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Introduction
In RAN1#106-e [2], following agreements on beam management for new SCSs were made:
	[bookmark: _Hlk63407815]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

[bookmark: _Hlk80957802]Agreement:
For candidate values of timeDurationForQCL, beamSwitchTiming and beamReportTiming, 
· Support one of the following alternatives
· [bookmark: _Hlk83902462]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, we discuss potential issues and associated standards impacts on beam management enhancements for new SCSs in 52.6 – 71GHz.
Discussions
Timing and timeline associated with beam management
In RAN1#104bis-e [1], following candidate values were agreed for timeDurationForQCL, beamSwitchTiming and beamReportTiming for 480 kHz and 960 kHz:
· 480 kHz
· timeDurationForQCL: 56 and 112 symbols
· beamSwitchTiming: 56, 112, 192, 896 and 1344 symbols
· beamReportTiming: 56, 112 and 224 symbols
· 960 kHz
· timeDurationForQCL: 112 and 224 symbols
· beamSwitchTiming: 112, 224, 384, 1792 and 2688 symbols
· beamReportTiming: 112, 224 and 448 symbols
Based on the above agreement, whether to introduce additional candidate values was discussed in RAN1#106-e [2] and two alternatives are agreed for 480 and 960 kHz as follows:
· 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 
The current minimum candidate values for 480 and 960 kHz, 56 and 112 symbols, may be considered as long latency if we just look at the numbers. However, as we are reusing the absolute time durations for 120 kHz, 56 and 112 symbols take only 125 us, which is short enough for efficient operation. If 28 and 56 symbols are supported for 480 kHz and 960 kHz, UE needs to receive and decode PDCCH, change UE reception beam for PDSCH and generate beam report within 62.5 us, which can lead processing burden for the UE implementation. Given the situation, it is preferred to support no additional candidate values for 480 kHz and 960 kHz. 
Observation 1: The current minimum candidate values, 56 and 12 symbols, take only 125 us, which is short enough for efficient operation. 
Observation 2: If 28 and 56 symbols are supported for 480 kHz and 960 kHz, UE needs to receive and decode PDCCH, change UE reception beam for PDSCH and generate beam report within 62.5 us, which can lead processing burden for the UE implementation. 
Proposal 1: No additional candidate values are supported for 480 kHz and 960 kHz (Alt-1). 
In RAN1#106-e [2], following two alternatives are agreed for additional beam switching time delay d of 120 kHz while value for 480 kHz needs to be further studied. 
· Alt-1: 14 symbols
· Alt-2: 28 symbols
As well as timeDurationForQCL, beamSwitchTiming and beamReportTiming, in higher frequencies, processing time reduction may be difficult considering the similar DCI payload size and the more complex UE implementation to handle higher phase noise, higher SCSs and increased number of antenna elements/panels. Given that, it is preferred to support values 28 symbols for 120 kHz and 112 symbols for 480 kHz, respectively. 
Observation 3: As well as timeDurationForQCL, beamSwitchTiming and beamReportTiming, further processing time reduction is difficult considering the similar DCI payload size and the more complex UE implementation.
Proposal 2: It is preferred to support values 28 symbols for 120 kHz (Alt-2) and 112 symbols for 480 kHz, respectively. 
In RAN1#106-e [2], following candidate values are agreed for 480 kHz and 960 kHz:
· 480 kHz: 2, 4 and 7
· 960 kHz: 2
In addition, two alternatives were discussed for 960 kHz to be down selected:
· 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
Considering the reduced slot duration for 960 kHz, switching Rx/Tx beam 7 times within 15.625 us can be serious burden for UE implementation. In addition, it should be noted that beam management in higher SCSs can be more efficiently supported based on the reduced symbol/slot durations. 
Observation 4: Switching Rx/Tx beam 7 times within 15.625 us can be serious burden for UE implementation.
Proposal 3: Support 4 as a candidate value for 960 kHz (Alt-2). 
Support of multiple beams for multi-PDSCH/PUSCH scheduling
In RAN1#106-e [2], support of single QCL assumption when scheduling offsets for all PDSCHs ≥ timeDurationForQCL (Case 1) is agreed for single TRP operation. However, when PDSCH scheduling offset for any PDSCH < timeDurationForQCL, following two alternatives are agreed for down selection:
· 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
When scheduling offsets are less than timeDurationForQCL, it is a reasonable choice to use a default beam. However, if the scheduling offsets > timeDurationForQCL, there’s no reason to use the default beam instead of an optimized beam indicated by a TCI state field in DCI. Considering the performance benefits from the optimized beam rather than using the default beam such as a beam of latest CORESET with a smallest CORESET ID, it is preferred to support multiple QCL assumptions (Alt 2). In addition, applying multiple QCL assumptions can be considered only if enough PDSCHs are scheduled after timeDurationForQCL or there is a large time gap between the timeDurationForQCL finishing time and the last scheduled PDSCH For example, when a large percentage of PDSCHs are yet to be received after timeDurationForQCL, UE may switch the QCL assumption determined based on an indicated TCI state by the DCI.  
