on how unavailable symbol(s) are overlapped with the LP-WUS MOs. Each UE has to store, on the WUR memory, all the possible LP-WUS time-domain properties/structures in the cell over the LP-WUS MOs, and the WUR has to monitor the various LP-WUS accordingly. UE implementation needs to make sure that the WUR can detect LP-WUS for every possible LP-WUS time-domain properties/structures including various LP-WUS segmentations due to unavailable symbol(s) in nominal MO durations and then wake up the MR for PDCCH monitoring after the minimum time gap.

For OFDM WUR, the need for the mechanism itself is doubtful. As discussed in Section 2.1, the information bits carried by overlaid sequences can be acquired by the first 2K OOK symbols of the LP-WUS. The worst case is M = 1, N = 5, L = 2, in which case the LP-WUS for OFDM WUR spans 10 OFDM symbols. This is shorter than regular slot-based PDSCH. Therefore, it must not be so difficult for gNB to configure LP-WUS MOs such that the first 2K OOK symbols of each MO do not overlap with unavailable symbol(s). Having said that, it is quite unreasonable to mandate OFDM WUR to support the possible LP-WUS segmentations due to unavailable symbol(s).

[image: ]
Example of Nominal MO duration and actual LP-WUS duration

We believe this mechanism creates a lot of problems such as IODT (testability), WUR memory requirement, and performances, and therefore, should be optional feature with UE capability signalling. If a UE does not report the UE capability signalling, the UE is expected to be configured with LP-WUS with X1 = X2, i.e., a LP-WUS spans a number of consecutive OFDM symbols, and if there is at least one OFDM symbol unavailable within the LP-WUS MO, the UE does not monitor the LP-WUS in the MO.
Proposal 6:
· For both FGs 62-2 and 62-2a, add a new component “nominal MO duration = actual LP-WUS duration”
· A LP-WUS spans a number of consecutive OFDM symbols according to the configured LP-WUS duration
· If there is at least one OFDM symbol unavailable for the LP-WUS MO within the OFDM symbols where the LP-WUS would span, the UE does not monitor the LP-WUS in the MO
· Introduce a new FG for “nominal MO duration larger than actual LP-WUS duration”
	62. NR_LPWUS
	62-2
	LP-WUS operation in CONNECTED mode based on OOK signal
	1. LP-WUS operation in CONNECTED mode based on OOK signal
2. The supported procedure(s)
3. Minimum time gap between LP-WUS reception and UE to start PDCCH monitoring in CONNECTED mode
4. Support of LP-WUS frequency resource within active DL BWP
5. Support of all M values {1, 2, 4} for FR1
6. “Support of M values {1, 2} for 60 kHz SCS for FR2, M value 1 for 120 kHz SCS FR2
7. Maximum number of codepoints to be checked by UE per MO
8. nominal MO duration = actual LP-WUS duration
	
	YES
	n/a
	LP-WUS operation in CONNECTED mode based on OOK signal is not supported
	Per FS
	n/a
	n/a
	n/a
	Component 2 candidate values: {Option 1-1, Option 1-2, both Option 1-1 and Option 1-2}

Component 3 candidate values: {5ms, 13ms, 37ms}

Component 7 candidate values: {2, 4, 6, 8}
	Optional with capability signalling

	62. NR_LPWUS
	62-2a
	LP-WUS operation in CONNECTED mode based on OFDM overlaid sequence
	1. LP-WUS operation in CONNECTED mode based on OFDM overlaid sequence(s)
2. The supported procedure(s)
3. Minimum time gap between LP-WUS reception and UE to start PDCCH monitoring in CONNECTED mode
4. Support of LP-WUS frequency resource within active DL BWP
5. Support of all M values {1, 2, 4} for FR1
6. “Support of M values {1, 2} for 60 kHz SCS for FR2, M value 1 for 120 kHz SCS FR2
7. Maximum number of codepoints to be checked by UE per MO
8. nominal MO duration = actual LP-WUS duration
	
	YES
	n/a
	LP-WUS operation in CONNECTED mode based on OFDM overlaid sequence is not supported
	Per FS
	n/a
	n/a
	n/a
	Component 2 candidate values: {Option 1-1, Option 1-2, both Option 1-1 and Option 1-2}

Component 3 candidate values: {5ms, 13ms, 37ms}

Component 7 candidate values: {2, 4, 6, 8}
	Optional with capability signalling

	62. NR_LPWUS
	62-3
	LP-WUS frequency resource outside active DL BWP for LP-WUS operation in CONNECTED mode
	1. Support of LP-WUS frequency resource outside active DL BWP for LP-WUS operation in CONNECTED mode
	FG 62-2 or 62-2a
	YES
	n/a
	LP-WUS frequency resource outside active DL BWP for LP-WUS operation in CONNECTED mode is not supported
	Per FS
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	62. NR_LPWUS
	62-y
	nominal MO duration larger than actual LP-WUS duration
	1. nominal MO duration larger than actual LP-WUS duration
	62-2 or 62-2a
	
	
	
	
	
	
	
	
	Optional with capability signalling





	[13] NTT DOCOMO, INC.
	4. NR_LPWUS
In the latest UE feature list [1], no FFS or yellow highlight is included, i.e., all FGs for LP-WUS are ready to be implemented by RAN2. The only one remaining issue according to the discussion in the last RAN1 meeting is whether to introduce new component as follows:

· Q1-1-2: Introduce a new component “nominal MO duration = actual LP-WUS duration” in FG 62-1 and 62-1a
· Clarify “A LP-WUS spans a number of consecutive OFDM symbols according to the configured LP-WUS duration” and “If there is at least one OFDM symbol unavailable for the LP-WUS MO within the ODFM symbols where the LP-WUS would span, the UE does not monitor the LP-WUS in the MO”
· Define a new FG for “nominal MO duration larger than actual LP-WUS duration”
· Q2-2-2: Introduce a new component “nominal MO duration = actual LP-WUS duration” in FG 62-1 and 62-1a
· Clarify “A LP-WUS spans a number of consecutive OFDM symbols according to the configured LP-WUS duration” and “If there is at least one OFDM symbol unavailable for the LP-WUS MO within the ODFM symbols where the LP-WUS would span, the UE does not monitor the LP-WUS in the MO”
· Define a new FG for “nominal MO duration larger than actual LP-WUS duration”
According to the discussion no companies other than the proponent supported the above proposals, mainly because
· The previous agreement (for FFS) is only for connected mode and this should not be extended to idle/inactive modes
· Furthermore, some companies prefer to use the same mechanism as idle/inactive modes
· The case when nominal MO duration is larger than actual LP-WUS duration is common scenario and should be included in the basic capability
· The case when nominal MO duration is larger than actual LP-WUS duration does not increase UE complexity much since the available symbol can be determined based on semi-static configuration
Therefore, we don’t see strong need to introduce the new component, and no further update on the latest UE feature list is expected.





Summary of companies’ views and discussion
	Clarification on behaviors for detection of LP-WUS information (for 62-1/1a/2/2a)
· Proposed by Ericsson

On simultaneous operation of LR and MR
· Proposed by ZTE (clarifying the simultaneous operation is NOT supported in FG 62-1/1a/2/2a, and define new FG for supporting the simultaneous operation)

On the case of nominal MO duration > actual LP-WUS duration (for FG 62-1/1a/2/2a
· Proposed by QC (nominal MO duration = actual LP-WUS duration for FG 62-1/1a/2/2a, and define separate FGs for supporting nominal MO duration > actual LP-WUS duration)




Question 3-1 [ASN1]:
Companies are encouraged to provide views on the need to adopt the following proposal: 
· Add a basic component for FG 62-1/1a/2/2a: “UE cannot operate LP-WUS monitoring and other NR signals/channels transmissions/receptions simultaneously”; and, 
· Add an optional FG for supporting to operate LP-WUS monitoring and other NR signals/channels transmissions/receptions simultaneously
	62-4
	Support of simultaneous operation of LP-WUS monitoring and other NR signals/channels transmissions/receptions
	Support of simultaneous operation of LP-WUS monitoring and other NR signals/channels transmissions/receptions
	At least one of {62-1, 62-1a, 62-2, 62-2a}
	YES
	n/a
	Simultaneous operation of LP-WUS monitoring and other NR signals/channels transmissions/receptions is not supported
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signalling



	Company
	Comment

	Moderator
	This issue seems new (and hence I decoupled this from the other issues raised). Meanwhile, my understanding is that the intention of the referred conclusion is Rel-19 specification doesn’t support such a simultaneous operation of MR and LR, irrespective of UE capability. If this is correct understanding, it is clear to me that there is no need to update any FG in terms of this issue. 

	
	

	
	



Question 3-2 [ASN1]:
Companies are encouraged to provide views on the need to adopt the following proposal: 
· Q2.6-2-1
· For FG 62-1, add a new component “Detection of LP-WUS information from binary OOK sequences”
· For FG 62-1a, add a new component “Detection of LP-WUS information from OFDM overlaid sequences”
· For FG 62-2, add a new component “Detection of LP-WUS information from binary OOK sequences”
· For FG 62-2a, add a new component “Detection of LP-WUS information from OFDM overlaid sequences”
· Q2.6-2-2 [ASN1]
· For FG 62-1/1a/2/2a, add a new component “Nominal MO duration = actual LP-WUS duration”
· Define the following two new FGs for supporting nominal MO duration > actual LP-WUS duration, one for IDLE/INACTIVE mode and the other for CONNECTED mode, respectively
	62-x
	Nominal MO duration larger than actual LP-WUS duration for LP-WUS operation in IDLE/INACTIVE mode
	1. nominal MO duration larger than actual LP-WUS duration
	62-1 or 62-1a
	YES
	n/a
	Nominal MO duration larger than actual LP-WUS duration for LP-WUS operation in IDLE/INACTIVE mode is not supported
	
	Per band
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	62-y
	Nominal MO duration larger than actual LP-WUS duration for LP-WUS operation in CONNECTED mode
	1. nominal MO duration larger than actual LP-WUS duration
	62-2 or 62-2a
	YES
	n/a
	Nominal MO duration larger than actual LP-WUS duration for LP-WUS operation in CONNECTED mode is not supported
	
	Per FS
	n/a
	n/a
	n/a
	
	Optional with capability signalling



	[bookmark: _Hlk213794101]Company
	Comment

	Moderator
	Each of the above has only one proponent according to my review, and majority of companies would rather oppose. Unless any change of the situation is identified based on the inputs here, these issues may not be treated assuming very low possibility to agree on. 

	
	

	
	



4. NR_XR_Ph3
No contribution has been submitted for Rel-19 NR UE features regarding NR_XR_Ph3. 

5. NR_MC_enh2
Regarding NR_MC_enh2, the following inputs are provided in the contributions under AI 9.2 in RAN1#123: 

	[1] Nokia
	NR_MC_enh2
Very good progess had been made during RAN1#122bis, just leaving two things left open:
· Resolving the following FFS on the enhanced monitoring capabilities for FG 66-1 and FG 66-2
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· Resolving the open issue with respect to Rel-18 RAN1 FG 49-4a/4b/4c/4d/5a/5b/6/7/8/9/10/12/12a/13/14 in Rel-19

FG 66-1 & 66-2: Enhanced cross-carrier scheduling capabilities
Based on the excellent progress during RAN1#122bis, only the FFS on the DCI monitoring is open for FGs 66-1 & 66-2. It should be noted that actually there is no need to refer to the Rel-16 capabilities, but for PUSCH scheduling using DCI format 0_3 in Rel-18 the following two UE capabilities FG-were already included: 
	49-3x
	Advanced UE capability for larger number of unicast DL DCI
	Processing up to X unicast DCI scheduling PDSCH per scheduled cell in a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3:
Up to X DCI formats 1_3 for the set of cells, and
Up to X unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells in the set of cells
For each cell in the set of cells, no more than X DCIs scheduling PDSCH for the cell
X is based on pair of (scheduling CC SCS, scheduled CC SCS):
Candidate value(s) of X
X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
X applies per slot of scheduling CC
	49-1b

	49-3y
	Advanced UE capability for larger number of unicast UL DCI
	Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
Up to X DCI formats 0_3 for the set of cells, and
Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
For a cell in the set of cells, no more than X DCIs scheduling PUSCH for the cell
X is based on pair of (scheduling CC SCS, scheduled CC SCS):
Candidate value(s) of X
X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
X applies per slot of scheduling CC
	49-2b



Therefore, we think these UE capabilities could be re-used also for the new Rel-19 FG 66-1 & FG 66-2. But as for the other Rel-18 FGs 49-4a/4b/4c/4d/5a/5b/6/7/8/9/10/12/12a/13/14, some handling to be able to indicate the relation in terms of pre-requisite FGs 66-1 & 66-2 would be needed. 
We therefore propose the following: 
Proposal 3.1: For FGs 66-1 and 66-2, to resolve the FFS on enhanced unicast DCI monitoring:
· Remove the related yellow highlighted FFSs from FGs 66-1 and 66-2
· For Rel-18 FGs 49-3x and 49-3y apply the same handling to indicate the relation to FGs 66-1 and 66-2 as for FGs 49-4a/4b/4c/4d/5a/5b/6/7/8/9/10/12/12a/13/14 (discussed in Proposal 3.3) 

So in principle, this should resolve the FFS but we still recognized one short-coming of the Rel-18 FG 49-3y. The enhanced monitoring is working fine for FDD scheduling cells, as it increases the baseline capability of 49-1b/66-1 of one unicast DL DCI format to 2 or 4 times. But it fails to properly address the case for TDD scheduling cells as it is not able to indicate the required enhancement over the baseline monitoring capability of 49-2b & 66-2 of two UL DCI formats for cell in the set of cells, as it states “X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)”
· As an example, for a 30kHz TDD FR1 cell scheduling a 120kHz FR2-1 cell, the UE is only able to indicate a maximum of {2,4} which is only an enhancement over the baseline if the UE indicates ’4’. But due to SCS difference of a factor of 4, in reality up to 8 unicast UL DCI formats would be needed.
· As an examle, for a 30kHz TDD cell scheduling a 60kHz FR2-1 cell, the baseline and the enhanced capability both result in two UL DCI formats leading to no enhancements. Also for this case, the SCS difference of a factor of 2 is not accounted for.  

