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In this contribution, we discuss aspects related to UE capability signaling for NR extension up to 71 GHz. 

Discussion on New UE Features
SRS Beam switch Gap
In previous RAN1 #106-bis-e meeting, there was a discussion around supporting a UE capability for time required for beam switching. Our basic understanding here is that a UE reports a certain amount of time it needs to switch a beam. Based on the reported value, the serving gNB decides whether it’s needed to configure a time gap for the UE between certain adjacent signals/channels based on one of existing frameworks (e.g., ZP-CSI-RS, RM resources, etc.). With this understanding, we support UE capability signaling for beam switching time. 
Typically, the exact values should be agreed based on the feedback from RAN4 and could be defined in absolute units, e.g., nanoseconds. However, if the response from RAN4 would not be available by RAN1 #107-e meeting, it is safe to allocate at least 1 symbol gap for beam switching for both 480 kHz and 960 kHz.
Also, a discussion happened in [3] around an expected behavior of UE, which indicates a need for beam switching gap, in different cases depending on the assumptions on QCL Type-D source RS for adjacent signals/channels. In particular, the cases with different QCL Type-D source RS, same QCL Type-D source RS or without QCL Type-D source RS were considered. However, our understanding is that RAN1 efforts to define the UE behavior for all the cases listed above is a bit redundant since the serving gNB, after receiving the UE capability for beam switch time, is aware about the potentially needed gaps. In this case, a simple following to the rules of 3GPP TS 38.306, which state that “the network needs to respect the signalled UE radio access capabilities when configuring the UE and when scheduling the UE” [4], is enough.
Proposal 1: Support UE capability signaling for beam switching time. The signaling may indicate a UE needs at least 1 symbol gap for both 480 kHz and 960 kHz.
	Index
	Feature group
	Components
	Prerequisite feature groups

	24-X
	Beam switching time indication
	Indicates required time gap for Tx and Rx beam switching in number of symbols for 480 kHz SCS and 96 kHz SCS.
	




PDCCH Monitoring Capability
For multi-slot PDCCH monitoring capability, the value X was agreed to support X=4 slots for SCS 480 kHz and X=8 slots for SCS 960 kHz. Other X value(s) were agreed as optional values for support. Therefore, we will need to update the UE feature to add an optional capability indicating support for X=2 and 4 for 480 kHz and 960 kHz, respectively.
 
Proposal 2: 
· Propose to add new FG to indicate optional support of X = 2 and 4, for 480 kHz and 960 kHz, respectively.
	24-X
	Additionally supported multi-slot PDCCH monitoring group size 
	Indicates UE supports multi-slot PDCCH monitoring slot group size of [2] for 480 kHz subcarrier spacing
	24-4

	24-X
	Additionally supported multi-slot PDCCH monitoring group size 
	Indicates UE supports multi-slot PDCCH monitoring slot group size of 4 for 960 kHz subcarrier spacing
	24-5





High Rank/MCS Capability
From our companion contribution [4] it is evident that UE may not be able to support beyond specific MCS for a specific rank due to excessive phase noise, even with the most advanced phase noise compensation techniques that may be utilized by the UE. The support of advance phase noise compensation techniques should not be considered a norm for all UE. Therefore, the supported maximum MCS and for each transmission rank may need to indicate as capability signaling.
It should be noted that existing capability signal does support indication of max number of MIMO layers, and supported modulation order for DL. However, gNB is allows to indicate higher modulator order than the reported values as long the maximum peak throughput is not exceeded. The following is the description for supportedModulationOrderDL.
	supportedModulationOrderDL 
Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate calculation as defined in 4.1.2. If included, the network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for downlink. If not included: 
- for FR1, the network uses the modulation order signalled in pdsch-256QAM-FR1. 
- for FR2, the network uses the modulation order signalled per band i.e. pdsch-256QAM-FR2 if signalled. If not signalled in a given band, the network shall use the modulation order 64QAM. 
In all the cases, it shall be ensured that the data rate does not exceed the max data rate (DataRate) and max data rate per CC (DataRateCC) according to TS 38.214 [12]. 