Observation 5: More performance gain can be achieved by using an optimized beam indicated by a TCI state field in DCI rather than using a default beam.
Proposal 4: Support multiple QCL assumptions (Alt 2) when PDSCH scheduling offset for any PDSCH < timeDurationForQCL (Case 2).
[image: ]
Figure 1: Opportunities to update QCL assumption based on the indicated TCI state by the DCI
When UE determines to update the QCL assumption based on the indicated TCI state by the DCI, it may need to identify a suitable opportunity to perform the beam switching. To this end, one solution could be to identify a slot or a symbol level gap between the PDSCHs based on the TDRA as shown in Figure 1. 
Observation 6: When multiple PDSCHs are scheduled by a single DCI, suitable slot level or symbol level gaps between the scheduled PDSCHs could be used to switch the QCL assumption in between reception of the first and the last scheduled PDSCHs. 
In RAN1#106-e [1], support of TCI state indication field indicates up to two TCI states is agreed for single DCI based multi-TRP transmission as a working assumption. Considering high pathloss and possibly reduced coverage, multi-TRP deployment is one of the important deployment scenarios for NR in higher frequencies. Having said that, there’s no clear reason to prohibit the application of multi-TRP TCI state mechanism for NR in higher frequencies. 
Observation 7: Multi-TRP deployment is one of the important deployment scenarios for NR in higher frequencies.
Proposal 5: Confirm the working assumption on TCI state indication mechanism for multi-TRPs.
[bookmark: _Hlk83978522]As well as the single TRP case, whether/how to apply QCL assumptions was also discussed for multi-TRP scenarios. While multi-TRP scenarios are one of the important deployment scenarios, given the remaining time for Rel-17, it is preferred to minimize the required specification efforts as much as possible. To minimize the specification efforts, a simplest way is to apply the identical TCI state determination mechanism as single TRP. For example, single QCL assumption (one TCI state for all PDSCHs from 1st TRP and another one TCI state for all PDSCHs from 2nd TRP) can be applied when PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL (Case 1). For Case 2, RAN1 can decide whether to apply single QCL assumption (Alt 1) or multiple QCL assumption (Alt 2) for both single TRP and multi-TRP scenarios. 
Observation 8: While multi-TRP scenarios are one of the important deployment scenarios, given the remaining time for Rel-17, it is preferred to minimize the required specification efforts as much as possible.
Proposal 6: To minimize the specification efforts, it is preferred to apply the identical TCI state determination mechanism as single TRP.
· When PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL (Case 1), support single QCL assumption (i.e., one TCI state for all PDSCHs from 1st TRP and another one TCI state for all PDSCHs from 2nd TRP).
· When PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL (Case 2), RAN1 jointly decides whether to apply single QCL assumption (Alt 1) or multiple QCL assumption (Alt 2) for both single TRP and multi-TRP scenarios.
Support of RS transmission for shared spectrum operation
In 52.6 – 71 GHz, channel access mechanisms may have some impacts on beam management and other CSI generation. For example, periodic and semi-static reference signals may need some enhancements to cope with LBT failure. For the enhancements, following aspects should be considered:
· Periodic TRS
· UE achieves robust time/frequency tracking based on measuring SSBs and fine time/frequency tracking based on periodic TRSs (and possibly associated aperiodic TRSs). When channel is occupied (e.g., LBT is failed), gNB may not transmit the periodic TRSs and the UE may not identify the absence of the periodic TRSs. Incorrect measurement based on the periodic TRSs, which are not transmitted, may provide incorrect time/frequency tracking and performance degradation especially for high MCSs.
· Beam failure recovery
· UE supports beam failure recovery by monitoring periodic RSs and selecting candidate RSs for the recovery. As well as periodic TRS, when channel is occupied, gNB may not transmit periodic RSs and the UE may not identify the absence of the periodic RSs. Due to the absence, measured hypothetical PDCCH BLER and RSRP may provide incorrect beam failure detection and new beam selection. 