We therefore think, that this short-coming (i.e. mistake) in the enhanced UL DCI monitoring for TDD scheduling cells should be resolved now in Rel-19 MCE for FG 66-1 and FG49-1b. 
Proposal 3.2: Fix the shortcomings of the enhanced DCI monitoring capabitilies for PUSCH multi-cell scheduling of FG 49-3y for TDD scheduling cells by introducing the following new Rel-19 (note: pseudo track-changes on top of FG 49-3y in red):

	66-X
	Further aAdvanced UE capability for larger number of unicast UL DCI for TDD scheduling cells
	Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3 for TDD scheduling cells
Up to X DCI formats 0_3 for the set of cells, and
Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
For a cell in the set of cells, no more than X DCIs scheduling PUSCH for the cell
X is based on pair of (scheduling CC SCS, scheduled CC SCS):
Candidate value(s) of X
X={2,48} for (15,120), (15,60), (30,120) and X={24} for (15,30), (30,60), (60,120 kHz)
X applies per slot of scheduling CC
	At least one of {49-2b, 66-2}



Rel-18 RAN1 FG 49-4a/4b/4c/4d/5a/5b/6/7/8/9/10/12/12a/13/14 with respect to FG 66-1 & 66-2
There had been good discussions on this issue during RAN1#122bis, which lead to agreeing to check from RAN2 if 66-1 and 66-2 could be added as a pre-requisite to the Rel-18 capabilities in the Rel-19 specs.

After checking this internally from our RAN2 colleageus it was confirmed that such operation seems reasonable and could be done as (i) it should not create any NBC change (as this would be in the Rel-19 specs only) and (ii) would not create any issues for operation of Rel-18 legacy networks. But of course, this will be finally up to RAN2 to decide. If RAN2 confirms the feasibility, we should adopt such change for simplicity in the Rel-19 specifications. Otherwise, clearly there would be the need to dublicate the corresponding capabilities 
Proposal 3.3: Depending on the RAN2 response to the question in the RAN1 LS in R1-2507981: 
· If RAN2 confirms the feasibilty of updating prerequisite FG(s) for Rel-18 RAN1 FG 49-4a/4b/4c/4d/5a/5b/6/7/8/9/10/12/12a/13/14, adopt the updates as noted in the LS R1-2507981 and inform RAN2 in an LS about the required updates for the Rel-19 specifications. 
· Otherwise, introduce new Rel-19 UE FGs for the corresponding Rel-18 FGs based on the Rel-18 feature group descriptions just differing in the pre-requisite FGs to be 66-1 and/or 66-2 (instead of 49-1/1b/2/2b). 



	[2] vivo
	[3] NR_MC_enh2 
[bookmark: _Hlk209711323]In the RAN1#122bis meeting, for FG 66-1 and 66-2, the necessary components defined by 49-1x/2x are imported, with corresponding updates, respectively. However, there is one remaining issue on the supported number of unicast DCI.
In the Rel-18 MC, the basic FGs 49-1 and 49-2 support slot based PDCCH monitoring capabilities, i.e., per N consecutive slots, up to one unicast DL and UL DCI for each scheduled cell for FDD scheduling cell, and up to one unicast DL and two UL DCIs for each scheduled cell in the case of TDD scheduling cell. These slot-based PDCCH monitoring capabilities mimic the R15 basic FG 3-1, and are imported to FG 66-1 and 66-2.
[bookmark: _Hlk212823867]Nevertheless, in the Rel-16 URLLC, span-based PDCCH monitoring capability was introduced (FG 11-2). One question was raised in the RAN1#122bis meeting regarding the handling if both FG 11-2 and FGs 66-1/2 were reported.
In our view, firstly, MC-DCI is introduced to reduce control channel overhead, while URLLC is intended to reduce latency and to increase the reliability, likely with the cost of higher overhead. Thus, the motivation of enabling them together in the same cell group seems questionable. Secondly, the advanced UE capabilities for larger number of unicast DCI (i.e., FG 49-3x/3y) were introduced in Rel-18, which may be used to indicate the support of span-based PDCCH monitoring capability for R19 MC-DCI. However, by this way, it may not be able to support the combination of slot-based MC-DCI monitoring with span-based SC-DCI monitoring capabilities. Thus, it is preferrable to support only slot-based PDCCH monitoring for the basic Rel-19 MC capabilities. If the combination of slot-based MC-DCI monitoring with span-based SC-DCI monitoring capabilities is really needed, separate FGs can be introduced.
[bookmark: _Ref209714086]Proposal 6: The FG 66-1 and 66-2 support only slot based unicast DCI monitoring capabilities, regardless of the Rel-16 span-based PDCCH monitoring capability.
[bookmark: _Ref209714091]Proposal 7: Separate FGs are introduced if the combination of slot-based MC-DCI monitoring with span-based unicast SC-DCI monitoring capabilities is really needed.

A list of the proposed UE capabilities with corresponding updates for Rel-19 MCE is provided in Annex A2.
[bookmark: _Ref209714099]Proposal 8: Agree the updated UE features for Rel-19 NR MCE as proposed in Annex A2.
	Features
	Index
	Feature group
	Components

	66. NR_MC_enh2
	66-1
	Multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type
	1. UE supports monitoring DCI format 1_3 for DL scheduling with different SCS and/or different carrier type for the cells in the set
2. Supported applicable combinations of the following from the band combination: 
- Two sets of (carrier type, SCS) for the cells in the set: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz), (FR2-1, 60kHz), (FR2-1, 120kHz)} 
- A set of (carrier type, SCS) for scheduling cell: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz)}
3. “Scheduling cell is PCell if set of cells includes PCell, and scheduling cell is PCell or an SCell if set of cells includes only SCells.
4. Max number of co-scheduled cells per set of cells supported by UE is reported with candidate value set of {2, 3, 4}
5. Max number of sets of cells supported by UE across PUCCH groups: Candidate value set of {1, 2, 3, 4, 5, 6, 7, 8}
6. “Max number of sets of cells supported by UE for a same scheduling cell: Candidate value set of {1, 2, 3, 4}
7. Supported HARQ feedback types, candidate values: {type 1, type2, type 1 and type 2}, Note: the UE shall report the same value for all supported BC for FG 66-1
8. Supported co-scheduled cell indication schemes: Candidate value set of {FDRA field based, co-scheduled cell indicator field based, both}
9. Support Type-2 for ‘Antenna port(s)’ field
10. The number of unicast DL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
· [FFS support of more than one unicast DL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
11. Monitoring SS set(s) for DCI format 1_3 for a set of cells for the following cases
· 1) Search space set configuration for DCI format 1_3 for the set of cells is provided only on the scheduling cell, or;
· 2) Search space set configurations for DCI format 1_3 for the set of cells with the same searchSpaceId are provided on both the scheduling cell and a serving cell in the set of cells with the scheduling cell being NOT in the set of cells
· UE supporting FG 66-1 can additionally report whether the UE support following case
· 3) Search space set configurations for DCI format 1_3 for the set of cells with the same searchSpaceId are provided on both the scheduling cell and a serving cell in the set of cells with the scheduling cell being in the set of cells



	66. NR_MC_enh2
	66-1a
	Support of three sets of (carrier type, SCS) for the cells in the set for multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type
	Supported applicable combinations of the following from the band combination:
- Three sets of (carrier type, SCS) for the cells in the set: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz), (FR2-1, 60kHz), (FR2-1, 120kHz)} 
- A set of (carrier type, SCS) for scheduling cell: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz)}, Note: the UE shall report the same value(s) as for FG 66-1

	66. NR_MC_enh2
	66-2
	Multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type
	1. UE supports monitoring DCI format 0_3 for UL scheduling with different SCS and/or different carrier type for the cells in the set
2. Supported applicable combinations of the following from the band combination: 
- Two sets of (carrier type, SCS) for the cells in the set: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz), (FR2-1, 60kHz), (FR2-1, 120kHz)} 
- A set of (carrier type, SCS) for scheduling cell: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz)}
3. Scheduling cell is PCell if set of cells includes PCell, and scheduling cell is PCell or an SCell if set of cells includes only SCells
4. Max number of co-scheduled cells per set of cells supported by UE is reported with candidate value set of {2, 3, 4}
5. Max number of sets of cells supported by UE across PUCCH groups: Candidate value set of {1, 2, 3, 4, 5, 6, 7, 8}
6. Max number of sets of cells supported by UE for a same scheduling cell: Candidate value set of {1, 2, 3, 4}
7. Supported co-scheduled cell indication schemes: Candidate value set of {FDRA field based, co-scheduled cell indicator field based, both}
8. Support Type-2 for ‘Antenna port(s)’ field, ‘Precoding information and number of layers’ and ‘SRS resource indicator’ fields
9. The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For TDD scheduling cell
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
10. Monitoring SS set(s) for DCI format 0_3 for a set of cells for the following cases
· 1) Search space set configuration for DCI format 0_3 for the set of cells is provided only on the scheduling cell, or;
· 2) Search space set configurations for DCI format 0_3 for the set of cells with the same searchSpaceId are provided on both the scheduling cell and a serving cell in the set of cells with the scheduling cell being NOT in the set of cells
· UE supporting FG 66-1 can additionally report whether the UE support following case
· 3) Search space set configurations for DCI format 0_3 for the set of cells with the same searchSpaceId are provided on both the scheduling cell and a serving cell in the set of cells with the scheduling cell being in the set of cells




	66. NR_MC_enh2
	66-2a
	Support of three sets of (carrier type, SCS) for the cells in the set for multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type
	Supported applicable combinations of the following from the band combination:
- Three sets of (carrier type, SCS) for the cells in the set: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz), (FR2-1, 60kHz), (FR2-1, 120kHz)} 
- A set of (carrier type, SCS) for scheduling cell: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz)}, Note: the UE shall report the same value(s) as for FG 66-2




	[4] Huawei, HiSilicon
	Remaining issues of UE features for MCE for NR Phase 3
New FG for the number of unicast DCI to be processed
In the last meeting, the following conclusion regarding the number of DL unicast DCI and UL unicast DCI that can be handled weas reached [2]. The remaining issue is whether support for more than one unicast DCI can be achieved by reporting the Rel-16 capability.
	Agreement:
Introduce the following new component in FG 66-1: 
	The number of unicast DL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
· FFS support of more than one unicast DL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)




Agreement:
Introduce the following new component in FG 66-2: 
	The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· For TDD scheduling cell
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)






In Rel-16, the capability to process more than one DL unicast DCI is defined as FG18-5c. However, in our view, this capability is not suitable for Rel-19 MC. On the one hand, this capability is related to cross-carrier scheduling. During the Rel-18 UE capability discussions, it was agreed that multi-cell scheduling is separate from cross-carrier scheduling, leading to cross-carrier scheduling–related capabilities not being used as prerequisite capabilities of Rel-18 MC.
 [image: ]
On the other hand, in cross-carrier scheduling, one scheduling cell schedules another scheduled cell, and the SCSs of both the scheduling cell and the scheduled cell are clearly defined because each scheduled cell corresponds to one scheduling cell. However, based on current FG66-1, three different SCS values across the scheduling cell and the co-scheduled cells can be supported if the scheduling cell is not included in the cell set. In this case, the pair of (scheduling cell SCS, scheduled cell SCS) becomes unclear which cell should be used as the reference cell to define the scheduled cell SCS. For example, if SCS of scheduling cell, which is 1 within the set of cells, is 15kHz, and other SCSs of scheduled cells in the cell set are 30kHz and 120kHz. Then, it is not clear which is used for indicating supported scheduled cell SCS between 30kHz and 120kHz.
Based on the above discussion, the Rel-16 capability, i.e., FG18-5b and FG18-5c, cannot be used to indicate that a UE is capable of processing more than one unicast DCI per slot in Rel-19 MC; therefore, we propose to remove the FFS in the above two agreements and introduce separate FGs for unicast DL DCI and unicast UL DCI to indicate the capability to support processing more than one DCI in Rel-19 MC.
In addition, for FG66-1a, the basic capability for processing the number of unicast DL DCIs can use the component 10 defined in its prerequisite feature FG66-1. Accordingly, the capability for processing more than one unicast DL DCI can use FG66-1b. Therefore, the prerequisite feature of FG66-1b can be either FG66-1 or FG66-1a. Similarly, the same principle applies to FG66-2b.
Proposal 6: Remove the FFS in above two agreements and introduce the following two new FGs in Rel-19 to support more than one unicast DCI per slot for unicast DL DCI and unicast UL DCI, respectively.