Proposal 3: 
· Support capability signaling to indicate the maximum MCS support for each transmission rank (among supported number of transmission layers). The actual minimum max-MCS value for each transmission rank (values in bracket) is FFS.
	Index
	Feature group
	Components
	Prerequisite feature groups

	24-X
	Supported maximum MCS in DL
	Indicates the maximum MCS for DL supported by the UE for each transmission rank supported by the UE. Note that UE shall support MCS 29, 30, 31 of MCS table 1 and 3 regardless of indicated value.
Values are indicated for each supported subcarrier spacing and each rank supported by the UE operating in FR2-2. [Note: numbers in brackets are FFS]
For 120kHz:
· For rank 1: max MCS of {[22], …, 28} of MCS table 1, max MCS of {[26], …, 28} of MCS table 3
· For rank 2: max MCS of {[17], …, 28} of MCS table 1, max MCS of {[21], …, 28} of MCS table 3
· For rank 3~8: max MCS of {[17], …, 28} of MCS table 1, max MCS of {[21], …, 28} of MCS table 3
For 480kHz:
· For rank 1: max MCS of {[24], …, 28} of MCS table 1, max MCS of {27, …, 28} of MCS table 3
· For rank 2: max MCS of {[19], …, 28} of MCS table 1, max MCS of {[23], …, 28} of MCS table 3
· For rank 3~8: max MCS of {[19], …, 28} of MCS table 1, max MCS of {[23], …, 28} of MCS table 3
For 960kHz:
· For rank 1: max MCS of {[26], …, 28} of MCS table 1, max MCS of {[28]} of MCS table 3
· For rank 2: max MCS of {[21], …, 28} of MCS table 1, max MCS of {[25], …, 28} of MCS table 3
· For rank 3~8: max MCS of {[21], …, 28} of MCS table 1, max MCS of {[25], …, 28} of MCS table 3
	




Channel Access Related Capability
Rx assisted LBT
As described in our companion document [5], among the four candidate schemes identified by RAN1 to support a receiver-aided LBT procedure so that to provide to the gNB a better assessment of the channel occupancy status of the UE, only scheme 1, which is based on L1-RSSI assistance, and scheme 2, which is based on CCA (a.k.a. CAT-2 LBT) or eCCA (a.k.a, Cat-4 LBT) based assistance, may be actually beneficial from a system level perspective, and may be feasible from a standardization point of view considering the amount of time left to work out the details. 
As  highlighted in our contribution [5], the benefits of scheme 1 are strictly correlated with the timeline for L1-RSSI reporting, and they become more evident as this timeline is tightened. For this matter, while we believe this scheme may be beneficial and should be supported, it may need to be used only when the UE’s processing time for the L1-RSSI is tightened, therefore UE’s capability signaling is needed for this matter.
As for scheme 2, as highlighted in our contribution [5], in order to reduce the LBT overhead, which otherwise would detrimentally impact the benefit of this scheme, only a CCA based receiver assistance should be supported. In this matter, given that Cat-2 is based on UE’s capability, and this scheme is based on the assumption that a UE can perform Cat-2, then this scheme could be only used up to UE’s capability. In this sense, we suggest to add a note into the CAT-2 capability signaling indicating that this signaling would also support the CCA based receiver assistance scheme.
Proposal 4: 
· Support capability signaling to indicate whether or not a UE could support L1-RSSI based receiver assistance (scheme 1)
· CCA based receiver assistance scheme (scheme 2) is supported based on CAT-2 capability signaling.
	Index
	Feature group
	Components
	Prerequisite feature groups

	24-X
	L1-RSSI based receiver assistance
	UE is able to perform L1-RSSI measurement and report as part of AP-CSI
	

	24-Y
	Cat 2 LBT support for FR2-2 unlicensed operation
	1. Support Cat 2 LBT
2. Support CCA based receiver assistance

	24-1




Discussion on Changes to Existing UE Features
Channel Access Related Capability
UE beam correspondence
In general, companies generally agree that LBT beams should have some correspondence (or strong correlation) with the Tx beams that are planned to be after successful LBT operation. In order for this operation to properly work beam correspondence at the UE is needed. Currently beam correspondence is mandatory UE capability with capability signaling. We suggest to change this such that for FR2-2, beam correspondence must be mandatorily supported.
Proposal 5: 
· For UEs supporting bands in FR2-2, beamCorrespondenceWithoutUL-BeamSweeping must be supported.
	Index
	Feature group
	Components
	Prerequisite feature groups

	24-E
	beamCorrespondenceWithoutUL-BeamSweeping
	For existing capability beamCorrespondenceWithoutUL-BeamSweeping add the following text:
For UEs supporting operation in FR2-2 band(s), UE shall indicate support of beamCorrespondenceWithoutUL-BeamSweeping for those band(s). 
	