· Beam/CSI reporting based on periodic CSI-RS and semi-persistent CSI-RS
· As well as fine time/frequency tracking and beam failure recovery, beam and CSI may be corrupted due to the absence of the periodic CSI-RSs. In addition, semi-persistent CSI-RSs should be considered as the gNB is not able to activate/deactivate semi-persistent CSI-RS resource sets based on channel assessment results. 

Observation 9: Absence of periodic/semi-persistent RSs may impact on performance of fine time/frequency tracking, beam failure recovery and beam/CSI reporting.
[bookmark: _Hlk83978671]Proposal 7: Introduce an enhanced mechanism to patch non-transmitted periodic/semi-persistent RSs due to LBT failures.
One possible way to patch non-transmitted periodic/semi-persistent RSs would be supporting candidate RS resources for periodic/semi-persistent RSs. For example, the UE may be configured with candidate RS resources in addition to the periodic/semi-persistent RSs. As shown in Figure 1, the UE can utilize candidate RSs when the periodic/semi-persistent RSs are not transmitted due to LBT failure. In addition, gNB indication for pre-emption of not transmitted periodic/semi-persistent RSs should be considered to achieve accurate fine time/frequency tracking, beam failure recovery and beam/CSI. 

Figure 1 Example operation of candidate RS based on LBT failure
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Proposal 8: Support RS transmission based on candidate RSs when LBT fails for periodic/semi-persistent RSs.
Proposal 9: Support RS pre-emption based on gNB indication to achieve accurate fine time/frequency tracking, beam failure recovery and beam/CSI.
Summary
In this contribution, we discussed the issues for beam management enhancements of NR in 52.6 – 71 GHz. From the discussions, we made following observations and proposals: 
Observation 1: The current minimum candidate values, 56 and 12 symbols, take only 125 us, which is short enough for efficient operation. 
Observation 2: If 28 and 56 symbols are supported for 480 kHz and 960 kHz, UE needs to receive and decode PDCCH, change UE reception beam for PDSCH and generate beam report within 62.5 us, which can lead processing burden for the UE implementation. 
Observation 3: As well as timeDurationForQCL, beamSwitchTiming and beamReportTiming, further processing time reduction is difficult considering the similar DCI payload size and the more complex UE implementation.
Observation 4: Switching Rx/Tx beam 7 times within 15.625 us can be serious burden for UE implementation.
Observation 5: More performance gain can be achieved by using an optimized beam indicated by a TCI state field in DCI rather than using a default beam.
Observation 6: When multiple PDSCHs are scheduled by a single DCI, suitable slot level or symbol level gaps between the scheduled PDSCHs could be used to switch the QCL assumption in between reception of the first and the last scheduled PDSCHs.
Observation 7: Multi-TRP deployment is one of the important deployment scenarios for NR in higher frequencies.
Observation 8: While multi-TRP scenarios are one of the important deployment scenarios, given the remaining time for Rel-17, it is preferred to minimize the required specification efforts as much as possible.
Observation 9: Absence of periodic/semi-persistent RSs may impact on performance of fine time/frequency tracking, beam failure recovery and beam/CSI reporting.

Proposal 1: No additional candidate values are supported for 480 kHz and 960 kHz (Alt-1). 
Proposal 2: It is preferred to support values 28 symbols for 120 kHz (Alt-2) and 112 symbols for 480 kHz, respectively. 
Proposal 3: Support 4 as a candidate value for 960 kHz (Alt-2). 
Proposal 4: Support multiple QCL assumptions (Alt 2) when PDSCH scheduling offset for any PDSCH < timeDurationForQCL (Case 2).
Proposal 5: Confirm the working assumption on TCI state indication mechanism for multi-TRPs.
Proposal 6: To minimize the specification efforts, it is preferred to apply the identical TCI state determination mechanism as single TRP.
· When PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL (Case 1), support single QCL assumption (i.e., one TCI state for all PDSCHs from 1st TRP and another one TCI state for all PDSCHs from 2nd TRP).
· When PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL (Case 2), RAN1 jointly decides whether to apply single QCL assumption (Alt 1) or multiple QCL assumption (Alt 2) for both single TRP and multi-TRP scenarios.
Proposal 7: Introduce an enhanced mechanism to patch non-transmitted periodic/semi-persistent RSs due to LBT failures.
Proposal 8: Support RS transmission based on candidate RSs when LBT fails for periodic/semi-persistent RSs.
Proposal 9: Support RS pre-emption based on gNB indication to achieve accurate fine time/frequency tracking, beam failure recovery and beam/CSI.
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