	66-1b
	Advanced UE capability for larger number of unicast DL DCI
	Processing up to X unicast DCI scheduling PDSCH per scheduled cell in a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3:
· Up to X DCI formats 1_3 for the set of cells, and
· Up to X unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells in the set of cells
· For each cell in the set of cells, no more than X DCIs scheduling PDSCH for the cell
· X is based on pair of (SCS1, SCS2):
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per slot of scheduling CC
	66-1 or 66-1a

	66-2b
	Advanced UE capability for larger number of unicast UL DCI
	Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3 
· Up to X DCI formats 0_3 for the set of cells, and
· Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a cell in the set of cells, no more than X DCIs scheduling PUSCH for the cell
· X is based on pair of (SCS1, SCS2):
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per slot of scheduling CC
	66-2 or 66-2a





	[5] Ericsson
	

	[6] CATT
	

	[7] Xiaomi
	

	[8] OPPO
	

	[9] Samsung
	3. UE features for MCE Phase 3 (WI code: NR_MC_enh2)
The UE features for Rel-19 MCE were mostly finalized in RAN1#122bis [4]. FGs 66-3 and 66-4 for multi-PxSCH multi-cell scheduling are completed. In addition, FGs 66-1 and 66-2 for multi-cell scheduling DCI (MC-DCI) formats 0_3/1_3 for co-scheduled cells with different SCS or carrier types are resolved, except for one FFS point on additional UE capability to support multiple unicast DCI formats per slot.
In particular, the following were agreed in RAN1#122bis [4]:
	Agreement (RAN1#122bis):
Introduce the following new component in FG 66-1: 
	The number of unicast DL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
· FFS support of more than one unicast DL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)




Agreement (RAN1#122bis):
Introduce the following new component in FG 66-2: 
	The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· For TDD scheduling cell
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)









In Rel-18 MCE, the following FGs were adopted to indicate UE support for processing multiple DCI formats per slot [5]:
	49. NR_MC_enh
	49-3x
	Advanced UE capability for larger number of unicast DL DCI
	Processing up to X unicast DCI scheduling PDSCH per scheduled cell in a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3:
Up to X DCI formats 1_3 for the set of cells, and
Up to X unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells in the set of cells
For each cell in the set of cells, no more than X DCIs scheduling PDSCH for the cell
X is based on pair of (scheduling CC SCS, scheduled CC SCS):
Candidate value(s) of X
X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
X applies per slot of scheduling CC

	49-1b

	49. NR_MC_enh
	49-3y
	Advanced UE capability for larger number of unicast UL DCI
	Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
Up to X DCI formats 0_3 for the set of cells, and
Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
For a cell in the set of cells, no more than X DCIs scheduling PUSCH for the cell
X is based on pair of (scheduling CC SCS, scheduled CC SCS):
Candidate value(s) of X
X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
X applies per slot of scheduling CC

	49-2b





The currently agreed (in RAN1#122bis) number of DCIs to be processed for Rel-19 MCE UEs that are based on the smallest SCS among all cells in the cell set:
a) penalizes UE capability compared to the legacy capability for combinations with FR1 TDD scheduling cell with SCS = 30kHz and with set of scheduled cells having SCS {15kHz + 30kHz} or {15kHz + 60kHz} or {15kHz + 120kHz}, the scheduled cells with SCS 30kHz or 60kHz or 120kHz, as they will process only one DL DCI per N = 2 slots of scheduling cell (unlike the legacy behavior of one DL DCI per N = 1 slot of scheduling cell);
b) is on par with legacy UE capability for other combinations, such as when the scheduling cell is (FR1 licensed FDD, 15kHz) and the scheduled cell set includes cells with SCS {15kHz + 30kHz}, or {15kHz + 60kHz}, or {15kHz + 120kHz}, or {30kHz + 60kHz}, or {30kHz + 120kHz}, or such as when the scheduling cell is (FR1 licensed TDD, 30kHz) and the scheduled cell set includes cells with SCS {30kHz + 60kHz} or {30kHz + 120kHz}.  
To address the FFS point from the RAN1#122bis agreement, a new advanced UE capability can be considered that allows:
· for case (a) above, at least same number of DCIs as legacy and also larger number of DCIs compared to legacy, similar to FGs 49-3x/49-3y, and
· for case (b) above, larger number of DCIs compared to legacy, similar to FGs 49-3x/49-3y.
Therefore, we propose following new FGs based on largest SCS among all cells in the cell set.
Proposal 10: Adopt the following new FGs 66-5x and 66-5y for Rel-19 MCE with multi-cell scheduling with different SCS and/or carrier type, based on FGs 49-3x / 49-3y in Rel-18 MCE:

	66. NR_MC_enh2
	66-5x
	Advanced UE capability for larger number of unicast DL DCI
	Processing up to X unicast DCI scheduling PDSCH per scheduled cell in a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3:
Up to X DCI formats 1_3 for the set of cells, and
Up to X unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells in the set of cells
For each cell in the set of cells, no more than X DCIs scheduling PDSCH for the cell
X is based on pair of (SCS1, SCS2):
SCS1 is the SCS of scheduling CC, and SCS2 is the largest SCS among all cells in the cell set
Candidate value(s) of X
X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz) and X = {1} for (30,30) 
X applies per slot of scheduling CC

	66-1

	66. NR_MC_enh2
	66-5y
	Advanced UE capability for larger number of unicast UL DCI
	Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
Up to X DCI formats 0_3 for the set of cells, and
Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
For a cell in the set of cells, no more than X DCIs scheduling PUSCH for the cell
X is based on pair of (SCS1, SCS2):
SCS1 is the SCS of scheduling CC, and SCS2 is the largest SCS among all cells in the cell set
Candidate value(s) of X
X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz) and X = {1} for (30,30)
X applies per slot of scheduling CC

	66-2





	[10] ZTE Corporation, Sanechips
	2 NR_MC_enh2
Regarding the number of unicast DL DCIs that can be processed for Rel-19 MCE, the following agreement was made, referring to Rel-18 MC capability. The main difference is that the SCS2 is the smallest SCS among all cells in the cell set.   
	Agreement:
Introduce the following new component in FG 66-1: 
	The number of unicast DL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
· FFS support of more than one unicast DL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)





The remaining issue is FFS support of more than one unicast DL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability. In Rel-16, FG18-5c/d on support of more than one unicast DCI per slot of scheduling CC per scheduled CC were introduced for the scheduling CC SCS smaller than the scheduled CC SCS. 
	18. MR-DC/CA enhancement
	18-5c
	Processing up to X unicast DCI scheduling for DL per scheduled CC
	Processing up to X unicast DCI scheduling for DL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per slot of scheduling CC

	18-5
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	This FG is only applicable to the basic PDCCH monitoring capability 3-1

Regarding the interpretation of UE capabilities in case of cross-carrier operation, support of 18-5c is based on the support of this capability for both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell
· If reported value of X in FG18-5c is different between the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell, the value of X reported for the scheduling/triggering/indicating cell is applied.
	Optional with capability signalling

	18. MR-DC/CA enhancement
	18-5d
	Processing up to X unicast DCI scheduling for UL per scheduled CC
	Processing up to X unicast DCI scheduling for UL per scheduled CC 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies slot of scheduling CC

	18-5b
	Yes
	N/A
	
	Per FS
	N/A
	N/A
	N/A
	This FG is only applicable to the basic PDCCH monitoring capability 3-1

Regarding the interpretation of UE capabilities in case of cross-carrier operation, support of 18-5d is based on the support of this capability for both the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell
· If reported value of X in FG18-5d is different between the band of the scheduled/triggered/indicated cell and the band of the scheduling/triggering/indicating cell, the value of X reported for the scheduling/triggering/indicating cell is applied.
	Optional with capability signalling


Since SCS of a cell of the cells that are not scheduled by DCI 1_3 could be equal to or smaller/larger than the SCS of the scheduling cell, different cases are listed and analyzed below.
· Scenario#1: N=1 (SCS1 smaller than or equal to SCS2)
· Case 1-1: SCS of the cell not scheduled by DCI 1_3 is equal to the SCS of the scheduling cell
No need to support more than one unicast DL DCI for the cell that is not scheduled by DCI 1_3, one unicast DL DCI is enough for this case.
· Case 1-2: SCS of the cell not scheduled by DCI 1_3 is the larger than the SCS of the scheduling cell
More than one unicast DL DCI shall be supported for the cell that is not scheduled by DCI 1_3. Otherwise, (M-1) slots cannot be scheduled based on the basic capability, wherein M = (scheduled CC SCS)/(scheduling CC SCS). Based on FG18-5c, processing up to X unicast DCI shall be supported and X values can be reused. In details, X is based on pair of (scheduling CC SCS, scheduled CC SCS), X={1,2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60).
· Scenario#2: N=2 (SCS1=30kHz larger than SCS2=15kHz)
· Case 2-1: SCS of the cell not scheduled by DCI 1_3 is smaller than the SCS of the scheduling cell
No need to support more than one unicast DL DCI for this case, one unicast DL DCI is enough for the cell that is not scheduled by DCI 1_3.
· Case 2-2: SCS of the cell not scheduled by DCI 1_3 is equal to the SCS of the scheduling cell
More than one unicast DL DCI per N=2 consecutive slots shall be supported for the cell that is not scheduled by DCI 1_3. Since only N=2 for SCS1=30kHz is supported, processing up to X=2 unicast DL DCIs per N=2 consecutive slot for (30,30) is enough. In other words, processing one unicast DL DCI formats 1_0/1_1/1_2 (if supported) per slot shall be supported.
· Case 2-3: SCS of the cell not scheduled by DCI 1_3 is the larger than the SCS of the scheduling cell
More than one unicast DL DCI shall be supported for the cell that is not scheduled by DCI 1_3. Based on FG18-5c, processing up to X unicast DCI per slot shall be supported and X values can be reused. In details, X is based on pair of (scheduling CC SCS, scheduled CC SCS), X={1,2,4} for (30,120) and X={2} for (30,60). If based on per N=2 consecutive slots of scheduling cell, processing up to X unicast DCI per N=2 consecutive slots shall be supported and X={2,4,8} for (30,120) and X={4} for (30,60).
Above all, more than one unicast DL DCI shall be supported for the cell that is not scheduled by DCI 1_3 for case 1-2/2-2/2-3. And the value X in FG18-5c can be reused if processing up to X unicast DCI per slot of scheduling cell is applied.
Proposal 4-1: Update component 10 in FG66-1 as follows. 
10. The number of unicast DL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
· When the UE indicates support of FG18-5c, support processing up to X unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3. X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={1} for (30,30)
· X applies per slot of scheduling CC
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
The same principle shall be applied for the component 9 in FG66-2.
Proposal 4-2: Update component 9 in FG66-2 as follows. 
9. The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· When the UE indicates support of FG18-5d, processing up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells. X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={1} for (30,30)
· X applies per slot of scheduling CC
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
· When the UE indicates support of FG18-5d, processing up to X unicast DCI scheduling PUSCH for the cell. X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={1} for (30,30)
· X applies per slot of scheduling CC
· For TDD scheduling cell
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· When the UE indicates support of FG18-5d, processing up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells. X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={2} for (30,30)
· X applies per slot of scheduling CC
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· When the UE indicates support of FG18-5d, processing up to X unicast DCI scheduling PUSCH for the cell. X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={2} for (30,30)
· X applies per slot of scheduling CC
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)

Regarding the advanced UE capability for larger number of unicast DL/UL DCI defined in FG49-3x/y for Rel-18 MC, the similar capability shall be defined for Rel-19 MCE.
	49. NR_MC_enh
	49-3x
	Advanced UE capability for larger number of unicast DL DCI
	Processing up to X unicast DCI scheduling PDSCH per scheduled cell in a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3:
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per slot of scheduling CC


	49. NR_MC_enh
	49-3y
	Advanced UE capability for larger number of unicast UL DCI
	Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per slot of scheduling CC



Component 10 in FG66-1 and component 9 in FG66-2 support only one DCI format 1_3/0_3 per N consecutive slots of scheduling cell, and the FFS in yellow highlighted in the previous agreement only focus on FFS support of more than one DCI other than DCI format 1_3/0_3. Therefore, similar FGs for Rel-19 MCE like FG49-3x/y for Rel-18 MC shall be introduced to support processing more than one DCI including DCI format 1_3/0_3. 
Proposal 4-3: Introduce FG66-xa/xb as follows based on FG49-3x/y. 
	66. NR_MC_enh2
	66-xa
	Advanced UE capability for larger number of unicast DL DCI
	Processing up to X unicast DCI scheduling PDSCH per scheduled cell in a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3:
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={1} for (30,30)
· X applies per slot of scheduling CC

	66-1
	Yes
	
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signaling

	66. NR_MC_enh2
	49-xb
	Advanced UE capability for larger number of unicast UL DCI
	Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3 
· X is based on pair of (scheduling CC SCS, scheduled CC SCS):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={1} for (30,30)
· X applies per slot of scheduling CC

	66-2
	Yes
	
	
	Per BC
	N/A
	N/A
	N/A
	
	Optional with capability signaling
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	[13] Qualcomm Incorporated
	NR_MC_enh2 
At the RAN1#122bis meeting, RAN1 agreed following:
	Agreement:
Introduce the following new component in FG 66-1: 
	The number of unicast DL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
· FFS support of more than one unicast DL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)



Agreement:
Introduce the following new component in FG 66-2: 
	The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· For TDD scheduling cell
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)






The yellow highlighted FFSs are one common remaining issue for both FG66-1 and FG66-2 regarding UE capability of processing more than one unicast DL/UL DCIs per slot. Here, the “Rel-16 capability” in the FFS refers to FG18-5c/5d which specify UE capabilities of processing more than one unicast DL/UL DCIs per slot for cross-carrier scheduling with different numerologies.

