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In RAN1 #106-e meeting, a number of agreements were made regarding beam management for extending NR up to 71 GHz which are listed below [1]:
	Agreement:
For maxNumberRxTxBeamSwitchDL,
· Support at least 2 and 4 as candidate values for 480 kHz
· FFS: 7
· Support at least 2 as a candidate value for 960 kHz
· FFS: Support for additional candidate value(s) including 4

Agreement:
For the threshold values 48 or 48+  mentioned in Clauses 5.2.1.5.1 and 5.2.1.5.1a of 38.214, scale 48 to 4*48 for 480 kHz and 8*48 for 960 kHz.

Agreement:
For maxNumberRxTxBeamSwitchDL,
· For 480 kHz, support 7 as a candidate value for 480 kHz in addition to the agreed candidate values 2 and 4
· For 960 kHz, support one of the following alternatives
· Alt-1: Support 1, 4 and [7] as candidate values for 960 kHz in addition to the agreed candidate values 2
· Alt-2: Support 4 as a candidate value for 960 kHz in addition to the agreed candidate values 2
· No additional candidate values are supported

Working assumption:
For multi-PDSCH scheduling for multi-TRPs, support a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism for multi-TRPs
· The single DCI field ‘Transmission Configuration Indication’ indicates one or two TCI states associated with a code point for single DCI based multi-TRP mechanism
· The single DCI field ‘Transmission Configuration Indication’ indicates only one TCI state associated with a code point for multi-DCI based multi-TRP mechanism
· Reuse Rel-16 RRC configuration and MAC CE activation/deactivation methods for the one or two TCI states
· FFS: Details of multiple TCI state association with multiple PDSCHs

Agreement:
For the single TRP case, For multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Down select one of the following alternatives 
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs 
· FFS: Details of single QCL assumption
· Alt 2: multiple QCL assumptions are applied 
· FFS: Details of multiple QCL assumptions
· FFS: When some of PDSCHs are collided with semi-static UL symbols and then skipped
· FFS: The multi-TRP case
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Agreement:
For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
· Support one of the following alternatives
· Alt-1: No additional candidate values are supported for 120 kHz, 480 kHz and 960 kHz 
· Alt-2: 28 and 56 symbols are supported as additional candidate values for 480 kHz and 960 kHz, respectively 
· For UE capability signaling, UE reports one value of the candidate values in OFDM symbols per each SCS

Agreement:
· For additional beam switching time delay d of 120 kHz, support one of the following alternatives
· Alt-1: 14 symbols
· Alt-2: 28 symbols
· FFS: value for 480 kHz



In this contribution, some remaining aspects related to beam management are discussed especially UE capabilities on beam switch timing in beam management procedure, multi-beam operation in case of multi-PDSCH transmission, UE assumptions on periodic RS transmission during LBT event, etc.
Discussion on RRC Parameters Related to UE Capabilities on Beam Management
In RAN1 #104-bis-e meeting the values for parameters corresponding to timing relationships associated with beam management operations were agreed [2]. For larger SCS of 480 kHz/960 kHz, the main principle is to scale the parameter values of NR FR2 reused in NR extension from 52.6 GHz up to 71 GHz for SCS 120 kHz. However, the simple scaling means no speed up in beam management operations for the new NR UE devices, which are intended to work on these frequencies, comparing with current UE devices operating in NR FR2. Therefore, it seems necessary to provide optional UE capabilities for faster beam switching and beam reporting assuming some reasonable progress in signal processing of UE devices for NR extension from 52.6 GHz up to 71 GHz. In particular, it’s proposed to support an additional candidate value of 28 OFDM symbols for SCS 480 kHz and a candidate value of 56 OFDM symbols for SCS 960 kHz for each of the parameters: timeDurationQCL, beamReportTiming and beamSwitchTiming. This becomes important at this time because there seems no work item on further enhancement of NR extension from 52.6 GHz up to 71 GHz.
Proposal 1: Support additional candidate values of 28 OFDM symbols and 56 OFDM symbols for SCS 480 kHz and SCS 960 kHz, respectively, for each of the parameters: timeDurationQCL, beamReportTiming and beamSwitchTiming.
Regarding the parameter maxNumberRxTxBeamSwitchDL, the set {2, 4, 7} switches per slot was agreed at the last RAN1#106-e meeting for SCS 480 kHz. For SCS 960 kHz, it is also proposed to support the same set of values for the parameter maxNumberRxTxBeamSwitchDL. In this case, 7 switches per slot with SCS 960 kHz would correspond to high optional capability of some high-performance UEs. However, if some companies deem necessary supporting 1 beam switch per slot, this value could be also included in the set of values for the parameter maxNumberRxTxBeamSwitchDL.
Proposal 2: For maxNumberRxTxBeamSwitchDL in case of SCS 960 kHz: Candidate value set is {1, 2, 4, 7} switches.
Another timing parameter related to operation with multiple beams, which value has not been defined for larger SCS, is the additional beam switching delay . According to Section 5.1.5 from TS 38.214 [3], it is used to provide an additional delay, equal to , to the timeDurationQCL in case of scheduling PDCCH and the scheduled PDSCH are on different component carriers (i.e., cross-carrier scheduling) and . Another application point of the parameter  is described in Section 5.2.1.5.1a [3] for the case when the triggering PDCCH and the triggered aperiodic CSI-RS are of different numerologies and . There is the additional delay  provided to the beamSwitchTime. The current values of parameter  are defined up to SCS 60 kHz and given in Table 5.2.1.5.1a-1 [3]. In Table 2‑2, they are augmented with the values for SCS 120 kHz and 480 kHz according to a simple scaling principle while trying to avoid large numbers at the same time.
[bookmark: _Ref68604542]Table 2. Additional beam switching timing delay d. Proposed values are marked with red color.
	µPDCCH
	d [PDCCH symbols]

	0
	8

	1
	8

	2
	14

	3
	[14]

	5
	[56]


Proposal 3: For additional beam switching delay , support [14] PDCCH symbols when  (SCS 120 kHz), support [56] PDCCH symbols when  (SCS 480 kHz).