Conclusions
In this contribution, we discussed issues related to UE capability signaling for NR extension up to 71 GHz. The following is a summary of the observation and proposals:
Proposal 1: Support UE capability signaling for beam switching time. The signaling may indicate a UE needs at least 1 symbol gap for both 480 kHz and 960 kHz.
	Index
	Feature group
	Components
	Prerequisite feature groups

	24-X
	Beam switching time indication
	Indicates required time gap for Tx and Rx beam switching in number of symbols for 480 kHz SCS and 96 kHz SCS.
	



Proposal 2: 
· Propose to add new FG to indicate optional support of X = 2 and 4, for 480 kHz and 960 kHz, respectively.
	24-X
	Additionally supported multi-slot PDCCH monitoring group size 
	Indicates UE supports multi-slot PDCCH monitoring slot group size of [2] for 480 kHz subcarrier spacing
	24-4

	24-X
	Additionally supported multi-slot PDCCH monitoring group size 
	Indicates UE supports multi-slot PDCCH monitoring slot group size of 4 for 960 kHz subcarrier spacing
	24-5



Proposal 3: 
· Support capability signaling to indicate the maximum MCS support for each transmission rank (among supported number of transmission layers). The actual minimum max-MCS value for each transmission rank (values in bracket) is FFS.
	Index
	Feature group
	Components
	Prerequisite feature groups

	24-X
	Supported maximum MCS in DL
	Indicates the maximum MCS for DL supported by the UE for each transmission rank supported by the UE. Note that UE shall support MCS 29, 30, 31 of MCS table 1 and 3 regardless of indicated value.
Values are indicated for each supported subcarrier spacing and each rank supported by the UE operating in FR2-2. [Note: numbers in brackets are FFS]
For 120kHz:
· For rank 1: max MCS of {[22], …, 28} of MCS table 1, max MCS of {[26], …, 28} of MCS table 3
· For rank 2: max MCS of {[17], …, 28} of MCS table 1, max MCS of {[21], …, 28} of MCS table 3
· For rank 3~8: max MCS of {[17], …, 28} of MCS table 1, max MCS of {[21], …, 28} of MCS table 3
For 480kHz:
· For rank 1: max MCS of {[26], …, 28} of MCS table 1, max MCS of {[28]} of MCS table 3
· For rank 2: max MCS of {[21], …, 28} of MCS table 1, max MCS of {[25], …, 28} of MCS table 3
· For rank 3~8: max MCS of {[21], …, 28} of MCS table 1, max MCS of {[25], …, 28} of MCS table 3
For 960kHz:
· For rank 1: max MCS of {[26], …, 28} of MCS table 1, max MCS of {[28]} of MCS table 3
· For rank 2: max MCS of {[21], …, 28} of MCS table 1, max MCS of {[25], …, 28} of MCS table 3
· For rank 3~8: max MCS of {[21], …, 28} of MCS table 1, max MCS of {[25], …, 28} of MCS table 3
	




Proposal 4: 
· Support capability signaling to indicate whether or not a UE could support L1-RSSI based receiver assistance (scheme 1)
· CCA based receiver assistance scheme (scheme 2) is supported based on CAT-2 capability signaling.
	Index
	Feature group
	Components
	Prerequisite feature groups

	24-X
	L1-RSSI based receiver assistance
	UE is able to perform L1-RSSI measurement and report as part of AP-CSI
	

	24-Y
	Cat 2 LBT support for FR2-2 unlicensed operation
	3. Support Cat 2 LBT
4. Support CCA based receiver assistance

	24-1



Proposal 5: 
· For UEs supporting bands in FR2-2, beamCorrespondenceWithoutUL-BeamSweeping must be supported.
	Index
	Feature group
	Components
	Prerequisite feature groups

	24-E
	beamCorrespondenceWithoutUL-BeamSweeping
	For existing capability beamCorrespondenceWithoutUL-BeamSweeping add the following text:
For UEs supporting operation in FR2-2 band(s), UE shall indicate support of beamCorrespondenceWithoutUL-BeamSweeping for those band(s). 
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