However, FG18-5c/5d indicates processing more than unicast DL/UL single-cell DCIs for cross-carrier scheduling. In order to enable support of processing more than unicast DCIs including single-cell DCIs and multi-cell DCIs, RAN1 has introduced following FG49-3x/3y in Rel-18. We think we can make use of these Rel-18 FGs to indicate the advanced UE capabilities for Rel-19 MCE.
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For FG66-1 for multi-cell PDSCH scheduling, we can do the following:
· Remove the FFS from FG66-1
· Add a following note in FG66-1: Advanced UE capability for larger number of unicast DL DCI can be indicated via FG49-3x
· Ask RAN2 if it is possible to update prerequisite FG(s) for Rel-18 RAN1 FG 49-3x in Rel-19 as follows (red fonts): At least one of {49-1b, 66-1}

For FG66-2, same way should be considered. However, it is found that FG49-3y cannot indicate advanced UE capability for FG66-2 for the case of TDD scheduling cell. More specifically, FG49-3y indicates X={2} for (15,30), (30,60), (60,120 kHz). However, processing up to two unicast UL DCIs for TDD scheduling cell is already part of the basic UE capabilities for multi-cell PUSCH scheduling by a single DCI (FG49-2b, 66-2). The advanced UE capability should scale the value based on the ratio of scheduled CC SCS / scheduling CC SCS. Therefore, the value of X here should be 4. Similarly, value 8 should be a candidate value of X in FG49-3y for (15,120), (15,60), (30,120) but is missing.

Therefore, for FG66-2 for multi-cell PUSCH scheduling, we suggest to do the following:
· Remove the FFS from FG66-2
· Add a following note in FG66-2: Advanced UE capability for larger number of unicast DL DCI can be indicated via FG49-3x or a new FG66-X
· Ask RAN2 if it is possible to update prerequisite FG(s) for Rel-18 RAN1 FG 49-3y in Rel-19 as follows (red fonts): At least one of {49-2b, 66-2}
· Support the following new FG66-X:
· Feature group: Additional advanced UE capability for larger number of unicast UL DCI for TDD scheduling cell
· Components: 
· Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3 for TDD scheduling cell
· Up to X DCI formats 0_3 for the set of cells, and
· Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a cell in the set of cells, no more than X DCIs scheduling PUSCH for the cell
· X is based on pair of (scheduling CC SCS, scheduled CC SCS)
· Candidate value(s) of X
· X = {8} for (15, 120), (15, 60), (30, 120) and
· X = {4} for (15, 30), (30, 60), (60, 120 kHz)
· X applies per slot of scheduling CC

Proposal 7:
· For FG66-1:
· Remove the FFS from FG66-1
· Add a following note in FG66-1: Advanced UE capability for larger number of unicast DL DCI can be indicated via FG49-3x
· Ask RAN2 if it is possible to update prerequisite FG(s) for Rel-18 RAN1 FG 49-3x in Rel-19 as follows (red fonts): At least one of {49-1b, 66-1}
· For FG66-2:
· Remove the FFS from FG66-2
· Add the following note in FG66-2: Advanced UE capability for larger number of unicast DL DCI can be indicated via FG49-3x or a new FG66-X
· Ask RAN2 if it is possible to update prerequisite FG(s) for Rel-18 RAN1 FG 49-3y in Rel-19 as follows (red fonts): At least one of {49-2b, 66-2}
· Support the following new FG66-X:
· Feature group: Additional advanced UE capability for larger number of unicast UL DCI for TDD scheduling cell
· Components: 
· Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3 for TDD scheduling cell
· Up to X DCI formats 0_3 for the set of cells, and
· Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a cell in the set of cells, no more than X DCIs scheduling PUSCH for the cell
· X is based on pair of (scheduling CC SCS, scheduled CC SCS)
· Candidate value(s) of X
· X = {8} for (15, 120), (15, 60), (30, 120) and
· X = {4} for (15, 30), (30, 60), (60, 120 kHz)
· X applies per slot of scheduling CC



	[14] NTT DOCOMO, INC.
	4. NR_MC_enh2
FG 66-1/2
There are following remaining yellow highlighted parts in FG 66-1/2 regarding the number of unicast DCI.
	66. NR_MC_enh2
	66-1
	Multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type
	~~
10. The number of unicast DL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
· [FFS support of more than one unicast DL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
~~
	
	Yes
	n/a
	Multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type of cells in the cell set is not supported
	Per BC
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	66. NR_MC_enh2
	66-2
	Multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type
	~~
9. The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For TDD scheduling cell
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
~~
	
	Yes
	n/a
	Multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type of cells in the cell set is not supported
	Per BC
	n/a
	n/a
	n/a
	
	Optional with capability signalling



RAN1 agreed that N is determined based on pair of (scheduling CC SCS, the smallest SCS among all cells in the cell set) at the last meeting. This is a simple way in terms of UE complexity. However, there are some cases where slot(s) of some co-scheduled cells cannot be scheduled due to up to one/two DCI(s) limitation per N consecutive slots of scheduling cell. As an example of high-to-low/same scheduling case, we can consider the DL scheduling case that SCS of scheduling cell is 30 kHz SCS, and SCSs of scheduled cells are 15 and 30 kHz SCS, respectively. Here, N is defined as 2 according to the agreement, and the limitation is that one DCI format 1_3 for the set of cells can be used every 2 slots of scheduled cell with 30 kHz SCS and one unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3 can be used every 2 slots of scheduled cell with 30 kHz SCS. In this case, every slot of co-scheduled cells with 15 kHz SCS can be scheduled, but only one of every 2 slots of co-scheduled cells with 30 kHz SCS can be scheduled. In order to utilize all slots of scheduled cells with higher SCS, we think the restriction regarding the number of unicast DCI per slot should be relaxed, and this is the FFS point highlighted by yellow. Considering that the FFS point is to support more than one/two unicast DCI formats x_0/1/2, reusing Rel-16 capability FG 18-5c/5d for cross-carrier scheduling should be considered. We propose to remove FFS and explicitly mention the FG number.

Proposal 4-1: Following updates are made for FG 66-1/2. The updated component should be as follows.
· Remove FFS and update “[FFS support of mMore than one(two) unicast DL(UL) DCI for the case is supported when the UE indicates support of more than one unicast DCI per slot based on FG 18-5c/5d Rel-16 capability].

	66. NR_MC_enh2
	66-1
	Multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type
	~~
10. The number of unicast DL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
· [FFS support of mMore than one unicast DL DCI for the case is supported when the UE indicates support of more than one unicast DCI per slot based on FG 18-5c Rel-16 capability]
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
~~
	
	Yes
	n/a
	Multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type of cells in the cell set is not supported
	Per BC
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	66. NR_MC_enh2
	66-2
	Multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type
	~~
9. The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· [FFS support of mMore than one unicast UL DCI for the case is supported when the UE indicates support of more than one unicast DCI per slot based on FG 18-5d Rel-16 capability]
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
· [FFS support of mMore than one unicast UL DCI for the case is supported when the UE indicates support of more than one unicast DCI per slot based on FG 18-5d Rel-16 capability]
· For TDD scheduling cell
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· [FFS support of mMore than two unicast UL DCI for the case is supported when the UE indicates support of more than one unicast DCI per slot based on FG 18-5d Rel-16 capability]
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· [FFS support of mMore than two unicast UL DCI for the case is supported when the UE indicates support of more than one unicast DCI per slot based on FG 18-5d Rel-16 capability]
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
~~
	
	Yes
	n/a
	Multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type of cells in the cell set is not supported
	Per BC
	n/a
	n/a
	n/a
	
	Optional with capability signalling



Support of Rel-18 MCE optional FGs for Rel-19 MCE
RAN1 made an agreement to send LS to ask RAN2 to feedback if it is possible to update prerequisite FG(s) for Rel-18 RAN1 FG 49-4a/4b/4c/4d/5a/5b/6/7/8/9/10/12/ 12a/13/14 in Rel-19 at the last meeting. Although RAN1 have not received reply from RAN2, we will discuss potential outcome in RAN1 in this section.
If RAN2 indicates it is possible to update prerequisite FGs of Rel-18 capabilities from Rel-19 specifications, we think RAN1 can simply suggest modifying prerequisite FGs of FG 49-4a/4b/4c/4d/5a/5b/6/7/8/9/10/12/12a/13/14 by adding FG 66-1/2 from Rel-19. This way, we think any NBC issue doesn’t occur, from either gNB or UE point of view. One arguable point is whether it applies to FG 49-4a/4b/4c/4d or not given that they are defined as per UE. It is pointed out that as a result of this approach to apply these optional FGs for Rel-19 MCE, UE will not be able to differentiate the support of these optional FGs between Rel-18 scenarios and Rel-19 scenarios. From our perspective, it doesn’t harm a lot, as our understanding is that for these FGs, once it is supported, it should easily be supported in any scenario (that is the understanding of per UE in our view). Hence, we believe adding Rel-19 FG as other prerequisite of Rel-18 optional FG should be workable, irrespective of the Type. 
Meanwhile, if feedback from RAN2 is negative to update prerequisite FGs of Rel-18 capabilities, RAN1 may need to define new Rel-19 capabilities for Rel-18 FG 49-4a/4b/4c/4d/5a/5b/6/7/8/9/10/12/12a/13/14. 

Proposal x: Regarding potential updates on prerequisite FG of Rel-18 FGs, following updates are made based on the feedback from RAN2. We prefer Alt-1.
· Alt-1: RAN1 recommends RAN1 to modify prerequisite FGs of FG 49-4a/4b/4c/4d/5a/5b/6/7/8/9/10/12/12a/13/14 to add FG 66-1/2 from Rel-19, i.e., support the modification in LS to RAN2.
· Alt-2: RAN1 defines new Rel-19 capabilities that are equivalent to Rel-18 FG 49-4a/4b/4c/4d/5a/5b/6/7/8/9/10/12/12a/13/14 but prerequisite FGs.

One remaining issue is about FG 49-3x/3y, which is not included in the previous LS to RAN2. This FG was introduced in Rel-18 to fully utilize all slots of co-scheduled cells for scheduling in case of multi-cell scheduling from lower SCS to higher SCS. We think the similar functionality should be supported even for scenarios supported in Rel-19. As an example of low-to-high scheduling case, if SCS of scheduling cell is 15 kHz SCS, and the smallest SCS among all cells in the cell set is 30kHz SCS, only one unicast DCI per 15 kHz slot of scheduling cell can be used for scheduling 30 kHz SCS slot of co-scheduled cells, and only one of every 2 slots can be scheduled in such case. If UE can support multiple unicast DCIs per slot of scheduling cell, the issue can be solved and all slots of co-scheduled cells can be scheduled.
Since FG 49-3x/3y is not included in the previous LS to RAN2, we propose to ask RAN2 about FG 49-3x/3y as well. If RAN2 indicates it is possible to update prerequisite FG 49-3x/3y from Rel-19 specifications, we think RAN1 can suggest modifying prerequisite FGs of FG 49-3x/3y by adding FG 66-1/2 from Rel-19. If FG 49-3x/3y can be reused, a component of FG 49-3x/3y should be modified so that multiple SCS cases in Rel-19 are covered. Based on the RAN1 agreement,  X, the number of unicast DCI scheduling PDSCH/PUSCH per scheduled cell can be based on pair of (scheduling CC SCS, the smallest SCS among all cells in the cell set). Since this new definition of X can include both Rel-18/19 cases, no NBC issues can be caused by this update.
Meanwhile, if feedback from RAN2 is negative to update prerequisite FGs of Rel-18 capabilities, RAN1 may need to define new Rel-19 capabilities based on Rel-18 FG 49-3x/3y. 