Discussion on QCL Assumptions and TCI States for Multi-PDSCH/PUSCH Transmission
In RAN1 #104-bis-e meeting, indication of only a single TCI state/SRI in DCI scheduling multiple PDSCHs/PUSCHs was agreed at least for a single TRP [2]. In RAN1 #106-e meeting, the working assumption was taken to address the case of multi-PDSCH/PUSCH scheduling for multi-TRP. In particular, a single DCI field ‘Transmission Configuration Indication’ as in Rel-16 TCI state indication mechanism is adopted for multi-TRP. The cases of single-DCI and multi-DCI are addressed in the working assumption. Therefore, it’s proposed to confirm this working assumption. Regarding the association of TCI state and multiple PDSCHs, the focus should be on the non-coherent joint transmission (NCJT) case. This implies that the indicated TCI states correspond to all scheduled PDSCHs.
Proposal 4: Confirm the working assumption on multi-PDSCH scheduling for multi-TRP. The indicated TCI states should correspond to all scheduled PDSCHs.
In case of multi-PDSCH transmission, an important aspect is QCL assumption(s) the UE should apply when scheduling offset of some PDSCH(s) is less than timeDuraionForQCL. It can be reformulated in terms of the default QCL assumption(s) (e.g., the default beam) the UE can use when the TCI state(s) indication from DCI is not available or not ready. One solution here is to specify UE behavior in case of multi-PDSCH in such a way that one TCI state from the semi-statically configurated PDSCH TCI states for the UE corresponds to the default QCL assumption. For example, it could be a TCI state with the lowest ID or TCI state normally corresponding to the lowest codepoint of the TCI bit field from the scheduling DCI.
Proposal 5: For Case 2 when PDSCH scheduling offset is less than timeDuraionForQCL, the UE should apply the default QCL assumption(s) which corresponds to one of the semi-statically configured PDSCH TCI states for the UE.
· FFS: Which TCI state from the dedicated UE configuration is the default.

Discussion on UE Assumptions on Periodic Signal Transmission and LBT Operation
In the latest RAN1 meeting, some discussion happened around handling periodic reference signal (RS) transmissions in case of LBT events. It was identified that inability to transmit periodic RS due to LBT failure could be interpreted at the receiver as beam failure since the measurements of periodic RS are actively used for beam failure detection. Among the proposals there were even ones to introduce a mechanism to distinguish between LBT failures and beam failures. However, the existing well-defined procedures for beam failure detection (BFD) and beam failure recovery (BFR) could be used by the UE to implicitly determine highly congested Tx beam and select another one less congested. Particularly, multiple LBT failures, happened at L1 during the configured time interval (determined by the BFD timer), cause a number of beam failure indications at MAC level so that the threshold beamFailureInstanceMaxCount is exceeded and BFR is triggered. These multiple LBT failures during the limited period are good evidence that a particular beam is highly congested, and UE would rather switch to another beam.
Proposal 6: No special handling of periodic RS transmissions is needed to address interruptions due to LBT failure as well as no special means are needed to distinguish between LBT failures and beam failures.

Conclusions
In this contribution, we discussed some beam management aspects in particular timing relationships relevant for beam operation in NR extension from 52.6 GHz up to 71 GHz. Additionally, we presented our views on time gaps between signals/channels, multi-PDSCH/PUSCH transmission and UE assumptions on QCL, periodic transmission of RS in case of LBT events. The following is a summary of the observation and proposals:

Proposal 1: Support additional candidate values of 28 OFDM symbols and 56 OFDM symbols for SCS 480 kHz and SCS 960 kHz, respectively, for each of the parameters: timeDurationQCL, beamReportTiming and beamSwitchTiming.

Proposal 2: For maxNumberRxTxBeamSwitchDL in case of SCS 960 kHz: Candidate value set is {1, 2, 4, 7} switches.

Proposal 3: For additional beam switching delay , support [14] PDCCH symbols when  (SCS 120 kHz), support [56] PDCCH symbols when  (SCS 480 kHz).

Proposal 4: Confirm the working assumption on multi-PDSCH scheduling for multi-TRP. The indicated TCI states should correspond to all scheduled PDSCHs.

Proposal 5: For Case 2 when PDSCH scheduling offset is less than timeDuraionForQCL, the UE should apply the default QCL assumption(s) which corresponds to one of the semi-statically configured PDSCH TCI states for the UE.
· FFS: Which TCI state from the dedicated UE configuration is the default.

Proposal 6: No special handling of periodic RS transmissions is needed to address interruptions due to LBT failure as well as no special means are needed to distinguish between LBT failures and beam failures.
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