Proposal 4-2: Regarding potential updates on prerequisite FG 49-3x/3y, following updates are made based on the feedback from RAN2 as follows. We prefer the same manner with other Rel-18 FGs.
· Alt-1: RAN1 recommends RAN1 to modify prerequisite FGs of FG 49-3x/3y to add FG 66-1/2 from Rel-19, and to modify component so that it can include both Rel-18 and 19 cases.
· Alt-2: RAN1 defines new Rel-19 capabilities that are equivalent to Rel-18 FG 49-3x/3y but prerequisite FGs.

Alt-1
	Index
	Feature group
	Components
	Prerequisite feature groups

	49-3x
	Advanced UE capability for larger number of unicast DL DCI
	~~ (omitted) ~~
•X is based on pair of (scheduling CC SCS, the smallest SCS among all cells in the cell set scheduled CC SCS):
~~ (omitted) ~~
	At least one of {49-1b, 66-1}

	49-3y
	Advanced UE capability for larger number of unicast UL DCI
	~~ (omitted) ~~
•X is based on pair of (scheduling CC SCS, the smallest SCS among all cells in the cell set scheduled CC SCS):
~~ (omitted) ~~
	At least one of {49-2b, 66-2}



Alt-2
	Index
	Feature group
	Components
	Prerequisite feature groups

	66-x
	Advanced UE capability for larger number of unicast DL DCI
	Processing up to X unicast DCI scheduling PDSCH per scheduled cell in a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3:
· Up to X DCI formats 1_3 for the set of cells, and
· Up to X unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells in the set of cells
· For each cell in the set of cells, no more than X DCIs scheduling PDSCH for the cell
· X is based on pair of (scheduling CC SCS, the smallest SCS among all cells in the cell set):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per slot of scheduling CC
 
	66-1

	66-y
	Advanced UE capability for larger number of unicast UL DCI
	Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3 
· Up to X DCI formats 0_3 for the set of cells, and
· Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
· For a cell in the set of cells, no more than X DCIs scheduling PUSCH for the cell
· X is based on pair of (scheduling CC SCS, the smallest SCS among all cells in the cell set):
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz)
· X applies per slot of scheduling CC

	66-2







Summary of companies’ views and discussion
	FG 66-1/2
· FFS on advanced monitoring
· Remove FFS only: vivo, 
· Reuse FG 49-3x/3y: Nokia (while new FG for TDD UL), QC (while new FG for TDD UL), DCM, 
· Define separate FG for advanced monitoring: HW/Hisi, Samsung, DCM, 
· Update FG 66-1 component 10, 66-2 component 9 so that the number of unicast DL/UL DCI format for each of the cells that are not scheduled by MC DCI is X, subject to the support of FG 18-5c/5d: ZTE, DCM, 



Question 5-1 [ASN1]:
For “[FFS support of more than one unicast DL/UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]” in FG 66-1/2, companies are encouraged to provide views on which of the following alternatives is preferred: 
· Alt-1: 
· Remove the FFS from FG 66-1/2
· Note: Whether/how to define support of advanced monitoring is discussed separately
	66-1
	Multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type
	[…]
10. The number of unicast DL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
· [FFS support of more than one unicast DL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
[…]



	66-2
	Multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type
	[…]
9. The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For TDD scheduling cell
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
[…]





· Alt-2: 
· Only remove the FFS from FG 66-1/2
	66-1
	Multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type
	[…]
10. The number of unicast DL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
· When the UE indicates support of FG 18-5c, support processing up to X unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3. X is based on pair of (scheduling CC SCS, scheduled CC SCS) [FFS support of more than one unicast DL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability] 
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={1} for (30,30)
· X applies per slot of scheduling CC
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
[…]



	66-2
	Multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type
	[…]
9. The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· When the UE indicates support of FG18-5d, processing up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells. X is based on pair of (scheduling CC SCS, scheduled CC SCS):[FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={1} for (30,30)
· X applies per slot of scheduling CC
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
· When the UE indicates support of FG18-5d, processing up to X unicast DCI scheduling PUSCH for the cell. X is based on pair of (scheduling CC SCS, scheduled CC SCS): [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· Candidate value(s) of X
· X={1,2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={1} for (30,30)
· X applies per slot of scheduling CC
· For TDD scheduling cell
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· When the UE indicates support of FG18-5d, processing up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells. X is based on pair of (scheduling CC SCS, scheduled CC SCS):[FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={2} for (30,30)
· X applies per slot of scheduling CC
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· When the UE indicates support of FG18-5d, processing up to X unicast DCI scheduling PUSCH for the cell. X is based on pair of (scheduling CC SCS, scheduled CC SCS): [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· Candidate value(s) of X
· X={2,4} for (15,120), (15,60), (30,120), X={2} for (15,30), (30,60) and X={2} for (30,30)
· X applies per slot of scheduling CC
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
[…]





	Company
	Comment

	Moderator
	For this question, it is appreciated if companies can focus only on how to complete the design of FG 66-1 and 66-2 first. In other words, for alt-1, whether/how to define advanced monitoring capability is subject to the next question. 

	
	

	
	





Question 5-2 [ASN1]:
Regarding support of advanced UE capability for larger number of unicast DL/UL DCI, companies are encouraged to provide views on the following alternatives: 
· Alt-1: Support of advanced UE capability for larger number of unicast DL/UL DCI is NOT defined for Rel-19 MCE
· Note: No change for Rel-18/-19 MCE UE features is expected
· Alt-2: Add 66-1 and 66-2 as a prerequisite of 49-3x and 49-3y, respectively, 
· Note: Need of additional LS to RAN2 to ask whether this approach is possible or not is expected
· Alt-2a: Add 66-1 and 66-2 as a prerequisite of 49-3x and 49-3y, respectively, and define new FG as follows
· Note: Need of additional LS to RAN2 to ask whether this approach is possible or not is expected
	66-5X
	Additional advanced UE capability for larger number of unicast UL DCI for TDD scheduling cell
	Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 1_3 for TDD scheduling cell: 
- Up to X DCI formats 0_3 for the set of cells, and
- Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
For a cell in the set of cells, no more than X DCIs scheduling PUSCH for the cell
X is based on pair of (scheduling CC SCS, scheduled CC SCS)
Candidate value(s) of X
- X = {8} for (15, 120), (15, 60), (30, 120) and
- X = {4} for (15, 30), (30, 60), (60, 120 kHz)
- X applies per slot of scheduling CC

	66-2
	Yes
	n/a
	Additional advanced UE capability for larger number of unicast UL DCI for TDD scheduling cell is not supported
	Per BC
	n/a
	n/a
	n/a
	
	Optional with capability signalling


· Alt-3: Define the following new FGs
	66-5x
	Advanced UE capability for larger number of unicast DL DCI for operation with multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type
	Processing up to X unicast DCI scheduling PDSCH per scheduled cell in a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3:
Up to X DCI formats 1_3 for the set of cells, and
Up to X unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells in the set of cells
For each cell in the set of cells, no more than X DCIs scheduling PDSCH for the cell
X is based on pair of (SCS1, SCS2):
SCS1 is the SCS of scheduling CC, and SCS2 is the largest SCS among all cells in the cell set
Candidate value(s) of X
X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz) and X = {1} for (30,30) 
X applies per slot of scheduling CC

	66-1
	Yes
	n/a
	Advanced UE capability for larger number of unicast DL DCI for operation with multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type is not supported
	Per BC
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	66-5y
	Advanced UE capability for larger number of unicast UL DCI for operation with multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type
	Processing up to X unicast DCI scheduling PUSCH per scheduled cell in a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
Up to X DCI formats 0_3 for the set of cells, and
Up to X unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells in the set of cells
For a cell in the set of cells, no more than X DCIs scheduling PUSCH for the cell
X is based on pair of (SCS1, SCS2):
SCS1 is the SCS of scheduling CC, and SCS2 is the largest SCS among all cells in the cell set
Candidate value(s) of X
X={2,4} for (15,120), (15,60), (30,120) and X={2} for (15,30), (30,60), (60,120 kHz) and X = {1} for (30,30)
X applies per slot of scheduling CC

	66-2
	Yes
	n/a
	Advanced UE capability for larger number of unicast UL DCI for operation with multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type is not supported
	Per BC
	n/a
	n/a
	n/a
	
	Optional with capability signalling



	Company
	Comment

	Moderator
	For Alt-2 and 2a, confirming whether it is possible to reuse Rel-18 FGs 49-3x/3y by updating prerequisite FGs is indeed missing from the LS in the last meeting. In case these two alternatives are preferred, there may be a need of additional LS to RAN2. 

	
	

	
	




(Pending until receiving RAN2 LS reply) Discussion 5-1:
For reuse of FG 49-4a/4b/4c/4d/5a/5b/6/7/8/9/10/12/12a/13/14 for Rel-19 MCE FG 66-1/2, […] 
	Company
	Comment

	Moderator
	This issue is pending. Meanwhile, after communicating RAN2 UE feature rapporteur, it is expected that RAN2 send an early LS for reply. 

	
	

	
	





6. NR_LBCA
Regarding NR_LBCA, the following inputs are provided in the contributions under AI 9.2 in RAN1#123:
	[1] Nokia
	

	[2] vivo
	

	[3] Huawei, HiSilicon
	

	[4] Ericsson
	

	[5] CATT
	

	[6] Xiaomi
	2.2 Multi-carrier enhancements & low band CA

For a UE using a single antenna to aggregate band n29 and band n5, a carrier switching pattern is required which indicates the UE to tune its RF between the two carriers, i.e., Carrier 1 in band n5 and Carrier 2 in band n29, where Carrier 1 is FDD carrier with paired UL and DL band while Carrier 2 is DL-only carrier. Carrier 1 is configured as Cell 1 and Carrier 2 is configured as a DL-only cell, i.e., Cell 2. Hence, Cell 1 is configured as PCell while Cell 2 is configured as SCell. The HARQ-ACK feedback for DL transmissions on both carriers is transmitted on the UL band of Cell 1. One example is shown in Figure 1.

[image: ]
Figure 1: Low band CA combination of n5 and n29

There are two cases for the UE to work on both carriers:
· Case 1: Tx/Rx on FDD carrier 1 and no Rx on SDL carrier 2
· Case 2: Rx on SDL carrier 2 and no Tx/Rx on FDD carrier 1
Hence, a basic feature group for Rel-19 low band CA via switching is to consider one feature group with the components clearly mentioned in the WID like below:
1) Carrier frequency of 2 carriers is <1 GHz
2) Carrier 1 is FDD carrier and Carrier 2 is SDL carrier  
3) Co-located and synchronized network deployment for both carriers
4) Both carriers are in a single TAG
5) SCS 15KHz on both carriers
6) UE supports carrier switching between two cases: Case 1: Tx/Rx on FDD carrier 1 and no Rx on SDL carrier 2; Case 2: Rx on SDL carrier 2 and no Tx/Rx on FDD carrier 1
Proposal 4: Introduce a feature group for Rel-19 low band CA via switching with components at least including those in the WID.

[bookmark: _Hlk197698079]In addition, based on the agreement made in previous RAN1 meeting, a bitmap-based carrier switching pattern is configured by RRC signaling with the length of the bitmap equal to the switching periodicity of 40ms. According to the design principle in [3], the semi-static carrier switching pattern for low band CA can be designed to have maximum 2 switches within 10 slots (i.e., one radio frame). This maximum number of switches within 10, 20 or 40 slots can be subject to UE capability as this is relevant to SSB/CSI-RS reception and HARQ-ACK feedback transmission.
Proposal 5: UE supported maximum number of switches within 10, 20 or 40 slots is included in the components.


As mentioned above, the HARQ-ACK feedback for DL transmissions on both carriers is transmitted on the UL band of Carrier 1. Carrier switching may happen quite often because UE has to switch to Cell 1 for transmitting HARQ-ACK feedback for PDSCHs received on both Cell 1 and Cell 2. Moreover, gNB can indicate HARQ-ACK timing with a relatively large value for PDSCHs scheduled on Cell 2 so that the UE can have enough time to switch to Cell 1 for transmitting the corresponding HARQ-ACK feedback on Cell 1. In addition, based on the standardization outcome of Rel-16 NR-U, the HARQ-ACK feedback for PDSCHs received on Cell 2 can be suspended and then triggered in Type-3 HARQ-ACK codebook via one-shot HARQ-ACK request field in the DCI after the UE switches to Cell 1. This can simplify the carrier switching pattern design to avoid frequent carrier switching for transmitting HARQ-ACK feedback for PDSCHs on Cell 2. Hence, the supported HARQ-ACK codebook types should be reported from the UE to gNB. 
Proposal 6: UE supported HARQ-ACK codebook types is included in the components.

Based on the above analysis, the following is proposed as basis for the corresponding UE features discussion. 
Proposal 7: Below table is proposed for UE feature discussion. 
Table 1: FG for Rel-19 low band CA via switching
	Index
	Feature Group
	Components
	Prerequisite feature groups

	68
	Two carrier aggregation via switching 

	1) Carrier frequency of 2 carriers is <1 GHz
2) Carrier 1 is FDD carrier and Carrier 2 is SDL carrier  
3) Co-located and synchronized network deployment for both carriers
4) Both carriers are in a single TAG
5) SCS 15KHz on both carriers
6) UE supports carrier switching between two cases: Case 1: Tx/Rx on FDD carrier 1 and no Rx on SDL carrier 2; Case 2: Rx on SDL carrier 2 and no Tx/Rx on FDD carrier 1
7) Supported maximum number of switches within [10, 20 or 40] slots: candidate values set of {1, 2}
8) Supported HARQ-ACK codebook types, candidate 
values: {type 1, type2, type 3}
	6-5, 6-10






	[7] OPPO
	

	[8] Samsung
	

	[9] ZTE Corporation, Sanechips
	3 NR_LBCA
According to the LS on Rel-19 RAN4 UE feature list for NR (version 3) R4-2514620, FG 55 NR_LBCA_SW has been introduced including the basic function description that the UE can indicate support of LB-LB carrier aggregation via switching between an FDD band and SDL band. 
	55. NR_LBCA_SW
	55-1
	Switching period for  switching between a LB FDD band and an SDL band
	UE to indicate support of LB-LB carrier aggregation via switching between an FDD band (case 1) and SDL band (case 2):
	Case 1: Tx/Rx on FDD carrier 1 and no Rx on SDL carrier 2
-	Case 2: Rx on SDL carrier 2 and no Tx/Rx on FDD carrier 1

switchingPeriodForFDD-SDL indicates the length of the switching time between {case1, case2}: 35us represents 35 us of switching time, 70us represents 70us of switching time,140us represents 140us of switching time, as specified in TS 38.101-1.
	N/A
	Yes
	N/A
	Operation of Carrier aggregation between FDD and SDL via switching is not supported.
	Per band pair per band combination
	
	Applicable to FR1 only
	
	
	Optional with capability signalling


Since the WI is led by RAN4, RAN1 should discuss whether there is any necessary RAN1 UE features based on RAN1 agreements. For the 5 options on potential components listed by moderator, Option 1 has been already captured in the RAN1 spec and can be regarded as basic function for a UE support the feature. Option 4 is not needed based on the conclusion made in RAN1#122bis. Option 5 has been captured in FG 55-1. Therefore, there is no need to introduce RAN1 FG for the option 1/4/5. Furthermore, there is no agreement related to option 2/3. According to the agreements made in previous RAN1 meetings copied below, there is no need to introduce RAN1 FG for Rel-19 low NR band carrier aggregation via switching.
	· Option 1: Semi-static configured (and bitmap-based) switching pattern
· Option 2: Maximum number of switches per period
· Option 3: Supported HARQ-ACK codebook type
· Option 4: Additional processing time for PDCCH-to-PUSCH, PDCCH-to-SRS, RAR-to-PUSCH, PDCCH/PDSCH-to-HARQ-ACK
· Option 5: Basic switching operation (Case 1: Tx/Rx on FDD carrier 1 and no Rx on SDL carrier 2; Case 2: Rx on SDL carrier 2 and no Tx)



	Agreement
· For Rel-19 low NR band carrier aggregation via switching, support only semi-static configuration of switching pattern to a UE based on UE-specific RRC configuration between the following two cases,
· Case 1: Tx/Rx on FDD carrier 1 and no Rx on SDL carrier 2
· Case 2: Rx on SDL carrier 2 and no Tx/Rx on FDD carrier 1
· FDD carrier 1 is PCell and SDL carrier 2 is SCell.
· SCS 15KHz on both carriers.

Agreement
For RRC configuration of semi-static switching pattern in Rel-19 low NR band carrier aggregation via switching, it is not expected that the same slot (1ms) contains both symbol(s) configured as FDD carrier and symbol(s) configured as SDL carrier.

Agreement
For Rel-19 low NR band carrier aggregation via switching, the semi-static switching pattern and corresponding switching gap are based on the downlink timing (DL reception time at UE side) of Pcell.

Agreement
For RRC configuration of semi-static switching pattern in Rel-19 low NR band carrier aggregation via switching, the time unit (resolution) of the semi-static switching pattern configuration is slot (1ms for 15kHz SCS).
Agreement
· For RRC configuration of semi-static switching pattern in Rel-19 low NR band carrier aggregation via switching, support bitmap design
· NW configures a periodicity, denoted as  slots, and a bitmap of P bits. Each bit in the bitmap indicates which carrier is configured for the corresponding slot, ‘0’ indicates FDD carrier 1, and ‘1’ indicates SDL carrier 2.
· The pattern starts from the beginning of SFN 0 of PCell.
· Restriction of maximum X switch(es) within Y slot(s).
· FFS: detailed value and relation of X and Y.
· FFS: other restriction.

Agreement
For RRC configuration of semi-static switching pattern in Rel-19 low NR band carrier aggregation via switching, regarding the location of the switching gap, 
· For switching from SDL carrier to FDD carrier, the switching gap is always assumed at the “switch from” carrier, i.e., SDL carrier.
· For switching from FDD carrier to SDL carrier, down-select one of the following solutions:
· Alt 1: Switching gap is always assumed at the “switch from” carrier, i.e., FDD carrier.
· Alt 2: NW configures whether the switching gap is at the FDD carrier or SDL carrier.
· Alt 3: Switching gap is always assumed at the SDL carrier.

Agreement
For RRC configuration of semi-static switching pattern in Rel-19 low NR band carrier aggregation via switching, semi-static switching pattern is periodic with periodicity of P slots (ms), support P= 40 ms.

Agreement
For RRC configuration of semi-static switching pattern in Rel-19 low NR band carrier aggregation via switching, the duration of the switching gap is RRC configured by the NW,
· Switching gap duration can be different for FDD to SDL switch, and SDL to FDD switch.
· Note: NW ensures that the switching gap is enough to cover at least the switching period as in RAN4 LS (R1-2501702) and UL TA (if needed).
· For the UL TA, 
· Switching gap for SDL to FDD switch ends at the end of slot on SDL.
· Note: RAN1 assumes that switching gap for SDL to FDD switch includes UL TA.
FFS: whether it has specification impact.

	Agreement
For Rel-19 low NR band carrier aggregation via switching, support configuration of only one switching pattern to a UE based on UE-specific RRC configuration.

Agreement
For RRC configuration of semi-static switching pattern in Rel-19 low NR band carrier aggregation via switching, regarding the location of the switching gap for switching from FDD carrier to SDL carrier, only support the switching gap is located at the “switch from” carrier, i.e., FDD carrier.
· Switching gap ends at the end of the last slot on the “switch from” carrier.

Agreement (confirmed in Thursday session as follows)
For Rel-19 low NR band carrier aggregation via switching, in terms of the collision handling 
· The following cases for collision handling are specified where UL TA is assumed to be 0 for the determination of overlapping. The UL TA =0 assumption only applies to the UL transmission configured by higher layer
· Collision 1: If a UE is configured by higher layers to transmit a PUSCH, PUCCH, PRACH, or SRS in a set of symbols of an UL slot on the FDD carrier that overlaps, even partially, with the set of symbols of the switching gap, the UE does not transmit the PUSCH, PUCCH, PRACH, or SRS 
· Collision 2: If a UE is configured by higher layers to transmit a PUSCH, PUCCH, PRACH, or SRS in a set of symbols of an UL slot on the FDD carrier that overlaps, even partially, with the set of symbols of the DL slot indicated as SDL carrier, the UE does not transmit the PUSCH, PUCCH, PRACH, or SRS 
· Collision 3: If a UE is configured by higher layers to receive a PDCCH, PDSCH, PRS or CSI-RS in a set of symbols of a DL slot on the SDL carrier that overlaps, even partially, with the set of symbols of the switching gap, the UE does not receive the PDCCH, PDSCH, PRS or CSI-RS.
· Collision 4: If a UE is configured by higher layers to receive a PDCCH, PDSCH, PRS or CSI-RS in a set of symbols of a DL slot on the SDL carrier that overlaps, even partially, with the set of symbols of the DL slot indicated as FDD carrier, the UE does not receive the PDCCH, PDSCH, PRS or CSI-RS 
· Collision 5: If a UE is configured by higher layers to receive a PDCCH, PDSCH, PRS or CSI-RS in a set of symbols of a DL slot on the FDD carrier that overlaps, even partially, with the set of symbols of the switching gap, the UE does not receive the PDCCH, PDSCH, PRS or CSI-RS.
· Collision 6: If a UE is configured by higher layers to receive a PDCCH, PDSCH, PRS or CSI-RS in a set of symbols of a DL slot on the FDD carrier that overlaps, even partially, with the set of symbols of the DL slot indicated as SDL carrier, the UE does not receive the PDCCH, PDSCH, PRS or CSI-RS
· For the other cases, i.e., DL and UL signals/channels scheduled/triggered by DCI 
· A UE is not expected any scheduling/triggering from network that will lead to above collisions 
· Except that the PUSCH, PUCCH, PRACH, or SRS transmission that overlapped with the switching gap on SDL carrier when the SDL carrier switches to FDD carrier is not considered as collision
UE expects that the switching gap configured by the NW for SDL carrier to FDD carrier switching covers at least the switching period as in RAN4 LS (R1-2501702) and UL TA

	Agreement
For Rel-19 low NR band carrier aggregation via switching, in terms of the collision handling of SSB, a UE does not receive the SSB that collides with the LB CA switching pattern.
· Note: a SSB collides with the LB CA switching pattern if
· For SSB in FDD carrier, one or multiple SSB symbols overlaps with symbols configured as either SDL carrier or switching gap.
· For SSB in SDL carrier, one or multiple SSB symbols overlaps with symbols configured as either FDD carrier or switching gap.

Conclusion
For RRC configuration of semi-static switching pattern in Rel-19 low NR band carrier aggregation via switching, support the following restrictions for the semi-static switching pattern:
· It is RAN1 understanding that at least one SSB in PCell is available every 160ms for meeting existing RAN4 requirements.
· At least one SSB in SCell is available every 160ms.
Conclusion
For Rel-19 low NR band carrier aggregation via switching, if the switch pattern is applicable, it applies to the UE RACH procedure

Conclusion
For Rel-19 low NR band carrier aggregation via switching, in RAN1, there is no consensus to support UE processing timeline relaxation for the following scenarios
· a PDCCH reception schedules a PUSCH transmission
· a PDCCH reception indicates SRS transmission
· a RAR schedules a PUSCH transmission
· a PUCCH transmission with HARQ-ACK for a PDSCH or PDCCH reception 

Conclusion
For Rel-19 low NR band carrier aggregation via switching, in RAN1, there is no consensus to support the following HARQ-ACK enhancement 
· For HARQ-ACK feedback timing, support more than 8 values in the K1 set with new values larger than 15



Proposal 5-1: There is no need to introduce RAN1 FG for Rel-19 LBCA based on the RAN1 agreements made up to RAN1#122bis meeting.




	[10] Fujitsu
	

	[11] Ofinno
	

	[12] Qualcomm Incorporated
	

	[13] NTT DOCOMO, INC.
	5. NR_LBCA
As we have argued in previous meetings, we don’t think RAN1 FG is necessary. RAN4 FG55-1 covers the support of LBCA via switching for a band pair in BC with corresponding switching period duration. RAN1 has not made any agreement requiring additional reporting on top of RAN4 FG55-1.
At the last RAN1 meeting, RAN1 made following conclusions to avoid continuing discussions on potential enhancements in Rel-19 maintenance. Therefore, it is the time to conclude also in UE feature session that no RAN1 FG is necessary for Rel-19 LBCA.
	Conclusion
For Rel-19 low NR band carrier aggregation via switching, if the switch pattern is applicable, it applies to the UE RACH procedure
Conclusion
For Rel-19 low NR band carrier aggregation via switching, in RAN1, there is no consensus to support UE processing timeline relaxation for the following scenarios
· a PDCCH reception schedules a PUSCH transmission
· a PDCCH reception indicates SRS transmission
· a RAR schedules a PUSCH transmission
· a PUCCH transmission with HARQ-ACK for a PDSCH or PDCCH reception 
Conclusion
For Rel-19 low NR band carrier aggregation via switching, in RAN1, there is no consensus to support the following HARQ-ACK enhancement 
· For HARQ-ACK feedback timing, support more than 8 values in the K1 set with new values larger than 15



Proposal 5-1: RAN1 should conclude that no RAN1 FG is necessary for Rel-19 LBCA.






Summary of companies’ views and discussion
	Need of RAN1 FG for NR_LBCA
· Yes: Xiaomi
· 1) Carrier frequency of 2 carriers is <1 GHz
· 2) Carrier 1 is FDD carrier and Carrier 2 is SDL carrier  
· 3) Co-located and synchronized network deployment for both carriers
· 4) Both carriers are in a single TAG
· 5) SCS 15KHz on both carriers
· 6) UE supports carrier switching between two cases: Case 1: Tx/Rx on FDD carrier 1 and no Rx on SDL carrier 2; Case 2: Rx on SDL carrier 2 and no Tx/Rx on FDD carrier 1
· 7) Supported maximum number of switches within [10, 20 or 40] slots: candidate values set of {1, 2}
· 8) Supported HARQ-ACK codebook types, candidate 
· values: {type 1, type2, type 3}
· No: ZTE, DOCOMO



Proposal 6-1:
Conclude the following: 
· No RAN1 FG is defined for Rel-19 NR low-band CA. 

	Company
	Comment

	Moderator
	From the discussion in previous meetings, it is clear for moderator that all the companies are fine not to have any RAN1 FG for low-band CA features. 
The proposal from [6] was discussed earlier, and companies didn’t see the need for RAN1 FG to capture them. 
For the sake of clarity, I am planning to have a very short session to conclude above. 

	
	

	
	





7. Conclusions
TBD
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Appendix: Rel-19 UE feature list after RAN1#122bis
NR_duplex_evo: 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	60. NR_duplex_evo
	60-1
	Basic feature for SBFD-aware UE TX/RX/measurement behaviour and procedures
	1. Support of cell-common configuration of time and frequency location of SBFD subbands
2. Support of UL transmission in one UL subband and DL reception in one/two DL subband in SBFD symbols
3. Support of link direction determination based on configured/scheduled transmissions/receptions and collision handling
4. Support of UL transmissions or DL receptions across SBFD symbols and non-SBFD symbols in different slots, where the transmissions or receptions are restricted to SBFD symbols or non-SBFD symbols (Configuration 1)
5. Support of separate CSI reports for SBFD and non-SBFD symbols
6. Support of separate PUCCH frequency resource configuration in SBFD symbols and non-SBFD symbols
7. Support of separate UL power control parameters based on unified TCI framework in SBFD symbols and non-SBFD symbols
8. Support of separate PUSCH frequency hopping offset in SBFD symbols and non-SBFD symbols
9. Support of separate SRS resource set configuration in SBFD symbols and non-SBFD symbols
10. Number of partial PRGs supported
11. Supported CSI timeline, active CSI-RS ports counting and active CSI-RS resource counting for a single CSI-RS resource across two DL subbands
12. Maximum of one DL-UL switching point per SBFD slot for actual DL/UL transmission(s)
13. Determination of TBS of PDSCH/PUSCH in SBFD symbols


	
	YES
	n/a
	Basic feature for SBFD-aware UE TX/RX/ measurement behaviour and procedures is not supported
	Per band
	TDD only
	n/a
	n/a
	Component 7 applies only to UEs supporting FG 23-1-1h

Note: Component 9 is only applicable for SRS resource sets with usage codebook, nonCodebook and beamManagement

Component 10 candidate values: {2, 4}

Component 11 candidate values: {“with factor-of-two relaxation”, “with factor-of-two relaxation for active CSI-RS resource and port counting”, “no relaxation”}



	Optional with capability signalling

	60. NR_duplex_evo
	60-2
	Reception across SBFD symbols and non-SBFD symbols in different slots (Configuration 2)
	1. Support of PDSCH reception across SBFD symbols and non-SBFD symbols (Configuration 2)


	60-1
	YES
	n/a
	Reception across SBFD symbols and non-SBFD symbols in different slots (Configuration 2) is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-2a
	Transmission across SBFD symbols and non-SBFD symbols in different slots (Configuration 2)
	1. Support of UL transmission across SBFD symbols and non-SBFD symbols (Configuration 2)

	60-1
	YES
	n/a
	Transmission across SBFD symbols and non-SBFD symbols in different slots (Configuration 2) is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-3
	SBFD random access operation based on one single RACH configuration in RRC_IDLE/INACTIVE/CONNECTED mode 
	Support of SBFD random access operation based on one single RACH configuration in RRC_IDLE/INACTIVE/CONNECTED mode (RACH configuration Option 1)


	60-1
	YES
	n/a
	SBFD random access operation based on one single RACH configuration in RRC_IDLE/INACTIVE/CONNECTED mode is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-4
	SBFD random access operation based on two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration in RRC_IDLE/INACTIVE/CONNECTED mode
	1. Support of SBFD random access operation based on two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration in RRC_IDLE/INACTIVE/CONNECTED mode (RACH configuration Option 2)
2. Support of valid RO across SBFD and non-SBFD symbols


	60-1
	YES
	n/a
	SBFD random access operation based on two separate RACH configurations in RRC_IDLE/INACTIVE/CONNECTED mode is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-5
	Preamble repetition within additional-ROs for RACH configuration Option 1
	1. Determination of the set of  valid additional-ROs and the time period of the set(s) of  valid additional-Ros
2. For RACH configuration Option 1, support separate configuration of rsrp-ThresholdMsg1-RepetitionNum2/4/8 for PRACH transmission with preamble repetitions within additional-ROs and PRACH transmission with preamble repetitions within legacy-ROs.
	60-3, 54-1
	YES
	n/a
	Preamble repetition within additional-ROs for RACH configuration Option 1 is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-5a
	Preamble repetition within additional-Ros for RACH configuration Option 2
	1. Determination of the set of  valid additional-ROs and the time period of the set(s) of  valid additional-Ros
2. For RACH configuration Option 2, support separate configuration of rsrp-ThresholdMsg1-RepetitionNum2/4/8 and msg1-RepetitionNum for PRACH transmission with preamble repetitions within additional-ROs and PRACH transmission with preamble repetitions within legacy-ROs.
	60-4, [54-1]
	YES
	n/a
	Preamble repetition within additional-ROs for RACH configuration Option 2 is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-7
	UL resource muting for CP-OFDM waveform 
	1. Support semi-static configuration of time location and frequency location of UL resource muting for CP-OFDM waveform
- Up to two UL muting symbols within a slot for PUSCH 
- A configurable comb offset {0, 1} for the UL muting symbol
- One common pattern of UL muting between DG/Type 2 CG PUSCH and Type 1 CG PUSCH
2. Support dynamic on/off indication of the configured UL muting symbols by TDRA field in DCI for DG-PUSCH and Type-2 CG PUSCH
3. Support semi-static determination of UL muting symbols for Type-1 CG PUSCH


	
	YES
	n/a
	UL resource muting for CP-OFDM waveform is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-7a
	UL resource muting for DFTS-OFDM waveform
	1. Support semi-static configuration of time location and frequency location of UL resource muting for DFTS-OFDM waveform
- Up to two UL muting symbols within a slot for PUSCH 
- A configurable comb offset {0, 1} for the UL muting symbol
- One common pattern of UL muting between DG/Type 2 CG PUSCH and Type 1 CG PUSCH
2. Support dynamic on/off indication of the configured UL muting symbols by TDRA field in DCI for DG-PUSCH and Type-2 CG PUSCH
3. Support semi-static determination of UL muting symbols for Type-1 CG PUSCH


	
	YES
	n/a
	UL resource muting for DFTS-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-7b
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform
	60-7, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for CP-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	FFS: Whether/how to capture maximum number of UL muting symbols per slot
	Optional with capability signalling

	60. NR_duplex_evo
	60-7c
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	Support of separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform
	60-7a, 5-19
	YES
	n/a
	Separate UL resource muting for Type-1 CG PUSCH for DFT-s-OFDM waveform is not supported
	Per Band
	TDD only
	n/a
	n/a
	FFS: Whether/how to capture maximum number of UL muting symbols per slot
	Optional with capability signalling

	60. NR_duplex_evo
	60-8
	L1 CLI-RSSI measurement and aperiodic reporting
	1. Aperiodic L1 CLI-RSSI reporting on PUSCH
2. Support of CLI-RSSI measurement resource configured in one UL subband only, in one DL subband only, or across two DL subbands only.
3. Periodic and aperiodic CLI-RSSI measurement resource
4. Maximum number of configured L1 CLI-RSSI measurement resources (sum of aperiodic and periodic, and semi-persistent if supported) across all CCs


	
	YES
	n/a
	L1 CLI-RSSI measurement and aperiodic reporting is not supported
	Per band
	TDD only
	n/a
	n/a
	[Candidate values for component 4 are {8, 16, 32, 64}]
	Optional with capability signalling

	60. NR_duplex_evo
	60-8a
	Support of periodic L1 CLI-RSSI reporting on PUCCH
	1. Periodic L1 CLI-RSSI reporting on PUCCH

	60-8
	YES
	n/a
	Support of periodic L1 CLI-RSSI reporting on PUCCH is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-8b
	Support of semi-persistent L1 CLI-RSSI measurement resource
	1. Support of semi-persistent L1 CLI-RSSI measurement resource
	60-8
	YES
	n/a
	Semi-persistent L1 CLI-RSSI measurement resource is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-9
	L1 SRS-RSRP measurement and aperiodic reporting
	1. Aperiodic L1 SRS-RSRP reporting on PUSCH, and periodic and aperiodic SRS-RSRP measurement resource
2. Maximum number of L1 SRS-RSRP measurement resources across all CCs


	
	YES
	n/a
	L1 SRS-RSRP measurement and aperiodic reporting is not supported
	Per band
	TDD only
	n/a
	n/a
	[Candidate values for component 2 are {4, 8, 16, 32}]
	Optional with capability signalling

	60. NR_duplex_evo
	60-9a
	FDM-ed reception of DL signals/channels and L1 SRS-RSRP measurement resource
	1. Support of FDMed reception of DL signals/channels and L1 SRS-RSRP measurement resource

	60-9
	YES
	n/a
	FDMed reception of DL signals/channels and L1 SRS-RSRP measurement resource is not supported
	Per band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling

	60. NR_duplex_evo
	60-9b
	Support of semi-persistent L1 SRS-RSRP measurement resource and aperiodic reporting
	1. Support of semi-persistent L1 SRS-RSRP measurement resource and aperiodic reporting
	60-9
	YES
	n/a
	Semi-persistent L1 SRS-RSRP measurement resource and aperiodic reporting is not supported
	Per Band
	TDD only
	n/a
	n/a
	
	Optional with capability signalling




NR_LPWUS: 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	62. NR_LPWUS
	62-1
	LP-WUS operation in IDLE/INACTIVE mode based on OOK signal
	1. LP-WUS operation in IDLE/INACTIVE mode to trigger paging monitoring based on OOK
2. The support of LP-SS based RRM measurement
5. Minimum time gap between LP-WUS reception and UE to start PDCCH monitoring
6. Support of all M values {1, 2, 4} for FR1 for LP-WUS
7. Support of M value 1 for 120 kHz SCS FR2 for LP-WUS
8. Support of all M values {1, 2, 4} for LP-SS


	
	YES
	n/a
	LP-WUS operation in IDLE/INACTIVE mode based on OOK signal is not supported
	Per Band
	n/a
	n/a
	n/a
	Component 5 candidate values: {capability 1, capability 2, capability 3}

Note: According to RAN2 agreement, UE supporting LP-WUS reception shall also support RRM measurement relaxation and RRM measurement fully offloading. How to capture this is up to RAN2
	Optional with capability signalling

	62. NR_LPWUS
	62-1a
	LP-WUS operation in IDLE/INACTIVE mode based on OFDM overlaid sequence
	1. LP-WUS operation in IDLE/INACTIVE mode to trigger paging monitoring based on OFDM overlaid sequence
2a. The support of SSB-based RRM measurement
5. Minimum time gap between LP-WUS reception and UE to start PDCCH monitoring
6. “Support of all M values {1, 2, 4} for FR1 for LP-WUS
7. “Support of M value 1 for 120 kHz SCS FR2 for LP-WUS


	
	YES
	n/a
	LP-WUS operation in IDLE/INACTIVE mode based on OFDM overlaid sequence is not supported
	Per band
	n/a
	n/a
	n/a
	Component 5 candidate values: {capability 1, capability 2, capability 3}

Note: According to RAN2 agreement, UE supporting LP-WUS reception shall also support RRM measurement relaxation and RRM measurement fully offloading. How to capture this is up to RAN2
	Optional with capability signalling

	62. NR_LPWUS
	62-1b
	LP-SS based RRM measurement in IDLE/INACTIVE mode when LP-SS overlaid sequence is configured
	1. Support of LP-SS based RRM measurement in IDLE/INACTIVE mode when LP-SS overlaid sequence is configured
2. Support of all M values {1,2,4} for LP-SS
	62-1a
	YES
	n/a
	LP-SS based RRM measurement in IDLE/INACTIVE mode when LP-SS overlaid sequence is configured is not supported
	Per band
	n/a
	n/a
	n/a
	Note: If LP-SS overlaid sequence is configured, and if both SSB based and LP-SS based thresholds are configured for RRM measurement, it is up to UE implementation which threshold to use
	Optional with capability signalling

	62. NR_LPWUS
	62-2
	LP-WUS operation in CONNECTED mode based on OOK signal
	1. LP-WUS operation in CONNECTED mode based on OOK signal
2. The supported procedure(s)
3. Minimum time gap between LP-WUS reception and UE to start PDCCH monitoring in CONNECTED mode
4. Support of LP-WUS frequency resource within active DL BWP. In case LP-WUS frequency resource is outside the active BWP, UE performs legacy C-DRX operation.
5. Support of all M values {1, 2, 4} for FR1
6. “Support of M values {1, 2} for 60 kHz SCS for FR2, M value 1 for 120 kHz SCS FR2
7. Maximum number of codepoints to be checked by UE per MO


	
	YES
	n/a
	LP-WUS operation in CONNECTED mode based on OOK signal is not supported
	Per FS
	n/a
	n/a
	n/a
	Component 2 candidate values: {Option 1-1, Option 1-2, both Option 1-1 and Option 1-2}

Component 3 candidate values: {5ms, 13ms, 37ms}

Component 7 candidate values: {2, 4, 6, 8}
	Optional with capability signalling

	62. NR_LPWUS
	62-2a
	LP-WUS operation in CONNECTED mode based on OFDM overlaid sequence
	1. LP-WUS operation in CONNECTED mode based on OFDM overlaid sequence(s)
2. The supported procedure(s)
3. Minimum time gap between LP-WUS reception and UE to start PDCCH monitoring in CONNECTED mode
4. Support of LP-WUS frequency resource within active DL BWP. In case LP-WUS frequency resource is outside the active BWP, UE performs legacy C-DRX operation.
5. Support of all M values {1, 2, 4} for FR1
6. “Support of M values {1, 2} for 60 kHz SCS for FR2, M value 1 for 120 kHz SCS FR2
7. Maximum number of codepoints to be checked by UE per MO


	
	YES
	n/a
	LP-WUS operation in CONNECTED mode based on OFDM overlaid sequence is not supported
	Per FS
	n/a
	n/a
	n/a
	Component 2 candidate values: {Option 1-1, Option 1-2, both Option 1-1 and Option 1-2}

Component 3 candidate values: {5ms, 13ms, 37ms}

Component 7 candidate values: {2, 4, 6, 8}
	Optional with capability signalling

	62. NR_LPWUS
	62-3
	LP-WUS frequency resource outside active DL BWP for LP-WUS operation in CONNECTED mode
	1. Support of LP-WUS frequency resource outside active DL BWP for LP-WUS operation in CONNECTED mode
	FG 62-2 or 62-2a
	YES
	n/a
	LP-WUS frequency resource outside active DL BWP for LP-WUS operation in CONNECTED mode is not supported
	Per FS
	n/a
	n/a
	n/a
	
	Optional with capability signalling



NR_XR_Ph3: 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	64. NR_XR_Ph3
	64-1
	Enabling TX/RX during measurement gap scheduling restriction
	[bookmark: _Hlk190758906]1. Reception/transmission during measurement gaps/scheduling restrictions is enabled based on explicit indication by DCI
2a. DCI format 0_1 and 1_1 for enabling reception/transmission in gap/restriction
2b. Additional supported DCI formats for enabling reception/transmission in gap/restriction
3. UE behaviour for indication field value of “0”
- Option 1: For explicit indication by DCI, bit value equal to “0” means UE ignores the indication of this field in the DCI.
- Option 2: For explicit indication by DCI, bit value equal to “0” means UE behaviour for the corresponding gap/restriction occasion is as of Rel-18 behaviour.
4. The minimum time offset from the end of PDCCH carrying the gap/restriction cancellation to the start of cancelled gap/restriction


	
	YES
	n/a
	UE does not support Enabling TX/RX during measurement gap scheduling restriction based on explicit indication
	Per UE
	No
	Yes
	No
	Candidate values of component 2b: 3-bit bitmap {DCI 0_2 and 1_2, DCI 0_3, DCI 1_3}

Candidate values of component 3: {Option 1, Option 2}

Candidate values of component 4: {5ms, 3ms}

Note: The behavior described in Component 1 is supported in per-UE basis (i.e., supported in any band(s) that the UE supports) with FR1/FR2 differentiation

If a UE indicates support for the reception of the indication with DCI format 0_3 and/or 1_3, the UE supports reception of the indication on a band with that DCI format if the UE also indicates support for that DCI format on that band.


	Optional with capability signalling



NR_MC_enh2: 
	[bookmark: _Hlk210809707]Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	[bookmark: _Hlk213879616]66. NR_MC_enh2
	66-1
	Multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type
	1. UE supports monitoring DCI format 1_3 for DL scheduling with different SCS and/or different carrier type for the cells in the set
2. Supported applicable combinations of the following from the band combination: 
- Two sets of (carrier type, SCS) for the cells in the set: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz), (FR2-1, 60kHz), (FR2-1, 120kHz)} 
- A set of (carrier type, SCS) for scheduling cell: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz)}
3. “Scheduling cell is PCell if set of cells includes PCell, and scheduling cell is PCell or an SCell if set of cells includes only SCells.
4. Max number of co-scheduled cells per set of cells supported by UE is reported with candidate value set of {2, 3, 4}
5. Max number of sets of cells supported by UE across PUCCH groups: Candidate value set of {1, 2, 3, 4, 5, 6, 7, 8}
6. “Max number of sets of cells supported by UE for a same scheduling cell: Candidate value set of {1, 2, 3, 4}
7. Supported HARQ feedback types, candidate values: {type 1, type2, type 1 and type 2}, Note: the UE shall report the same value for all supported BC for FG 66-1
8. Supported co-scheduled cell indication schemes: Candidate value set of {FDRA field based, co-scheduled cell indicator field based, both}
9. Support Type-2 for ‘Antenna port(s)’ field
10. The number of unicast DL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PDSCH scheduling by DCI format 1_3
· One DCI format 1_3 for the set of cells and,
· One unicast DL DCI formats 1_0/1_1/1_2 (if supported) for each of the cells that are not scheduled by DCI 1_3
· [FFS support of more than one unicast DL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
11. Monitoring SS set(s) for DCI format 1_3 for a set of cells for the following cases
· 1) Search space set configuration for DCI format 1_3 for the set of cells is provided only on the scheduling cell, or;
· 2) Search space set configurations for DCI format 1_3 for the set of cells with the same searchSpaceId are provided on both the scheduling cell and a serving cell in the set of cells with the scheduling cell being NOT in the set of cells
· UE supporting FG 66-1 can additionally report whether the UE support following case
· 3) Search space set configurations for DCI format 1_3 for the set of cells with the same searchSpaceId are provided on both the scheduling cell and a serving cell in the set of cells with the scheduling cell being in the set of cells


	
	Yes
	n/a
	Multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type of cells in the cell set is not supported
	Per BC
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	66. NR_MC_enh2
	66-1a
	Support of three sets of (carrier type, SCS) for the cells in the set for multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type
	Supported applicable combinations of the following from the band combination:
- Three sets of (carrier type, SCS) for the cells in the set: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz), (FR2-1, 60kHz), (FR2-1, 120kHz)} 
- A set of (carrier type, SCS) for scheduling cell: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz)}, Note: the UE shall report the same value(s) as for FG 66-1
	66-1
	Yes
	n/a
	Three sets of (carrier type, SCS) for the cells in the set for multi-cell PDSCH scheduling by DCI format 1_3 with different SCS and/or different carrier type of cells in the cell set is not supported
	Per BC
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	66. NR_MC_enh2
	66-2
	Multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type
	1. UE supports monitoring DCI format 0_3 for UL scheduling with different SCS and/or different carrier type for the cells in the set
2. Supported applicable combinations of the following from the band combination: 
- Two sets of (carrier type, SCS) for the cells in the set: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz), (FR2-1, 60kHz), (FR2-1, 120kHz)} 
- A set of (carrier type, SCS) for scheduling cell: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz)}
3. Scheduling cell is PCell if set of cells includes PCell, and scheduling cell is PCell or an SCell if set of cells includes only SCells
4. Max number of co-scheduled cells per set of cells supported by UE is reported with candidate value set of {2, 3, 4}
5. Max number of sets of cells supported by UE across PUCCH groups: Candidate value set of {1, 2, 3, 4, 5, 6, 7, 8}
6. Max number of sets of cells supported by UE for a same scheduling cell: Candidate value set of {1, 2, 3, 4}
7. Supported co-scheduled cell indication schemes: Candidate value set of {FDRA field based, co-scheduled cell indicator field based, both}
8. Support Type-2 for ‘Antenna port(s)’ field, ‘Precoding information and number of layers’ and ‘SRS resource indicator’ fields
9. The number of unicast UL DCIs to process per N consecutive slots of scheduling cell for a set of cells configured for multi-cell PUSCH scheduling by DCI format 0_3
· For FDD scheduling cell
· Up to one DCI format 0_3 for the set of cells and,
· Up to one unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For a cell in a set of cells, no more than one DCI scheduling PUSCH for the cell
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For TDD scheduling cell
· Up to two DCI format 0_3 for the set of cells and,
· Up to two unicast UL DCI formats 0_0/0_1/0_2 (if supported) for each of the cells
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· For a cell in a set of cells, no more than two DCI scheduling PUSCH for the cell
· [FFS support of more than one unicast UL DCI for the case when the UE indicates support of more than one unicast DCI per slot based on Rel-16 capability]
· SCS1 is the SCS of scheduling CC, and SCS2 is the smallest SCS among all cells in the cell set
· For SCS1 smaller than or equal to SCS2, N = 1 
· For SCS1 larger than SCS2: N=2 for (SCS1 equal to 30kHz, SCS2 equal to 15kHz)
10. Monitoring SS set(s) for DCI format 0_3 for a set of cells for the following cases
· 1) Search space set configuration for DCI format 0_3 for the set of cells is provided only on the scheduling cell, or;
· 2) Search space set configurations for DCI format 0_3 for the set of cells with the same searchSpaceId are provided on both the scheduling cell and a serving cell in the set of cells with the scheduling cell being NOT in the set of cells
· UE supporting FG 66-1 can additionally report whether the UE support following case
· 3) Search space set configurations for DCI format 0_3 for the set of cells with the same searchSpaceId are provided on both the scheduling cell and a serving cell in the set of cells with the scheduling cell being in the set of cells



	
	Yes
	n/a
	Multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type of cells in the cell set is not supported
	Per BC
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	66. NR_MC_enh2
	66-2a
	Support of three sets of (carrier type, SCS) for the cells in the set for multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type
	Supported applicable combinations of the following from the band combination:
- Three sets of (carrier type, SCS) for the cells in the set: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz), (FR2-1, 60kHz), (FR2-1, 120kHz)} 
- A set of (carrier type, SCS) for scheduling cell: {(FR1 licensed FDD, 15kHz), (FR1 licensed TDD, 30kHz)}, Note: the UE shall report the same value(s) as for FG 66-2
	66-2
	Yes
	n/a
	Three sets of (carrier type, SCS) for the cells in the set for multi-cell PUSCH scheduling by DCI format 0_3 with different SCS and/or different carrier type of cells in the cell set is not supported
	Per BC
	n/a
	n/a
	n/a
	
	Optional with capability signalling

	66. NR_MC_enh2
	66-3
	Multi-cell multi-PDSCH scheduling by DCI format 1_3
	1. UE supports DCI format 1_3 for DL scheduling of one or more PDSCH(s) per cell in the set of cells
2. Type 1 and Type 2 HARQ codebook for supporting multi-cell multi-PDSCH scheduling with single DCI
3. Maximum number of PDSCHs that can be scheduled by a DCI format 1_3 for multi-cell multi-PDSCH scheduling


	At least one of {49-1, 49-1b, 66-1}
	Yes
	N/A
	Multi-cell multi-PDSCH scheduling by DCI format 1_3 is not supported
	Per BC
	[bookmark: _Hlk211456903]n/a
	n/a
	n/a
	Candidate values for component 3: {8, 12, 16, 32}

Note: Only cell(s) with {120kHz SCS, FR2-1} among the set of cells can be scheduled with more than one PDSCH
	Optional with capability signalling

	66. NR_MC_enh2
	66-4
	Multi-cell multi-PUSCH scheduling by DCI format 0_3
	1. UE supports DCI format 0_3 for UL scheduling of one or more PUSCH(s) per cell in the set of cells
2. Maximum number of PUSCHs that can be scheduled by a DCI format 0_3 for multi-cell multi-PUSCH scheduling


	At least one of {49-2, 49-2b, 66-2}
	Yes
	N/A
	Multi-cell multi-PUSCH scheduling by DCI format 0_3 is not supported
	Per BC
	n/a
	n/a
	n/a
	Candidate values for component 2: {8, 12, 16, 32}

Note: Only cell(s) with {120kHz SCS, FR2-1}, {15kHz SCS, FR1} and/or {30kHz SCS, FR1} among the set of cells can be scheduled with more than one PUSCH
	Optional with capability signalling
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